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Soft-tissue anatomy of the primates: phylogenetic
analyses based on the muscles of the head, neck,
pectoral region and upper limb, with notes on the

evolution of these muscles

R. Diogo and B. Wood

Center for the Advanced Study of Hominid Paleobiology, Department of Anthropology, George Washington University,
Washington, DC, USA

Abstract

Apart from molecular data, nearly all the evidence used to study primate relationships comes from hard tissues.
Here, we provide details of the first parsimony and Bayesian cladistic analyses of the order Primates based
exclusively on muscle data. The most parsimonious tree obtained from the cladistic analysis of 166 characters
taken from the head, neck, pectoral and upper limb musculature is fully congruent with the most recent evolu-
tionary molecular tree of Primates. That is, this tree recovers not only the relationships among the major groups
of primates, i.e. Strepsirrhini {Tarsiiformes [Platyrrhini (Cercopithecidae, Hominoidea)]}, but it also recovers the
relationships within each of these inclusive groups. Of the 301 character state changes occurring in this tree, ca.
30% are non-homoplasic evolutionary transitions; within the 220 changes that are unambiguously optimized in
the tree, ca. 15% are reversions. The trees obtained by using characters derived from the muscles of the head
and neck are more similar to the most recent evolutionary molecular tree than are the trees obtained by using
characters derived from the pectoral and upper limb muscles. It was recently argued that since the Pan/Homo
split, chimpanzees accumulated more phenotypic adaptations than humans, but our results indicate that mod-
ern humans accumulated more muscle character state changes than chimpanzees, and that both these taxa
accumulated more changes than gorillas. This overview of the evolution of the primate head, neck, pectoral
and upper limb musculature suggests that the only muscle groups for which modern humans have more mus-
cles than most other extant primates are the muscles of the face, larynx and forearm.

Key words: evolution; head and neck; hominoids; morphology; muscles; pectoral and upper limb; phylogeny;
primates.

In 2002, Gibbs et al. reported the results of a phyloge-
netic metanalysis of information about the soft tissue

Introduction

Most studies of the gross morphology of the soft tissues of
primates are either in-depth investigations of a single struc-
ture or organ, or studies that focus on a single taxon (Gibbs,
1999; Gibbs et al. 2002). The reasons for these choices are
not difficult to fathom. The type of detailed morphological
familiarity needed for this type of research takes many years
to acquire, specimens of primates are difficult to come by,
and these investigations are time-consuming.
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morphology of the great and lesser apes. Of the 1783 soft
tissue structures listed in the 6th edition of the Nomina
Anatomica (1989), information from the literature was
available for at least one of the apes for 621 out of the
1783 (i.e. ca. 35%), but only 240 structures were found to
have published information for all four of the non-human
anthropoid apes. To be useful for a phylogenetic analysis,
more than one state of a structure must exist and one of
those character states must be present in two or more of
the taxa; these additional criteria reduced the character
count to 171. These 171 structures were themselves a biased
sample of both the types of soft tissue and the regions, for
muscles (64% of the total) and the limbs (82% of the total)
were over-represented. Despite, or perhaps because of,
these biases, the 171 soft tissue structures were particularly
effective at recovering a hypothesis of relationships {[(Pan,
Homo) Gorilla] Pongo} among the hominids that was
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Fig. 1 Tree showing the higher-level primate relationships according
to the Arnold et al. (2010) molecular Bayesian cladistic analysis based
on both mitochondrial and autosomal genes (to make it easier to
compare their results with the results of our own cladistic study based
on muscles, only the 18 primate genera included in our study are
shown in this tree; for more details, see text). The taxonomic
nomenclature follows that of Fabre et al. (2009); see Materials and
methods).

consistent with the consensus hypothesis of relationships
supported by molecular evidence (Fig. 1). Nonetheless, the
study had several obvious drawbacks. First, most of the pub-
lished information about the structures could not be veri-
fied; there were very few accompanying photographs or
drawings. Secondly, in many cases information about the
same structure came from several different observers, so
there was no guarantee their criteria for assessing, for
instance, the presence/absence of a muscle or the number
of muscle bellies were the same. Thirdly, the taxonomic
scope was limited and there was no depth to the phyloge-
netic analysis; Hylobates was the sole outgroup. Fourthly,
the sample of soft tissues emphasized regions that were rel-
atively poorly represented by the hard tissue-bound fossil
record and de-emphasized the head and neck, the region
that is best represented in the hominid fossil record.

The combination of the performance of the Gibbs et al.
(2002) sample of soft tissues that was dominated by muscle
structures, as well as evidence suggesting that muscular
characters are particularly useful for reconstructing phylo-
genetic relationships within other vertebrate taxa such as
bony fish, amphibians and reptiles (e.g. Diogo, 2004a,b,
2007) encouraged us to focus our next set of studies on pri-
mate muscles. We were able to overcome many of the

drawbacks listed above (i.e. lack of visual verification of the
data, inter-observer error and narrow taxonomic scope) by
conducting a systematic anatomical study of the muscles of
the head, neck, pectoral region and the upper limb across
the whole of the primate clade, together with a range of
outgroups (see Materials and methods). Soft tissue data
have previously been incorporated into some morphology-
based investigations of the relationships among the taxa
within the primate clade (e.g. Groves, 1986; Shoshani et al.
1996), but, except for Gibbs et al.’s (2000, 2002) taxonomi-
cally much narrower study, soft-tissue characters have
always been substantially outnumbered by those based on
hard-tissues. This near total reliance on osteological data is
particularly unfortunate because it leads researchers to
equate ‘morphology’ with ‘hard-tissue’ morphology.

Thus, we combined data from our own dissections with
carefully validated information from the literature to
undertake the first comprehensive parsimony and Bayesian
cladistic analyses of the order Primates based on myological
data for each of the major primate higher taxa and from a
range of outgroups (tree-shrews, dermopterans and
rodents). Specifically, we investigated whether the relation-
ships supported by regional muscle characters are consistent
with the most recent evolutionary molecular tree of pri-
mates (see Arnold et al. 2010; Fig. 1). A summary of some
results of the cladistic analyses, as they apply to the primate
clade and to hominoids in particular, have been presented
elsewhere (R. Diogo, L. Matthews and B. Wood, unpub-
lished data). In the present contribution we provide com-
prehensive information about the observations and
comparisons of muscle morphology that were used in the
cladistic analyses (Appendix 1) and present an updated
overview of the evolution of the head, neck, pectoral and
upper limb muscles within the order Primates.

Materials and methods

Taxonomic nomenclature and biological material

Primates

We dissected representative members of each major extant non-
hominoid primate clade (Strepsirrhini, Tarsiiformes, New World
monkeys and Old World monkeys) and of each of the five main
groups of living hominoids (i.e. hylobatids, orangutans, gorillas,
chimpanzees and modern humans). We mainly use the same
taxonomic nomenclature as Fabre etal. (2009). The data
included in the analysis come from four strepsirrhine genera,
two from the infraorder Lemuriformes (Lemur, family Lemuri-
dae; Propithecus, family Indriidae) and two from the infraorder
Lorisiformes (Loris and Nycticebus, family Lorisidae); the single
extant genus of the infraorder Tarsiiformes, Tarsius; representa-
tives of three of the four extant platyrrhine families: Saimiri and
Callithrix (Cebidae, subfamilies Saimiriinae and Callithrichinae,
respectively), Pithecia (Pitheciidae), and Aotus (Aotidae; the
other platyrrhine family being the Atelidae); the two extant
subfamilies of Old World monkeys (family Cercopithecidae) rep-
resented by Colobus (Colobinae), Papio, Macaca and Cercopithe-

© 2011 The Authors
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cus (Cercopithecinae; the two former genera represent the tribe
Papionini, while the latter genus represents the other extant
tribe of the subfamily, the Cercopithecini) and five extant homi-
noid genera: Hylobates (Hylobatidae), Pongo (Hominidae, Pon-
ginae), Gorilla (Hominidae, Homininae, Gorillini), Pan
(Hominidae, Homininae, Hominini, Panina) and Homo (Homini-
dae, Homininae, Hominini, Hominina). With respect to the hylo-
batids some authors recognize two extant genera: Hylobates,
including ‘gibbons’, and Symphalangus, including siamangs (e.g.
Goodman 1999). However, recent genetic studies indicate that
‘gibbons’ are not a monophyletic group. Most ‘gibbons’ are
apparently more closely related to siamangs than to the ‘gib-
bons’' of the subgenus Nomascus (Fabre et al. 2009; Arnold et al.
2010). Other authors, including Fabre et al. (2009), recognize
four extant hylobatid genera, but they do not agree on the
identity of those genera (e.g. some refer to Hylobates, Bunopi-
thecus, Symphalangus and Nomascus, whereas others refer to
Hylobates, Hoolock, Symphalangus and Nomascus, see Groves,
2001, 2005). We have used the more traditional and stable clas-
sification (e.g. Napier & Napier, 1985; Nowak, 1999; Groves,
2001) that recognizes a single extant hylobatid genus (Hylo-
bates; including species such as Hylobates syndactylus, Hylobates
lar, Hylobates gabriellae and Hylobates hoolock, among others).

Non-primate mammals

Data came from dissections of the following non-primate mam-
mals: (i) platypus (Ornithorhynchus anatinus), a member of the
phylogenetically most plesiomorphic extant mammal clade, the
monotremes; (ii) Norwegian rat (Rattus norvegicus), because rats
are anatomically generalized therian mammals and because
rodents and lagomorphs are the extant representatives of the
the clade Glires, which is considered to be the sister-group of
the clade Euarchonta [which includes three extant groups: tree-
shrews (Scandentia), cologus or ‘flying-lemurs’ (Dermoptera),
and Primates]; (iii) tree-shrew (Tupaia sp.), and (iv) colugo (Cy-
nocephalus volans), because most authors (e.g. Pough et al.
1996; Shoshani et al. 1996; Kardong, 2002; Sargis, 2002a,b, 2004;
Gunnell & Simmons, 2005; Kemp, 2005; Marivaux et al. 2006;
Janeka et al. 2007; Silcox et al. 2007) consider tree-shrews and
colugos to be the closest living relatives of primates. Apart from
these non-primate specimens dissected for this study, we have
previously dissected specimens from all the major groups of ver-
tebrates; a complete list of all the other non-primate vertebrate
specimens dissected in the past is given in Diogo & Abdala
(2010).

Regarding the sample size used in this cladistic study, two
points should be stressed. First, it is difficult to find primate,
and particularly ape, specimens in circumstances where careful
dissection can take place. During this project we made a con-
siderable effort to establish connections with the major muse-
ums and zoos in the US and beyond. This effort resulted in us
being able to dissect, for instance, two fresh gorillas, one fresh
and one formalin-embalmed Pongo, and six fresh and three
formalin-embalmed chimpanzees. The second point is that the
sample size used in the cladistic study refers to the specimens
dissected by us and the total number of specimens reported in
the numerous publications that we refer to for this study. That
is, when we code each character, we take into account all the
information available, and in numerous cases the total sample
size is very high when compared to other cladistic studies
based on muscles (Diogo, 2004b). For example, for char. 118
(the presence/absence of the palmaris longus) we take into
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account information obtained from dissections of more than 20
hylobatid specimens, 19 orangutans, 25 gorillas, and 39 chim-
panzees. So, in this case, for a single phylogenetic character,
the total sample size, just for apes, is > 103 specimens. Con-
cerning our review of the literature, it should also be noted
that we are aware of the inconsistent usage of some specific
taxonomic names in older systematic and anatomical studies,
particularly prior to Osman Hill's studies in the 1950s (e.g. Hill,
1953-1974; see References). We addressed this problem by
carefully reviewing all the names and synonyms used in those
studies. So when in Appendix 1 we refer to the descriptions
made by the authors of older studies, the scientific names we
provide correspond to the current valid names (e.g. if our
review of the literature pointed out that an author X reported
that ‘Hapale jacchus' has a muscle Y, we state, in Appendix 1,
that this author X reported that Callithrix jacchus has that
muscle Y).

The specimens were mainly dissected by R.D., and were
obtained from the following institutions: the Primate Founda-
tion of Arizona (PFA), the Department of Anatomy (GWUANA)
and the Department of Anthropology (GWUANT) of the George
Washington University, the Department of Anatomy of Howard
University (HU), the Smithsonian Institution’s National Museum
of Natural History (USNM), the Department of Anatomy of
Valladolid University (VU), the Cincinnati Museum of Natural
History (CMNH), the San Diego Zoo (SDZ) and the Canadian
Museum of Nature (CMN). For each taxon we provide the Lin-
nean binomial, its source, its unique identifier, the number of
specimens from that source, and the state of the specimen (alc.,
alcohol-fixed; fre., fresh; for., formalin-embalmed).

Specimens dissected for the cladistic analysis

Aotus nancymaae GWUANT AN1, 1 (fre.; adult female). Callithrix
jacchus GWUANT CJ1, 1 (fre.; adult male). Cercopithecus diana
GWUANT CD1, 1 (fre.; adult female). Colobus guereza GWUANT
CG1, 1 (fre.; adult male). Gorilla gorilla CMS GG1, 1 (fre.; adult
male); VU GG1, 1 (fre.; adult female). Homo sapiens GWUANA
HS1-16, 16 (for.). Hylobates gabriellae VU HG1, 1 (fre.; infant
male). Hylobates lar HU HL1, 1 (for.; adult male). Lemur catta
GWUANT LC1, 1 (fre,; adult male). Loris tardigradus SDZ
LT53090, 1 (fre.; adult male). Macaca fascicularis VU MF1, 1 (fre.;
adult male). Macaca mulatta HU MM1, 1 (for.; adult male).
Macaca silenus VU MS1, 1 (fre.; adult male). Nycticebus coucang
SDZ NC41235, 1 (fre.; adult female); SDZ NC43129, 1 (fre.; adult
female). Nycticebus pygmaeus VU NP1, 1 (fre.; adult female); VU
NP2, 1 (fre.; adult male); SDZ NP40684, 1 (fre.; adult female);
SDZ NP51791, 1 (fre.; adult female). Pan troglodytes PFA 1016, 1
(fre.; adult female); PFA 1009, 1 (fre.; adult female); PFA 1051, 1
(fre.; infant female); PFA 1077, 1 (fre.; infant female); PFA UNC
(uncatalogued), 1 (fre.; infant male); HU PT1, 1 (for,; infant
male); GWUANT PT1, 1 (for.; adult female); GWUANT PT2, 1
(for.; adult female); VU PT1, 1 (fre.; adult male). Papio anubis
GWUANT PAT1, 1 (fre.; adult female). Pithecia pithecia VU PP1, 1
(fre.; adult male); GWUANT PP1, 1 (fre.; adult female). Pongo
pygmaeus HU PP1, 1 (for.; neonate male); GWUANT PP1, 1 (for.;
adult male). Propithecus verreauxi GWUANT PV1, 1 (fre.; adult
female); GWUANT PV2, 1 (fre.; infant female). Saimiri sciureus
GWUANT SC1, 1 (fre.; adult female). Tarsius syrichta CMNH M-
3135, 1 (alc.; adult female). Other mammalian specimens dis-
sected for this paper: Cynocephalus volans USNM 144941, 1
(alc.). Rattus norvegicus USNM uncatalogued, 2 (alc.). Tupaia sp.
UNSM 87244, 1 (alc.).
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Anatomical nomenclature and anatomical regions
studied

Our study focuses on the head, neck, pectoral and upper limb

muscles. One reason for focusing on muscles from these regions

is that a previous review (Gibbs, 1999; Gibbs et al. 2002) sug-
gested there is more information available about the configura-
tion and variants of these muscles than for other regions.

Another reason is that existing data from previous studies by

R.D. and colleagues of the cephalic, pectoral and forelimb mus-

cles in non-mammalian vertebrates (e.g. Diogo & Chardon,

2000; Diogo et al. 2001, 2008a,b, 2009a,b; Diogo, 2004a,b, 2007,

2008, 2009; Diogo & Abdala, 2007, 2010) allows us to compare

the muscles of primates not only with the muscles of the non-

primate mammals dissected for this work, but also with those of
numerous other vertebrates, such as bony fish, amphibians and
reptiles (see above).

The nomenclature for the head, neck, pectoral and upper limb
muscles follows that of Diogo & Abdala (2010). The pectoral and
upper limb muscles are divided into five subgroups: pectoral,
arm, ventral forearm, dorsal forearm, and hand. Regarding the
head and neck muscles, we focus on four main subgroups:

1 Mandibular. These are generally innervated by the Vth cranial
nerve (e.g. the muscles of mastication and one of the middle
ear muscles, the tensor tympani).

2 Hyoid. These are usually innervated by the VIIth cranial nerve
(e.g. muscles of facial expression and the other middle ear
muscle, the stapedius).

3 Branchial. These are usually innervated by the IXth and Xth
cranial nerves (e.g. the majority of the intrinsic laryngeal
muscles), although the trapezius and sternocleidomastoideus
are mainly innervated by the XIth cranial nerve.

4 Hypobranchial. According to Edgeworth (1935) the muscles in
this group are developed from the anterior myotomes of the
body and thus they have all migrated into the head (e.g.
infrahyoid muscles). Although they retain their main
innervation from spinal nerves, they may also be innervated
by the Xlth and Xllth cranial nerves, but they usually do not
receive any branches from the Vth, Viith, IXth and Xth cranial
nerves.

Head and neck muscles not included in this study are the epi-
branchial muscles sensu Edgeworth (1935), which are absent in
extant osteichthyans and thus are not present in primates and
other mammals, and the internal and external ocular muscles,
sensu Edgeworth (1935), which are usually innervated by the
cranial nerves lll, IV and/or VI.

Cladistic analyses

The information obtained from our dissections and from review-
ing the literature about the head, neck, pectoral and upper
limb musculature of primate and non-primate taxa was coded
and used in both parsimony and Bayesian cladistic analyses. Au-
tapomorphies for the terminal taxa examined were actively
searched for and included in these analyses.

Parsimony analyses

Nona & Winclada (version 10.00.08; Nixon, 2002) and paur 4.0
(version 4.0; Swofford, 2003) were employed in the search for
the most parsimonious cladograms. Tree manipulations and

diagnostics were done with the help of Nona & Winclada and
MEesQuite (version 2.73; Maddison & Maddison, 2010). The search
for the most parsimonious trees used Nona & Winclada with the
‘multiple TBR (tree-bisection-reconnection) + TBR (mult*max*)’
option and an ‘unconstrained’ search, with 999 999 maximum
trees to hold, 9999 replications, and 9999 starting trees per hold
and 0 random seed. The parsimony bootstraps were conducted
using a heuristic search with the TBR algorithm of paur, 1000
replications, starting trees obtained via stepwise addition, the
‘Duptrees=Keep’ option, one tree held at each step during step-
wise addition, and 1000 initial ‘MaxTrees’.

Parsimony analyses were conducted on four different data-
sets. The first dataset (‘complete dataset’) includes the 21 mam-
malian genera listed above, and all of the 166 myological
characters described in Appendix 1 (Table 1). All the characters
have two states (e.g. CSO and CS1), except characters 60, 68,
124, 136, 138 and 149, which are multistate ordered characters,
and characters 129 and 162, which are multistate unordered
characters. The coding of ‘ordered’ characters usually increases
resolution relative to the coding of ‘unordered’ characters. Sev-
eral authors (e.g. Slowinski, 1993) have defended a mixed-parsi-
mony approach in which multistate characters should be treated
as ‘ordered’ whenever reasonable but otherwise treated as
‘unordered’ (see also Diogo, 2004a, 2007). Following this proce-
dure, characters 129 and 162 were coded as unordered because,
contrary to the other multistate characters, in these two charac-
ters there is no logical reason to assume that a transition from
CSO to CS2 (and/or to CS3, in char. 162) would likely require
passing through CS1 (and/or through C2, in char. 62) (see
Appendix 1). Regarding character 129, there is no logical reason
to assume that from CSO with four lumbricales it was necessary
to pass through CS1 with three lumbricales to reach CS2 with
seven lumbricales. Concerning character 162, there is also no
logical reason to assume that from CSO (i.e. extensor indicis
inserting onto digits 2-3) it is necessary to pass through CS1 (i.e.
insertions onto digits 1-3) and then through CS2 (i.e. insertions
onto digits 2-4) to reach CS3 (i.e. an exclusive insertion onto
digit 2). When a test was done to check whether coding the
multistate characters 60, 68, 124, 136, 138 and 149 as unordered
affects the results, there was no evidence of an effect. The sin-
gle most parsimonious tree obtained has the same clades and
similar properties (i.e. length =30, Cl = 58, but Rl = 72 instead
of 73) as the single most parsimonious tree shown in Fig. 2. It
should also be noted that in the Nona & Winclada matrix used
in the cladistic analysis there is a terminal taxon named ‘Out-
group’ and a character ‘number 0’, which include zeros only.
The extra terminal taxon and character in Nona & Winclada are
due to the way this program constructs character matrices (by
starting with a character ‘'number 0’ and not by number 1) and
roots the trees in heuristic analyses by always forcing the first
taxon that is listed in the matrix to appear in the root of the
tree (i.e. it is constrained to be the most plesiomorphic taxon of
the tree). We use the terminal taxon named ‘outgroup’ not as
an imaginary clade to polarize the phylogenetic characters but
instead as a way to avoid one of the three outgroups used in
our study automatically appearing (by placing it as the first
taxon of the matrix) as the most plesiomorphic taxon in all of
the trees. That is, for all parsimony analyses, Rattus, Cynocepha-
lus and Tupaia were assigned as unconstrained outgroups and
all other taxa were included in the ingroup. In the present
study, deleting both the character ‘number 0’ and the ‘Out-
group’ taxon in Nona & Winclada had no effect on the primate
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Fig. 2 Single most parsimonious tree (L 301, CI 58, RI 73) obtained from the analysis of the complete dataset (166 characters; Table 1).

Unambiguous transitions that occurred in each branch are shown in white (homoplasic transitions) and black (non-homoplasic transitions) squares
(numbers above and below the squares indicate the character and character state, respectively). Below the number and name (name only shown if
clade appears in tree of Fig. 1, to illustrate congruence with that tree; if that is not the case, the clades are instead named X1, X2, and so on) of
each clade are shown the bootstrap support values (BSV) obtained from the parsimony analysis (on the left) and the credibility support values
(CSV, in the center) and branch lengths (BL, on the right; shown when CSV is > 50) obtained from the Bayesian analysis (gamma model). NS
indicates total number of unambiguous evolutionary steps accumulated from basal node of tree to the respective terminal taxa; between square
brackets are shown the partial numbers for the head and neck (on the left) and for the pectoral and upper limb (on the right) characters.
*Indicates support values that are < 50, i.e. all clades obtained in the parsimony analysis were also obtained in the Bayesian analysis, except that
the Bayesian ‘majority consensus’ tree has a trichotomy leading to Cynocephalus + Tupaia (this clade having a CSV of 53; BL of 0.046), to Rattus,

and to Primates, and a trichotomy leading to Colobus, to the Cercopithecinae, and to hominoids.

relationships shown in the tree of Fig. 2 (but it does serve to
confuse the examination and discussion of the results because
character number 1 is then considered to be character ‘number
0’ instead, and so on).

The second dataset (designated here as the '‘head and neck’,
or 'HN’, dataset) includes the same taxa as the complete data-
set, but it only uses the 67 head and neck characters (i.e. char.
1-67). The third dataset (designated here as the ‘pectoral and
upper limb’, or ‘PU’, dataset) also includes the same taxa, but it
only uses the 99 pectoral and upper limb characters (i.e. char.
68-166). By analyzing the HN and the PU datasets separately, it
is possible to compare the most parsimonious trees obtained
from the analysis of each of these two datasets (Figs 3 and 4)
and of the complete dataset (Fig. 2). To test the potential utility
of including muscular characters in phylogenetic studies of fos-
sils, we ran a cladistic analysis using a fourth dataset (Fig. 5).
This dataset (designated here as the ‘fossil’, or ‘FOS’, dataset)
includes the same taxa as the other datasets, but only includes
the 92 characters that can, in theory (i.e. in the best case sce-
nario), be potentially investigated in fossils by a detailed macro-
scopic, microscopic and/or histological study of bony

marks/imprints. Most characters concerning the facial and laryn-
geal muscles are not included in this dataset because these mus-
cles do not usually attach onto bones (the former are mainly
associated with the skin and other soft tissues, whereas the lat-
ter are usually attached to the cricoid, arytenoid and thyroid
cartilages). The 92 characters included in the FOS dataset are: 1-
2, 5-6, 10, 12-15, 20-21, 42, 44-50, 58, 65, 67, 70-74, 76-80, 82—
84, 87-88, 91-92, 95-97, 99-102, 104, 107-108, 110, 112-116,
119-124, 131, 133-137, 139, 141-148, 150-162, 164-166 (see
Fig. 5 and Appendix 1).

The consensus trees that are shown in Figs3, 4 and 5 are
‘majority’ consensus trees (i.e. they include only those clades
that are supported in = 50% of the most parsimonious trees
obtained from the analyses of the respective datasets). The sup-
port for the clades shown in each figure is indicated by five dif-
ferent measures: (i) its frequency, in the tree (pointing out that
it is present in > 50% of the most parsimonious trees obtained);
(ii) its bootstrap support value (indicated below the name of
each clade); (iii) its parsimony branch length (indicated by the
squares shown in each branch); (iv) its Bayesian credibility value
(indicated below the name of each clade) and (v) its appearance

© 2011 The Authors
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Fig. 3 ‘Consensus majority’ tree of seven most parsimonious trees (each with L 123, CI 55, Rl 73) obtained from the analysis of the 67 head and
neck characters (char. 1-67). Unambiguous transitions that occurred in each branch are shown in white (homoplasic transitions) and black (non-
homoplasic transitions) squares (numbers above and below the squares indicate the character and character state, respectively). Below the number
and name (name only shown if clade appears in tree of Fig. 1, to illustrate congruence with that tree; if that is not the case, the clades are
instead named X1, X2, and so on) of each clade are shown the bootstrap support values (BSVs) obtained from the parsimony analysis (on the left)
and the credibility support values (CSVs, in the center) and branch lengths (BLs, on the right; shown when CSV is > 50) obtained from the
Bayesian analysis (gamma model). *Indicates support values that are less than to 50, i.e. all clades obtained in the parsimony analysis were also
obtained in the Bayesian analysis, except that the Bayesian ‘'majority consensus’ tree has a polytomy leading to Rattus, to Cynocephalus, to Tupaia,
to Tarsius, to Lemur + Propithecus, and to Loris + Nycticebus, and does recover the clade Cercopithecidae + Hominoidea (this clade having a CSV

of 76; BL of 0.077).

in the majority consensus tree obtained from the Bayesian anal-
ysis (indicating that it is present in > 50% of the trees obtained
in that analysis; this is noted below the name of each clade and
in the captions of the figures; see Bayesian analyses, below).

Bayesian analyses

We conducted Bayesian phylogenetic inference using the same
datasets that were used for the parsimony analyses. We con-
ducted Bayesian inference through Metropolis coupled Monte

© 2011 The Authors

Carlo Markov Chain (MC3) techniques with the software mreaves
v. 3 (Huelsenbeck & Ronquist, 2001; Ronquist & Huelsenbeck,
2003). By using mreaves there was no need to include the ‘Out-
group’ including zeros only that was used in the parsimony
analyses of Nona & Winclada. In all of these analyses, we
employed six independent runs, each containing three hot
chains and one cold chain. We recorded every 1000 trees along
the cold sampling chains for 1 000 000 iterations. We used an
empirically determined burnin of 100 sampled trees. Burnin was
determined by examining multiple chains visually for stationary
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Fig. 4 ‘Consensus majority’ tree of 32 most parsimonious trees (each with L 173, CI 61, RI 75) obtained from the analysis of the 99 pectoral and
upper limb characters (char. 68-166). Unambiguous transitions that occurred in each branch are shown in white (homoplasic transitions) and
black (non-homoplasic transitions) squares (numbers above and below the squares indicate the character and character state, respectively). Below
the number and name (name only shown if clade appears in tree of Fig. 1, to illustrate congruence with that tree; if that is not the case the
clades are instead named X1, X2, and so on) of each clade are shown the bootstrap support values (BSVs) obtained from the parsimony analysis
(on the left) and the credibility support values (CSVs, in the center) and branch lengths (BL, on the right; shown when CSV is > 50) obtained from
the Bayesian analysis (gamma model). *Indicates support values that are less than to 50, i.e. all clades obtained in the parsimony analysis were
also obtained in the Bayesian analysis, except that the Bayesian ‘majority consensus’ tree has a trichotomy leading to Rattus, to Primates, and to
Cynocephalus + Tupaia, and has a polytomy leading to Colobus, to Cercopithecus, to the Papionini, and to hominoids.

as well as through a diagnostic statistic, the potential scale
reduction factor. Consensus trees presented in the results reflect
the mean branch lengths and majority clades present in the pos-
terior samples of the 5400 trees post-burnin trees.

We used Bayes factor comparisons with the above MC3 proce-
dure to test two models of character evolution for the complete
dataset. We estimated the Bayes factor by calculating the har-
monic mean likelihood across all the runs of each model for char-
acter evolution (Kass & Raftery, 1995). One model, the ‘simple’
model, had one invariant and symmetric rate of character change
for all the characters. It was implemented as the ‘standard’ data
type in MRBAYES because some characters included three or more
states and some binary characters were not present/absent
coded but instead reflected a different dichotomous set of states.
Thus, the state labels across characters should be considered arbi-
trary (Lewis, 2001). Our second model for character evolution
also coded the data as the ‘standard’ type, but it additionally
fitted a gamma parameter that allowed for variation in the rate
of evolution across different characters in the matrix. In both
models, we ordered the transitions between states of particular
characters as described in the section on parsimony analyses.

We used t-tests of the rates inferred under the gamma model
to test whether the HN and PU character sets had significantly
different rates of evolution. Using the model preferred under
the Bayes factor criterion, we also conducted another MC3
inference in the same manner described above but with the tree
topology parameter unlinked across the HN and PU character
partitions. This enabled us to conduct independent Bayesian
inferences of the tree topology for each character set within
the context of a single MC3 procedure.

Results and Discussion

Cladistic analyses

The most parsimonious tree obtained from the analysis of
166 head, neck, pectoral and upper limb muscle characters
in 18 primate genera, and in representatives of the Scand-
entia, Dermoptera and Rodentia (Fig. 2), matches the most
recent evolutionary molecular trees for primates (Fig. 1; e.g.
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Fig. 5 ‘Consensus majority’ tree of two most parsimonious trees (each with L 153, Cl 62, Rl 72) obtained from the analysis of the 92 characters
that might be examined in fossils. Unambiguous transitions that occurred in each branch are shown in white (homoplasic transitions) and black
(non-homoplasic transitions) squares (numbers above and below the squares indicate the character and character state, respectively). Below the
number and name (name only shown if clade appears in tree of Fig. 1, to illustrate congruence with that tree; if that is not the case the clades
are instead named X1, X2, and so on) of each clade are shown the bootstrap support values (BSVs) obtained from the parsimony analysis (on the
left) and the credibility support values (CSVs, in the center) and branch lengths (BLs, on the right; shown when CSV is > 50) obtained from the
Bayesian analysis (gamma model). *Indicates support values that are less than to 50, i.e. all clades obtained in the parsimony analysis were also
obtained in the Bayesian analysis, excepting that the Bayesian ‘majority consensus’ tree has a trichotomy leading to Rattus, to the Primatomorpha,
and to Tupaia, has a polytomy leading to Cynocephalus, to Tarsius, to the Lemuriformes, and to a clade Lorisiformes + Anthropoidea (which has a
CSV of 52; BL of 0.067), has a trichotomy leading to Cercopithecus, to the Papionini, and to the clade Colobus + hominoids, and recovers the

clade Callithrix + Saimiri (which has a CSV of 50; BL of 0.018).

Bininda-Emonds et al. 2007; Fabre et al. 2009; Arnold et al.
2010). In Fabre et al.’s study, Saimiri is closer to Aotus than
to Callithrix, but in Arnold et al.’s study and in the most
recent and comprehensive molecular analysis of platyrrhine
relationships (Wildman et al. 2009) it is closer to Callithrix,
as it is in our study (Figs 1 and 2). Therefore, the tree shown
in Fig. 1 summarizes the relationships among primates sup-
ported by the most up-to-date molecular evidence (Arnold
et al. 2010), and we subsequently refer to this as ‘the most
recent evolutionary molecular tree’ of primates. The full list
of synapomorphies/apomorphies of each clade/terminal
taxon shown in Fig. 2 is given below.

Most primate clades shown in Fig. 2 are supported by
high parsimony bootstrap support values (BSVs) and/or
high Bayesian credibility support values (CSVs) [e.g. 12
(71%) of the 17 primate clades have CSVs and/or BSVs > 75,
and 8 (47%) of them have CSVs and/or BSVs that are > 94].
Ours is the first morphological cladistic study based on a
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large data matrix to provide compelling levels of support
for the chimp-human clade [BSV 75, CSV 94; e.g. in Shoshani
et al.’s 1996 cladistic analysis including 18 extant primate
genera and 264 (mostly osteological) characters, the chimp-
human clade had a low support (BSV of 42)]. Although this
is outside the main scope of the present work, it is interest-
ing to note that the clade Dermoptera + Primates is recov-
ered in our parsimony tree, although the BSV is low (56;
Fig. 2). Osteological analyses have traditionally favored a
Scandentia + Primates clade, but some recent molecular
studies support the clade Dermoptera + Primates (e.g.
Janecka et al. 2007; Bininda-Emonds et al. 2007).
Comparison of the separate analyses of the head and
neck (HN; char. 1-67) and the pectoral and upper limb (PU;
char. 68-166) datasets suggests that, at least for the taxa we
studied, HN muscles are a better match for the most recent
molecular tree (Fig. 1). For example, while the consensus
tree obtained from the parsimony analysis of 67 HN

Journal of Anatomy © 2011 Anatomical Society of Great Britain and Ireland



282 Soft-tissue anatomy of the primates, R. Diogo and B. Wood

characters (Fig. 3) recovered 17 (85%) of the 20 clades
shown in the parsimony tree of Fig. 2, the consensus tree
obtained from the parsimony analysis of a larger number
(i.e. 99) of PU characters (Fig. 4) only recovered 12 (60%) of
the 20 clades. The PU dataset also fails to recover the mono-
phyly of the less inclusive clades such as the Cebidae + Aoti-
dae, the Cebidae, the Cercopithecidae, the Hominidae and
the Hominini (Fig. 4). However, most of the support for the
monophyly of the larger groupings (i.e. the order Primates
and suborder Strepsirrhini) is provided by PU characters
(Figs 2—4; see List of synapomorphies/apomorphies below).
The HN dataset fails to recover the monophyly of either
of these two groups (Fig. 3). The Haplorrhini clade (i.e.
Tarsius + Anthropoidea) is also more strongly supported by
PU than by HN characters (Fig. 3) and the Bayesian analysis
of the PU dataset is one of the few anatomical cladistic
analyses that provides strong support [CSV 90; Fig. 4] for
the Haplorrhini (e.g. Shoshani et al. 1996). Thus, despite
recovering a smaller number of the clades of the most
recent molecular tree than recovered by the HN characters,
the PU muscle characters are particularly effective at recov-
ering relationships at the base of the primate clade.

Apart from examining the HN and PU datasets separately,
we performed a cladistic analysis of a dataset made up of 92
HN and PU muscle characters that, in the best case scenario,
can be studied in fossilized bony remains (see Materials and
methods and Fig. 5). The results are encouraging across the
primate clade as a whole because the consensus tree
obtained in the parsimony analysis of this dataset (Fig. 5)
recovers 15 (75%) of the 20 clades shown in the parsimony
tree of Fig. 2 and in the molecular tree of Fig. 1. However,
with respect to the hominoids the results are discouraging,
for the analysis groups Hylobates with the Homininae and
Gorilla with Homo (Fig. 5); the implications of this have been
discussed elsewhere (R. Diogo, L. Matthews and B. Wood,
unpublished data). In some respects, this consensus tree is
similar to the consensus tree obtained from the parsimony
analysis of the PU dataset; this is not unexpected because 70
(76%) of the 92 characters included in the dataset are PU
characters. However, although the dataset only includes 22
HN characters, these characters are crucial for recovering
three clades that are not recovered in the analysis of the PU
characters (Fig. 4): the Primatomorpha, the Lemuriformes
and the clade Cebidae + Aotidae. This corroborates the
strong phylogenetic signal of the HN muscles, and stresses
that, although some of these muscles cannot be studied in
bony remains, attempts to use muscle data to inform recon-
structions of the relationships of fossil taxa should ideally
include as much information as possible from both postcra-
nial and cranial remains.

The most parsimonious tree obtained from the analysis of
the complete dataset (Cl 58, Rl 73) has a total length of 301
steps, of which 100 (33%) are non-homoplasic (i.e. they
were not independently acquired or reverted elsewhere in
the tree) evolutionary transitions (black squares in Fig. 2).

Of the 220 steps that are unambiguously optimized in the
tree (squares in Fig. 2), 28 (i.e. 13%) are reversions to a ple-
siomorphic state. Taking into account the total number of
steps (301) within the tree, the number of characters (166)
and the number of muscles (129) represented by the data in
the cladistic analysis, there are ca. 1.8 evolutionary transi-
tions per character and ca. 2.3 evolutionary transitions per
muscle studied. When broken down into HN characters only
(char. 1-67), the number of steps is 124 (number of steps
for each character shown in Appendix 1) for 67 of the char-
acters and 53 muscles analyzed, so there are ca. 1.9 evolu-
tionary transitions per character and ca. 2.3 evolutionary
transitions per muscle studied; 39 of the 124 steps (i.e. 31%)
are non-homoplasic. Of the 124 steps, 91 are unambigu-
ously optimized in the tree of Fig. 2; 16 of these (i.e. 18%)
are reversions. Regarding the PU characters (char. 68-166),
there are 177 steps for 99 characters and 76 muscles, that is,
ca. 1.8 evolutionary changes per character and ca. 2.3 evolu-
tionary changes per muscle studied. Within those 177 steps,
61 (i.e. 34%) are non-homoplasic and 129 of the 177 steps
are unambiguously optimized in the tree; 12 of these (i.e.
9%) are reversions.

Thus, within both the HN and PU datasets, the number of
total evolutionary changes per muscle and the frequency of
non-homoplasic transitions are similar. This result is consis-
tent with a t-test of variable character transition rates
obtained from the Bayesian gamma model. That test uses a
Markov Chain process to estimate different evolutionary
rates for different characters; although this model was
statistically preferable to one without rate variation (Bayes
factor = 5.24, ‘positive’ support), a t-test showed this rate
variation was not partitioned across HN and PU character
sets (t = —1.03, P = 0.3, 122 dif; see Materials and methods).
A recent analysis of osteological data (Williams, 2007)
revealed that the levels of homoplasy found in the denti-
tion, the cranium and the postcranium of primates are also
very similar to each other. It is noteworthy, however, that
even though in our parsimony analysis the frequency of
non-homoplasic changes is similar within the HN and PU
datasets (about two-thirds of the changes are non-homo-
plasic in both datasets), the frequency of reversions within
the HN dataset (i.e. 18%, with a ratio of 0.30 reversions per
muscle studied) is twice that within the PU dataset (i.e. 9%,
with a ratio of 0.16 reversions per muscle).

Lewis (1989: p. 43) stated that his anatomical studies of
tetrapods suggest that ‘while homologous (limb) muscles
may show a wide range of shifting origins their insertions
tend to remain relatively constant’. This suggestion is not
supported by our analysis, because within the 301 character
stage changes of the tree shown in Fig. 2, 48 concern a shift
of the distal attachment(s) of the PU muscles (total steps of
char. 71, 74, 76, 80, 83, 84, 92, 104, 112, 115, 116, 121, 122,
133, 134, 135, 137, 141, 144, 145, 147, 150, 152, 153, 159, 160,
162, 164, and 165 in Appendix 1]), whereas only 30 involve a
shift of the proximal attachment(s) of these muscles (total
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steps of char. 77, 78, 90, 97, 99, 102, 110, 113, 114, 119, 123,
124, 130, 146, 155, 156, and 161 in Appendix 1). Within
those 301 character state changes, the number of changes
concerning a shifting of the insertions (i.e. of the attach-
ments onto more movable skeletal structures) of the HN
muscles [14 (total steps of char. 5, 14, 45, 46, 47, 50, and 64 in
Appendix 1)] is remarkably similar to the number of changes
concerning a shifting of the origins (i.e. of the attachments
onto less movable skeletal structures) of these muscles [15
(total steps of char. 30, 31, 41, 48, and 60 in Appendix 1)].

Synapomorphies of clades and apomorphies of
terminal taxa

In this section we describe the synapomorphies of the clades
and the apomorphies of the terminal taxa shown in Fig. 2
(the clade numbers correspond to the clade numbers used
in that figure). We only include evolutionary transitions that
have an unambiguous distribution within the most parsimo-
nious tree obtained from the parsimony cladistic analysis of
all 166 characters (squares of Fig. 2). After the descriptions
of each character in terms of its derived condition, the char-
acter number and the character state transitions are given
in parentheses. Non-homoplasic synapomorphies and
apomorphies are in bold within the parentheses. Homopla-
sic evolutionary transitions to CS1 or CS2 that were indepen-
dently acquired and/or reverted in other nodes are in
regular type; reversions are in italics. Comments about some
specific clades, terminal taxa and synapomorphies of
clades/apomorphies of terminal taxa are also provided.

Euarchontoglires (clade 1: Rattus, Tupaia, Cynocephalus,
Lemur, Propithecus, Loris, Nycticebus, Tarsius, Pithecia,
Aotus, Callithrix, Saimiri, Colobus, Cercopithecus, Papio,
Macaca, Hylobates, Pongo, Gorilla, Pan, Homo).

Rattus (terminal taxon). Jugulohyoideus is not a distinct
muscle [15:0 — 1]. Mentalis is not a distinct muscle
[40:0 — 1]. Constrictor pharyngis medius has no pars cerato-
pharyngea [50:0 — 1]. Anterior portion of sternothyroideus
extends anteriorly to the posterior portion of the thyrohyoi-
deus [64:0 — 1]. ‘Pectoralis tertius’ is a distinct muscle
[79:0 — 1]. Pectoralis minor inserts onto the coracoid pro-
cess [83:0 — 1]. Biceps brachii does not insert onto the ulna
[104:0 — 1]. Coracobrachialis profundus is not present as a
distinct head of the coracobrachialis [107:0 — 1]. Opponens
digiti minimi is a distinct muscle [148:0 — 1]. Brachioradialis
is not a distinct muscle [154:0 — 1].

Euarchonta (clade 2: Tupaia, Cynocephalus, Lemur, Propi-
thecus, Loris, Nycticebus, Tarsius, Pithecia, Aotus, Callithrix,
Saimiri, Colobus, Cercopithecus, Papio, Macaca, Hylobates,
Pongo, Gorilla, Pan, Homo). Sternofacialis is not a distinct
muscle [25:0 — 1]. Interscutularis is not a distinct muscle
[26:0 — 1]. Frontalis is a distinct muscle [32:0 — 1]. Auricu-
laris superior is a distinct muscle [33:0 — 1]. Corrugator
supercilii is a distinct muscle [36:0 — 1]. Spinotrapezius is
not a distinct muscle [43:0 — 1]. Chondroglossus is present
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as a distinct bundle of the hyoglossus [58:0 — 1]. Biceps bra-
chii has no bicipital aponeurosis [105:0 — 1]. Extensor digiti
quarti is not a distinct muscle [158:0 — 1]. As expected,
dermopterans, primates and tree-shrews are more closely
related to each other than to rodents (see Materials and
methods). Interestingly, the clade Euarchonta is mainly
supported by HN characters and is not recovered in the
parsimony analysis of the PU dataset (Fig. 4). Within euar-
chontans, the frontalis became secondarily undifferentiated
in Saimiri, and the chondroglossus became secondarily
undifferentiated in Tarsius and in Cebidae + Aotidae. The
spinotrapezius became secondarily differentiated in Tarsius,
and the bicipital aponeurosis became secondarily undiffer-
entiated in Lemuriformes.

Tupaia (terminal taxon). Tensor tympani is not a distinct
muscle [6:0 — 1]. Stylohyoideus is partially pierced by the
digastricus posterior and/or by the intermediate digastric
tendon [11:0 — 1]. Zygomaticus major is almost completely
covered by the platysma myoides and/or the platysma cervi-
cale [29:0 — 1]. Trapezius does not insert onto the acro-
mion [47:0 — 1]. Geniohyoideus is fused to its counterpart
in the midline [57:0 — 1]. Omohyoideus has an intermedi-
ate tendon [66:0 — 1]. Atlantoscapularis posticus is a
distinct muscle [73:0 — 1]. Teres minor is not a distinct mus-
cle [87:0 — 1]. Latissimus dorsi and teres major are fused
[89:0 — 1]. Dorsoepitrochlearis has two distinct proximal
heads originating from the latissimus dorsi and the teres
major [90:0 — 1]. Flexor carpi radialis inserts onto the meta-
carpals Il and IllI [121:0 — 1]. Extensor pollicis longus is
deeply blended with the extensor indicis [163:0 — 1].

Primatomorpha (clade 3: Cynocephalus, Lemur, Propithe-
cus, Loris, Nycticebus, Tarsius, Pithecia, Aotus, Callithrix,
Saimiri, Colobus, Cercopithecus, Papio, Macaca, Hylobates,
Pongo, Gorilla, Pan, Homo). Intermandibularis anterior is
not a distinct muscle [1:0 — 1]. Digastricus anterior is not in
contact with its counterpart for most of its length [3:0 — 1].
Sphincter colli superficialis is not a distinct muscle
[23:0 — 1]. Cleido-occipitalis is not a distinct muscle
[44:0 — 1]. Rhomboideus major and rhomboideus minor
are not distinct muscles [69:0 — 1]. Flexor digitorum super-
ficialis also inserts onto digit 5 [115:0 — 1]. The separation
between the digastricus anterior and its counterpart was
independently lost in Tarsius, Saimiri and the Papionini,
while the absence of separated rhomboideus major and
rhomboideus minor was reverted in Callithrix and Homo. As
explained above, the clade Dermoptera + Primates is not
recovered in the parsimony analysis of the PU dataset
(Fig. 4), but it is recovered in the parsimony analyses of the
complete and HN datasets, although the BSV is low (Figs 2
and 3). When we force the tree of Fig. 2 to have the clade
Dermoptera + Scandentia instead, the tree has two extra
steps; of the four features uniting these two clades, features
34 and 137 are unique within the taxa included in the
tree, although feature 137 is also found in various non-
euarchontan mammals (e.g. Jouffroy, 1971): zygomatico-
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orbicularis is a distinct muscle (char. 34, state 1), flexor digi-
torum brevis manus is a distinct muscle (char. 137, state 1),
flexor brevis profundus 2 is not a distinct muscle (char. 139,
state 1), and flexores breves profundi are fused with the in-
termetacarpales, forming the dorsal interossei (char. 140,
state 1). In summary, although this study is one of the few
morphology-based cladistic analyses that support the clade
Dermoptera + Primates, the support for this clade is not
strong. We will address specifically the relationships among
Primates, dermopterans and tree-shrews in a future project.

Cynocephalus (terminal taxon). Digastricus anterior is not
connected to the digastricus posterior by a well-defined
intermediate tendon [4:0 — 1]. Digastricus anterior attaches
onto the angle of the mandible [5:0 — 1]. Stylohyoideus is
not a distinct muscle [10:0 — 1]. Hyoglossus is partially or
completely fused with the thyrohyoideus [59:0 — 1]. Stern-
ohyoideus is divided into two bundles [62:0 — 1]. Stern-
ohyoideus does not contact nor lie against its counterpart
for most of its length [63:0 — 1]. Omohyoideus is not a dis-
tinct muscle [65:0 — 1]. Rhomboideus occipitalis is not a dis-
tinct muscle [70:0 — 1]. Pectoralis minor inserts onto the
coracoid process [83:0 — 1]. Pronator quadratus is not a dis-
tinct muscle [108:0 — 1]. Palmaris longus is hypertrophied
[117:0 — 1]. Flexor carpi ulnaris does not originate from the
humerus [119:0 — 1]. Flexor carpi radialis does not insert
onto the metacarpal Il or the metacarpal Il [122:0 — 1].
There are frequently seven lumbricales [129:0 — 2]. Flexor
digiti minimi brevis is partly originated from the pisiform
[146:0 — 1]. Extensor carpi radialis longus does not insert
onto the metacarpal Il [153:0 — 1]. Extensor digiti minimi is
partially inserted onto digit 3 [160:0 — 1]. Extensor digiti
minimi originates from the radius [161:0 — 1]. Extensor in-
dicis usually inserts onto digits 1-3 [162:0 — 1; the CS 2 of
this char. is homoplasic, but its CS1 is non-homoplasic].

Primates (clade 4: Lemur, Propithecus, Loris, Nycticebus,
Tarsius, Pithecia, Aotus, Callithrix, Saimiri, Colobus, Cercopi-
thecus, Papio, Macaca, Hylobates, Pongo, Gorilla, Pan,
Homo). Depressor supercilii is a distinct muscle [35:0 — 1].
Cricothyroideus is differentiated into a pars recta and a pars
obliqua [51:0 — 1]. Biceps brachii does not insert onto the
ulna [104:0 — 1]. Opponens pollicis is a distinct muscle
[143:0 — 1]. Opponens digiti minimi is a distinct muscle
[148:0 — 1]. Three of the five features supporting this clade
concern the PU muscles. Unlike the parsimony and Bayesian
analyses of the PU dataset (Fig. 4), analyses of the HN data-
set do not recover this clade (Fig. 3), although it is strongly
supported in the analyses of the complete dataset (BSV 81,
CSV 86; Fig. 2). The biceps brachii not inserting onto the
ulna and the undifferentiated opponens digiti minimi are
features shared with Rattus (note that in numerous other
non-euarchontan mammals the biceps brachii is at least
partially inserted onto the ulna, and the opponens digiti
minimi is undifferentiated: e.g. Jouffroy, 1971). Within
primates, the opponens pollicis became secondarily undif-
ferentiated in Callithrix.

Strepsirrhini (clade 5: Lemur, Propithecus, Loris, Nyctice-
bus). Geniohyoideus is fused to its counterpart in the
midline [57:0 — 1]. Digit 4 is the functional axis of inter-
metacarpales/dorsal interossei [141:0 — 1]. Interossei acces-
sorii are present [142:0 — 1]. Two of the three features
supporting this clade concern the PU muscles and, unlike
the parsimony and Bayesian analyses of the complete
(Fig. 2) and PU (Fig. 4) datasets, the analyses of the HN
dataset do not recover this clade (Fig. 3). The interossei
accessorii were independently acquired in Hylobates, while
the fusion of the geniohyoideus to its counterpart was
independently acquired in Tupaia, Hominini and Cercopith-
ecidae, and then secondarily lost in Papio.

Lemuriformes (clade 6: Lemur, Propithecus). Stylohyoide-
us is inserted near the midline [12:0 — 1]. Reversion of
‘Biceps brachii has no bicipital aponeurosis’ [105:1 — 0].
Unlike the parsimony and Bayesian analyses of the com-
plete (Fig. 2) and HN (Fig. 3) datasets, the analyses of the
PU dataset do not recover this clade (Fig. 4). The bicipital
aponeurosis was lost in the Euarchonta, but became sec-
ondarily differentiated in lemuriforms.

Lemur (terminal taxon) No unambiguous apomorphies.

Propithecus (terminal taxon) Sphincter colli profundus is
not a distinct muscle [24:0 — 1].

Lorisiformes (clade 7: Loris, Nycticebus). Trapezius inserts
onto the clavicle [45:0 — 1]. Pectoralis major has no clavicu-
lar origin [78:0 — 1]. Biceps brachii has no short head
[100:0 — 1]. Epitrochleoanconeus is not a distinct muscle
[120:0 — 1]. Opponens pollicis reaches the distal portion of
metacarpal [144:0 — 1]. Supinator has no ulnar head
[155:0 — 1]. Extensor digiti minimi inserts onto digit 5 only
[159:0 — 1]. The support for this clade in the parsimony
and Bayesian analyses of the complete dataset and of the
PU dataset is particularly strong (BSV 99 and CSV 99, com-
plete dataset: Fig. 2; BSV 100 and CSV 100, PU dataset:
Fig. 4). The clavicular origin of the pectoralis major was
independently lost in Pongo and the Cercopithecinae, while
the insertion of the trapezius onto the clavicle was indepen-
dently acquired in anthropoids, and then secondarily lost in
Callithrix. The epitrochleoanconeus became undifferenti-
ated in hominoids and then became differentiated again in
Pan, while the ulnar origin of the supinator was indepen-
dently lost in anthropoids. The contact between the oppo-
nens pollicis and the distal portion of metacarpal | was
independently acquired in catarrhines. It is puzzling why
the lorisiforms share so many muscular homoplasies with
the so-called ‘higher’ primates; it is remarkable, for
instance, that each of the six homoplasic features support-
ing the Loris + Nycticebus clade is actually present in one or
more of the extant hominoid genera (see Appendix 1 for
more details).

Loris (terminal taxon) Flexor digitorum superficialis does
not insert onto digit 2 [116:0 — 1].

Nycticebus (terminal taxon) No unambiguous apomor-
phies.
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Haplorrhini (clade 8: Tarsius, Pithecia, Aotus, Callithrix,
Saimiri, Colobus, Cercopithecus, Papio, Macaca, Hylobates,
Pongo, Gorilla, Pan, Homo). Jugulohyoideus is not a distinct
muscle [15:0 — 1]. Serratus anterior and levator scapulae
are slightly separated [68:0 — 1]. Flexor carpi radialis inserts
onto the metacarpals Il and Il [121:0 — 1]. There are more
than two contrahentes digitorum [133:0 — 1]. Adductor
pollicis has slightly differentiated transverse and oblique
heads [138:0 — 1]. As explained in the Section above, the
clade Haplorrhini (i.e. Tarsius + Anthropoidea) is more
strongly supported by PU than by HN characters (Fig. 3) and
the Bayesian analysis of the PU dataset, which resulted in a
particularly high CSV (90; Fig. 4), is one of the few anatomi-
cal cladistic analyses to provide strong support for the
Haplorrhini. The jugulohyoideus was independently lost in
Rattus (it is present in many other non-euarchontan mam-
mals: see Saban, 1968; Diogo et al. 2008b). The adductor
pollicis became weakly differentiated into transverse and
oblique heads in the Haplorrhini, and then these heads
became further differentiated in catarrhines. The insertion
of the flexor carpi radialis onto metacarpals Il and Il was
independently acquired in Tupaia, while the serratus ante-
rior and the levator scapulae became further separated in
hominoids.

Tarsius (terminal taxon). Reversion of ‘Digastricus anterior
is not in contact with its counterpart for most of its length’
[3:1 — 0]. Zygomatico-auricularis is a distinct muscle
[21:0 — 1]. Reversion of ‘Spinotrapezius is not a distinct
muscle’ [43:1 — 0]. Sternocleidomastoideus is hypertro-
phied [49:0 — 1]. Reversion of ‘Chondroglossus is present as
a distinct bundle of the hyoglossus’ [58:1 — 0]. Short and
long heads of biceps brachii are completely separated
[101:0 — 1]. Lumbricales originate from thin flexor digito-
rum profundus tendons [128:0 — 1]. Two sets of contrahen-
tes digitorum are present [132:0 - 1]. There are
contrahentes digitorum to digits 2, 3, 4 and 5 [134:0 — 1].
Contrahentes digitorum have a peculiar configuration
[135:0 — 1]. Brachioradialis often inserts onto the trape-
zium [152:0 — 1]. Phenotypically, Tarsius is one of the most
peculiar primates, exhibiting a mix of derived (e.g. presence
of a zygomatico-auricularis and of two sets of contrahentes)
and plesiomorphic (e.g. presence of a separate spinotrapezi-
us) features that are not present in any other living primate
taxon.

Anthropoidea (clade 9: Pithecia, Aotus, Callithrix, Saimiri,
Colobus, Cercopithecus, Papio, Macaca, Hylobates, Pongo,
Gorilla, Pan, Homo). Chorda tympani passes above the ten-
sor tympani [7:0 — 1]. Pterygoideus lateralis has well differ-
entiated inferior and superior heads [9:0 — 1]. Zygomaticus
major is not directly originated from the ear [31:0 — 1].
Depressor anguli oris is a distinct muscle [39:0 — 1]. Trape-
zius inserts onto the clavicle [45:0 — 1]. Supinator has no ul-
nar head [155:0 — 1]. The support for this clade is
particularly strong (e.g. BSV 98 and CSV 100, complete data-
set: Fig. 2; CSV 100, HN dataset: Fig. 3; CSV 98, PU dataset:
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Fig. 4). The insertion of the trapezius onto the clavicle was
secondarily lost in Callithrix, and independently acquired in
lorisiforms. The ulnar origin of the supinator was indepen-
dently lost in lorisiforms, the superior and inferior heads of
the pterygoideus lateralis became, secondarily, mainly
undifferentiated in Callithrix, and the depressor anguli oris
also became secondarily undifferentiated in this latter
genus.

Platyrrhini (clade 10: Pithecia, Aotus, Callithrix, Saimiri).
‘Zygomaticus’ is the only well developed zygomatic muscle
in the cheek region [27:0 — 1]. Styloglossus originates from
small portion of stylomandibular ligament [60:0 — 1].
Pectoralis major has a pars capsularis in at least some speci-
mens [82:0 — 1]. Strong fascial connection between the
dorsoepitrochlearis and the subscapular fascia and/or the
scapula is present [94:0 — 1]. Strong fascial connection
between the triceps brachii and the scapular spine and/or
the axillary region is present [98:0 — 1]. Flexor brevis
profundus 2 is not a distinct muscle [139:0 — 1]. Extensor
indicis usually inserts onto digits 2-4 [162:0 — 2, unor-
dered]. Extensor pollicis longus is deeply blended with the
extensor indicis [163:0 — 1]. Extensor pollicis longus plus
extensor indicis send two tendons to digit 2 [164:0 — 1].
The support for this clade is also particularly strong (e.g.
BSV 89 and CSV 99, complete dataset: Fig. 2; BSV 95 and
CSV 100, PU dataset: Fig. 4), but comes mainly from PU fea-
tures; the support in the analyses of the HN dataset is not
strong (Fig. 3). The deep blending of the extensor pollicis
longus with the extensor indicis was independently
acquired in Tupaia, while the insertion of the extensor indi-
cis onto digits 2-4 was independently acquired in Hylo-
bates. The presence of two tendons of the extensor pollicis
longus + extensor indicis to digit 2 is a feature also found
(homoplasically) in Tupaia and in Colobus.

Pithecia (terminal taxon) Panniculus carnosus is not a dis-
tinct muscle [85:0 — 1]. Coracobrachialis profundus is not
present as a distinct head of the coracobrachialis
[107:0 — 1].

Cebidae + Aotidae (clade 11: Aotus, Callithrix, Saimiri).
Reversion of ‘Chondroglossus is present as a distinct bundle
of the hyoglossus’ [58:1 — 0]. This clade is expected (Fig. 1)
and is recovered in (but not strongly supported by) the
analyses of the complete and HN datasets (Figs 2 and 3); it
is not recovered in the analyses of the PU dataset (Fig. 4).
The chondroglossus was differentiated in the Euarchonta
but became secondarily undifferentiated in this clade (Cebi-
dae + Aotidae), as well as in Tarsius.

Aotus (terminal taxon) Hyoglossus is partially or com-
pletely fused with the thyrohyoideus [59:0 — 1].

Cebidae (clade 12: Callithrix, Saimiri). Stylohyoideus is not
a distinct muscle [10:0 — 1]. Stylopharyngeus originates
from the stylomandibular ligament [41:0 — 1]. Styloglossus
originates from large area of stylomandibular ligament
[60:1 — 2, ordered]. This clade is recovered in the analyses
of the complete and HN datasets (with weak support in the
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parsimony analyses, but considerable support in the Bayesian
analyses — BSV 88 and BSV 81, respectively: Figs 2 and 3),
but not of the PU dataset (Fig. 4). As explained above, in
Fabre et al.’s (2009) study, Saimiri is closer to Aotus than
to Callithrix (i.e. the Cebidae is not monophyletic). How-
ever, in Arnold et al.’s (2010) study and in the most recent
and comprehensive molecular analysis of platyrrhine rela-
tionships (Wildman et al. 2009), it is closer to Callithrix, as
it is in our study (Figs 1 and 2). The stylohyoideus was
independently lost in Cynocephalus.

Callithrix (terminal taxon). Reversion of ‘Pterygoideus lat-
eralis has well differentiated inferior and superior heads’
[9:1 — 0]. Reversion of ‘Depressor anguli oris is a distinct
muscle’ [39:1 — 0]. Reversion of ‘Trapezius inserts onto the
clavicle’ [45:1 — 0]. Trapezius does not originate from the
cranium [48:0 — 1]. Anterior portion of sternothyroideus
extends anteriorly to the posterior portion of the thyrohyoi-
deus [64:0 — 1]. Reversion of ‘Rhomboideus major and
rhomboideus minor are not distinct muscles’ [69:1 — 0O].
Reversion of ‘Opponens pollicis is a distinct muscle’
[143:1 — 0].

Saimiri (terminal taxon). Reversion of ‘Digastricus anterior
is not in contact with its counterpart for most of its length’
[3:1 — 0]. Reversion of ‘Frontalis is a distinct muscle’
[32:1 — 0].

Catarrhini (clade 13: Colobus, Cercopithecus, Papio,
Macaca, Hylobates, Pongo, Gorilla, Pan, Homo). Depressor
septi nasi is a distinct muscle [38:0 — 1]. Latissimus dorsi
and teres major are fused [89:0 — 1]. Adductor pollicis has
distinct transverse and oblique heads [138:1 — 2, ordered].
Opponens pollicis reaches the distal portion of metacarpal
[144:0 — 1]. Opponens digiti minimi is slightly differenti-
ated into superficial and deep bundles [149:0 — 1]. This
clade is strongly supported in the analyses of the complete
and PU datasets (e.g. CSV 100 and CSV 98 in the Bayesian
analyses of these datasets, respectively: Figs 2 and 3). It is
not recovered in the parsimony analysis of the HN dataset,
but it is recovered (CSV 76) in the Bayesian analysis of this
latter dataset (Fig. 3). The adductor pollicis became weakly
differentiated into transverse and oblique heads in the
Haplorrhini, and then these heads became further differen-
tiated in catarrhines. The fusion between the latissimus
dorsi and teres major was independently acquired in
Tupaia, and secondarily lost in Homininae. The opponens
digiti minimi became slightly differentiated into superficial
and deep bundles in the Catarrhini, and then these heads
became further separated in cercopithecids.

Cercopithecidae (clade 14: Colobus, Cercopithecus, Papio,
Macaca). Stylohyoideus is partially pierced by the digastricus
posterior and/or by the intermediate digastric tendon
[11:0 — 1]. Geniohyoideus is fused to its counterpart in the
midline [57:0 — 1]. Flexor digitorum profundus is not inner-
vated by the ulnar nerve [111:0 — 1]. Opponens digiti min-
imi has well separated superficial and deep bundles
[149:1 — 2, ordered]. This clade is recovered (with weak

support) in the parsimony analyses of the complete and HN
datasets and in the Bayesian analysis of the HN dataset, but
not in the parsimony analysis of the PU dataset and in the
Bayesian analyses of the complete and PU datasets (Figs 2-
4). The pierced stylohyoideus was independently acquired
in the Homininae and Tupaia. The opponens digiti minimi
became weakly differentiated into superficial and deep
bundles in the Catarrhini and then these heads became
further differentiated in cercopithecids. The fusion of the
geniohyoideus to its counterpart was secondarily lost in
Papio, and independently acquired in Tupaia, Hominini and
Strepsirrhines.

Colobus (terminal taxon). Tendon of flexor digitorum
profundus to digit 1 is vestigial or absent [112:0 — 1]. Palm-
aris brevis is hypertrophied [126:0 — 1]. Extensor pollicis
longus is deeply blended with the extensor indicis
[163:0 — 1]. Extensor pollicis longus plus extensor indicis
send two tendons to digit 2 [164:0 — 1].

Cercopithecinae (clade 15: Cercopithecus, Papio, Macaca).
Platysma myoides is divided into a superior, superficial bun-
dle, and an inferior, deep bundle [17:0 — 1]. Anterior
portion of zygomaticus major passes partially or completely
deep to the levator anguli oris facialis [28:0 — 1]. Pectoralis
major has no clavicular origin [78:0 — 1]. This clade is
expected (Fig. 1) and is recovered in the parsimony analyses
of the complete, HN and PU datasets (with weak support:
Figs 2-4) and in the Bayesian analyses of the complete and
HN datasets (with considerable support, i.e. CSV 77, CSV 78,
respectively: Figs 2-3). It is not recovered in the Bayesian
analysis of the PU dataset (Fig. 4). The clavicular origin of
the pectoralis major was independently lost in Pongo and
the lorisiforms. The passage of the anterior portion of the
zygomaticus major partially or completely deep to the leva-
tor anguli oris facialis is a feature that was independently
acquired in Hylobates.

Cercopithecus (terminal taxon). Reversion of ‘Sphincter
colli profundus is not a distinct muscle’ [24:1 — 0].

Papionini (clade 16: Papio, Macaca) Reversion of ‘Digastri-
cus anterior is not in contact with its counterpart for most
of its length’ [3:1 — 0]. Hyoglossus is partially or completely
fused with the thyrohyoideus [59:0 — 1]. Abductor digiti
minimi is divided into two well differentiated heads
[151:0 — 1]. This clade is expected (Fig. 1) and is strongly
supported in the present study (e.g. BSV 83, CSV 98, com-
plete dataset: Fig. 2), being recovered in the analyses of the
complete, HN and PU datasets (Figs 2-4). The fusion
between the hyoglossus and the thyrohyoideus was inde-
pendently acquired in Cynocephalus and in Aotus, while
the separation between the digastricus anterior and its
counterpart was acquired in the Primatomorpha and then
independently lost in Tarsius, Saimiri and the Papionini.

Papio (terminal taxon). Trapezius inserts onto > lateral
1/3 of the clavicle [46:0 — 1]. Long head of triceps brachii is
divided into a thinner, deep bundle and a broader, super-
ficial bundle [95:0 — 1].
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Macaca (terminal taxon). Reversion of ‘Cricoarytenoideus
posterior does not meet its counterpart at the dorsal mid-
line’ [56:1 — 0]. Reversion of ‘Geniohyoideus is fused to its
counterpart in the midline’ [57:1 — 0].

Hominoidea (clade 17: Hylobates, Pongo, Gorilla, Pan,
Homo). Reversion of ‘Temporalis has a pars suprazygomati-
ca’ [8:1 — 0]. Anterior portion of sternothyroideus extends
anteriorly to the posterior portion of the thyrohyoideus
[64:0 — 1]. Serratus anterior and levator scapulae are well
separated from each other [68:1 — 2, ordered]. Levator
scapulae does not extend to C5 [71:0 — 1]. Pectoralis minor
inserts onto the coracoid process [83:0 — 1]. Panniculus car-
nosus is not a distinct muscle [85:0 — 1]. Dorsoepitrochlearis
does not insert onto the olecranon process of the ulna
[92:0 — 1]. Coracobrachialis profundus is not present as a
distinct head of the coracobrachialis [107:0 — 1]. Flexor dig-
itorum superficialis originates from the radius [113:0 — 1].
Flexor digitorum superficialis originates from the ulna
[114:0 — 1]. Epitrochleoanconeus is not a distinct muscle
[120:0 — 1]. Pronator teres is often (but not usually, i.e. in
< 50% of the cases) originated from the ulna [124:0 — 1].
Monophyly of this clade is strongly supported by the Bayes-
ian and parsimony analyses of the complete and PU data-
sets (BSV 100 and CSV 100 in the analyses of both these
datasets: Figs 2 and 4). Only two of the 12 synapomorphies
listed above concern PU features, and the clade is not so
strongly supported in the analyses of the HN dataset (BSV
56, CSV 77); this suggests that the muscle-related pheno-
typic changes leading to the origin of hominoids were
probably mainly associated to postcranial adaptations. The
anterior extension of the sternothyroideus was secondarily
lost in Homo and independently acquired in Callithrix and
Rattus; the insertion of the pectoralis minor onto the cora-
coid process was secondarily lost in Pan and was indepen-
dently acquired in Cynocephalus and Rattus; the
coracobrachialis profundus was independently lost in Pithe-
cia and Rattus (note that numerous other non-euarchontan
mammals have a coracobrachialis profundus and do not
have an anterior extension of the sternothyroideus nor an
insertion of the pectoralis minor onto the coracoid process:
e.g. Saban, 1968; Jouffroy, 1971). The serratus anterior and
the levator scapulae became slightly separated in the Ha-
plorrhini and then further separated in hominoids. The pan-
niculus carnosus was independently lost in Pithecia, while
the epitrochleoanconeus became undifferentiated in lorisi-
forms and in hominoids, and then became secondarily
differentiated in Pan.

Hylobates (terminal taxon). Anterior portion of zygomati-
cus major passes partially or completely deep to the levator
anguli oris facialis [28:0 — 1]. Trapezius does not originate
from the cranium [48:0 — 1]. Thyroideus transversus is a dis-
tinct muscle [52:0 — 1]. Reversion of ‘Pterygopharyngeus is
not a distinct muscle’ [53:1 — 0]. Reversion of ‘Levator
claviculae inserts onto a more medial portion of the clavicle’
[76:1 — 0]. Subclavius originates from the third rib
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[77:0 — 1]. Pectoralis major is blended with the biceps bra-
chii [81:0 — 1]. Pectoralis minor inserts onto the clavicle
[84:0 — 1]. Subscapularis has a distinct pars posterioris
[88:0 — 1]. Dorsoepitrochlearis is blended with the biceps
brachii [93:0 — 1]. Short head of biceps brachii originates
from the humerus [102:0 — 1]. Biceps brachii is blended
with the flexor digitorum superficialis [103:0 — 1]. Bicipital
aponeurosis (of biceps brachii) forms a ‘lacertus carnosus’
[106:0 — 1]. Flexor pollicis longus is a distinct muscle
[109:0 — 1]. There are frequently three, or instead usually
seven, lumbricales [129:0 — 1]. Lumbricales originate from
the dorsal surfaces of the tendons of the flexor digitorum
profundus [130:0 — 1]. Main body of adductor pollicis
inserts onto much of metacarpal | [137:0 — 1]. Interossei
accessorii are present [142:0 — 1]. Opponens pollicis inserts
onto the proximal and/or the distal phalanges of the
thumb [145:0 — 1]. Flexor digiti minimi brevis is partly origi-
nated from the pisiform [146:0 — 1]. Flexor digiti minimi
brevis inserts onto the middle phalanx and/or the distal
phalanx of digit 5 [147:0 — 1]. Anconeus is not a distinct
muscle [157:0 — 1]. Extensor indicis usually inserts onto dig-
its 2-4 [162:0 — 2, unordered]. Extensor pollicis brevis is a
distinct muscle [166:0 — 1]. Twenty of the 24 apomorphies
listed above concern PU features, which are likely related to
the adaptations of hylobatids to an arm-over-arm brachiat-
ing lifestyle (e.g. Andrews & Groves, 1976; Michilsens et al.
2009; see also the Section below). The passage of the ante-
rior portion of the zygomaticus major partially or com-
pletely deep to the levator anguli oris facialis is a feature
that was independently acquired in the Cercopithecinae.
The cranial origin of the trapezius was independently lost
in Callithrix, the blending of the pectoralis major with the
biceps brachii was independently acquired in Gorilla, and
the separate flexor pollicis longus and separate extensor
pollicis brevis were independently acquired in modern
humans. The interossei accessorii are also present (homopla-
sically) in strepsirrhines, and the partial origin of the flexor
digiti minimi brevis from the pisiform in Cynocephalus. The
insertion of the extensor indicis onto digits 2-4 was inde-
pendently acquired in platyrrhines.

Hominidae (clade 18: Pongo, Gorilla, Pan, Homo). ‘Cervi-
co-auriculo-occipitalis’ is not a distinct bundle of the occipi-
talis [18:0 — 1]. Thyroarytenoideus is not differentiated
into a pars superior and a pars inferior [55:0 — 1]. Flexor
digitorum profundus is not originated from the medial
epicondyle of the humerus or from the common flexor ten-
don [110:0 — 1]. Tendon of flexor digitorum profundus to
digit 1 is vestigial or absent [112:0 — 1]. Pronator teres is
usually (>50% of the cases) originated from the ulna
[124:1 — 2, ordered]. Contrahentes digitorum are missing
[131:0 — 1]. This clade is recovered in (but not strongly sup-
ported by) both the parsimony and Bayesian analyses of the
complete and HN datasets (Figs 2 and 3). However, the PU
dataset does not recover hominid monophyly because hylo-
batids share some PU homoplasies with the African apes
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and modern humans (e.g. no rhomboideus occipitalis [char.
70], a bicipital aponeurosis [char. 105], and insertion of the
extensor digiti minimi onto digit 5 only [char. 159]; Fig. 4).
It should however be emphasized that three (50%) of the
six synapomorphies listed above for this family Hominidae
are well-defined unique (i.e. non-homoplasic) features from
both the HN and the PU regions. Of the other synapomor-
phies that also occur elsewhere within the primate clade,
the atrophy of the tendon of the flexor digitorum profun-
dus to digit 1 was independently acquired in Colobus and it
was secondarily reverted (i.e. it is not atrophied) in modern
humans. The exclusive origin of the flexor digitorum pro-
fundus from the forearm structures is also usually found in
Macaca but is not found in any non-catarrhine primate
studied by us (Papio and Colobus were coded as ‘?’, so it is
not clear whether this feature was acquired in the Cerco-
pithecidae, or in a subgroup of this clade). The absence of
distinct contrahentes digitorum, which is a derived state, is
secondarily reverted in Pan (i.e. alone among the Homini-
dae Pan has distinct contrahentes digitorum).

Pongo (terminal taxon). Digastricus anterior is not a dis-
tinct muscle [2:0 — 1]. Stylolaryngeus is a distinct muscle
[13:0 — 1]. Digastricus posterior is directly attached onto
the mandible [14:0 — 1]. Auricularis posterior is not a dis-
tinct muscle [19:0 — 1]. Pectoralis major has no clavicular
origin [78:0 — 1]. The clavicular origin of the pectoralis
major was independently lost in lorisiforms and the Cerco-
pithecinae. Four of the five apomorphies listed above are
HN features; these four features are non-homoplasic, and
three of them concern the loss/de-differentiation of mus-
cles. Pongo is the single extant hominoid taxon that has
more HN apomorphies than PU apomorphies in Fig. 2; thus,
despite their unusual locomotion, these data suggest that
cranial adaptations may have played a particularly impor-
tant role in the origin/evolution of orangutans.

Homininae (clade 19: Gorilla, Pan, Homo). Stylohyoideus
is partially pierced by the digastricus posterior and/or by
the intermediate digastric tendon [11:0 — 1]. Platysma cer-
vicale is not a distinct muscle [16:0 — 1]. Risorius is a distinct
muscle [22:0 — 1]. Omohyoideus occasionally has three bel-
lies [67:0 — 1]. Reversion of ‘Latissimus dorsi and teres
major are fused’ [89:1 — 0]. Palmaris longus is absent in
> 5% of the cases [118:0 — 1]. Thin, deep additional slip of
adductor pollicis (TDAS-AD, or ‘interosseous volaris primus
of Henle’ of modern human anatomy) is often (i.e. in
< 50% of the cases) present [136:0 — 1]. Extensor indicis
usually inserts onto digit 2 only [162:0 — 3, unordered; CS 2
of this char. is homoplasic, but CS3 is non-homoplasic].
Monophyly of this subfamily is strongly supported by these
HN and PU synapomorphies (e.g. BSV 92 and CSV 100, com-
plete dataset: Fig. 2). Among the 8824 trees obtained from
the heuristic bootstrap analysis of our complete dataset,
not one recovered the Pongo-human clade. Note that char.
162 is shown as homoplasic in the tree of Fig. 2 and in the
list above because its character state 2 is homoplasic (inde-

pendently acquired in platyrrhines and Hylobates), but its
character state 3 is unique to the African ape and modern
human clade. Therefore, six of the eight synapomorphies of
the Homininae are non-homoplasic. Of the two homoplasic
synapomorphies, a pierced stylohyoideus was indepen-
dently acquired in the Cercopithecidae and Tupaia, while a
fused latissimus dorsi and teres major was independently
acquired in Tupaia and the Catarrhini, and secondarily lost
in this clade Homininae.

Gorilla (terminal taxon), Pectoralis major inserts onto the
coracoid process [80:0 — 1]. Pectoralis major is blended
with the biceps brachii [81:0 — 1]. The blending of the pec-
toralis major with the biceps brachii was independently
acquired in Hylobates.

Hominini (clade 20: Pan, Homo). Geniohyoideus is fused
to its counterpart in the midline [57:0 — 1]. Styloglossus has
a distinct oblique slip running anteroinferiorly to blend
with the lateral portion of the hyoglossus [61:0 — 1]. Stern-
ohyoideus does not contact nor lie against its counterpart
for most of its length [63:0 — 1]. Omohyoideus has an
intermediate tendon [66:0 — 1]. As noted above, the
chimp-modern human clade is given strong support in the
parsimony and Bayesian analyses of the complete (BSV 75,
CSV 94) and particularly of the HN (BSV 86, CSV 99) data-
sets, and one of its four synapomorphies is non-homoplasic
(char. 61). Because all of these four synapomorphies con-
cern HN features, the (Pan, Homo) clade is not recovered in
the analyses of the PU dataset (Fig. 4). The fusion of the
geniohyoideus to its counterpart was independently
acquired in Tupaia, Strepsirrhines and Cercopithecidae, and
then secondarily lost in Papio. The sternohyoideus not con-
tacting or lying against its counterpart was independently
acquired in Cynocephalus, and the intermediate tendon of
the omohyoideus was independently acquired in Tupaia.

Pan (terminal taxon). Reversion of ‘Pectoralis minor
inserts onto the coracoid process’ [83:1 — 0]. Reversion of
‘Epitrochleoanconeus is not a distinct muscle’ [120:1 — 0].
Reversion of ‘Contrahentes digitorum are missing’
[131:1 — 0]. Reversion of ‘Flexores breves profundi are
fused with the intermetacarpales, forming the dorsal inter-
ossei’ [140:1 — 0]. The insertion of the pectoralis minor
onto the coracoid process was independently acquired in
Cynocephalus, Rattus and hominoids, and then secondarily
lost in Pan. The contrahentes digitorum became undifferen-
tiated in hominids, and the epitrochleoanconeus became
undifferentiated in lorisiforms and in hominoids; the con-
trahentes digitorum and the epitrocheoanconeus then
became secondarily differentiated in Pan (i.e. Pan has con-
trahentes digitorum and has an epitrochleoanconeus).

Homo (terminal taxon). Reversion of ‘Anterior portion of
sternothyroideus extends anteriorly to the posterior portion
of the thyrohyoideus’ [64:1 — 0]. Reversion of ‘rhomboi-
deus major and rhomboideus minor are not distinct mus-
cles’ [69:1 — 0]. Levator claviculae is not a distinct muscle
[72:0 — 1]. Dorsoepitrochlearis is not a distinct muscle
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[91:0 — 1]. Flexor pollicis longus is a distinct muscle
[109:0 — 1]. Reversion of ‘Tendon of flexor digitorum pro-
fundus to digit 1 is vestigial or absent’ [112:1 — 0]. Rever-
sion of ‘Flexor carpi radialis originates from the radius’
[123:1 — 0]. Thin, deep additional slip of adductor pollicis
(TDAS-AD, or ‘interosseous volaris primus of Henle’ of mod-
ern human anatomy) is usually (i.e. in < 50% of the cases)
present [136:1 — 2, ordered]. Extensor pollicis brevis is a dis-
tinct muscle [166:0 — 1]. The anterior extension of the
sternothyroideus was independently acquired in Callithrix,
Rattus and hominoids, and then secondarily lost in modern
humans. The atrophy of the tendon of the flexor digitorum
profundus to digit 1 was independently acquired in Colobus
and in hominids; the tendon of the flexor digitorum pro-
fundus to digit 1 is not atrophied in modern humans, thus
this is a secondary reversion. The rhomboideus major and
rhomboideus minor became undifferentiated in the Prima-
tomorpha, and then became secondarily differentiated,
independently, in modern humans and in taxa such as Calli-
thrix (see above). The differentiation of the flexor pollicis
longus and of the extensor pollicis brevis seen in modern
humans was independently acquired in hylobatids.

Evolution of the primate head, neck, pectoral and
upper limb muscles

The primate terminal taxa that appear in more derived
positions within the tree shown in Fig. 2 are also generally
more derived morphologically (i.e. there is a higher num-
ber of unambiguous evolutionary steps — NS — from the
base of the tree to those terminal taxa). For example,
Lemur is one of the least morphologically derived primates
in the tree (NS = 25); previous studies have shown that the
transition rate of mitochondrial DNA has also been extre-
mely low in Lemur (e.g. Hasegawa et al. 1990). However,
there are exceptions to this generalization. For example,
there are more accumulated steps leading to Saimiri
(NS = 46) than to the Old World monkeys Cercopithecus
and Colobus (44); to Callithrix (51) than to Cercopithecus
and Colobus (44) and to Macaca and Papio (49); and to Hy-
lobates (72) than to Pongo (59), Gorilla (64) and Pan (70)
(Fig. 2). The unique evolutionary history of hylobatids is
reflected in a peculiar mix of plesiomorphic and derived
anatomical structures (Fig. 2; Appendix 1). Hylobatids are
an example of mosaic evolution for, although their HN
muscles (partial NS = 26) are anatomically less derived than
those of hominids (partial NS Pongo = 28, Gorilla = 28,
Pan = 32, Homo = 33) and various monkeys (partial NS Sai-
miri = 27, Callithrix = 30, Macaca = 28, Papio = 27), their
PU muscles are more derived (partial NS = 46) than those
of any other taxon, including modern humans (partial
NS = 42) (Fig. 2). The highly specialized PU musculature of
hylobatids is most likely related to their peculiar brachiat-
ing lifestyle (e.g. Andrews & Groves, 1976; Michilsens et al.
2009).
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In a recent paper, Bakewell et al. (2007; p. 7492) suggest
that their molecular studies show that ‘in sharp contrast to
common belief, there were more adaptive genetic changes
during chimp evolution than during human evolution’,
that is, their finding ‘suggests more unidentified pheno-
typic adaptations in chimps than in humans'. However, the
results of our parsimony and Bayesian analyses indicate
that, at least regarding the gross morphology of the HN
and PU muscles, since the Pan/Homo split, humans have
evolved faster than chimpanzees [ca. 2.3 times faster
according to the lengths of the branches leading to mod-
ern humans (9) and to chimpanzees (4) in the parsimony
tree of Fig. 2; ca. 2.4 times faster according to the branches
leading to modern humans (0.071 changes per character)
and to chimpanzees (0.030 changes per character) in the
consensus tree obtained from the Bayesian analysis of
the complete dataset]. In turn, since the Gorilla/Hominini
split, gorillas have only accumulated two unambiguous
muscular apomorphies, whereas there are respectively 8
(4 +4) and 13 (4 + 9) unambiguous apomorphies leading
to extant chimpanzees and to modern humans (Fig. 2)
(since this split, the branch lengths leading to Gorilla, Pan
and Homo in the consensus tree obtained from the Bayes-
ian analysis of the complete dataset are 0.018, 0.057 and
0.098, respectively).

It is important to stress that in this case, having a higher
number of character state changes in a branch does not
mean having a higher number of muscles. For example,
some of the nine apomorphies of modern humans shown
in Fig. 2 and listed in the section above involve the loss of
muscles [e.g. absence of levator claviculae (72); absence of
dorsoepitrochlearis (91)]. In fact, as shown in Tables 2-8,
which illustrate the evolution of the primate head, neck,
pectoral and upper limb muscles and complement the infor-
mation given in Appendix 1, chimpanzees, along with most
other extant primates, have more muscles than modern
humans. In the next paragraphs, we briefly summarize and
discuss the information provided in these Tables.

The number of mandibular muscles is essentially constant
(n = 8) within extant primates, including modern humans;
an exception is Pongo, which lacks a digastricus anterior
(Table 2). With respect to the hyoid muscles (Tables 3 and
8), the predicted plesiomorphic condition for the primate
clade is four non-facial hyoid muscles, i.e. more than most
extant primates, including modern humans (n = 3). This is
because the jugulohyoideus is usually lacking in Tarsius and
is almost always, if not always, absent in anthropoids. Some
phylogenetically derived primates also have more non-facial
hyoid muscles than modern humans (e.g. Pongo has four
muscles because it has a peculiar muscle, stylolaryngeus).
However, with respect to the facial muscles, despite lacking
three muscles that were plesiomorphically present in pri-
mates (platysma cervicale, sphincter colli profundus and
mandibulo-auricularis), modern humans do have more
facial muscles than any other primate studied by us (n = 24,
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more than 30 muscles, but modern humans usually have
only 21 (Tables 7 and 8). The muscles that are conserved as
separate structures in modern humans are those that insert
onto the thumb; modern humans also have an additional
pollical muscle ‘volaris primus of Henle’ (TDAS-AD sensu the
present work; Tables 7 and 8). The muscles that modern
humans have lost relative to phylogenetically plesiomorphic
primates (e.g. contrahentes, intermetacarpales and interos-
sei accessorii) attach to digits 2, 3, 4 and 5 (Tables 7 and 8).

The muscle groups that show the least variation in
number within the primate clade (Table 8) are the mandibu-
lar muscles (range 7-8), the arm muscles (range 4-5), and the
forearm muscles (range 18-20); then come the pectoral mus-
cles (range 14-17), the branchial and hypobranchial muscles
(range of 13-17 and of 11-15, respectively). The hyoid mus-
cles (range 21-27) and in particular the hand muscles (range
20-36) show the greatest variation in number. With respect
I to the overall number of muscles in the primate subclades
(Table 8), the New World monkeys are the least variable
clade (range 117-121); this is remarkable because the Platyr-
rhini is the taxonomically most diverse group of extant pri-
mates (e.g. Groves, 2005). Then come the Old World
monkeys (range 123-131), the hominoids (range 117-126),
and the strepsirrhines (range 127-139). Interestingly, the
phylogenetically more plesiomorphic groups of living pri-
mates (i.e. the strepsirrhines, range 127-139, and tarsiiforms,
range 133-138), are the ones with the greatest number of
muscles in total, followed by the Cercopithecinae (range
128-131) and Hylobates (129), then by Pan (126) and Colo-
bus (range 123-126), then by modern humans (123), and
lastly by Gorilla (range 119-120), Pongo (range 117-119) and
the New World monkeys (range 117-121). There is no rela-
tionship between the absolute number of muscles and the
number of accumulated steps (NS) shown in Fig. 2. For
example, Homo and Nycticebus have an NS of 75 and 30,
respectively, but the latter taxon clearly has many more mus-
cles than the former. Details of the information summarized
above are given in Appendix 1.
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Extensor digiti mi.
longus

Pongo (38 mus.:
18 forearm;

20 hand)
Extensor indicis
Extensor pollicis

longus

Abductor poIIici7 Abductor pollicis

longus

Extensor carpi

Brachioradialis
ulnaris
Anconeus

Supinator

ulnaris

Extensor digiti mi.
longus

mus.: 19 forearm;
Extensor indicis

27 hand)
Extensor pollicis

Hylobates (46
Brachioradialis
Supinator
Extensor carpi
Extensor pollicis
brevis

\

19 forearm;
27 hand)
ulnaris
Anconeus
longus

longus
Abductor pollicis

Macaca (46 mus.:
Brachioradialis
Extensor carpi
Extensor digiti mi.
Extensor indicis
Extensor pollicis

Supinator

Conclusions

ulnaris
Anconeus

longus

longus

The present paper corroborates suggestions that muscle
characters are useful for inferring phylogeny (e.g. Diogo,
2004a,b, 2007; Gibbs et al. 2000, 2002; see Introduction).
The most parsimonious tree obtained from the cladistic
analysis of 166 characters taken from the head, neck, pec-
toral and upper limb muscles (Fig. 2) is fully congruent with
the most recent evolutionary molecular tree of Primates
(Fig. 1). Regarding the evolution of these muscles within
this order, there is no simple relationship between muscle
number and relative position in the primate cladogram;
modern humans have fewer head, neck, pectoral and upper
limb muscles than most extant primates, including phylo-
genetically plesiomorphic primates such as strepsirrhines
and tarsiiforms, as well as Old World monkeys and

Aotus (41 mus.:
19 forearm;

22 hand)
Brachioradialis
Supinator
Extensor carpi
Extensor digiti mi.
Extensor indicis
Extensor pollicis
Abductor pollicis

19 forearm;

32-36 hand)
Abductor pollicis

Extensor digiti mi.
longus

Tarsius (51-55
Brachioradialis
Supinator
Extensor carpi

ulnaris
Anconeus
Extensor indicis
Extensor pollicis
longus

mus.:

ulnaris
Anconeus

longus

longus

Extensor digitorum Extensor digitorum Extensor digitorum Extensor digitorum

Table 7 Continued.
Lemur (49 mus.:
19 forearm;

30 hand)
Brachioradialis
Supinator
Extensor carpi
Extensor digiti mi.
Extensor indicis
Extensor pollicis
Abductor pollicis

© 2011 The Authors
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chimpanzees. It is remarkable that Nycticebus and Tarsius,
two phylogenetically plesiomorphic genera that include
some of the smallest living primates and that are often con-
sidered to be anatomically ‘primitive’ primates (e.g. Saban,
1968), have more head, neck, pectoral and upper limb mus-
cles than any other primate taxon included in Table S8.
These data clearly refute the contention that modern
humans are the most anatomically complex primate (for
recent discussions on this subject, see Burrows, 2008; Diogo
et al. 2009b). The only muscle groups for which modern
humans have more muscles than most other primates are
the muscles of the face, larynx and forearm. In modern
humans the latter include two peculiar muscles that are
related to the movements of the thumb; among non-
human primates extensor pollicis brevis and flexor pollicis
longus are only present in hylobatids and, as explained
above, modern humans usually have an additional muscle
inserting onto the thumb, the ‘volaris primus of Henle'.
Therefore, this study shows that modern humans have
fewer muscles than most other living primates, but the find-
ings are also consistent with the proposal that facial and
vocal communication and specialized thumb movements
have probably played an important role in human evolu-
tion. In the future, we plan to analyze more specimens of
the terminal taxa included in the present study, and also to
expand our study to other primate taxa (e.g. representa-
tives of the strepsirrhine families Daubentoniidae, Cheirog-
aleidae, Lepilemuridae and Galagidae, and of the
platyrrhine family Atelidae). Additionally, we plan to
extend our study to the lower limb muscles and, if possible,
to other muscles of the body (i.e. extra-ocular, trunk, back,
diaphragmatic, abdominal, perineal, coccygeal and/or anal
muscles). This will allow us to compare the data that will be
obtained in these future projects with the data published in
this paper, and to discuss what are the broader evolutionary
and phylogenetic implications of adding more specimens,
taxa and characters to the cladistic analysis.
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Appendix 1: List of the 166 characters
included in the cladistic analyses

*This list is divided into nine subgroups of muscles, following
the nomenclature of Diogo & Abdala (2010). The Length (L),
Consistency Index (Cl) and Retention Index (Rl) obtained for
each character in the most parsimonious tree obtained from the
heuristic analysis of the whole dataset (chars. 1-166) are given
after the name of each respective character.

Mandibular muscles

1. Intermandibularis anterior is not a distinct muscle (L 1, Cl 100,
RI 100). [0] As explained by Diogo et al. (2008a,b), various non-
mammalian tetrapods and non-primate mammals, including Rat-
tus and Tupaia, usually have an at least partially fleshy, separate
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intermandibularis anterior, which is often named ‘transversus
mandibularis’ in taxa such as rodents (e.g. Greene, 1935; Peter-
ka, 1936; Bryant, 1945; Walker & Homberger, 1997). Saban
(1968) and Gunnell & Simmons (2005) suggested that in Tupaia
the intermandibularis anterior is often completely aponeurotic,
but a fleshy, separate intermandibularis anterior was found in
all the Tupaia specimens dissected by Le Gros Clark (1924), Spra-
gue (1944a) and by us. [1] In all primates included in this analy-
sis, as well as in Cynocephalus, there is usually no fleshy,
separate intermandibularis anterior. This was confirmed in Cy-
nocephalus by Leche (1886), Saban (1968), Gunnell & Simmons
(2005), and by us, and in the primates coded as CS-1 by our dis-
sections and review of the literature.

2. Digastricus anterior is not a distinct muscle (L 1, AUTAPO-
MORPHY). Contrary to taxa of CS-0 [0], in Pongo [1] the digastri-
cus anterior is usually not present as a distinct muscle (e.g.
Owen, 1830-1831; Chapman, 1880; Sonntag, 1924a; Cachel,
1984; Winkler, 1991; Richmond, 1993; Wall et al. 1994; our dis-
sections). A distinct digastricus anterior was however reported
in an orangutan specimen examined by Parsons (1898a).

3. Digastricus anterior is not in contact with its counterpart for
most of its length (L 6, CI 16, Rl 37). [0] In various non-primate
taxa including Rattus and Tupaia (Le Gros Clark, 1924; Greene,
1935; Sprague, 1944a; DuBrul, 1958; our dissections), as well as
in primates such as Tarsius, Saimiri, Macaca, Papio, Gorilla and
Pan, the main body of the digastricus anterior usually contacts
that of its counterpart (ventrally in the midline) for most of its
length. Fig. 13 of plate 5 of Burmeister (1846) shows a Tarsius
specimen where the digastricus anterior does not seem to meet
its counterpart, but the descriptions of other authors (e.g.
Woollard, 1925; Lightoller, 1934, 1939; Saban, 1968) clearly state
that in Tarsius the muscle does usually meet its counterpart for
most of its length, and this was corroborated by our dissections.
Such a contact was also found in Saimiri by us, in Macaca and
Papio by Howell & Straus (1933), Thiel (1954, 1955), DuBrul
(1958), Hill (1970), Swindler & Wood (1973), Hilloowala (1975)
and by us, and in Pan by Vrolik (1841), Wilder (1862), Sonntag
(1923), Miller (1952), DuBrul (1958), Starck & Schneider (1960),
Gollner (1982) and by us. Regarding Gorilla, in the fetal speci-
men dissected by Deniker (1885) the digastricus anterior does
not contact its counterpart for most of its length, and, probably
based on this work, Gibbs (1999) and Gibbs et al. (2000, 2002)
suggested that this is the usual condition for gorillas. However,
the muscle seems to contact its counterpart for most of its
length in the gorilla illustrated by Bischoff (1880) and in the
gorilla illustrated by Hosokawa & Kamiya (1961-1962), and such
a contact was also present in the adult VU GG1 specimen dis-
sected by us. Therefore, the usual condition for Gorilla is that
there is contact for most of the length of the muscle; this taxon
is thus coded as CS-0. [1] In Cynocephalus, Lemur, Propithecus,
Loris, Nycticebus, Aotus, Callithrix, Pithecia, Colobus, Cercopithe-
cus, Hylobates and Homo the muscle does not contact its coun-
terpart for most of its length. This is the case in Cynocephalus
according to Leche (1886) and to our dissections, in Lemur to
Starck & Schneider (1960), Saban (1968) and our dissections, in
Loris and Nycticebus to Loth (1931), Saban (1968) and our obser-
vations, in Propithecus, Pithecia and Colobus to our dissections,
and in Callithrix and Aotus to Beattie (1927), Immel (1997) and
to our observations (Hilloowala, 1975 suggested that in Calli-
thrix the muscle contacts its counterpart, but, as noted by Ligh-
toller, 1934 and corroborated by our observations, in this taxon
the muscle is associated with substantial fibrous tissue that does

reach the midline, but the muscle is usually not directly con-
nected to its counterpart). Dobson (1881) and Hill (1966) sug-
gested that in at least some Cercopithecus specimens the muscle
contacts its counterpart, the two structures being connected by
an aponeurosis according to Dobson (1881). However, the
detailed work of DuBrul (1958) and our dissections indicate that
in this taxon the muscle does usually not contact its counterpart
for most of its length; therefore, Cercopithecus is coded as CS-1,
as is Colobus. Concerning Hylobates, some contact seems to be
present in the Hylobates specimen shown in fig. 1 of Wall et al.
(1994), and such a condition was said to be usually present in
this genus, in Gibbs et al. (2002). However, according to the
detailed works of Deniker (1885), Kohlbriigge (1890-1892) and
DuBrul (1958) and to our dissections, the usual condition for Hy-
lobates is that there is no contact for most of the length of the
muscle, so this genus is also coded as CS-1. [-] Inapplicable in
Pongo, because the digastricus anterior is usually not present as
a distinct muscle.

4. Digastricus anterior is not connected to the digastricus poster-
jor by a well-defined intermediate tendon (L 1, AUTAPOMOR-
PHY). [0] In non-primate taxa such as Rattus and Tupaia, as well
as in most primates, including Lemur, Propithecus, Loris, Nyctice-
bus, Tarsius, Callithrix, Aotus, Saimiri, Pithecia, Macaca, Papio,
Cercopithecus, Colobus, Hylobates, Gorilla, Pan and Homo, the
digastricus anterior is usually connected to the digastricus pos-
terior by a well-defined intermediate tendon, the two muscles
forming the ‘digastricus conjunctus’ sensu Edgeworth (1935).
This morphology is seen in rats and mice and in Tupaia accord-
ing to Le Gros Clark (1924), Greene (1935), Sprague (1944a),
DuBrul (1958), Walker & Homberger (1997), Barrow & Capecchi
(1999), and to our dissections. An intermediate tendon was also
found in Lemur by Murie & Mivart (1872), Saban (1968) and by
us, in Loris by Mivart & Murie (1865), Saban (1968) and by us,
and in Propithecus by us. Allen (1897) stated that Tarsius has no
intermediate tendon, but the descriptions of other authors (e.g.
Burmeister, 1846; Woollard, 1925; Lightoller, 1934; Edgeworth,
1935; Hill, 1955; Saban, 1968) as well as our dissections, clearly
indicate that Tarsius usually does have a well-defined intermedi-
ate tendon. Such a tendon was also found in Callithrix and
Aotus by Beattie (1927), Lightoller (1934), Hilloowala (1975), Im-
mel (1997) and by us, in Saimiri and Pithecia by us, in Macaca,
Colobus, Papio and Cercopithecus by Polak (1908), Loth (1931),
Howell & Straus (1933), Thiel (1954, 1955), DuBrul (1958), Hill
(1970), Swindler & Wood (1973), Hilloowala (1975) and by us, in
Hylobates by Kohlbriigge (1890-1892), DuBrul (1958) and Wall
et al. (1994) and by us, in Gorilla by Raven (1950) and by us,
and in Pan by Wilder (1862), Sonntag (1923), Miller (1952), Goll-
ner (1982) and by us. Loth (1931) suggested that there is no
intermediate tendon in ‘Nycticebus sp.’, but it is not clear if he
was referring to a species that is currently included in the genus
Nycticebus; in fact, an intermediate tendon was clearly present
in all the Nycticebus specimens dissected by us, so this taxon is
coded as CS-0. [1] As described by Saban (1968) and Diogo
(2009), in Cynocephalus the digastricus anterior and digastricus
posterior are not connected by a well-defined tendon, but
instead by a short muscular intersection, forming the ‘digastri-
cus intersectus’ sensu Edgeworth (1935; e.g. fig. 2 of Diogo,
2009). [-] Inapplicable in Pongo, because the digastricus anterior
is usually not present as a distinct muscle.

5. Digastricus anterior attaches onto the angle of the mandible
(L 1, AUTAPOMORPHY). Contrary to taxa of CS-0 (in which the
digastricus anterior usually inserts onto and/or near the man-
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dibular symphysis) [0], in Cynocephalus [1] the digastricus ante-
rior usually inserts onto the angle of the mandible (e.g. Leche,
1886; our dissections). [-] Inapplicable in Pongo, because the di-
gastricus anterior is usually not present as a distinct muscle.

6. Tensor tympani is not a distinct muscle (L 1, AUTAPOMOR-
PHY). Contrary to taxa of CS-0 [0], in Tupaia [1] the tensor tym-
pani is usually not present as a distinct muscle (a small tensor
tympani was reported in a few Tupaia specimens by Saban
(1968) — see Diogo et al. (2008b); however, as explained in the
recent review of Gunnell & Simmons (2005) and particularly in
the detailed work of Maier (2008), the tensor tympani is usually
not present as a distinct muscle in the members of this genus).
There is no literature about, and we could also not discern if
this muscle is present or not in the dissected specimens of, Colo-
bus, Cercopithecus and Pongo; therefore these three taxa are
coded as '?".

7. Chorda tympani passes above the tensor tympani (L 1, C/ 100,
RI 100). As explained by Maier (2008), in non-primate taxa such
as Rattus and Cynocephalus and most non-anthropoid primates,
including Lemur, Propithecus, Loris and Tarsius [0], the chorda
tympani passes mainly below the tensor tympani (hypotensoric).
In most anthropoids, including Aotus, Callithrix, Saimiri, Pithe-
cia, Macaca, Papio, Hylobates, Gorilla, Pan and Homo [1], it
passes mainly above the muscle (epitensoric). Maier (2008) did
not refer to Nycticebus, Colobus, Cercopithecus and Pongo, and
we could not discern this feature in these taxa, so they are
coded as ‘?". [-] Inapplicable in Tupaia, because the tensor tym-
pani is usually not present as a distinct muscle.

8. Temporalis has a pars suprazygomatica (L 3, Cl 33, Rl 66). Con-
trary to adults of taxa of CS-0 [0], in adults of Tupaia, Lemur,
Propithecus, Loris, Nycticebus, Tarsius, Aotus, Callithrix, Saimiri,
Pithecia, Colobus, Cercopithecus, and Papio [1] there is a distinct
pars suprazygomatica (e.g. fig. 17 of Le Gros Clark, 1924; fig.
206 of Saban, 1968) of the temporalis. This structure was found
in adult specimens of Tupaia by Le Gros Clark (1924) and by us,
of Tarsius by Le Gros Clark (1926), Fiedler (1953), Saban (1968)
and by us, and of Propithecus, Lemur, Loris and Nycticebus by
us. Starck (1933) reported a pars suprazygomatica in Callithrix,
Saimiri and Pithecia adults, and the ‘posterior portion’ of the
temporalis reported in Callithrix adults by Beattie (1927) and
Hill (1957) clearly seems to correspond to, or to include, the pars
suprazygomatica we found in Aotus, Callithrix, Pithecia and Sai-
miri adults (e.g. fig. 22 of Hill (1957). A pars suprazygomatica
was also reported by Hill (1970) in Papio adults (designated as
‘zygomatic portion of the temporalis’), and by Polak (1908) in
Colobus adults, and we effectively found this structure in adults
of these two taxa and also of Cercopithecus. It should be noted
that some neonates of Pan dissected by Gollner (1982) and by
us have a pars suprazygomatica of the temporalis, but that in
the adults of this genus (dissected by us and by other authors,
including Gollner, 1982) the pars suprazygomatica is usually not
present as a distinct bundle, so this taxon is coded as CS-0.
Regarding Macaca, Howell & Straus (1933), Sanefuji (1972),
Kikuya (1973), Nagashima et al. (1975) and Hill (1974) did not
really refer to this structure, so it is not always clear if it was, or
not, present in the adult specimens dissected by them. Fig. 191
of Saban (1968) shows an adult Macaca specimen in which the
pars suprazygomatica is apparently slightly differentiated, but
we could not discern if this structure was present, or not, in the
adult Macaca specimens dissected by us; therefore, until more
information is available, this genus is coded as ‘?". Regarding
Gorilla, Gollner (1982) described a pars suprazygomatica in neo-
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nates, but suggested that this structure is not differentiated in
adults of this genus; however, on both sides of the VU GG1
adult gorilla dissected by us there is clearly a distinct pars sup-
razygomatica, so this genus is coded here as ‘?".

9. Pterygoideus lateralis has well differentiated inferior and
superior heads (L 2, Cl 50, Rl 85). Contrary to non-primate taxa
such as Rattus, Cynocephalus and Tupaia and primates as
Lemur, Propithecus, Tarsius and Callithrix [0], in Aotus, Pithecia,
Saimiri, Macaca, Papio, Colobus, Cercopithecus, Hylobates, Pon-
go, Gorilla, Pan and Homo [1] the pterygoideus lateralis is usu-
ally well differentiated into distinct superior and inferior heads.
As described by Le Gros Clark (1924) and Greene (1935) and cor-
roborated by our dissections, the two heads are usually not
present as distinct structures in Rattus, Tupaia and Cynocepha-
lus. These heads were also not described by Murie & Mivart
(1872) in Lemur. On one side of the body of our Lemur catta
GWUANT LC1 specimen there was seemingly no division into
superior and inferior heads, but on the other side these two
heads do seem to be poorly differentiated, the superior head
being thinner and going mainly to the temporomandibular
joint, and the inferior head being broader and going mainly to
the condyloid process of the mandible. Such poor differentia-
tion was also present on both sides of our Propithecus verreauxi
GWUANT PV1 specimen. Burmeister (1846) and Woollard (1925)
did not describe distinct superior and inferior heads in Tarsius;
on both sides of our Tarsius syrichta CMNH M-3135 specimen
the pterygoideus lateralis seemed to be mainly undivided,
although a branch of the trigeminal nerve passed between the
superior (thinner) and the inferior (broader) portions of the
muscle. Beattie (1927) and Hill (1957) also did not report dis-
tinct superior and inferior heads in Callithrix; we did not find
these heads in this taxon. Therefore, our review of the litera-
ture and our dissections indicate that the inferior and superior
heads are poorly differentiated, or are not differentiated at all,
in Lemur, Propithecus, Tarsius and Callithrix. Distinct superior
and inferior heads are however well differentiated in Aotus,
Saimiri and Pithecia according to Starck (1933) and to our dis-
sections, in Macaca, Papio, Cercopithecus, Colobus, Hylobates
and Pongo according to Polak (1908), Sonntag (1924a,b), Ho-
well & Straus (1933), Boyer (1939), Schumacher (1961), Saban
(1968), Hill (1970), Sanefuji (1972), Kikuya (1973), Swindler &
Wood (1973), Nagashima et al. (1975), Hill (1974), Winkler
(1991), Wall et al. (1994), Gibbs (1999), Skinner & Aziz (2003),
and to our dissections, although Kohlbrigge (1890-1892) and
Hill (1966) did not refer to these two heads in their descriptions
of Hylobates and Cercopithecus, respectively. Gollner (1982)
suggested that these heads are not really distinct in the neo-
nate and adult chimpanzees dissected by him, but the two
heads were clearly present in all the Pan specimens dissected by
Gratiolet & Alix (1866), Sonntag (1923), Miller (1952), and by us
(including neonates and adults). Raven (1950) did not describe
these two heads in Gorilla, and Gollner (1982) stated that in
the two infant gorillas dissected by him the pterygoideus later-
alis could not be clearly divided into these heads. However, as
explained just above, the latter author also did a similar state-
ment regarding Pan, which usually does have both heads.
Moreover, the two heads were clearly differentiated in both
sides of the VU GG1 adult gorilla specimen dissected by us, so
Gorilla is coded as CS-1. Loris and Nycticebus are coded as ‘?'
due to the lack of information in the literature (it was not pos-
sible to discern this feature in the Loris and Nycticebus speci-
mens dissected by us).
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Hyoid muscles

10. Stylohyoideus is not a distinct muscle (L 2, CI 50, Rl 50).
Contrary to taxa of CS-0 [0], in Cynocephalus, Saimiri and Calli-
thrix [1] the stylohyoideus is usually not present as a distinct
muscle. The muscle is usually missing in Cynocephalus accord-
ing to Leche (1886), Gunnell & Simmons (2005), and our dissec-
tions (it should be noted that the structure that Saban, 1968
designated as ‘stylohyoideus’ in colugos corresponds very likely
to the sphincter colli profundus sensu the present work: see
Diogo, 2009). The stylohyoideus was missing in one specimen
of Callithrix jacchus dissected by Lightoller (1934) and was
apparently also missing in the 14 specimens of the same spe-
cies dissected by Beattie (1927); this author described all the
suprahyoid muscles of these specimens in detail but he did not
refer to the stylohyoideus. The stylohyoideus was also not
described in Callithrix by Hill (1957), and was also not found in
the Callithrix jacchus and Saimiri sciureus specimens dissected
by us. It cannot be discarded that the ‘stylohyoideus’ reported
in one Callithrix jacchus specimen by Hilloowala (1975) could
correspond to the stylohyoideus sensu the present work,
because Hilloowala did not illustrate the structure that she
designated as ‘stylohyoideus’. However, that structure might
well correspond instead to the stylopharyngeus, because, as
explained above, in the specimens of this species dissected by
us and by Beattie (1927) and Lightoller (1934) the stylohyoide-
us was not present, while the stylopharyngeus was partially
originated from the stylomandibular ligament and partially
inserted onto the hyoid bone, as was the ‘stylohyoideus’
reported by Hilloowala (1975). Be that as it may, even if the
‘stylohyoideus’ reported by Hilloowala (1975) does correspond
to the stylohyoideus sensu the present work, it seems clear
that this muscle is usually not present in Callithrix and Saimiri,
as indicated by Beattie (1927), Lightoller (1934) and by our dis-
sections.

11. Stylohyoideus is partially pierced by the digastricus posterior
and/or by the intermediate digastric tendon (L 3, Cl 33, Rl 66).
[0] In numerous non-primate eutherians, including Rattus, as
well as in primates such as Lemur, Tarsius, Loris, Nycticebus,
Propithecus, Aotus, Hylobates and Pongo the stylohyoideus is
usually not pierced by the digastricus posterior nor by the inter-
mediate digastric tendon. This was corroborated in Rattus, Tar-
sius, Loris, Nycticebus, Propithecus, Lemur and Aotus by
Burmeister (1846), Woollard (1925), Lightoller (1934), Greene
(1935), Saban (1968), Immel (1997) and by us. There is also no
piercing in Pongo according to Sonntag (1924a), Gibbs (1999),
and to our observations. Regarding Hylobates, the usual condi-
tion clearly seems to be that in which there is no piercing,
because there was no piercing in the fetus dissected by Deniker
(1885) and in five of the six sides of the three specimens
reported by Kohlbriigge (1890-1892; two H. syndactylus and
one H. agilis), although there was a partial piercing on the right
side of one of these specimens, and in the specimen reported
by Bischoff (1870) (we could not check this feature appropri-
ately in the Hylobates specimens dissected by us). [1] In Tupaia,
Cercopithecus, Papio, Colobus, Gorilla, Pan and Homo the styl-
ohyoideus is usually partially pierced by the digastricus posterior
and/or by the intermediate digastric tendon. Regarding Tupaia,
Le Gros Clark (1924) and Lightoller (1934) stated that the styl-
ohyoideus is mainly ventral to the digastricus posterior, but in
the detailed and more recent accounts provided by Sprague
(1944a), Immel (1997) and Gunnell & Simmons (2005) it is clearly

stated that the former is partially pierced by the latter, and this
configuration was corroborated by our own dissections. Piercing
was also found in Cercopithecus according to Hill (1966) and to
our dissections and in Gorilla according to Deniker (1885), Raven
(1950), Gibbs (1999), and to our observations. Concerning Papio,
Hilloowala (1975) stated that in the P. anubis specimens dis-
sected by her the muscle was not pierced, but Hill (1970) clearly
stated that there is usually a piercing in Papio, as shown for
instance in the P. cynocephalus and P. anubis specimens illus-
trated in his fig. 28, and as found in our dissections. Polak
(1908) also suggested that there is no piercing in Colobus guer-
eza, but our dissections indicate there is piercing in this taxon.
Such piercing was also found in the Pan specimens dissected by
Sonntag (1923) and in four of the five Pan specimens dissected
by us, although in the other chimpanzee specimen that we dis-
sected, as well as in a bonobo specimen dissected by Miller
(1952), the stylohyoideus was mainly superficial to the posterior
digastricus. Concerning Macaca, according to Howell & Straus
(1933) and to our dissections the stylohyoideus is usually not
pierced by the digastricus posterior, lying completely deep to
this muscle, but Hilloowala (1975) analyzed this in great detail
in four specimens of Macaca mulatta, and stated that in these
specimens the stylohyoideus was pierced by the posterior digas-
tricus, and this seems also to be the case in the Macaca speci-
men illustrated by Thiel (1954, 1955) and Saban (1968; e.g. fig.
221D of Saban, 1968). Therefore, until more information is avail-
able Macaca is coded as ‘?’; Pithecia is also coded as ‘?* (it was
not possible to check this appropriately in our GWUANT PP1
and VU PP1 specimens). [-] Inapplicable in Cynocephalus, Saimiri
and Callithrix because the stylohyoideus is usually not present as
a distinct muscle.

12. Stylohyoideus is inserted near the midline (L 1, Cl 100, RI
100). As noted by Lightoller (1934) and Edgeworth (1935) and
corroborated by our dissections, contrary to taxa of CS-0 [0], in
lemuriforms such as Propithecus and Lemur [1] the distal inser-
tion of the stylohyoideus onto the hyoid bone is peculiarly situ-
ated near the midline (i.e. the muscle almost reaches, or
sometimes even contacts, its counterpart medially). [-] Inapplica-
ble in Cynocephalus, Saimiri and Callithrix because stylohyoideus
is usually not present as a distinct muscle.

13. Stylolaryngeus is a distinct muscle (L 1, AUTAPOMORPHY).
Contrary to taxa of CS-0 [0], orangutans [1] usually have a dis-
tinct stylolaryngeus muscle that runs from the styloid process to
the laryngeal sac and is very likely derived from the stylohyoide-
us (e.g. Fick, 1895a,b; Sonntag, 1924a,b; Falk & Nicholls, 1992;
Falk, 1993).

14. Digastricus posterior is directly attached onto the mandible
(L 1, AUTAPOMORPHY). Contrary to taxa of CS-0 (in which the
anterior portion of the digastricus posterior is usually connected
to the posterior portion of the digastricus anterior) [0], in Pon-
go [1] the anterior portion of the digastricus posterior is usually
directly attached onto the back of the mandible (e.g. Owen,
1830-1831; Chapman, 1880; Sonntag, 1924a; Cachel, 1984; Win-
kler, 1991; Richmond, 1993; Wall et al. 1994; our dissections). As
explained above, in an orangutan specimen described by Par-
sons (1898a) there was a distinct digastricus anterior, and the
anterior portion of the digastricus posterior was connected to
this muscle, as is the case in taxa of CS-0, and not to the back of
the mandible, as is the almost always the case in Pongo.
Another rare configuration for orangutans was reported by
Lightoller (1939): fig. 37 of his plate 8, shows a specimen in
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which the digastricus posterior inserts mainly onto the angle of
the mandible, as is usually the case in the members of this
genus, but also sends a very thin musculotendinous slip to the
hyoid bone, near the insertion of the stylohyoideus.

15. Jugulohyoideus is not a distinct muscle (L 2, Cl 50, Rl 80). [0]
The presence of a distinct jugulohyoideus (often designated as
‘mastoideostyloideus’, mainly running from the mastoid process
and/or adjacent regions to the hyoid apparatus and/or the liga-
ments connecting this apparatus to the cranium) seems to repre-
sent the plesiomorphic condition within the taxa included in
this cladistic analysis. This is because the jugulohyoideus, which
is probably derived from the stylohyoideus and/or the digastri-
cus posterior (e.g. Diogo et al. 2008b) is present in primates such
as Lemur, Nycticebus and Propithecus (present in lemuriforms
and Galagidae according to Saban, 1968; and in ‘lemurs’ accord-
ing to Meckel, 1820-1838; e.g. fig. 270 of Saban 1968; it was
found in the Lemur and Propithecus specimens dissected by us,
and it seemed to be present in two Nycticebus specimens in
which we could discern this feature), in dermopterans and scan-
dentians (including Cynocephalus and Tupaia: e.g. Le Gros Clark,
1926; Lightoller, 1934; Sprague, 1944a; Saban, 1968; Diogo,
2009; Diogo et al. 2008b; our dissections), in rodents (including
hamsters and mice, being, however, secondarily lost in the
genus Rattus, which is thus coded as CS-1: e.g. Aikawa & Shi-
mozawa (1994), and in various other non-primate mammals
(e.g. Huber, 1930a,b, 1931; Sprague, 1944a; Saban, 1968). [1] In
Rattus, as well as in primates such as Tarsius, Aotus, Callithrix,
Pithecia, Saimiri, Macaca, Colobus, Papio, Cercopithecus and
hominoids, the jugulohyoideus is usually not present as a dis-
tinct muscle (e.g. Lightoller, 1934; Howell & Straus, 1933; this
work). It should be noted that we found a very thin and small
jugulohyoideus on the right side of our Tarsius syrichta CMNH
M-3135 specimen, while the muscle was seemingly completely
missing on the left side of this specimen. Such a thin muscle
might perhaps be present in other specimens of this and/or
other species of Tarsius, and not detected by other authors due
to its small size. However, the dissections and descriptions of
Lightoller (1934) are very detailed, and this author clearly stated
that he did not found a jugulohyoideus in the three Tarsius
tarsier specimens dissected by him. This indicates that the jugu-
lohyoideus might be present as a vestigial structure in a few
Tarsius specimens, but is probably usually absent in the mem-
bers of this genus; therefore Tarsius is coded as CS-1. Loris is
coded as ‘?' because there is no information in the literature
and we could not discern if the muscle was present or not in
the Loris specimen dissected by us.

16. Platysma cervicale is not a distinct muscle (L 1, Cl/ 100, RI
100). Contrary to taxa of CS-0 [0], in juveniles and adults of Pan,
Homo and Gorilla [1] the platysma cervicale is usually markedly
reduced or completely missing. Juveniles and adult members of
the genus Pan usually do not have a well-developed platysma
cervicale, often having instead a small muscle ‘transversus nu-
chae’ (e.g. Gratiolet & Alix, 1866; Broca, 1869; Champneys, 1872;
Macalister, 1871; Chapman, 1879; Sutton, 1883; Virchow, 1915;
Sonntag, 1923; Sullivan & Osgood, 1925; Huber, 1930b, 1931;
Loth, 1931; Miller, 1952; Swindler & Wood, 1973; Pellatt, 1979b;
our dissections; e.g. fig. 1 of plate IX of Gratiolet & Alix, 1866;
fig. 5 of Sullivan & Osgood, 1925; fig. 35 of Huber, 1930b; fig.
11 of Huber, 1931; fig. 785 of Edgeworth, 1935; fig. 12 of Miller,
1952). This “transversus nuchae’ clearly seems to be a vestigial
remaining of the platysma cervicale (e.g. Loth, 1931; Aziz, 1981;
Diogo et al. 2008b, 2009b). Regarding modern humans, the
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platysma cervicale is said to be completely missing in about 75%
of adults, the other 25% having a small ‘transversus nuchae’
similar to that often found in juveniles and adults of the genus
Pan (e.g. Huber, 1930b, 1931; Loth, 1931; Aziz, 1981; Terminolo-
gia Anatomica, 1998). Interestingly, Gasser's (1967) study of
human development shows that modern human embryos do
usually have a well developed platysma cervicale (‘occipital plat-
ysma’ sensu Gasser, 1967), but that later in human development
this muscle usually becomes very reduced or absent. Regarding
Gorilla, Deniker (1885) described a ‘platysma cervicale’ in the
fetus dissected by him (e.g. his plate XXVI), and Bischoff (1880),
Chudzinski (1885) and Raven (1950) suggested that they also
found a ‘platysma cervicale’ in juvenile and adult gorillas, corre-
sponding for instance to the ‘nuchal and deep portions of the
platysma’ described by Raven (1950). However, in works that
were specifically focused on the facial musculature, such as
Ruge (1885, 1887a,b, 1897, 1910) and Huber (1930b, 1931), it
was pointed out that in gorillas the platysma cervicale is actu-
ally usually reduced, or even absent (e.g. the illustrations of
these latter authors). Our detailed observations of a fresh adult
gorilla corroborated the statements of Ruge (1887b) and Huber
(1930b, 1931). That is, at first sight the platysma cervicale seems
to be present, because there are some muscular fibers passing
just inferiorly to the ear. However, as is the case in the chimpan-
zee illustrated in fig. 143 of Seiler (1976), a more detailed obser-
vation reveals that these muscular fibers are actually part of the
platysma myoides because, posteriorly to the ear, the muscle is
markedly oriented inferiorly, as is also the case in modern
humans and as shown in the gorillas illustrated in fig. 50 of
Hartmann (1886) and fig. 36 of Huber (1930b). That is, this por-
tion of the platysma myoides runs mainly inferiorly, partially
covering the pectoralis major, the deltoideus, and the acromial
region, but does not extend posteriorly to reach the nuchal
region. Contrary to Homo, Gorilla and Pan, the orangutans and
hylobatids, as well as all the other primates included in this cla-
distic analysis, are coded as CS-0. Influential authors such as
Owen (1830-1831) and Sonntag (1924a) used the name ‘plat-
ysma myoides’ to describe the whole platysma complex
of orangutans, and this nomenclature has been followed by
various researchers, including Seiler (1976), and was thus also
followed in Diogo et al.'s (2009b) review. However, Owen
(1830-1831) stated that the ‘platysma myoides’ of orangutans
incorporated the platysma myoides of modern humans plus the
platysma cervicale of other mammals, and fig. 1 of Sonntag
(1924a) corroborates this statement. The statement was also cor-
roborated by numerous other authors, including Deniker &
Boulart (1885), Sullivan & Osgood (1925), Lightoller (1928a,
1940a), Huber (1930b, 1931), Edgeworth (1935) and Winkler
(1989), who reported that juvenile and adult orangutans have a
well developed platysma cervicale (‘notoplatysma’). Our recent
dissections of numerous primates and our comparisons with the
data provided in the literature corroborate the statements of all
of these latter authors. That is, juvenile and adult orangutans
and hylobatids usually have a well-developed platysma cervicale
similar to the muscle that is found in most other primates and
that is usually markedly reduced, or even absent, in Pan (includ-
ing the neonates dissected by us), Gorilla and Homo. This is
clearly illustrated in the dioptogram A2 of Lightoller (1928a),
fig. 1 of Sonntag (1924a), fig. 4 of Sullivan & Osgood (1925) and
fig. 783 of Edgeworth (1935), figs 34 of Huber (1930b) and figs
9 and 10 of Huber (1931), figs 132 and 135 of Seiler (1976), and
fig. 2 of Winkler (1989; compare, for instance, these latter
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figures with the usual modern human condition shown in plate
26 of Netter, 2006).

17. Platysma myoides is divided into a superior, superficial bun-
dle, and an inferior, deep bundle (L 1, Cl 100, Rl 100). Contrary
to taxa of CS-0 [0], in Macaca, Papio and Cercopithecus [1] the
platysma myoides is mainly divided into a superior, superficial
bundle and an inferior, deeper bundle, which are essentially
separated by a well-developed cheek pouch (e.g. Lightoller,
1928a; Huber, 1930b, 1931, 1933; Hill, 1966, 1970; Swindler &
Wood, 1973; Seiler, 1976; Pellatt, 1979a,b; our dissections).

18. ‘Cervico-auriculo-occipitalis’ is not a distinct bundle of the
occipitalis (L 1, CI 100, Rl 100). Contrary to numerous non-pri-
mate mammals, including Rattus, Tupaia and Cynocephalus, as
well as in primates such as Lemur, Tarsius, Propithecus, Loris,
Nycticebus, Callithrix, Aotus, Saimiri, Pithecia, Macaca, Cercopi-
thecus, Colobus, Papio and Hylobates [0], in Homo, Pan, Pongo
and Gorilla [1] the occipitalis is usually not differentiated into a
main body (or ‘occipitalis proprius’) and a ‘cervico-auriculo-oc-
cipitalis’ (sensu Lightoller, 1925, 1928a,b, 1934, 1939, 1940a,b,
1942; which is a lateral/superficial bundle of the occipitalis that
often runs anterolaterally from the occipital region to the pos-
terior portion of the ear and that sometimes covers part of the
auricularis posterior in lateral view). The ‘cervico-auriculo-occipi-
talis’ is present in Tupaia as reported by Lightoller (1934) and
Seiler (1976) and corroborated by us, and we also found it in
Rattus and Cynocephalus. It is also found in strepsirrhines, Tar-
sius, Papio, Colobus, Macaca and Cercopithecus according to
Burmeister (1846), Woollard (1925), Lightoller (1928a, 1934,
1939), Edgeworth (1935), Hill (1966, 1970), Seiler (1975, 1976),
Pellatt (1979a,b) and to our dissections, in Callithrix, Aotus, Sai-
miri and Pithecia according to Beattie (1927), Lightoller (1934),
Seiler (1976) and to our observations, in Hylobates according to
Deniker (1885), Ruge (1911), Huber (1930b, 1931), Loth (1931),
Edgeworth (1935), Seiler (1976) and to our dissections, and in
Macaca according to our dissections and to Lightoller (1928a),
Seiler (1973, 1976) and Huber (1930a,b, 1931, 1933), designated
it as a ‘deep layer of the occipitalis’ but it is not homologous to
the ‘pars profunda’ found in Pongo by Sullivan & Osgood, 1925
and by us, to the ‘pars profunda’ described in Pan by Burrows
et al. 2006; nor to the ‘pars profunda’ sensu Seiler, 1976; which
corresponds to the ‘occipitalis proprius’ sensu the present work).
Our dissections and the literature reviewed by us (for detailed
accounts on this issue, e.g. Lightoller, 1928a, 1934; Seiler, 1976)
confirm that the ‘cervico-auriculo-occipitalis’ is usually not pres-
ent as a distinct structure in Pongo, Gorilla, Pan and Homo,
although it was apparently present as a small ‘vestigial’ struc-
ture in a gorilla specimen reported by Ruge (1887b), and as a
small and mainly tendinous structure in an orangutan reported
by Sullivan & Osgood (1925; it seems to correspond to the small
structure that was designated as ‘nuchal/neck portion’ of the
occipitalis by these latter authors), and as a small structure in a
chimpanzee illustrated by Seiler (1976: see his fig. 143). A gorilla
specimen illustrated by Seiler (1976) seems to have a few fibers
corresponding to the fibers of the ‘cervico-auriculo-occipitalis’
of other primates, but as they run superiorly and laterally, these
fibers become deeply blended to the main body of the occipital-
is, and do not really extend laterally to attach onto the ear, as
usually does the ‘cervico-auriculo-occipitalis’ on hylobatids and
non-hominoid primates (e.g. his fig. 148).

19. Auricularis posterior is not a distinct muscle (L 1, AUTAPO-
MORPHY). Contrary to taxa of CS-0 [0], in orangutans [1] the au-
ricularis posterior is usually not present as a distinct, separate

muscle. Sonntag (1924a), Lightoller (1928a), Seiler (1976) and
Winkler (1989) stated that some orangutans have an ‘auricularis
posterior’, but the descriptions and illustrations of these authors
seem to indicate that this structure is actually deeply blended to
the occipitalis (e.g. fig. 1 of Sonntag, 1924a), so it is not clear if
these orangutans do have a distinct muscle auricularis posterior
sensu the present work. According to Ruge(1887a,b), Sullivan &
Osgood (1925), Huber (1930a,b, 1931), Lightoller (1928a) and
Miller (1952), as well as to our dissections, the auricularis poster-
jor is in fact not present as a distinct muscle in most Pongo spec-
imens (for a recent review, see Diogo et al. 2009b).

20. Mandibulo-auricularis is not a distinct muscle (L 2, Cl 50, RI
83). [0] Numerous non-primate mammals, including Rattus and
Tupaia, as well as primates such as Lemur, Propithecus, Nyctice-
bus and Loris, have a mandibulo-auricularis (the muscle is pres-
ent in these taxa according to Lightoller, 1934; Hill, 1953; Seiler,
1975, 1976, 1980; and to our dissections). [1] In Cynocephalus,
Tarsius, and the anthropoid primates included in this analysis
there is usually no distinct, fleshy muscle mandibulo-auricularis
(as reported by, e.g. Ruge, 1887a, 1911; Lightoller, 1928a, 1934;
Huber, 1930a,b, 1931, 1933; Edgeworth, 1935; Raven, 1950; Jou-
ffroy & Saban, 1971; Seiler, 1976, 1980; Pellatt, 1979a,b; Waller
et al. 2006, 2008a,b; and corroborated by our dissections). Ligh-
toller (1934) argued that, contrary to lemurs and Tupaia (in
which the mandibulo-auricularis is a fleshy muscle), in taxa such
as Tarsius and marmosets (which include the genus Callithrix)
the mandibulo-auricularis probably corresponds to a strong fas-
cial sheet connecting the posterior edge of the mandible to the
bony external auditory meatus, which might well correspond
to/be part of the stylomandibular ligament of modern humans.
Huber (1931) concluded that the mandibulo-auricularis is miss-
ing in the marmoset Callithrix but, contrary to Lightoller (1934),
he stated that the muscle is present in some Tarsius specimens.
Edgeworth (1935) also stated that the mandibulo-auricularis is
missing as a distinct muscle in the Platyrrhini and that in many
mammals this muscle is innervated by a postauricular branch of
nerve CN7, but suggested that in Tarsius tarsier, Callithrix jac-
chus, Papio sp., Macaca nemestrina, and Pongo pygmaeus it is
innervated by a preauricular branch of this nerve. Edgeworth'’s
statements are contradictory, because if the muscle is missing in
New World monkeys, how can it be innervated by a preauricu-
lar branch of nerve CN7 in Callithrix and also in other taxa that
do usually do not have the muscle, such as Pongo? Edgeworth’s
statements thus actually seem to support Lightoller’s (1934) idea
that the structures that are innervated by the preauricular
branch of CN7 in these few anthropoids (e.g. the so-called ‘erec-
tor auriculae’ of Tarsius) are not homologous to the mandibulo-
auricularis sensu the present work, which is a muscle that is
innervated by a postauricular branch of CN7 and that is there-
fore seemingly only consistently found in strepsirrhines within
extant primates. Jouffroy & Saban (1971) stated that the man-
dibulo-auricularis is present in all ‘prosimians’ (thus suggesting
that this muscle is also present in Tarsius), being poorly devel-
oped in the Platyrrhini, and vestigial in some Macaca. Seiler
(1974a) explained in his page 83 that the structure that he des-
ignated as ‘auricularis inferior’ corresponds to the ‘stylo-auricu-
laris’/’mandibulo-auricularis’ of other authors, suggested that
this structure is often neglected in hominoids and some other
catarrhines, and described and illustrated this structure in speci-
mens of Pan troglodytes and Macaca mulatta (as a small, mainly
vestigial structure that is mainly connected to the ear and to
the parotid fascia) and of Homo sapiens (mainly connected to
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the ear, parotid fascia and/or mandible). However, in at least
some of the latter taxa, the structure that Seiler is describing
clearly seems to be a mainly ligamentous/fascial structure, and
not a distinct, fleshy mandibulo-auricularis muscle sensu the
present work. In fact, in all the Tarsius and anthropoid speci-
mens dissected by us the mandibulo-auricularis is not present as
a distinct, fleshy muscle, probably corresponding instead to a
thick ligamentous/fascial structure that likely corresponds/is
part of the stylomandibular ligament of modern humans, as
proposed by Lightoller (1934). This is because this ligament usu-
ally runs from the ear region (mainly from the styloid process,
not from the external acoustic meatus) to the posteroventral
surface of the mandible, as often does the muscle mandibulo-
auricularis of other primates. It should also be noted that the
‘erector auriculae’ reported by Burmeister (1846) in Tarsius prob-
ably corresponds to the zygomatico-auricularis, and not to the
mandibulo-auricularis, sensu the present work (see above, as
well as character below).

21. Zygomatico-auricularis is a distinct muscle (L 1, AUTAPO-
MORPHY). Contrary to taxa of CS-0 [0], in Tarsius [1] the zyg-
omatico-auricularis is present as a distinct muscle. Lightoller
(1934) described a small muscle zygomatico-auricularis in the
three Tarsius tarsier specimens dissected by him. He described it
as running deep to the auriculo-orbitalis, from the ear to the
zygomatic arch, and innervated by the temporofacial division of
nerve VII. He stated that he did not found this muscle in any
other primates, and that Woollard (1925) considered (as did
Seiler, 1976; later) that the ‘erector auriculae’ muscle that
Burmeister (1846) described in Tarsius might correspond to the
mandibulo-auricularis, but that this homologization is ‘not pos-
sible’, because the former is supplied by the anterior auricular
and the latter by the posterior auricular ramus of nerve VII.
Lightoller (1934) thus decided to designate the ‘erector auricu-
lae’ as zygomatico-mandibularis, as we do here. In fact, two
other strong arguments support the idea that the zygomatico-
auricularis is not homologous to the mandibulo-auricularis: (i) as
their names indicate, the mandibulo-auricularis connects the ear
to the mandible, while the zygomatico-auricularis connects the
zygomatic arch to the ear, and, in all the cases described, never
reaches the mandible; and (ii) as noted by Lightoller (1934), the
mandibulo-auricularis is not present as a fleshy muscle in the
Tarsius tarsier specimens dissected by him, corresponding
instead, very likely, to a strong fascial sheet connecting the pos-
terior edge of the mandible to the bony external auditory mea-
tus (see character above). That is, these Tarsius tarsier specimens
have both the small muscle that Lightoller (1934) designated as
zygomatico-auricularis, and the strong fascial sheet that very
likely corresponds to the mandibulo-auricularis, so the two mus-
cles cannot be homologous. The zygomatico-auricularis proba-
bly does also not correspond to the ‘auricularis inferior’
described in primates such as Macaca by Waller et al. (2008b)
and Burrows et al. (2009), because the zygomatico-auricularis: (i)
clearly seems to derive from the auriculo-orbitalis, as noted by
Lightoller (1934; actually, in modern human and veterinary ana-
tomical atlases, the zygomatico-auricularis is usually considered
as a bundle, or a synonym, of the auricularis anterior or of the
auriculo-orbitalis); (ii) is one of the deepest facial muscles, while
the ‘auricularis inferior’ described by Waller et al. (2008b) and
Burrows et al. (2009) is a superficial muscle; and (iii) it was not
found in Macaca mulatta by Lightoller (1928a) nor by us (nor in
other primates such as Pongo pygmaeus, Papio hamadryas, Calli-
thrix jacchus and Eulemur macaco by Lightoller, 1928a, 1934)
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which is precisely the Macaca species reported by Waller et al.
(2008b) and Burrows et al. (2009). In fact, the superficial muscle
‘auricularis inferior’ reported by Waller et al. (2008b) and Bur-
rows et al. (2009) in Macaca mulatta clearly seems to correspond
to the depressor helicis of the specimen of this species that was
illustrated in fig. 82 of Seiler (1976). A small ‘zygomatico-auricu-
laris’ may be found in a few other mammals (e.g. horses), very
likely due to an independent evolutionary differentiation of the
auriculo-orbitalis or of the orbito-temporo-auricularis into a sim-
ilar, but not really homologous (i.e. not derived from a same
last common ancestor that already had this muscle), small mus-
cle running from the ear to the zygoma (e.g. Jouffroy & Saban,
1971). Our dissections of Tarsius corroborated the descriptions
of Lightoller (1934; i.e. the zygomatico-auricularis was present
deep to the zygomaticus major and to the auriculo-orbitalis,
connecting the ear to the zygomatic arch, and lying superiorly
to the fascial tissue that is situated in the area occupied by the
mandibulo-auricularis of other mammals; see character above).
That is, our dissections strongly corroborate the idea that the
zygomatico-auricularis of Tarsius is not homologous to the man-
dibulo-auricularis of other mammals.

22. Risorius is a distinct muscle (L 1, Cl 100, Rl 100). As explained
by Seiler (1976), and in the recent review of Diogo et al.
(2009b), a few specimens of some of the genera listed as CS-0
(e.g. Hylobates and Pongo) [0] may have structures that are des-
ignated as ‘risorius’ in the literature, but at least some of these
structures are clearly not homologous to each other, nor to the
risorius muscle that is present in most modern humans. That is,
within all the taxa included in this cladistic analysis, the only
genera in which the risorius has been often described in the lit-
erature as a distinct muscle, and also the only genera in which
we did found (in our dissections) a distinct muscle risorius such
as that usually found in modern humans, are Gorilla and Pan
[1]. Most of the authors that have described the facial muscles
of gorillas did effectively report and/or illustrate a risorius (e.g.
fig. 50 of Hartmann, 1886; fig. 1 of Ruge, 1887b; fig. 1 of Chud-
zinski, 1885; plate 9 of Raven, 1950; fig. 146 of Seiler, 1976; also
reported by Ehlers, 1881; Deniker, 1885; Huber, 1930b, 1931;
although this latter author stated that this was not a ‘true’ riso-
rius). In both sides of the fresh adult gorilla dissected by us, we
also found a risorius such as that shown in, e.g. plate 9 of Raven
(1950), i.e. running superficially to the platysma myoides to
attach onto the angle of the mouth. Such a muscle was also
found in at least one side of the body of four of the seven
chimpanzees dissected by us, and was reported and/or shown
in other chimpanzees by various authors (e.g. illustrations of
Virchow, 1915; Sonntag, 1923, 1924b; Burrows et al. 2006; see
also descriptions of Hartmann, 1886; Seiler, 1976; Huber, 1930b,
1931). Seiler (1971d, 1976) suggested that a ‘risorius’ might be
occasionally present in Hylobates and of Pongo, but, as
explained above, at least some of the structures shown by this
author in specimens of these genera clearly do not seem to be
homologous to each other, nor to the risorius of Homo, Pan
and Gorilla. In fact, at least to our knowledge all the other
authors that have studied in detail the facial muscles of Hylo-
bates and Pongo did not found a distinct muscle risorius in any
specimens of these two genera; moreover, we did not also
found this muscle in any of the hylobatid and Pongo specimens
dissected by us. Therefore, even if some of the structures
described in these two taxa by Seiler (1971d, 1976) are actually
homologous to the risorius of Homo, Gorilla and Pan, the fact is
that, contrarily to what happens in these latter genera, the
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presence of a risorius would, anyway nevertheless still represent
an extremely rare condition within Asian apes.

23. Sphincter colli superficialis is not a distinct muscle (L 1, C/
100, RI 100). Numerous non-primate mammals, including Rattus
and Tupaia, have a sphincter colli superficialis [0], but in Cyno-
cephalus (Diogo, 2009) and the primates included in this cladis-
tic analysis [1] the sphincter colli superficialis is usually not
present as a distinct muscle (e.g. Ruge, 1887a, 1911; Huber,
1930a,b, 1931, 1933; Edgeworth, 1935; Saban, 1968; Jouffroy &
Saban, 1971; Swindler & Wood, 1973; Seiler 1970, 1971a,b,c,d,e,
1973, 1974a,b, 1975, 1976, 1977, 1979a,b, 1980; Pellatt, 1979a,b;
our dissections; for a recent review, see Diogo et al. 2009b). It
should be noted that the ‘sphincter colli’ described by Burrows
et al. (2006) in chimpanzees could in theory correspond to the
sphincter colli superficialis sensu the present work, because they
stated that this structure is superficial to the platysma myoides.
However, the sphincter colli superficialis is not present as a dis-
tinct muscle in all the other Pan specimens described in the liter-
ature and dissected by us and, as explained above, is actually
usually missing in all extant primate taxa. Moreover, A. M. Bur-
rows (personal communication) corroborated that the muscle
described in Burrows et al. (2006) probably does not correspond
to a sphincter colli superficialis (nor to a sphincter colli profun-
dus, because it was described as passing mainly superficially,
and not deep, to the platysma myoides). Therefore, Pan is coded
as CS-1 (and is also coded CS-1 in the character below).

24. Sphincter colli profundus is not a distinct muscle (L 4, Cl 25,
RI 66). Numerous non-primate mammals, including Rattus, Cyno-
cephalus and Tupaia, as well as primates such as Lemur, Loris,
Nycticebus, Tarsius, Callithrix, Aotus, Saimiri and Cercopithecus,
usually have a sphincter colli profundus (e.g. Ruge, 1885, 1887a;
Schreiber, 1928; Huber, 1930b, 1931; Lightoller, 1934; Edge-
worth, 1935; Hill, 1953, 1957, 1966; Saban, 1968; Seiler, 1976;
our dissections) [0]. Immel (1997) suggested that this muscle was
missing in one Aotus specimen, but it is possible the muscle was
present and that Immel failed to detect it, because in this taxon
the muscle is particularly thin (and, as in most other primates,
lies just medial, and is closely connected, to the platysma cervi-
cale and platysma myoides, being often effectively difficult to
detect). In our Cercopithecus diana GWUANT CD1 specimen the
sphincter colli profundus was seemingly missing. However, Seiler
(1976) stated that the sphincter colli profundus is inconstantly
present in Cercopithecus mona and the closely related Chloroce-
bus aethiops (e.g. his figs 113 and 121). As this muscle was also
described and illustrated by Hill (1966) in another species of Cer-
copithecus (Cercopithecus ascanius), it seems to be often present
in species of Cercopithecus; therefore, this genus is coded as CS-
0. Huber (1930a, 1931), Lightoller (1934), Hill (1955), and Saban
(1968) stated that some Tarsius specimens might have a ‘vesti-
gial’ sphincter colli profundus. However, at least some of these
authors actually seem to be referring to other structures such as
the ‘depressor helicis’ (which, in at least some cases, probably
corresponds to the zygomatico-auricularis sensu the present
work: see depressor helicis above) or the ‘depressor palpebrae
inferioris’, and not to the sphincter colli profundus sensu the
present work. Woollard (1925) and Jouffroy & Saban (1971) sug-
gested that Tarsius has no sphincter colli profundus, but this
seems to be an error. It is likely that some authors did not
detect the muscle because, as explained above, it is very thin
and lies just medial, and is closely connected to, the platysma
cervicale and platysma myoides. In fact, in the most detailed
published analysis of this subject, Lightoller (1934) did find a

sphincter colli profundus sensu the present work in all the three
Tarsius tarsier specimens dissected by him (e.g. his figs 28-33),
and we also found this muscle in Tarsius syrichta. Seiler (1976)
also reported this muscle in Tarsius tarsier and Tarsius bancanus,
corroborating the idea that this muscle is effectively usually
present in Tarsius, which is thus coded as CS-0. [1] In Propithecus
(e.g. Lightoller, 1928a; Jouffroy & Saban, 1971; our dissections)
and Pithecia (e.g. Schreiber, 1928; Saban, 1968; Seiler, 1976; our
dissections), as well as in Macaca, Papio, Colobus and hominoids
the sphincter colli profundus is usually not present as a distinct
muscle (e.g. Ruge, 1887a, 1911; Lightoller, 1928a; Huber,
1930a,b, 1931, 1933; Edgeworth, 1935; Saban, 1968; Jouffroy &
Saban, 1971; Swindler & Wood, 1973; Seiler, 1976; Pellatt,
1979a,b; our dissections; see character above and, for a recent
review, see Diogo et al. 2009b).

25. Sternofacialis is not a distinct muscle (L 1, C/ 100, Rl 100).
Various non-primate mammals (e.g. Peterka, 1936; Jouffroy &
Saban, 1971), including Rattus (e.g. Greene, 1935; Diogo et al.
2008b, 2009b), have a sternofacialis [0], but in Tupaia, Cyno-
cephalus, and the primates included in this cladistic analysis [1]
the sternofacialis is usually not present as a distinct muscle (for
a recent review, see Diogo, 2009; Diogo et al. 2009b).

26. Interscutularis is not a distinct muscle (L 1, CI 100, Rl 100).
Various non-primate mammals (e.g. Peterka, 1936; Jouffroy &
Saban, 1971), including Rattus (e.g. Greene, 1935; Diogo et al.
2008b, 2009b), have an interscutularis [0], but in Tupaia, Cyno-
cephalus, and the primates included in this cladistic analysis [1]
the interscutularis is usually not present as a distinct muscle (for
a recent review, see Diogo, 2009 and Diogo et al. 2009b).

27. ‘Zygomaticus’ is the only well developed zygomatic muscle
in the cheek region (L 1, CI/ 100, RI 100). It should be noted that
Seiler (1976) followed the hypothesis defended by Loth (1931)
and considered that both the zygomaticus major and zygomati-
cus minor of catarrhines such as modern humans derived from
the ‘auriculolabialis superior’ of mammals such as tree-shrews
(which he designated as ‘zygomaticus’), and not respectively
from the ‘auriculolabialis inferior’ and ‘auriculolabialis superior’
of these mammals, as defended in Diogo et al. (2008b, 2009b),
and in the present work. This is because, according to Seiler,
New World monkeys represent a ‘“transitory stage’ in which the
‘auriculolabialis inferior’ is often only present as a reduced/ves-
tigial structure but is not completely lacking as is usually the
case in catarrhines, while the ‘auriculolabialis superior’ (which
Seiler considered to correspond to the ‘zygomaticus’ of New
World monkeys) is not ‘yet’ differentiated into a zygomaticus
major and zygomaticus minor, as is usually the case in catarrh-
ines (e.g. his fig. 50; compare with, e.g. his fig. 74). Some
authors (e.g. Schreiber, 1928) consider that the small, thin mus-
cle that is attached to the inferior portion of the ear in taxa
such as Pithecia and Saimiri is homologous to the ‘auriculolabi-
alis inferior’ of non-anthropoid primates. However, Seiler (1976)
uses the names ‘tragicus’ and ‘depressor helicis’, respectively, to
designate this small, thin muscle in these taxa, and our dissec-
tions of specimens of these genera indicate this structure is
likely a small muscle of the ear (e.g. Seiler, 1976's figs 50 and
62). But our observations and comparisons reveal that in some
New World monkeys there is effectively a well-developed ‘auri-
culolabialis inferior’ such as that found in non-anthropoid taxa,
running from the ear to the angle of the mouth (this muscle is
designated as ‘auriculolabialis’ in, e.g. figs 55 and 66 of Seiler,
1976). Seiler’s hypothesis has also been contradicted in the past
by Lightoller (1934), who defended the idea that the ‘zygomaticus’
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of New World monkeys such as Callithrix corresponds to the
‘auriculolabialis inferior’ plus the ‘auriculolabialis superior’ of
non-anthropoid taxa (e.g. page 275 of Lightoller, 1934). The
latter idea was corroborated by our dissections of Saimiri, Calli-
thrix, Aotus and Pithecia. It was also corroborated by our dissec-
tions of catarrhines such as Colobus, in which the zygomaticus
major almost reaches the ear posteriorly and strongly resembles
the ‘auriculolabialis inferior’ of other mammals. One alternative,
but less likely hypothesis, would be that the ‘zygomaticus’ of
New World monkeys such as Callithrix corresponds to the ‘auri-
culolabialis superior’, as suggested by Seiler (1976), but that,
contrary to the hypothesis defended by Seiler, the LCA of
anthropoids had a well-developed ‘auriculolabialis inferior’,
which formed the zygomaticus major of catarrhines and simply
became secondarily reduced in some (not all: see above) the
New World monkeys (because not all the significant anatomical
transitions have necessarily to occur in the lineages leading to
catarrhines and then to modern humans, they obviously can
also occur in other lineages). Be that as it may, what is clear,
and relevant for this cladistic analysis, is that the extant New
World monkeys, including Callithrix, Aotus, Saimiri and Pithecia
[1], usually have a derived condition that is not found in other
extant primates [0]: they only have a well developed ‘zygomati-
cus’ muscle in the cheek region (e.g. figs 47 of Seiler, 1976), and
not two, as is the case in the non-anthropoid taxa included in
this analysis (, i.e. the ‘auriculolabialis inferior’ and ‘auriculolabi-
alis superior’, which very likely correspond respectively to the
zygomaticus major and zygomaticus minor sensu the present
work: see characters below) and in catarrhines (i.e. the zygomat-
icus major and zygomaticus minor).

28. Anterior portion of zygomaticus major passes partially or
completely deep to the levator anguli oris facialis (L 2, Cl 50, RI
66). In taxa of CS-0 the anterior portion (i.e. the portion attaching
on the angle of the mouth) of the zygomaticus major (often
named ‘auriculolabialis inferior’ in non-anthropoid taxa) or of
the lower part of the ‘zygomaticus’ (in New World monkeys) is
superficial to the levator anguli oris facialis [0]. However, in Cer-
copithecus, Macaca, Papio and Hylobates [1] it usually passes at
least partially deep to this latter muscle. Regarding Macaca, the
anterior portion of the zygomaticus major passes partially or
completely deep to the levator anguli oris facialis in 93% of the
60 cases (each case corresponding to one side of the head)
reported by Shibata (1959), as well as in the specimens dissected
by Lightoller (1928a), by us, and seemingly by Burrows et al.
(2009; because at least part of the structure that is designated as
LAO in their fig. 2 clearly seems to correspond to the levator ang-
uli oris facialis sensu the present work: compare that figure with
fig. 4 of Diogo et al. 2009b). Concerning Papio and Cercopithe-
cus, the anterior portion of the zygomaticus major usually passes
mainly deep to the levator anguli oris facialis, as described and
illustrated by Lightoller (1928a), Hill (1966), Seiler (1970), Seiler
(1971¢,d, 1976), Swindler & Wood (1973) and Pellatt (1979a,b)
and corroborated by our dissections, although Hill (1970) stated
that in Papio cynocephalus this latter muscle is completely deep
to zygomaticus major and zygomaticus minor (e.g. Fig., 26 of Hill,
1970). Regarding Hylobates, the anterior portion of the zygomat-
icus major passes partially deep to the levator anguli oris facialis
in the specimens illustrated by Ruge (1911), Huber (1930b, 1931),
and Edgeworth (1935), and dissected by us (e.g. figs 5, 6 and 7 of
Ruge, 1911; fig. 6 of Diogo et al. 2009b).

29. Zygomaticus major is almost completely covered by the plat-
ysma myoides and/or the platysma cervicale (L 1, AUTAPOMOR-
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PHY). [0] In most non-primate mammals in which the
zygomaticus major (or ‘auriculolabialis inferior’) is present (e.g.
Jouffroy & Saban, 1971), including Rattus and Cynocephalus, as
well as in most primates, this muscle (or the lower portion of
the ‘zygomaticus’ in New World monkeys) and the platysma
(myoides and/or cervicale) essentially lie at the same level (in a
transversal plane: e.g. when the two muscles are blended, as for
instance in Rattus and some primates, e.g. fig. 3 of Lightoller,
1934) or the former is partially/completely superficial to the lat-
ter (as for instance in Cynocephalus, e.g. fig. 1 of Diogo, 2009),
or, also often, the former lies mainly superiorly to the latter (i.e.
they do not really overlap: e.g. in numerous anthropoids,
including modern humans, e.g. plate 26 of Netter, 2006). There-
fore, in some taxa of CS-0 a small portion of the zygomaticus
major (e.g. its anterior attachment onto the region of the angle
of the mouth) may be partially covered by the platysma in lat-
eral view. However, within all the taxa are included in this cla-
distic analysis and dissected by us, only in Tupaia (e.g. figs 1 and
10 of Lightoller, 1934) [1] is the zygomaticus major usually
almost completely covered by the platysma myoides and/or the
platysma cervicale in lateral view (reported in Tupaia, and other
tree-shrews such as Ptilocercus by Le Gros Clark, 1924, 1926;
Lightoller, 1934; Seiler, 1976; and corroborated by our dissec-
tions in Tupaia). In 37% of the 60 sides of Macaca cyclopis dis-
sected by Shibata (1959) the zygomaticus major was completely
covered by the ‘platysma’, so this was not the common condi-
tion see in those 60 dissections, as it is also not the case in mem-
bers of other Macaca species: therefore, this genus is coded as
CS-0 (e.g. Huber, 1930b, 1931, 1933; Waller et al. 2008b; Bur-
rows et al. 2009; Diogo et al. 2009b). It should be noted that
the descriptions and/or illustrations of Woollard (1925) and
Lightoller (1934) suggested that in Tarsius the zygomaticus
major is almost completely covered by the platysma cervicale.
However, in the Tarsius syrichta specimen dissected by us the
zygomaticus major and platysma cervicale seemed to lie at
about the same level and a substantial portion of the former
muscle was visible in a lateral view of the head. As this latter
condition was also found in, at least, some of the Tarsius banc-
anus specimens dissected by Seiler (1976: e.g. his fig. 36), until
more information is available for this genus we prefer to code
Tarsius as '?".

30. Zygomaticus minor is directly originated from the ear (L 5,
Cl 20, RI 42). [0] As explained by Jouffroy & Saban (1971), within
the mammalian taxa that have a zygomaticus minor, the plesio-
morphic condition, found in numerous non-primate mammals
including Rattus and Cynocephalus and in various primates, is
that this muscle (‘auriculolabialis superior’ in non-anthropoid
taxa) or the upper portion of the ‘zygomaticus’ (in New World
monkeys) usually mainly originates from the zygomatic arch
and/or the orbital region, but not directly from the ear (it
should be noted that in some of the taxa of CS-0, as for
instance Cynocephalus, the muscle almost reaches the ear, but is
not directly attached to it: e.g. fig. 1 of Diogo, 2009). [1] Within
all the taxa included in this cladistic analysis, only in Tupaia, Ao-
tus, Callithrix, Propithecus, Lemur, Nycticebus, Loris and Tarsius
(e.g. figs 1 and 10 of Lightoller, 1934; figs 26 and 38 of Seiler,
1976) does a significant portion of the zygomaticus minor (or of
the upper portion of the ‘zygomaticus’, in New World monkeys)
directly originate from the ear (that is why in non-anthropoid
primates and in Tupaia this muscle is often named ‘auriculolabi-
alis superior’). Such a direct attachment was reported in Tarsius,
Tupaia, Propithecus, and other tree-shrews such as Ptilocercus
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by Le Gros Clark (1924), Woollard (1925), Lightoller (1934), Hill
(1955), Seiler (1976), and corroborated by our dissections of Tu-
paia, Propithecus and Tarsius, as well as of Lemur. A connection
between the upper portion of the zygomaticus of New World
monkeys (this muscle probably includes the zygomaticus major
and zygomaticus minor sensu the present work: see above) and
the ear was also found by Huber (1930b, 1931), Seiler (1976)
and by us in Aotus. Seiler (1976) suggested that in Callithrix jac-
chus there is usually no origin of the zygomaticus from the ear,
but we did found such an origin from the ear in this species. An
origin from the ear was also found by Beattie (1927) in 14 speci-
mens of this latter species, and it is also illustrated in other spec-
imens of this species by Burrows (2008: e.g. her fig. 5B) and
Lightoller (1934: e.g. his fig. 23). Therefore, Callithrix and Aotus
(but not Saimiri and Pithecia) are coded as CS-1. As reported by
Schreiber (1928) and Seiler (1976) we did not found an origin
from the ear in Saimiri and Pithecia, so these two taxa are
coded as CS-0. It should be noted that in the drawings of Loris
and Nycticebus provided by Hill (1953) and Seiler (1975, 1976),
these authors do not show the posterior fibers of the zygomati-
cus minor reaching the ear; however, in all the Loris and Nyc-
ticebus specimens dissected by us there was clearly a direct
attachment of the zygomaticus minor onto the ear, as is usually
the case in other strepsirrhines, so these two genera are coded
as CS-1.

31. Zygomaticus major is not directly originated from the ear (L
1, CI 100, RI 100). [0] Although in some of the non-mammalian
taxa that have a zygomaticus major this muscle is not attached
to the ear, the plesiomorphic condition within the taxa included
in this cladistic analysis is that this muscle is usually directly
attached to the ear (e.g. fig. 1 of Diogo, 2009). This is the case
in rodents such as Rattus, in flying lemurs and in tree-shrews
such as Tupaia, and in primates as, e.g. Lemur, Propithecus,
Loris, Nycticebus and Tarsius (that is why in these taxa this mus-
cle is often named ‘auriculolabialis inferior’; Le Gros Clark, 1924,
1926; Woollard, 1925; Lightoller, 1934; Greene, 1935; Hill, 1955;
Seiler, 1975, 1976; Diogo, 2009; our dissections; see also charac-
ter above). [1] As reported in the literature, and corroborated
by our dissections, in Saimiri and Pithecia, as well as in Cercopi-
thecus, Macaca, Colobus, Papio and hominoids, the zygomaticus
major, or the lower portion of the zygomaticus in New World
monkeys, usually mainly originates from the zygomatic arch
and/or surrounding regions, but not directly from the ear (it
should be noted that in some of the genera of CS-1 the zygom-
aticus major almost reaches the ear, and that in a few speci-
mens of these genera, for instance in a few modern humans
and a few chimpanzees — e.g. Waller et al. 2006 - some of its
fibers may actually reach the ear, but this represents a vari-
ant/anomaly, and not the usual condition, within these genera).
[-] Inapplicable in Aotus and Callithrix, because their muscle zyg-
omaticus does reach the ear but these two taxa were already
coded for that feature in the character above (within all the
anthropoids included in this cladistic analysis, they are the only
two genera in which there is a direct attachment onto the ear,
and coding them together again in the present character would
thus mean to code them together twice, although this clearly
refers to a single feature, i.e. having the zygomaticus muscle
attached onto the ear).

32. Frontalis is a distinct muscle (L 2, CI 50, Rl 50). Contrary to
the plesiomorphic condition found in numerous other mam-
mals, including monotremes and, within the taxa examined
here, Rattus and Saimiri [0], in Tupaia, Cynocephalus and all

other primate taxa included in this cladistic analysis [1] the fron-
talis is usually present as a distinct muscle (for a recent review,
see Diogo, 2009; Diogo et al. 2008b, 2009b). As noted in the
detailed work of Lightoller (1928a), in Papio the most lateral
fibers of the auriculo-orbitalis and the most inferior fibers of
the frontalis run in the same direction, and thus the former are
often mistaken for the latter. This mistake was made by Pellatt
(1979a,b) and Swindler & Wood (1973), who suggested (errone-
ously) that the auriculo-orbitalis is usually not present as a dis-
tinct muscle in Papio. Similarly, Pellatt (1979a,b) and Swindler &
Wood (1973) suggested the procerus is usually also not differen-
tiated in Papio. We could not find a procerus in our specimen
GWUANTH PA1, but this muscle was clearly described, and illus-
trated, in Papio ursinus and Papio hamadryas by Lightoller
(1928a) and Seiler (1971c: e.g. his fig. 2614). The frontalis thus
seems to be usually present in Papio, and this genus is thus
coded as CS-1. As described and illustrated by Seiler (1976), in
Saimiri the frontalis is usually not present as a distinct muscle,
i.e. it is not differentiated from the anlage that forms the auri-
culo-orbitalis, these structures being deeply blended to form a
continuous muscle orbito-temporo-auricularis (e.g. fig. 62 of Se-
iler, 1976). Saimiri is thus coded as CS-0.

33. Auricularis superior is a distinct muscle (L 1, Cl 100, Rl 100).
Contrary to the plesiomorphic condition found in numerous
other mammals, including monotremes and, within the taxa
examined here, Rattus [0], in Tupaia, Cynocephalus and all pri-
mates included in this cladistic analysis [1] the auricularis supe-
rior is usually present as a distinct muscle (for a recent review,
see Diogo, 2009; Diogo et al. 2008b, 2009b).

34. Zygomatico-orbicularis is a distinct muscle (L 2, Cl 50, Rl 0).
Contrary to the plesiomorphic condition found in numerous
mammals, including monotremes and all the other taxa
included in this cladistic analysis [0], in Tupaia and Cynocephalus
[1] the zygomatico-orbicularis is usually present as a distinct
muscle (for a recent review, see Diogo, 2009; Diogo et al.
2008b, 2009b).

35. Depressor supercilii is a distinct muscle (L 1, CI 100, Rl 100).
Contrary to the plesiomorphic condition found in numerous
mammals, including monotremes and, within the taxa examined
here, Rattus, Tupaia and Cynocephalus [0], in all primate taxa
included in this cladistic analysis [1] the depressor supercilii is
usually present as a distinct muscle (for a recent review, see Di-
0go, 2009; Diogo et al. 2008b, 2009b).

36. Corrugator supercilii is a distinct muscle (L 1, CI 100, RI 100).
Contrary to the plesiomorphic condition found in numerous
other mammals, including monotremes and, within the taxa
examined here, Rattus [0], in Tupaia, Cynocephalus and all pri-
mate taxa included in this cladistic analysis (except Saimiri,
which is coded as ‘?’) [1] the corrugator supercilii is usually pres-
ent as a distinct muscle (for a recent review, see Diogo, 2009;
Diogo et al. 2008b, 2009b).

37. Levator labii superioris runs mainly superoinferiorly from the
region below the eye to the upper lip (L 2, CI 50, RI 85). [0] As
noted by Lightoller (1928a), Huber (1930b, 1931), Edgeworth
(1935), Seiler (1970) and Jouffroy & Saban (1971) and corrobo-
rated by our dissections, in all the non-catarrhine taxa included
in this analysis, but also in Hylobates, the levator labii superioris
is not as markedly vertical (superoinferiorly directed) as is the
case in taxa of CS-1: it mainly runs, instead, posteroanteriorly
and lateromedially from the infraorbital region to the nose. In
Hylobates the muscle is clearly more horizontal than in other
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extant catarrhines, its configuration and attachments being
strikingly similar to those found in non-catarrhine taxa (e.g. fig.
1 of plate 27 of Deniker, 1885; fig. 5 of Ruge, 1911; fig. 33 of
Huber, 1930b; fig. 8 of Huber, 1931; table 2 of Seiler, 1970; fig.
5224 of Seiler, 1971d; fig. 7 of Diogo et al. 2009b). [1] In all the
non-hylobatid catarrhine taxa included in this cladistic analysis
the levator labii superioris runs mainly superoinferiorly from the
infraorbital region to the upper lip, being less connected to the
nose. It should be noted that Lightoller (1934) stated that the
‘levator labii superioris’, or ‘infra-orbito-labialis’/’caput infraor-
bitale’ is present as a distinct muscle in Tarsius, and that this is a
case in which Tarsius is more similar to anthropoids such as Old
World monkeys and hominoids than to strepsirrhines. This is
because, according to him, in Tarsius this ‘levator labii superi-
oris’ runs mainly vertically (superoinferiorly) from the nasal pro-
cess of the maxilla and the infraorbital margin to the upper lip
(and not to the nose), passing mainly deep to the ‘maxillo-naso-
labialis’ and mainly superficial to the levator anguli oris facialis
(labels 27, 9 and 22 of his plate 3). However, the descriptions of
Tarsius provided by Woollard (1925) and Seiler (1976), as well as
our own dissections, suggest that the structure that Lightoller
(1934) designated as ‘levator labii superioris’ in this taxon prob-
ably corresponds to part of the orbicularis oculi sensu the pres-
ent work (e.g. figs 35 and 36 of Seiler, 1976; compare with
plate 3 of Lightoller, 1939). Actually, in fig. 13 of plate 3 of
Lightoller (1934), the structure labeled ‘9’ (his ‘levator labii su-
perioris’ or ‘caput infraorbitale’) does seem to be similar to/part
of the structure labeled ‘5, which he effectively designated as
orbicularis oculi. The ‘levator labii superioris’ sensu Lightoller
(1934) thus probably corresponds to part of the orbicularis oris
sensu the present work, while the ‘maxillo-naso-labialis’ and the
‘naso-labialis’ sensu Lightoller (1934) correspond respectively to
the levator labii superioris and to the levator labii superioris
alaeque nasi sensu Seiler (1976) and sensu the present work.
According to Lightoller (1934), in Tarsius the ‘maxillo-naso-labi-
alis’ (levator labii superioris sensu the present work) is well-
developed and runs from the alveolar margin to the region of
the nose although some fibers also attach onto the upper lip;
its orientation changes from a vertical to a horizontal direction,
in which the anterior fibers become craniad and the posterior
fibers become ventral, and the muscle passes from a deep to a
more superficial position. The true levator labii superioris of Tar-
sius thus runs mainly postero-anteriorly, to attach mostly onto
the nose, as it does in other non-catarrhine taxa included in this
cladistic analysis; Tarsius is thus coded as CS-0.

38. Depressor septi nasi is a distinct muscle (L 1, CI 100, Rl 100).
Contrary to the plesiomorphic condition found in numerous
other mammals, including monotremes and various primates
[0], in Macaca and hominoids [1] the depressor septi nasi is
usually present as a distinct muscle (for a recent review, see
Diogo, 2009; Diogo et al. 2008b, 2009b). The depressor septi
nasi was described and illustrated by Seiler (1970), Seiler
(1971¢, 1976) in Cercopithecus, Colobus and Papio and our
dissections corroborated that this muscle is effectively present
in at least Cercopithecus and Colobus, so these three genera
are also coded as CS-1.

39. Depressor anguli oris is a distinct muscle (L 2, Cl 50, Rl 88).
Contrary to the plesiomorphic condition found in numerous
other mammals, including monotremes, as well as in various pri-
mates [0], in Macaca and hominoids [1] the depressor anguli oris
is usually present as a distinct muscle (for a recent review, see Di-
0go, 2009; Diogo et al. 2008b, 2009b). The depressor anguli oris is
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also present as a distinct muscle in Aotus, Pithecia and Saimiri
(e.g. Huber, 1930b, 1931 stated that the muscle is present in Pithe-
cia and Saimiri, but not in Aotus; however, Schreiber, 1928 and
Seiler, 1976 clearly described, and illustrated, this muscle in all
these three genera, and this was corroborated by our dissections),
as well as in Papio, Colobus and Cercopithecus. Regarding Papio,
Lightoller (1928a) stated that this muscle is poorly differentiated
in Papio hamadryas, but Swindler & Wood (1973) did find a well-
developed depressor anguli oris in Papio anubis, and the ‘incisivus
inferior’ reported by Pellatt (1979a,b) in Papio ursinus clearly
seems to include at least part of the depressor anguli oris sensu
the present work (compare, e.g. figs 4 and 5 of Pellatt, 1979a,b
with plate 31 of Swindler & Wood, 1973). The depressor anguli
oris is also present in Cercopithecus and Colobus, as shown by Hill
(1966) and Seiler (1970), Seiler (1971c,d, 1976), corresponding to
part of the ‘caninus’ or of the ‘triangularis’ sensu these authors.
We did find a distinct depressor anguli oris in the Papio, Cercopi-
thecus and Colobus specimens dissected by us. It should be noted
that Burrows (2008) has shown a ‘depressor anguli oris’ in Calli-
thrix jacchus (her fig. 5B). However, in this case none of the vari-
ous authors that have dissected specimens of this species has
reported or illustrated this muscle (e.g. Beattie, 1927; Huber,
1930b, 1931; Lightoller, 1934; Seiler, 1976), and we also did not
find this muscle in our dissections of C. jacchus; therefore, Calli-
thrix is coded as CS-0.

40. Mentalis is not a distinct muscle (L 1, AUTAPOMORPHY).
Contrary to all the other taxa included in this cladistic analysis,
as well as to numerous other therian mammals and also to
monotremes [0], in Rattus [1] the mentalis is usually not present
as a distinct muscle (for a recent review, see Diogo, 2009; Diogo
et al. 2008b, 2009b).

Branchial muscles

41. Stylopharyngeus originates from the stylomandibular liga-
ment (L 1, C/ 100, Rl 100). In taxa of CS-0 [0] the stylopharyng-
eus usually originates from the cranium and from ligamentous,
cartilaginous or ossified structures of the hyoid apparatus such
as the stylohyal ligament. However, in the Callithrix and Saimiri
specimens dissected by us [1] a substantial part of the stylophar-
yngeus is originated from the stylomandibular ligament instead
(which usually runs from the region near the external auditory
meatus to the back of the mandible). Pithecia is coded as '?’
due to the lack of information in the literature (we could not
discern this feature in the dissected specimens of this taxon).

42. Ceratohyoideus is not a distinct muscle (L 1, Cl 50, Rl 80).
Contrary to taxa of CS-0 [0], in hominoids and Colobus [1] the
ceratohyoideus is usually not present as a distinct muscle. The
ceratohyoideus is found in Rattus, Tupaia and Cynocephalus
according to Sprague (1943, 1944a), House (1953), Saban (1968),
Diogo et al. (2008b), Diogo (2009) and Gunnell & Simmons
(2005) and to our dissections, and in Lemur, Propithecus, Tarsius,
Aotus, Callithrix, Pithecia, Saimiri, Macaca and Cercopithecus
according to Lampert (1926), Edgeworth (1935), Sprague
(1944b), Starck & Schneider (1960) and to our observations. As
described by various authors and corroborated by our dissec-
tions, the muscle is usually missing in extant hominoids and,
according to our observations, it is also missing in Colobus).
Loris, Nycticebus and Papio are coded as ‘?" due to the lack of
information in the literature (we could not discern if the muscle
was present or not in the dissected specimens of these taxa).
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43. Spinotrapezius is not a distinct muscle (L 2, ClI 50, Rl 50).
Contrary to numerous mammals, including monotremes and,
within the taxa included in this analysis, also in rodents such as
Rattus and in Tarsius [0], in Cynocephalus, Tupaia, and all non-
tarsoid primates included in this analysis [1] the spinotrapezius
is not present as a distinct muscle (i.e. there is a single, continu-
ous muscle trapezius). As explained by Diogo et al. (2008b), in
Cynocephalus the trapezius can be somewhat differentiated
into a ‘caput spinotrapezius’ and a ‘caput acromiotrapezius'.
But, as noted by Macalister (1872), Leche (1886) and Gunnell &
Simmons (2005), and corroborated by our dissections, these two
structures form a single muscle trapezius (e.g. fig. 8 of Leche,
1886) such as that found in Tupaia (e.g. fig. 5 of Kladetsky &
Kobold, 1966) and all the non-tarsoid primates included in this
study, in which the trapezius is often also somewhat divided
into different heads (e.g. pars ascendens, pars transversa and
pars descendens in modern humans). That is, in Cynocephalus
the spinotrapezius is not present as a distinct muscle that is well
differentiated and often separated from the acromiotrapezius,
as is the case in taxa such as Rattus and in numerous other non-
primate mammals. Tarsius usually has a distinct muscle that is
well-differentiated and widely separated from the main body of
the trapezius, and which is designated as ‘depressor scapulae’ in
the literature (e.g. fig. 2 of Schultz, 1984) and corresponds to
the spinotrapezius of rats and other mammals, as noted by Hill
(1955) and Niemitz et al. (1984). Therefore, Tarsius is coded as
CS-0. It should be noted that in some New World monkeys the
posterior part of the trapezius is sometimes more differentiated
from the rest of the trapezius (i.e. from the pars acromialis
sensu the present work) than is usually the case in other non-
tarsoid primates. This occurs, for instance, in at least some speci-
mens of Callithrix (e.g. Beattie, 1927), Brachyteles (e.g. Hill,
1959, 1960, 1962), Tamarin (e.g. Hill, 1957) and Pithecia (e.g.
Hill, 1960; fig. 4; but seemingly not in New World monkeys such
as Callimico - e.g. Hill, 1959 and Alouatta — e.g. Schon, 1968
and Grand, 1968). However, contrary to Tarsius, in these latter
specimens there is no distinct, separate muscle ‘depressor scapu-
lae’ (e.g. Ziemer, 1972). In all the New World monkeys dissected
by us, the trapezius was a fleshy and mainly continuous muscle,
i.e. there was no distinct, separate spinotrapezius muscle.

44. Cleido-occipitalis is not a distinct muscle (L 1, Cl 100, Rl 100).
[0] In numerous non-primate mammals (e.g. Jouffroy, 1971),
including Rattus and Tupaia (e.g. Le Gros Clark, 1924; Greene,
1935; Diogo et al. 2008b; Diogo, 2009) the cleido-occipitalis is
usually present as a distinct muscle (the structure that is often
designated as ‘clavotrapezius’ in rats clearly seems to be homol-
ogous to the cleido-occipitalis of mammals such as Tupaia, as
noted by Jouffroy, 1971; and corroborated by our own dissec-
tions: for a recent review, see Diogo et al. 2008b). [1] In Cyno-
cephalus (e.g. Leche, 1886; Jouffroy, 1971; Diogo, 2009), as well
as in all primates included in this cladistic analysis, the cleido-oc-
cipitalis is usually not present as a distinct muscle. That is, in
some specimens of genera of CS-1, including Lemur, Macaca,
Pan, Pongo and modern humans (e.g. Wood, 1870; Schuck,
1913a,b; Loth, 1931; Howell & Straus, 1933; Jouffroy, 1962,
1971; Mustafa, 2006), there is a structure that is sometimes des-
ignated as ‘cleido-occipitalis’, but this structure is deeply
blended with the sternocleidomastoideus, and does not form a
distinct, separate muscle (i.e. it is instead a bundle of the sterno-
cleidomastoideus, which is designated in the present work as ca-
put ‘cleido-occipitale’). Moreover, at least in Pan, Pongo and
modern humans, this structure is actually only found as an

anomaly/variant, thus not representing the common condition
for these taxa (according to Wood, 1870; and to the recent
work of Mustafa, 2006, only about 36% and 33% of modern
humans have a caput ‘cleido-occipitale’ of the sternocleidoma-
stoideus, respectively). In fact, within all the non-human pri-
mates dissected by us, we only found a caput ‘cleido-occipitale’
of the sternocleidomastoideus on the left side of one infant
chimpanzee (PFA 1077).

45. Trapezius inserts onto the clavicle (L 3, Cl 33, Rl 66). [0] In
numerous non-primate mammals (e.g. Jouffroy, 1971), including
Rattus, Tupaia and Cynocephalus, the trapezius (or acromiotra-
pezius plus spinotrapezius, when both are present as distinct
muscles) usually does not attach to the clavicle (e.g. Macalister,
1872; Leche, 1886; Le Gros Clark, 1924; Greene, 1935; George,
1977; Diogo, 2009; our dissections). It should be noted that (i)
Ashton & Oxnard (1963) stated that in Tupaia the trapezius
inserts onto the clavicle, but in all the specimens of this genus
dissected by Le Gros Clark (1924), Jouffroy (1962, 1971), George
(1977), and by us, the muscle has no such attachment (see also
general comments below about Ashton & Oxnard’s 1963 study);
and (ii) the structure that is often designated as ‘clavotrapezius’
in rats, which attaches onto the clavicle, clearly seems to be
homologous to the cleido-occipitalis of mammals such as Tupaia
(see character above). Within primates, the trapezius (or acromi-
otrapezius plus spinotrapezius, when both are present as dis-
tinct muscles) is usually not attached onto the clavicle in Lemur,
Tarsius and Callithrix (corroborated in Tarsius by, for example,
Burmeister, 1846; Allen, 1897; Woollard, 1925; Schultz, 1984;
and by us; and in Callithrix by Beattie, 1927; Ashton & Oxnard,
1963; and by us). Ashton & Oxnard (1963) stated that in the
specimens of ‘Lemur sp.’ dissected by them the trapezius
inserted onto the whole clavicle. However, it is not clear if those
specimens really belong to the genus Lemur (as currently
defined), or belong instead to other taxa that were previously
assigned to the genus ‘Lemur’ (e.g. Varecia variegatus, etc.). In
fact, Barnard (1875), Murie & Mivart (1872), Loth (1931), and
Jouffroy (1962, 1971), Jouffroy (1975) clearly stated that in
Lemur catta there is no insertion onto the clavicle, and our dis-
sections of Lemur catta corroborate this; therefore, Lemur is
coded here as CS-0. [1] In Loris, Nycticebus, Pithecia, Saimiri,
Aotus, Macaca, Colobus, Papio, Cercopithecus, and hominoids
the trapezius usually attaches onto the clavicle (as found in all
the specimens of these taxa that were dissected by us and
described in the reviewed literature, with exception to Schuck,
1913a,b, who reported an insertion of the trapezius onto the
scapular spine and acromion, but not onto the clavicle, in Pon-
go). Ashton & Oxnard (1963) suggested that in the specimens of
Pithecia sp., Aotus sp., and Saimiri sp. dissected by them there
was no insertion onto the clavicle. However, in the five Pithecia
monachus specimens dissected by Ziemer (1972) there was
clearly an insertion onto the clavicle, which ranged from the lat-
eral 1/10 to 4/10 of the clavicle, the insertion being usually
onto less than the lateral 1/3 of the clavicle. Also, Campbell
(1937) clearly stated that in the three Aotus lemurinus and the
two Saimiri oerstedii specimens dissected by him there was an
insertion on the acromial end of the clavicle. Our dissections of
Pithecia pithecia, Aotus nancymaae, and Saimiri saimiri corrobo-
rate the statements of Ziemer (1972) and Campbell (1937; i.e. in
all these specimens that was an obvious insertion onto the acro-
mial extremity of the clavicle). Therefore, Saimiri, Pithecia and
Aotus are coded as CS-1. It is possible that the apparently con-
tradictory statements of Ashton & Oxnard (1963) are due to the
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fact that these authors did not clarify the species identification
of the many specimens dissected by them. For instance, as
explained above, it is possible and likely that the specimens of
‘Lemur sp.’ dissected by Ashton & Oxnard (1963) are in fact not
members of the genera Lemur (as currently defined), because
within all the various species that were included in this genus in
the past, only L. catta is now accepted as an valid extant species
of Lemur. Apart from this issue, there is another problem with
Ashton & Oxnard (1963) that may have led to possible confusion
within their textual descriptions: the fact that these authors do
often not refer to specific taxa when they state, for instance,
that a muscle A goes to a certain bone B; i.e. they usually
describe the attachments of the muscles by referring to ecologi-
cal groups (e.g. terrestrial quadrupeds, arboreal quadrupeds,
etc.), and not to taxonomic groups such as families, subfamilies
and genera. It should be noted that Jouffroy (1962), Jouffroy
(1975) reported an insertion of the trapezius onto the scapular
spine and acromion, but not onto the clavicle, in Propithecus
verreauxi and Propithecus deckenii. However, in our Propithecus
verreauxi GWU PV1 specimen the trapezius was clearly inserted
onto the clavicle, actually inserting onto the whole lateral 1/3
of this bone, exactly as reported in Propithecus sp. by Ashton &
Oxnard (1963). Therefore, until more information is available,
we code Propithecus as '?".

46. Trapezius inserts onto > lateral 1/3 of the clavicle (L 3, Cl 33,
RI 60). [0] Within those primates with an insertion of the trape-
zius onto the clavicle, plesiomorphically the muscle inserts onto
less than the lateral 1/3 of the clavicle (e.g. Loth, 1931). Of the
taxa included in this cladistic analysis, this condition is found in
Macaca, Pithecia, Saimiri, Aotus, Colobus and Cercopithecus (in
Macaca the attachment is onto the lateral 1/4 of the clavicle
according to Patterson, 1942 and onto the lateral extremity of
this bone according to Howell & Straus, 1933; and in Cercopithe-
cus it is onto less than the lateral 1/3 of the clavicle according to
Hill, 1966 and to our dissections; Ashton & Oxnard, 1963 sug-
gested that in Colobus the muscle goes to the lateral 1/3 of the
clavicle, but our dissections clearly indicate that it goes only to
the acromial extremity of this bone; in the Pithecia, Saimiri and
Aotus specimens dissected by us and by Campbell, 1937 and Zi-
emer, 1972 the muscle also inserts onto less than the lateral 1/3
of the clavicle). [1] In Nycticebus, Loris, Papio and hominoids the
muscle goes to the lateral 1/3, or to more than the lateral 1/3,
of the clavicle. This is the case in all hominoids dissected by us
and reported in the literature we reviewed, except a Pongo spec-
imen reported by Hepburn (1892) in which the attachment was
to the acromial end of the clavicle, and the VU GG1 gorilla speci-
men dissected by us, in which the insertion was nevertheless
almost onto the lateral 1/3 of the clavicle (i.e. it was onto the
lateral 4.0 cm of the total 14.3 cm length of this bone). In Papio
the trapezius goes to the lateral 1/2 of the clavicle according to
Hill (1970), and to a little more than the lateral 1/3 of this bone
according to our dissections. Ashton & Oxnard (1963) stated that
in Nycticebus sp. the trapezius inserts onto the lateral 1/2 of the
clavicle, while Miller (1943) stated that in the N. bengalensis and
N. coucang, as well as in the Loris tardigradus, specimens dis-
sected by her the muscle inserted onto less than the lateral 1/2
of the clavicle. In the Nycticebus and Loris specimens dissected
by us the muscle inserted onto a little less than the lateral 1/2 of
the clavicle, so onto more than the lateral 1/3 of this bone;
these two taxa are thus coded as CS-1. Propithecus is coded as ‘?*
(see character above). [-] Inapplicable in taxa in which there is
no insertion onto the clavicle (see character above).
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47. Trapezius does not insert onto the acromion (L 1, AUTAPO-
MORPHY). [0] In numerous non-primate mammals (e.g. Jouff-
roy, 1971), including Rattus and Cynocephalus and all the non-
tarsoid primates included in this analysis the trapezius (or acro-
miotrapezius plus spinotrapezius, when both are present as dis-
tinct muscles) is usually partially inserted onto the acromion
(Macalister, 1872 stated that there is no insertion onto the
acromion in Cynocephalus, but, as explained by Leche, 1886
and Diogo, 2008 and corroborated by our dissections, in this
taxon the trapezius is actually usually attached to this bone:
e.g. fig. 8 of Leche, 1886). [1] In Tupaia, however, there is usu-
ally no insertion onto the acromion (corroborated by Le Gros
Clark, 1924; George, 1977; and by our dissections). Woollard
(1925) and Schultz (1984) suggested that in Tarsius the trape-
zius often inserts onto the scapular spine only, but it is possi-
ble that at least some of these authors were actually referring
to the scapular spine plus acromion sensu the present work,
because in our dissections of Tarsius syrichta the muscle clearly
inserted onto the whole acromion. Until we have more infor-
mation on this feature, we prefer to code Tarsius as '?'.

48. Trapezius does not originate from the cranium (L 6, CI (16,
RI (16). [0] According to Jouffroy (1971) the plesiomorphic con-
dition for eutherian mammals is that the trapezius (or acromio-
trapezius plus spinotrapezius, when both are present as distinct
muscles) partially originates from the cranium, as found in
numerous non-primate mammals and including, within the taxa
examined here, tree-shrews such as Tupaia (e.g. Le Gros Clark,
1924; Ashton & Oxnard, 1963; George, 1977; our dissections).
Regarding the primates included in this analysis, an origin from
the cranium is usually found in Nycticebus, Loris, Aotus, Pithecia,
Saimiri, Macaca, Colobus, Papio and Cercopithecus and non-hy-
lobatid hominoids. This was corroborated in Nycticebus by
Miller (1943), although the occipital attachment was narrow
and fascial in the Nycticebus specimens dissected by her (we
could not discern this feature in the Nycticebus specimens dis-
sected by us). It was also corroborated in Loris by Schiick
(1913b), Nayak (1933), Miller (1943) and by us, in Aotus, Pithecia
and Saimiri by Campbell (1937), Hill (1960), Ziemer (1972), Dun-
lap et al. (1985) and by us, in Macaca, Colobus, Cercopithecus
and Papio by Polak (1908), Schick (1913b), Howell & Straus
(1933), Patterson (1942), Ashton & Oxnard (1963), Hill (1966,
1970), Swindler & Wood (1973), and by our dissections, and in
non-hylobatid hominoids by our observations and review of the
literature. [1] In Rattus, Cynocephalus, Lemur, Propithecus, Tar-
sius, Callithrix, and Hylobates, there is usually no direct origin
from the cranium. This was corroborated in Rattus and Cyno-
cephalus by Leche (1886), Greene (1935), Jouffroy (1971), Diogo
(2009), and our dissections (note that the structure that is often
designated as ‘clavotrapezius’ in rats, which attaches onto the
cranium, clearly seems to be homologous to the muscle cleido-
occipitalis of mammals such as Tupaia: see characters above). It
was also corroborated in Lemur by Murie & Mivart (1872),
Barnard (1875), Jouffroy (1962), Jouffroy (1975) and by us, in
Propithecus by Milne-Edwards & Grandidier (1875), Jouffroy
(1962, 1971), Ashton & Oxnard (1963) and by us, in Tarsius by
Burmeister (1846), Allen (1897), Woollard (1925), Schultz (1984)
and by us, and in Callithrix by Beattie (1927), Dunlap et al.
(1985) and by us. Regarding Hylobates, in a few specimens of
this genus, and particularly of the species H. syndactylus, there
is occasionally a small origin from the cranium, as reported by
Kohlbriigge (1890-1892), Plattner (1923), Miller (1932) and
Andrews & Groves (1976). However, in most specimens of this
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genus, including various specimens of H. syndactylus, there is
effectively no direct origin from this bone, as reported by
Deniker (1885), Kohlbriigge (1890-1892), Sonntag (1924b), Loth
(1931), Donisch (1973), Andrews & Groves (1976) and Michilsens
et al. (2009) and corroborated in our dissections.

49. Sternocleidomastoideus is hypertrophied (L 1, AUTAPOMOR-
PHY). [0] Sternocleidomastoideus not hypertrophied. [1] In the
Tarsius specimens dissected by Schultz (1984: e.g. his figs 10-10)
and Niemitz et al. (1984: e.g. their fig. 14-2) as well as by us,
the sternocleidomastoideus is hypertrophied, being more devel-
oped than in taxa of CS-0 and having a peculiar, wide contact
with its counterpart in the dorsal midline (of the nuchal/occipi-
tal region).

50. Pars ceratopharyngea of the constrictor pharyngis medius is
absent (L 1, AUTAPOMORPHY). [0] In various non-primate mam-
mals (e.g. House, 1953; Saban, 1968; Whidden (2000), including
Tupaia and Cynocephalus (see character above), as well as in pri-
mates such as Lemur, Propithecus, Tarsius, Aotus, Callithrix,
Pithecia, Saimiri, Macaca, Papio, Cercopithecus, Colobus, Hylo-
bates, Gorilla, Homo and Pan, the constrictor pharyngis medius
is at least partially attached onto the greater horn of the hyoid
bone, i.e. it has a pars ceratopharyngea sensu Terminologia
Anatomica (1998; e.g. Kohlbriigge, 1890-1892; Geist, 1933; Spra-
gue, 1944a,b; Starck & Schneider, 1960; Swindler & Wood, 1973;
Hilloowala, 1975; Immel, 1997; our dissections). [1] In Rattus the
constrictor pharyngis medius is not partially attached to the
greater horn of the hyoid bone (e.g. House, 1953; Saban 1958;
our dissections). Pongo, Loris and Nycticebus are coded as ‘?’ due
to the lack of information (it was not possible to appropriately
discern this feature in the dissected specimens of these genera).
51. Presence of a distinct pars recta and pars obliqua of the cric-
othyroideus (L 1, CI 100, Rl 100). [0] In non-primate taxa such as
Rattus, Cynocephalus and Tupaia (e.g. Starck & Schneider, 1960;
Saban, 1968; Diogo, 2009; our dissections) the external portion
of the cricothyroideus is usually not clearly differentiated into a
pars recta and a pars obliqua (e.g. fig. 4 of Diogo, 2009). [1] In
the primate genera included in this analysis (except Nycticebus,
for which there is no data: see below) there is usually a distinct
pars obliqua and a distinct pars recta (e.g. fig. 58 of Starck &
Schneider, 1960). This was corroborated in Lemur, Loris and Tar-
sius by Burmeister (1846), Starck & Schneider (1960), Menke &
Henke (2008) and by us, in Propithecus, Aotus, Pithecia, Saimiri
and Callithrix by us, in Macaca by Geist (1933), Starck & Schnei-
der (1960) and by us, in Cercopithecus and Colobus by Starck &
Schneider (1960), Saban (1968), Polak (1908) and by us, and in
hominoids by Gratiolet & Alix (1866), Kérner (1884), Kohlbrugge
(1890-1892, 1896), Duckworth (1912), Kelemen (1948, 1969),
Kleinschmidt (1938, 1950), Starck & Schneider (1960), Jordan
(1971a,b,c), Himmelreich (1977), and by us. Starck & Schneider
(1960) suggested that they did not found a distinct pars obliqua
and a distinct pars recta in their specimens of Hylobates syn-
dactylus, but these two portions were reported in other speci-
mens of this and other Hylobates species by, e.g. Kohlbrigge
(1890-1892), Kanagasuntheram (1952-1954)and Saban (1968),
and were also found in the hylobatid specimens dissected by us.
Starck & Schneider (1960) also suggested that in Papio the pars
recta and pars obliqua are not present as distinct structures, but
in the review of Hill (1970) he clearly stated, and showed, that
Papio usually has both these structures (e.g. his fig. 49). Nyctice-
bus is coded as ‘?" due to the lack of information (it was not
possible to appropriately discern this feature in the dissected
specimens of this genus).

52. Thyroideus transversus is a distinct muscle (L 1, AUTAPO-
MORPHY). Contrary to taxa of CS-0 [0], in Hylobates [1] there is
often a distinct muscle thyroideus transversus (also designated
in the literature as ‘thyroideus impar’), which lies on the ventral
margin, and runs transversely to connect the posteroventrome-
dial portion of the two sides, of the larynx (e.g. plate IX of
Kohlbriigge, 1890-1892; and fig. 56A of Starck & Schneider,
1960; and also Loth, 1931; and Saban, 1968; it should be noted
that this muscle might be present, but only as a very rare anom-
aly, in modern humans: e.g. Loth, 1931).

53. Pterygopharyngeus is not a distinct muscle (L 3, Cl 33, Rl 33).
[0] In non-primate mammals such as Rattus and Cynocephalus
(e.g. House, 1953; Smith 1992; Diogo et al. 2008b; Diogo, 2009;
our dissections; see fig. 3 of Diogo, 2009), as well as in primates
such as Hylobates (e.g. Kohlbriigge, 1890-1892; Kanagasunthe-
ram, 1952-1954; Saban, 1968; and our dissections; see fig. 285
of Saban, 1968), the pterygopharyngeus is usually present as a
distinct muscle. [1] In all non-hylobatid primates included in this
analysis the pterygopharyngeus is either missing or fused with
the constrictor pharyngis superior. Sprague (1944a) suggested
that Tupaia has a mainly undivided superior constrictor attach-
ing to both the pterygoid and buccal regions, thus indicating
that in this taxon the pterygopharyngeus is probably integrated
into the superior constrictor. As explained by Diogo et al.
(2008b) and Diogo (2009), we could not find a distinct pterygo-
pharyngeus in the Tupaia specimens by us, but we cannot be
sure this muscle was missing in those specimens. Therefore,
based on the scarce evidence available, we tentatively code Tu-
paia as CS-1, but in order to control this feature we will also
run the cladistic analysis with this taxon coded as ‘?‘, and also
as 'CS-0', to examine if the results of the analysis are, or not,
modified by this character. It should also be noted that fig. 37
of Polak (1908) suggests that in Colobus there is a distinct
pterygopharyngeus muscle, but our dissections showed that in
this taxon there is a pars pterygopharyngea such as that of
modern humans (i.e. this bundle is just slightly more differenti-
ated from the other bundles of the superior constrictor than it
is usually the case in modern humans, but still clearly makes
part of the superior constrictor muscle, i.e. it does not constitute
a distinct, separate muscle pterygopharyngeus). Loris and Nyc-
ticebus are coded as ‘?" due to the lack of information (it was
not possible to appropriately discern this feature in the dis-
sected specimens of these genera that we dissected).

54. Thyroarytenoideus is not differentiated into a pars superior
and a pars inferior (L 1, CI 100, Rl 100). [0] In non-primate mam-
mals such as Rattus, Cynocephalus and Tupaia, the thyroaryte-
noideus is mainly divided into a more superior, and often
lateral, pars superior — often also named ‘pars lateralis’ or ‘pars
externa’ or ‘ventricularis’ — and a more inferior, and often
mesial, pars inferior — often also named ‘pars medialis’ or ‘pars
interna’ or ‘vocalis’ (e.g. Starck & Schneider, 1960; Saban, 1968;
Diogo, 2009; our dissections: e.g. fig. 61A of Starck & Schneider,
1960; fig. 4 of Diogo, 2009). This condition is usually also found
in Lemur and Propithecus (e.g. Kollmann & Papin, 1914; Starck
& Schneider, 1960; our dissections), in Macaca, Papio, Cercopi-
thecus and Colobus (see below), in non-hylobatid hominoids
(e.g. Starck & Schneider, 1960; Saban, 1968; Jordan, 1971a,b,c;
our dissections), and in Tarsius (Woollard, 1925 stated that the
orientation of the deeper fibers is different to that of the super-
ficial fibers in Tarsius, and fig. 61D of Starck & Schneider, 1960
does show a superior, lateral bundle and an inferior, medial
bundle; Kollmann & Papin, 1914 and Menke & Henke, 2008 also
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reported a pars superior and a pars inferior in Tarsius, and we
also corroborated this in our dissections). It should be noted
that, as explained by Saban (1968), the ‘musculus vocalis’ of
modern humans, which lies mainly medially and inferiorly to
the main body of the ‘thyroarytenoideus’, likely corresponds to
the pars inferior of other primates and other mammals, the dif-
ference being that in taxa such as modern humans this pars
inferior is deeply connected to the vocal cords. [1] In Callithrix
(e.g. Beattie (1927); corroborated by Starck & Schneider (1960)
and by us), as well as in Aotus and Saimiri (our dissections), the
pars inferior and pars superior are usually not present as distinct
bundles. The descriptions and illustrations (e.g. their fig. 61) of
Starck & Schneider (1960) suggested that in Loris, Pithecia, Ao-
tus, Saimiri, Macaca, Papio, Cercopithecus and Colobus the pars
superior and pars inferior are not present as distinct structures;
as explained above, this was corroborated by us in Aotus and
Saimiri (as well as in Callithrix). However, this was contradicted
in Loris and Pithecia by Harrison (1995: reported a ‘thyroaryte-
noideus superioris’ in Loris and Pithecia, although it should be
noted that Kollmann & Papin, 1914 did suggest that in Loris
there is no clear differentiation into a pars superior and a pars
inferior of the thyroarytenoideus, as reported by Starck &
Schneider, 1960), Tavani (1935: reported an ‘ary-vocalis’ in Pithe-
cia, which would correspond to the pars superior sensu the pres-
ent work, although in our VU PP1 specimen there was
apparently no differentiation into a pars superior and a pars
inferior). Loris and Pithecia are thus coded as ‘?". Regarding the
other four genera listed by Starck & Schneider (1960), it should
be said that Saban (1968) reported a pars inferior and a pars
superior in Macaca and Papio, Hill (1970) also reported a pars
inferior and a pars superior in Papio, Polak (1908) reported a
pars inferior and a pars superior in Colobus, and these two bun-
dles were effectively well differentiated in the Macaca, Colobus
and Cercopithecus specimens dissected by us (in the Papio speci-
men dissected by us the whole muscle was removed previously
to our dissections); therefore, Macaca, Papio, Colobus and Cer-
copithecus are coded as CS-0. As there is no information in the
literature about Nycticebus, this genus is coded as ‘?’ (it was not
possible to appropriately discern this feature in the Nycticebus
specimens dissected by us). Regarding Hylobates, the descrip-
tions provided in the literature are somewhat confuse and even
contradictory: in fig. 56 of Starck & Schneider (1960) the thyro-
arytenoideus seems to be mainly undivided; Kohlbriigge (1890-
1892) shows anterior and posterior portions going respectively
to the arytenoid and cricoid cartilages, and stated that there is
no ‘thyroarytenoideus superior’; Saban (1968) describes a poster-
ior portion going to the cricoid and arytenoid cartilages and an
anterior portion going to the vocal cord and ventricule; Harri-
son (1995) states that at least some Hylobates have a distinct
‘thyroarytenoideus superior’; in the H. gabriellae specimen dis-
sected by us there was an anterior portion going to the aryte-
noid cartilage and a posterior portion going to the cricoid
cartilage, so this latter portion could correspond to the pars
inferior of other taxa, but we could not be completely sure
about this. Therefore, until more information is available, Hylo-
bates is coded as ‘?".

55. Arytenoideus obliquus is a distinct muscle (L 1, CI 100, Rl
100). [0] In most non-primate mammals, including Rattus, Cyno-
cephalus, and Tupaia (e.g. Starck & Schneider, 1960; Saban,
1968; Diogo et al. 2008b; Diogo, 2009), as well as in the vast
majority of primates, the arytenoideus obliquus is not present
as a distinct muscle (e.g. fig. 69 of Starck & Schneider, 1960). As
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explained by Saban (1968), the arytenoideus obliquus is almost
never, if ever, present, in primates other than non-hylobatid
hominoids. [1] Within the primates included in this analysis,
either reported in the literature or dissected by us, the arytenoi-
deus obliquus is often present as a distinct muscle in Pongo,
Gorilla, Pan and Homo. As explained above, there are few
descriptions of the laryngeal muscles of these genera. Arytenoi-
deus obliquus has been reported in Pongo by Duvernoy (1855-
1856), Furbringer (1875) and Kleinschmidt (1938; although the
muscle was not reported in this taxon by Starck & Schneider,
1960). It was found in Pan by Sonntag (1923, 1924b), Gratiolet
& Alix (1866), and Auvril (1963), and was seemingly present in
some of the six Pan specimens dissected by us (although it was
not reported in the specimens of Kohlbriigge, 1896; Kelemen,
1948; Korner, 1884; Starck & Schneider, 1960; and Jordan,
1971a,b,c). It was reported in Gorilla by Kleinschmidt (1938),
Starck & Schneider (1960) and by Sonntag (1924b), who stated
that this muscle is well developed in gorilla, even more so than
the arytenoideus transversus, and we did find an arytenoideus
obliquus in the single gorilla in which we could analyze this fea-
ture in detail (VU GG1); Kohlbrigge (1896) did not report this
muscle in Gorilla. In Homo the arytenoideus obliquus is usually
present as a distinct muscle (e.g. plate 78 of Netter, 2006; see
also Terminologia Anatomica, 1998, and Gibbs, 1999).

56. Cricoarytenoideus posterior does not meet its counterpart at
the dorsal midline (L 4, Cl 25, Rl 66). Contrary to taxa of CS-0
[0], in Homo, Pan, Gorilla, Papio, Colobus, Cercopithecus, Calli-
thrix, Pithecia, Aotus and Saimiri [1] the cricoarytenoideus pos-
terior usually does not meet its counterpart at the dorsal
midline (e.g. plate 78 of Netter, 2006). This was corroborated in
Papio by Starck & Schneider (1960), Hill (1970) and Swindler &
Wood (1973), in Cercopithecus by Hill (1966) and by us, in Colo-
bus by Polak (1908) and by us, in Callithrix by Beattie (1927) and
by us, and in Aotus, Pithecia and Saimiri by us. Regarding Pan,
within the 10 specimens in which we could discern this feature
(i.e. one specimen shown in plate 57 of Swindler & Wood, 1973;
one specimen shown in fig. 2 of plate 9 of Gratiolet & Alix,
1866; one specimen reported by Sonntag, 1923; one specimen
described by Kelemen, 1948; and the six specimens dissected by
us), there was no contact with its counterpart in eight speci-
mens. The two exceptions are two infants dissected by us (PFA
1077, PFA UNC), in which some fibers of the muscle were possi-
bly connected to a few fibers of its counterpart at this dorsal
midline (it should be noted that Jordan, 1971a,b,c examined 10
chimpanzees and stated that in a few specimens the cricoaryte-
noideus posterior did meet its counterpart in the dorsal midline,
but he did not specified the number of specimens in which this
occurred). Regarding Gorilla, in the single specimen where we
could discern this feature in detail (VU GG1), the muscle did not
meet its counterpart in the midline. It should be noted that
Kohlbriigge (1890-1892) suggested that in the Hylobates muel-
leri, H. agilis and H. moloch specimens dissected by him the
muscles of both sides covered the dorsal midline, but that in
H. syndactylus and H. lar they were at least partially separated
at the midline. However, it is not clear if this was a partial, or a
complete, separation, because in the H. syndactylus specimen
shown in fig. 56 of Starck & Schneider (1960) the muscles of
both sides do meet each other at the dorsal midline. Be that as
it may, the contact between the muscles of the two sides does
seem to be a common condition for Hylobates, as this occurred
in the H. muelleri, H. agilis and H. moloch specimens dissected
by Kohlbriigge (1890-1892) and in the H. syndactylus specimen
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reported by Starck & Schneider (1960), as well as in the single
Hylobates specimen in which we could discern this feature in
detail (VU HG1). Loris and Nycticebus are coded as ‘?’ (it was
not possible to appropriately discern this feature in the dis-
sected specimens of these genera).

Hypobranchial muscles

57. Geniohyoideus fused to its counterpart in the midline (L 5,
Cl 20, RI 50). [0] Plesiomorphically the geniohyoideus lies very
close to its counterpart at the ventral midline, but it is sepa-
rated from it by fascia, a median raphe, and/or some other type
of tissue, so that the muscles of two sides are not fused (Saban,
1968; see, e.g. plate 53 of Netter, 2006). [1] Such a fusion is
however usually found in Tupaia (e.g. Le Gros Clark, 1924; Spra-
gue, 1944a; our dissections; e.g. fig. 16 of Le Gros Clark, 1924),
Lemur and Propithecus (our dissections), Papio (e.g. Hill, 1970;
Swindler & Wood, 1973), Colobus and Cercopithecus (our dissec-
tions), and Homo and Pan (e.g. Duvernoy, 1855-1856; Sonntag,
1923; Edgeworth (1935); also corroborated in the two chimpan-
zees in which we could discern this feature appropriately, i.e. in
PFA 1077 and PFA UNCQ). In various Nycticebus specimens dis-
sected by us the geniohyoideus was removed previously to our
dissections, but in the specimen SDZ NP5191 the muscle was
present and did seem to be mainly fused with its counterpart;
therefore Nycticebus is coded as CS-1. As there is no information
for Loris (it was very not possible to discern this feature in the
dissected specimen of this genus), this taxon is coded as ‘?'.

58. Chondroglossus is present as a distinct bundle of the hyog-
lossus (L 3, Cl 33, Rl 60). [0] The chondroglossus is not present as
a distinct bundle of the hyoglossus in most non-primate mam-
mals, including Rattus (e.g. Greene, 1935; Barrow & Capecchi,
1999; our dissections), as well as in primates such as Aotus (e.g.
Immel, 1997; our dissections), Saimiri and Tarsius (our dissec-
tions), and Callithrix (Saban, 1968 suggested that the hyoglossus
is divided into bundles in this taxon, but the descriptions of,
e.g. Beattie, 1927; and Hill, 1957; as well as our dissections,
clearly indicate that the muscle is usually not differentiated into
bundles in this genus). [1] In tree-shrews such as Tupaia (e.g.
Sprague, 1944a; Saban, 1968; our dissections; note that Sprague,
1944a erroneously stated that the chondroglossus is part of the
genioglossus and not of the hyoglossus; also present in Ptilocer-
cus according to Le Gros Clark, 1926) and primates such as
Lemur and Propithecus (Parsons, 1898a; our dissections), Pithecia
(our dissections), Macaca (Parsons, 1898a), Colobus (e.g. fig. 37
of Polak, 1908; our dissections), Hylobates (e.g. Edgeworth,
1935; Kanagasuntheram, 1952-1954; Saban, 1968; our dissec-
tions), Pongo, Gorilla and Pan (e.g. Edgeworth, 1935; our dissec-
tions), and modern humans (e.g. Terminologia Anatomica, 1998)
the chondroglossus is present as a distinct bundle of the hyog-
lossus (e.g. fig. 51 of Le Gros Clark, 1926; figs12 and 13 of Par-
sons, 1898a). Hill (1966) suggested that in Cercopithecus the
hyoglossus is a mainly undivided muscle originating from the
greater horn of the hyoid bone only, thus suggesting that there
is no distinct chondroglossus. However, fig. 399 of Saban (1968)
suggests that there is a distinct chondroglossus in this taxon,
and this was seemingly also the case in the Cercopithecus speci-
men dissected by us; therefore, Cercopithecus is coded as CS-1.
Regarding Papio, pl. 54 of Swindler & Wood (1973) suggests
that there is a distinct chondroglossus, but Hilloowala (1975)
states that the hyoglossus is a mainly undivided muscle in this
taxon, originating from the greater horn and the body of the

hyoid bone, thus suggesting that there is no distinct chondrog-
lossus; as we could not discern this feature in our dissections
(because the hyoglossus was removed previously to the dissec-
tions), we code Papio as ‘?’. As there is no information for Nyc-
ticebus, Cynocephalus and Loris, these genera are also coded as
‘2" (it was not possible to discern this feature in the dissected
specimens of these taxa).

59. Hyoglossus is partially or completely fused with the thyro-
hyoideus (L 3, Cl 33, Rl 33). In certain taxa of CS-0 [0] some
fibers of the hyoglossus may be occasionally blended with
some fibers of the thyrohyoideus (e.g. in Pan according to
Sonntag, 1923), but only in Cynocephalus, Aotus, Macaca and
Papio [1] the two muscles are usually fused (partially or
completely) to each other (e.g. Parsons, 1898a; Geist, 1933;
Edgeworth, 1935; Starck & Schneider, 1960; Saban, 1968; Diogo,
2009; our dissections: e.g. fig. 3 of Diogo, 2009; fig. 60 of Geist,
1933).

60. Styloglossus originates from the stylomandibular ligament
(ordered multistate character) (L 2, CI 100, Rl 100). In taxa of CS-
0 [0] the styloglossus usually originates from the cranium and
from ligamentous, cartilaginous or ossified structures of the
hyoid apparatus such as the stylohyal ligament. In the Aotus,
Callithrix, Pithecia and Saimiri specimens dissected by us the sty-
loglossus is at least partially originated from the stylomandibu-
lar ligament (which usually runs from the region near the
external auditory meatus to the back of the mandible), the ori-
gin from this ligament being however less substantial in Aotus
and Pithecia [1] than in Callithrix and Saimiri [2]. Papio and Cer-
copithecus are coded as ‘?’, because in the specimens dissected
by us a few fibers of the styloglossus also seemed to be origi-
nated from the stylomandibular ligament, but, we cannot be
completely sure about this and, at least to our knowledge, such
an origin from this ligament was not reported in these two taxa
by any other authors.

61. Styloglossus has a distinct oblique slip running anteroinferi-
orly to blend with the lateral portion of the hyoglossus (L 1, Cl
100, RI 100). As explained by Gibbs (1999), contrary to the vast
majority of eutherian mammals (e.g. fig. 369 of Saban, 1968)
and to taxa of CS-0, including Hylobates (e.g. illustrations of
Kanagasuntheram, 1952-1954; and Saban, 1968; our dissections)
and Gorilla (our dissections) [0], in Pan and Homo [1] the stylog-
lossus runs mainly longitudinally to insert onto the tongue but
has a distinct oblique slip that runs anteroinferiorly at about 45°
from the main body of the muscle to insert more inferiorly onto
the lateral surface of the hyoglossus (e.g. plate 59 of Netter,
2006; corroborated in Pan by Gibbs, 1999, and by our dissec-
tions). Due to the lack of information, Pongo is coded as ?' (we
could not discern this feature in the orangutans dissected by
us).

62. Sternohyoideus is divided into two bundles (L 1, AUTAPO-
MORPHY). As noted by Leche (1886), Saban (1968) and Diogo
(2009), contrary to taxa of CS-0 [0] in Cynocephalus [1] the
sternohyoideus has a configuration in which there is a belly that
is mainly inserted onto the thyroid cartilage and that then gives
rise to another belly that reaches the hyoid bone.

63. Sternohyoideus does not contact nor lie against its counter-
part for most of its length (L 2, C/ 50, Rl 50). Contrary [0] In
numerous non-primate mammals, including Rattus and Tupaia,
as well as in a great number of primates, including Lemur, Prop-
ithecus, Tarsius, Aotus, Callithrix, Pithecia, Saimiri, Macaca, Pa-
pio, Cercopithecus, Colobus, Pongo, and Gorilla, the
sternohyoideus usually contacts, or lies just next to, its counter-
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part for most of its length (e.g. fig. 4 of Sonntag, 1924a). This
was corroborated in Rattus and Tupaia by Le Gros Clark (1924),
Greene (1935), Sprague (1944a) and by us, in Lemur, Propithe-
cus, Tarsius, Callithrix, Saimiri, Pithecia and Aotus by Burmeister
(1846), Murie & Mivart (1872), Woollard (1925), Fiedler (1953),
Starck & Schneider (1960), Saban (1968), Jouffroy (1962), Immel
(1997) and by us, in Macaca, Colobus, Cercopithecus and Papio
by Polak (1908), Howell & Straus (1933), Thiel (1954, 1955), Hill
(1966, 1970), Swindler & Wood (1973) and by us, and in Pongo
by Fick (1895a,b) and Sonntag (1924a). Regarding Gorilla, Deni-
ker (1885) stated that in the fetus dissected by him the stern-
ohyoideus does not contact its counterpart, but in the adult
gorillas described by Duvernoy (1855-1856) and Raven (1950)
and dissected by us the sternohyoideus in clearly in contact with
its counterpart, being only well separated from it anteriorly
close to its insertion onto the hyoid bone. [1] In Cynocephalus,
Pan and Homo the sternohyoideus usually does not contact, nor
lies just next to, its counterpart for most of its length (regarding
Homo, e.g. plate 29 of Netter, 2006). This was corroborated in
Cynocephalus by Leche (1886) and by us, and in Pan by Gratiolet
& Alix (1866), Sonntag (1923), Miller (1952), Starck & Schneider
(1960), Swindler & Wood (1973; e.g. fig. 30 of Sonntag, 1923;
plate 51 of Swindler & Wood, 1973). According to Deniker
(1885), in Hylobates the sternohyoideus contacts its counterpart,
but he does not explain if this occurs for most of its length.
Kohlbriigge (1890-1892) confirms that there is such a contact in
Hylobates, but states that anteriorly the muscle diverges from
its counterpart; however, it is again not clear if the contact
occurs for most of the length of the muscle, although he seems
to suggest that this is not the case, i.e. that the Hylobates speci-
mens dissected by him would probably be coded as CS1. Fig. 56
of Starck & Schneider (1960) also shows a Hylobates specimen in
which at least the anterior portion of the sternohyoideus seems
to be well separated from the anterior portion of its counter-
part. And in the single Hylobates specimen in which we could
analyze this feature in detail (VU HG1), the sternohyoideus was
clearly well separated from its counterpart for most of its
length. Therefore, we are coding this genus as ‘?". Nycticebus
and Loris are also coded as ‘?’ (it was not possible to discern this
feature in the dissected specimens of these taxa).

64. Anterior portion of sternothyroideus extends anteriorly to
the posterior portion of the thyrohyoideus (L 4, ClI 25, Rl 25).
Contrary to taxa of CS-0 [0], in Rattus and Callithrix (our dissec-
tions), Hylobates (e.g. Deniker, 1885; Kohlbriigge, 1890-1892),
Gorilla (our dissections), and Pan (e.g. Gratiolet & Alix, 1866;
Sonntag, 1923; Starck & Schneider, 1960; Swindler & Wood,
1973; our dissections) [1] the main body of the sternothyroideus
is usually extended anteriorly, so that its anterior portion is
anterior to the posterior portion of the main body of the thyro-
hyoideus. Until more information is available, Pongo, Nycticebus
and Loris are coded as ‘?’ (it was not possible to discern this fea-
ture in the dissected specimens of these three taxa).

65. Omohyoideus is not a distinct muscle (L 3, CI 33, Rl 0). Con-
trary to taxa of CS-0 [0], in Cynocephalus, Colobus and Cercopi-
thecus [1] the omohyoideus is usually not present as a distinct
muscle. This was corroborated in Cynocephalus (e.g. Leche,
1886; Gunnell & Simmons, 2005; Diogo, 2009) and by our dissec-
tions. Hill (1966) stated that the muscle is usually missing in Cer-
copithecus. It should be noted that Dobson (1881) and Ashton
& Oxnard (1963) reported this muscle in ‘Cercopithecus’, but the
species reported by Dobson (1881) is now included in the genus
Chlorocebus, while it is not clear if the ’‘Cercopithecus sp.’
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reported by Ashton & Oxnard (1963) is really a member of the
genus Cercopithecus (but even if this is the case, the common
condition for this latter genus clearly seems to be that in which
the muscle is missing, as stated by Hill, 1966; and corroborated
by our dissections). The muscle is usually missing in Colobus, as
reported by Polak (1908) and corroborated by our dissections,
although Ashton & Oxnard (1963) stated that they found this
muscle in ‘Colobus sp.’. In a few genera of CS-0 the omohyoide-
us might be missing (e.g. in a Pongo specimen reported by Bisc-
hoff (1870), but this is a rare anomaly, and clearly not the usual
condition, for these genera. Ashton & Oxnard (1963) found an
omohyoideus in their two specimens of Aotus sp. and Immel
(1997) found an omohyoideus in her specimen of Aotus sp., but
Campbell (1937) did not find this muscle in his three specimens
of Aotus lemurinus, Dunlap et al. (1985) did not find this muscle
in their specimen of Aotus sp., and we did not find this muscle
in our Aotus nancymaae specimen GWUANT AN1; until more
information is available, we code Aotus as '?’.

66. Omohyoideus has an intermediate tendon (L 2, Cl 50, Rl 50).
[0] In most non-primate mammals (e.g. Le Gros Clark, 1924;
Sprague, 1944a; Saban, 1968), including Rattus (e.g. Greene,
1935; our dissections), as well as in primates such as Lemur,
Propithecus, Tarsius, Loris, Nycticebus, Callithrix, Saimiri, Pithe-
cia, Macaca, Papio, Hylobates, Pongo and Gorilla, the intermedi-
ate tendon of the omohyoideus is usually (i.e. in >50% of the
cases) missing. It is missing in the Lemur, Propithecus, Loris, Nyc-
ticebus and Callithrix specimens dissected by Cuvier & Laurillard
(1849), Mivart & Murie (1865), Murie & Mivart (1872), Beattie
(1927), Hill (1957), Ashton & Oxnard (1963), and by us, in the
Tarsius, Saimiri and Pithecia specimens dissected by us, and in
the Macaca and Papio specimens reported by Loth (1931), Ho-
well & Straus (1933), Hill (1970), and Hilloowala (1980) and dis-
sected by us. It was missing in the Hylobates specimens reported
by Deniker (1885) and Sonntag (1924b) and examined by us,
and within the H. syndactylus, H. agilis and H. moloch speci-
mens dissected by Kohlbriigge (1890-1892), only H. syndactylus
had a very small intermediate tendon. Regarding Pongo, the
tendon was described by Michaélis (1903) and Primrose (1899,
1900), but was reported to be absent by most authors, including
Sandifort (1840), Fick (1895a,b), Sonntag (1924a,b), Brandes
(1932) and Kallner (1956), and in the review done by Ashton &
Oxnard (1963) they stated that the tendon is missing in about
71.4% of orangutans. Concerning Gorilla, the tendon was
reported in one specimen by Macalister (1873), and one speci-
men by Raven (1950), but was missing in two specimens dis-
sected by Deniker (1885), one specimen reported by Duvernoy
(1855-1856), one specimen reported by Bischoff (1880), one
specimen examined by Testut (1884), and the single specimen in
which we could analyze this feature in detail (VU GG1); there-
fore it was missing in a total of six out of eight gorillas. It
should be noted that Woollard (1925) suggested that in Tarsius
the intermediate tendon of the omohyoideus is usually present,
and that this suggestion was followed by Hill (1955), but Allen
(1897) clearly reported the absence of this tendon in Tarsius,
and our dissections corroborated the absence of this tendon in
this taxon, indicating that the tendon is effectively often absent
in the members of this genus, which is therefore coded as CS-0.
[1] In Tupaia, Pan and Homo this tendon is usually (i.e. in > 50%
of the cases) present. Concerning Tupaia, an intermediate ten-
don was not described by George (1977), but it was found by Le
Gros Clark (1924), by Sprague (1944a), and by Ashton & Oxnard
(1963). Regarding Pan, an intermediate tendon was found by
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the vast majority of authors, including Vrolik (1841), Gratiolet
& Alix (1866), Bischoff (1870), Sonntag (1923, 1924a,b) and
Macalister (1871), as well as in all the six specimens dissected by
us, and according to the review of Ashton & Oxnard (1963), it is
present in all of Pan. As explained by Loth (1931) and Gibbs
(1999), the intermediate tendon is present in the vast majority
of modern humans (e.g. pl. 59 of Netter, 2006). Aotus is coded
as ‘?" (because it is not clear if the usual condition is that in
which the omohyoideus is present or not, see character above;
in those cases in which the muscle is present there is seemingly
no intermediate tendon of the omohyoideus, as reported by Im-
mel (1997), so one would code this taxon as CS-0; in the cases in
which the muscle is absent, one would code this taxon as ‘Inap-
plicable’). [-] Inapplicable in Cynocephalus, Colobus and Cercopi-
thecus, because the omohyoideus is usually not present as a
distinct muscle (see character above).

67. Omohyoideus occasionally has three bellies (L 1, Cl 100, Rl
100). Contrary to taxa of CS-0 [0], in at least some specimens of
Gorilla, Pan and Homo [1] the omohyoideus has three bellies
(usually a superior belly, an inferomedial belly, and an inferolat-
eral belly, e.g. fig. fig. 32 of Sonntag, 1923). Regarding Pan, this
was found by Gratiolet & Alix (1866; who designated one of the
inferior bellies as ‘cleidohyoideus’), by Sonntag (1923), and in
two of the six specimens dissected by us. Concerning Gorilla, it
was reported by Raven (1950). As explained in the recent review
of Rajalakshmi et al. (2008), the presence of three bellies of the
omohyoideus is an uncommon variant in modern humans, being
for instance found in about 3% of the cases according to their
review. Within the specimens of taxa of CS-0 that were either
dissected by us or reported by the authors of the works that we
reviewed, there was not a single case in which the omohyoideus
was divided into a superior belly and two inferior bellies. Aotus
is coded as ‘?' (because it is not clear if the usual condition is
that in which the omohyoideus is present or not, see character
above; in those cases in which the muscle is present it is mainly
continuous, as reported by Immel (1997), so one would code this
taxon as CS-0; in the cases in which the muscle is absent, one
would code this taxon as ‘Inapplicable’). [-] Inapplicable in Cyno-
cephalus, Colobus and Cercopithecus, because the omohyoideus
is usually not present as a distinct muscle (see character above).

Pectoral muscles

68. Serratus anterior and levator scapulae are separated
(ordered multistate character) (L 2, Cl 100, Rl 100). [0] In non-
primate taxa such as Rattus, Cynocephalus and Tupaia, as well
as in most strepsirrhines, including Nycticebus, Propithecus,
Lemur and Loris, these two muscles are deeply blended (e.g.
Haughton, 1864, 1865; Murie & Mivart, 1872; Miller, 1932; Jouff-
roy, 1962; Hill, 1957, 1966, 1970; our dissections). In Tarsius (e.g.
Woollard, 1925; Miller, 1932; Schultz, 1984; our dissections), as
well as in the New World monkeys and Old World monkeys
examined by us, i.e. Aotus, Callithrix, Pithecia, Saimiri, Macaca,
Papio, Cercopithecus and Colobus [1], the two muscles are less
blended distally (at their insertion onto the scapula) than in
taxa of CS-0, but more blended proximally than in hominoids
[2], in which the two muscles are well separated (e.g. Deniker,
1885; Sullivan & Osgood, 1927; Miller, 1932; Ashton & Oxnard,
1963; our dissections). According to the review of Ashton &
Oxnard (1963), these muscles are well separated in 1.2% of New
World monkeys and 9.4% of Old World monkeys only, while
they are well separated in 98.3% of hominoids.

69. Rhomboideus major and rhomboideus minor are not distinct
muscles (L 4, Cl 25, Rl 57). [0] In several non-primate mammals
(e.g. Jouffroy, 1971), including taxa such as Rattus and Tupaia,
as well as in primates such as Callithrix, Macaca, Cercopithecus
and Papio, there are usually two rhomboidei muscles (which are
often named ‘rhomboideus dorsi or thoracis’ and ‘rhomboideus
cervicis’ in non-primate mammals) that are very similar to the
rhomboideus major and rhomboideus minor of modern
humans, so we code this as a primary homology and thus code
these six genera and Homo as CS-0 (Diogo et al. 2009a). This
was corroborated in Macaca by Howell & Straus (1933) and Patt-
erson (1942), although Schiick (1913b) considered there was no
differentiation into rhomboideus major and rhomboideus minor
in a specimen of M. maura. In the single Macaca specimen in
which we could discern this feature in sufficient detail (VU MF1)
there were two muscles, one possibly corresponding to the
rhomboideus minor plus rhomboideus occipitalis, and the other
thus possibly corresponding to the rhomboideus major. A rhom-
boideus major and a rhomboideus minor were also described by
Hill (1966) and found by us in Cercopithecus. Macalister (1871)
and Schuck (1913b) stated that the rhomboideus major and
rhomboideus minor were not differentiated in a specimen of
Papio hamadryas and in a specimen of P. cynocephalus, but
most authors (e.g. Champneys, 1872; Michaélis, 1903; Hill, 1970;
Swindler & Wood, 1973), agree that the members of this genus
do effectively usually have both these muscles, and this was cor-
roborated in our dissections. Hill (1957, 1959, 1962) stated that
the rhomboideus major and rhomboideus minor are usually not
present as distinct muscles in Callithrix, but Beattie (1927)
described in detail these two muscles in the Callithrix specimens
dissected by her, and we also found this muscle in the Callithrix
specimen dissected by us; therefore, this taxon is coded as CS-0.
[1] In Cynocephalus (e.g. Leche, 1886; our dissections) as well as
in Lemur, Propithecus, Loris, Nycticebus, Tarsius, Aotus, Pithecia
and Saimiri and the non-human hominoids dissected by us and
described in the literature (except in the fetal Hylobates speci-
men described by Deniker, 1885; one of the four Hylobates
specimens reported by Schiick, 1913b; and in the Pithecia speci-
mens dissected by Ziemer, 1972) the rhomboideus major and
rhomboideus minor are not present as distinct muscles (i.e.
these taxa have, instead, a single, undivided muscle rhomboi-
deus). Colobus is coded as ‘?' because fig. 7 of Polak (1908)
shows a C. guereza specimen that apparently has a distinct
rhomboideus major and a distinct rhomboideus minor, such as
those usually found in other Old World monkeys such as
Macaca, Papio and Cercopithecus, but in the C. guereza speci-
men dissected by us the rhomboid complex did not seem to be
divided into a rhomboideus major and a rhomboideus minor.

70. Rhomboideus occipitalis is not a distinct muscle (L 3, Cl 33,
RI 50). [0] In various non-primate mammals (e.g. Jouffroy, 1971),
including taxa such as Rattus and Tupaia, as well as in primates
such as Lemur, Loris, Nycticebus, Tarsius, Aotus, Callithrix, Pithe-
cia, Saimiri, Macaca, Colobus, Cercopithecus, Papio, and Pongo,
the rhomboideus occipitalis is usually present as a distinct mus-
cle. The rhomboideus occipitalis is present in Lemur, Nycticebus
and Loris, as noted by Murie & Mivart (1872), Barnard (1875),
Miller (1943), Jouffroy (1962, 1971), Jouffroy (1975) and Ashton
& Oxnard (1963), although it is often a thin structure in Loris
and Nycticebus, as described by Murie & Mivart (1872) and
Miller (1943), and may even be missing in Loris specimens
according to Schick (1913b; the muscle was also reduced or
even absent in our Nycticebus pygmaeus VU NP1 and VU NP2
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specimens, and was seemingly present as a thin structure in our
Nycticebus coucang SDZ NC43129 specimen, while we could not
discern if it was present in our Loris tardigradus SDZ LT53090
specimen). The rhomboideus occipitalis is also present in Tarsius,
as described by Niemitz et al. (1984) and Schultz (1984) and cor-
roborated by our dissections (it should be noted that the ‘rhom-
boideus capitis’ described in Tarsius by Murie & Mivart, 1872
and Woollard, 1925; is probably not homologous to this muscle:
see below). Miller (1932) stated that Papio anubis, Macaca mul-
atta and Cercopithecus mona do not have a rhomboideus occip-
italis, but in the several specimens of different species of these
three genera, dissected by Haughton (1864, 1865), Barnard
(1875), Schiick (1913b), Howell & Straus (1933), Patterson (1942),
Ashton & Oxnard (1963), Hill (1966, 1970)and Swindler & Wood
(1973), and by us, this muscle is clearly present. It is also present
in Colobus, Aotus, Callithrix, Pithecia and Saimiri, as noted by
Polak (1908), Beattie (1927), Campbell (1937), Ashton & Oxnard
(1963), Ziemer (1972) and Dunlap et al. (1985) and corroborated
by our dissections. It was also found in the Pongo specimens
described by the vast majority of authors and dissected by us,
being rarely absent in the members of this genus (as it was,
apparently, in the specimen described by Fick, 1895a,b). [1] In
Cynocephalus, Hylobates, Gorilla, Pan and Homo the rhomboi-
deus occipitalis is usually not present as a distinct muscle. Propi-
thecus is coded as ‘?’, because Ashton & Oxnard (1963) stated
that in this taxon the rhomboideus occipitalis is present, but this
muscle was missing in the specimens dissected by Jouffroy
(1962) and by us.

71. Levator scapulae does not extend to C5 (L 1, Cl 100, Rl 100). [0]
In non-primate taxa such as Rattus, Tupaia and Cynocephalus and
numerous primates, including Lemur, Propithecus, Loris, Tarsius,
Aotus, Pithecia, Saimiri, Callithrix, Macaca, Colobus, Cercopithecus
and Papio, the origin of the levator scapulae extends (posteriorly)
to the sixth cervical vertebra (C6) and/or to more posterior verte-
brae. Leche (1886) states that in Cynocephalus it originates from
C3 to C7 and Gunnell & Simmons (2005) state that in this genus it
originates from 3 to 5 vertebrae between C2 and C7. George
(1977) stated that in Tupaia and other tree-shrews it attaches to
C1and C3-C7 or to C1-C7; Le Gros Clark (1924, 1926) reported that
in Tupaia and Ptilocercus it attaches to C1-C7 and C2-C7, respec-
tively, and Gunnell & Simmons (2005) stated that in Tupaia it origi-
nates from 3 to 5 vertebrae between C2 and C7. Peterka (1936)
and Greene (1935) stated that in rats the muscle usually originates
from C1 to T2 and from C4 to C7, respectively. In Lemur the muscle
extends to C7 according to Murie & Mivart (1872), Barnard (1875)
and to our dissections, and to C6 according to Jouffroy (1960a,b,
1962), Jouffroy (1975). In Propithecus it extends to C7 according to
Jouffroy (1962), Jouffroy (1975), and to our observations. Schiick
(1913b) stated that in Loris the ‘levator scapulae’ originated from
C1 to C4, but this author clearly seems to refer to only a part of the
levator scapulae sensu the present work, because in all the speci-
mens dissected by Mivart & Murie (1865), Murie & Mivart (1872)
and Miller (1943) the muscle extends to C7, and in our Propithecus
SDZ LT53090 specimen it also seemed to extend to C6 or C7.
Regarding Tarsius, the usual condition is that the muscle extends
to C6 or C7, as noted by Burmeister (1846), Barnard (1875), Allen
(1897) and Schultz (1984) and corroborated by our dissections,
although Woollard (1925) stated that it extended only to C5 in the
specimens dissected by him. Within the 10 Pithecia limbs dissected
by Ziemer (1972) the origin was from C1 to C6 in eight limbs, from
C1 to C5 in one limb, and from C2 to C5 in one limb, so the usual
condition for this genus seems to be that in which the origin of
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this muscle extends posteriorly at least to C6, as also found in our
Pithecia GWUANT PP1 and VU PP1 specimens. In Saimiri and Aotus
the origin of the muscle extends to C7 according to Dunlap et al.
(1985) and to our dissections. As noted by Howell & Straus (1933)
and corroborated by our observations, in Macaca the levator scap-
ulae (which they designated as the ‘cervical part of the serratus
anterior’) usually originates from C1, C2, C3 or C4 to C7. Hill (1970)
stated that in Papio cynocephalus and P. anubis the levator scapu-
lae originates from C1 to C3 or sometimes from C1 to C4, but this
was probably because he confused the posterior limit of the leva-
tor scapulae with the actual separation between the anterior and
posterior portions of this muscle: as stated by Ashton & Oxnard
(1963), in Papio there is, effectively, usually a small space between
the C3 and C4 origins of the levator scapulae that partly separates
the anterior and posterior portions of this muscle, which com-
monly originates from C1 to C7 or from C1 to C3 plus C5 to C7, as
found by us and reported in P. cynocephalus by Schiick (1913b), in
P. anubis by Miller (1932) and Swindler & Wood (1973), and in Pa-
pio sp. by Ashton & Oxnard (1963; in the P. anubis specimen dis-
sected by us, origin is from C1 to C7). Hill (1966) also stated that in
Cercopithecus mitis the levator scapulae originates from C1 to C4
and Miller (1932) stated that in Cercopithecus mona the origin is
not from all cervical vertebrae, but, again, this was again probably
because these authors confused the posterior limit of the levator
scapulae with the actual separation between the anterior and pos-
terior portions of this muscle: in our Cercopithecus diana specimen
origin was clearly from C1 to C7, as was also the case in the Colo-
bus specimens dissected by Polak (1908) and by us. Beattie (1927)
suggested that in Callithrix jacchus the origin of the levator scapu-
lae is from C3 to C5, but in all the C. jacchus, C. argentata and
C. pygmaea specimens dissected by Dunlap et al. (1985) and by us
the origin clearly extended to C7; therefore, the usual condition
for this genus does seem to be that in which the origin of this mus-
cle does extend to C7. [1] In hominoids the origin of the levator
scapulae usually does not extend posteriorly to C5. In Hylobates
(including H. syndactylus) Deniker (1885), Plattner (1923), Sonntag
(1924b) and Michilsens et al. (2009) described an origin from C1 to
C4, Stewart (1936) and Donisch (1973) described an origin from C1
to C5, Kohlbrtigge (1890-1892) found an origin from C1, C3 and
C4, and we found an origin from C1 to C5 in one specimen of
H. lar and from C1to C3 or C1 to C4 in one specimen of H. gabriel-
lae, while Schuick (1913b) reported an origin from C1to C3 in three
H. syndactylus specimens. In Pongo Church (1861-1862) described
an origin from C1 and Duvernoy (1855-1856) and Primrose (1899,
1900) from C1 to C3, while Hepburn (1892), Schiick (1913b), Sonn-
tag (1924a) and Sullivan & Osgood (1927), as well as ourselves,
found an origin from C1 to C4, and Stewart (1936) reported an ori-
gin from C1 to C5; interestingly, Fick (1895a,b) stated that the ori-
gin of the muscle extended to C7. Regarding Gorilla, Deniker
(1885), Hepburn (1892), Pira (1913), Raven (1950) and Preuschoft
(1965) found an origin from C1 to C4, as we did, and Duvernoy
(1855-1856), Sommer (1907) and Stewart (1936) from C1 to C5.
Macalister (1873) stated that in the gorilla specimen dissected by
him the origin was from C4 to C6, but this seems rather unlikely,
because in all the other gorilla specimens, as well as in the vast
majority of other hominoids, the levator scapulae is always par-
tially originated from the atlas and the other anterior cervical ver-
tebrae. In a few modern humans the muscle does not attach onto
C1 and/or does reach C7, but in most cases it originates from C1 to
C4 (more often) or from C1 to C3 (less often; e.g. Gibbs, 1999).
Concerning Pan, Sonntag (1923) described an origin from C1 to C5
and Swindler & Wood (1973) from C1 to C4, and an origin from C1
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to C4 was also found in one side of the specimen described by
Miller (1952), but in the other side of this specimen, as well as in
one side of the specimen dissected by Stewart (1936) and in the
three specimens reported by Schick (1913b) and the specimens
described by Hepburn (1892), the origin was from C1 to C3. In the
chimpanzees described by Gratiolet & Alix (1866) it was from C2 to
C3, while in one side of the specimen dissected by Stewart (1936)
and in the specimen analyzed by Champneys (1872) it was from C1
to C2 only. According to Miller (1943), the ‘levator scapulae’ origi-
nates from C1 to C4 in Nycticebus bengalensis and N. coucang.
However, as many other authors, Miller (1943) often considered
the levator scapulae as part of the serratus anterior, and it is some-
times difficult to discern if she was referring to the whole levator
scapulae sensu the present work, or to just part of it (see also com-
ments above). In fact, although it was difficult to analyze this fea-
ture in our dissections, in our N. pygmaeus VU NP1 and VU NP2
specimens the muscle did not extend posteriorly to C5, but in our
N. coucang SDZ NC43129 specimen the muscle did extend to C6 or
C7. Therefore, until more information is available about Nyctice-
bus, we prefer to code this taxon as ‘?".

72. Levator claviculae is not a distinct muscle (L 1, AUTAPOMOR-
PHY). [0] Non-primate taxa such as Rattus, Cynocephalus and
Tupaia, as well as all non-human primates included in this anal-
ysis, have a levator claviculae (this muscle was found in all speci-
mens of CS-0 dissected by us and described in the literature
reviewed by us, except in one specimen of Hylobates moloch
reported by Kohlbrigge, 1890-1892). [1] In Homo the levator
claviculae is usually not present as distinct muscle.

73. Atlantoscapularis posticus is a distinct muscle (L 1, AUTAPO-
MORPHY). There has been much confusion in the literature
about the atlantoscapularis posticus. Following Jouffroy (1971),
Ziemer (1972) and Dunlap et al. (1985), in the present work we
use strict criteria to recognize a distinct atlantoscapularis posti-
cus: (i) when its insertion is clearly lateral and/or dorsal to that
of the main body of the levator scapulae, and (ii) when there
are three distinct, separate slips originating from the atlas to
the shoulder (i.e. one from the levator claviculae, one from the
levator scapulae, and one from the atlantoscapularis posticus).
[0] In non-primate taxa such as Rattus and Cynocephalus as well
as in all primates included in this analysis the atlantoscapularis
posticus is usually not present as a distinct muscle. [1] Within all
the taxa studied by us, only Tupaia has a distinct muscle atlanto-
scapularis posticus sensu the present work (e.g. Le Gros Clark,
1924; Jouffroy, 1962; Kladetsky & Kobold, 1966; George, 1977;
our dissections). It should be noted that in primate literature
some authors use the name ‘atlantoscapularis posticus’ to desig-
nate the most anterior head of origin of the levator scapulae
(from C1; e.g. the descriptions of Macaca by Haughton, 1864,
1865; Howell & Straus, 1933; and Kajiyama, 1970). However, in
all primates dissected by us in which the levator scapulae is par-
tially originated from C1 the head of origin that originates from
this vertebra is basically similar to the other levator scapulae
heads (originating from other cervical vertebrae), and is almost
always fused to these heads distally, clearly forming a single
muscular belly (of the muscle levator scapulae) that attaches
onto the superior angle of the scapula. This condition is thus
clearly different from that found in Tupaia, in which the atlan-
toscapularis posticus is well separated from, and does not insert
onto the same region of the scapula in which inserts the, muscle
levator scapulae (see above). [-] This character is inapplicable in
taxa where the levator claviculae and/or levator scapulae are
not present as distinct muscles.

74. Levator claviculae inserts onto the clavicle (L 2, Cl 50, Rl 75).
[0] In non-primate taxa such as Rattus, Cynocephalus and Tu-
paia, as well as in primates such as Lemur, Propithecus, Loris,
Nycticebus, Tarsius, Aotus, Callithrix, Pithecia, Saimiri, Macaca,
Cercopithecus and Papio, the levator claviculae usually attaches
onto the scapula, acromion and/or the acromioclavicular joint,
but not directly onto the clavicle. This was corroborated in Rat-
tus, Cynocephalus, Tupaia, Lemur, Propithecus, Tarsius, Aotus,
Callithrix and Pithecia by Burmeister (1846), Murie & Mivart
(1872), Barnard (1875), Leche (1886), Allen (1897), Le Gros Clark
(1924), Woollard (1925), Beattie (1927), Campbell (1937), Greene
(1935), Hill (1957), Jouffroy (1962), Jouffroy (1975), Ashton &
Oxnard (1963), Ziemer (1972), George (1977), Schultz (1984),
Dunlap et al. (1985) and by us. In the Saimiri sciureus GWUANT
SS1 specimen dissected by us a few fibers attached onto the
sternal end of the clavicle, but in the specimens of this and
other Saimiri species dissected by Campbell (1937), Ashton &
Oxnard (1963) and Dunlap et al. (1985) there was no attach-
ment onto the clavicle, so this latter configuration seems to rep-
resent the usual condition for this genus. Regarding Macaca,
Haughton (1864) did describe a partial insertion of the levator
claviculae onto the clavicle in a specimen of Macaca sp., but in
all the other Macaca specimens that he described in his (1965)
paper, and dissected by Schtick (1913b), Howell & Straus (1933),
Patterson (1942) and Ashton & Oxnard (1963) and by us, the
muscle did not attach directly onto the clavicle. Regarding Pa-
pio, Champneys (1872) reported an insertion onto the clavicle in
the single P. anubis dissected by him, but in all the P. anubis
specimens dissected by Swindler & Wood (1973) and by us, as
well as in the specimens of P. hamadryas dissected by Miller
(1932), of P. cynocephalus reported by Schiick (1913b) and of
Papio sp. described by Ashton & Oxnard (1963), the insertion
was always onto the scapula only. Concerning Cercopithecus,
the insertion seems to be exclusively onto the scapula, as noted
by Haughton (1864, 1865) and Miller (1932) and illustrated by
Hill (1966), although in our C. diana GWUANT CD1 specimen
the muscle was also partially inserted onto the lateral extremity
of the clavicle. Mivart & Murie (1865) and Murie & Mivart (1872)
suggested that in Loris tardigradus the levator claviculae inserts
onto the acromial end of the clavicle, but in all the specimens
of this species dissected by Schick (1913b), Miller (1943) and by
us, the insertion is onto the acromion and acromioclavicular
articulation (and thus not directly onto the clavicle). Barnard
(1875) and Ashton & Oxnard (1963) reported that the muscle
inserts onto the acromial end of the clavicle in ‘Nycticebus sp.’,
but it is difficult to discern if the specimens dissected by them
are really members of the genus Nycticebus as currently defined.
In fact, in the two N. bengalensis specimens and the single
N. coucang specimen dissected by Miller (1943), as well as in the
two N. coucang and the single N. pygmaeus specimens in which
we could analyze this feature in detail, the muscle inserted onto
the acromion and acromioclavicular articulation only (at first
sight, the muscle does seem to attach onto the clavicle, but a
detailed analysis does reveal that it does actually not attach
directly onto this bone). Therefore, the usual condition for Loris
and Nycticebus is that there is no direct attachment onto the
clavicle; these two taxa are coded as CS-0. [1] In Colobus and
non-human hominoids the levator claviculae is at least partially
attached onto the clavicle. It should be noted that Ashton &
Oxnard (1963) stated that in the two specimens of Colobus sp.
dissected by them the levator claviculae did insert onto the
scapula only. However, in the various Colobus specimens dis-
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sected by Polak (1908) the insertion was also onto the lateral
margin of the clavicle, and this was corroborated by our dissec-
tions of Colobus, in which the muscle was, in fact, partially
inserted onto more than the lateral 1/3 of the clavicle. There-
fore, Colobus often has an insertion onto the clavicle, being
coded as CS-1. [-] This character is inapplicable in Homo,
because the levator claviculae is usually not present as a distinct
muscle.

75. Levator claviculae inserts deep to the insertion of the trape-
zius (L 3, CI 33, RI 77). [0] In non-primate taxa as, e.g. Rattus,
Cynocephalus and Tupaia, as well as in primates such as Lemur,
Propithecus, Loris, Nycticebus, Tarsius, Aotus and Callithrix, the
distal insertion of the levator claviculae is usually superficial
(lateral and/or dorsal) to the trapezius (or acromiotrapezius
and/or spinotrapezius, when the spinotrapezius is present as a
distinct muscle). This was corroborated in Lemur, Propithecus,
Loris, Nycticebus and Tarsius by Murie & Mivart (1872), Milne-
Edwards & Grandidier (1875), Miller (1943), Jouffroy (1962,
1971), Jouffroy (1975), Ashton & Oxnard (1963), Kladetsky &
Kobold (1966), Niemitz et al. (1984), Schultz (1984), and by us,
in Callithrix by Ashton & Oxnard (1963), Dunlap et al. (1985)
and by us, and in Aotus by Campbell (1937), Dunlap et al.
(1985) and by us (note that Ashton & Oxnard, 1963 confusingly
reported an insertion deep to the trapezius in Aotus, but their
plate 1 shows an Aotus specimen in which the levator claviculae
passes superficially to the trapezius, as found in the Aotus speci-
mens dissected by other authors and by us). [1] As reported by
Schick (1913a,b), Stewart (1936), Ashton & Oxnard (1963) and
Jouffroy (1971), in all non-human catarrhines included in the
analysis, but also in a few other primates such as Saimiri and
Pithecia, the levator claviculae is usually deep to (covered either
laterally or dorsally by) the trapezius. This configuration was
found in Saimiri by Howell & Straus (1933), Campbell (1937),
Dunlap et al. (1985) and by us, in Pithecia by Ashton & Oxnard
(1963), Ziemer (1972) and by us, in Macaca, as shown in fig. 40
of Howell & Straus (1933) and found by Patterson (1942) and by
us, in Cercopithecus as shown in fig. 40 of Hill (1966) and cor-
roborated by us, in Colobus as described by Polak (1908) and
Ashton & Oxnard (1963) and found by us, and in Papio, as
shown in fig. 31 of Hill (1970), described by Champneys (1872),
and found in our dissections. Regarding Hylobates, our observa-
tions agree with the description of Kohlbriigge (1890-1892),
Schick (1913a,b), Stewart (1936), Ashton & Oxnard (1963) and
Andrews & Groves (1976), according to which the levator clavic-
ulae is deep to the trapezius. Concerning Pongo, Andrews &
Groves (1976) stated that the levator claviculae is mainly lateral
to the trapezius, but Schuck’s (1913a,b), Sullivan & Osgood’s
(1927), Stewart’s (1936), Kallner's (1956) and Ashton & Oxnard'’s
(1963) descriptions and our observations indicate that it is in
fact usually deep to the trapezius. Concerning Gorilla, Andrews
& Groves (1976) stated that the levator claviculae passes later-
ally to the trapezius, but Schiick (1913a,b) stated that it is actu-
ally deep to the trapezius, a statement corroborated by the
descriptions of Deniker (1885), Sommer (1907), Raven (1950),
Preuschoft (1965) and Jouffroy (1971) and by our dissections.
Concerning Pan, Miller (1952) and Andrews & Groves (1976) sta-
ted that it is lateral to the trapezius but most authors, e.g.
Champneys (1872), Schuck (1913a,b) and Ashton & Oxnard’s
(1963), agree with our observations that the levator claviculae
is usually mainly deep to the trapezius. [-] This character is inap-
plicable in Homo, because the levator claviculae is not present
as a distinct muscle.
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76. Levator claviculae inserts onto a more medial portion of the
clavicle (L 1, uninformative). As described by Deniker (1885),
Chapman (1900) and Schiick (1913a,b), and quantitatively shown
by Stewart (1936; i.e. position index from acromial end of clavi-
cle is 18.3 in Hylobates, contrary to, e.g. 38.2 and 38.4 in Gorilla
and Pan, respectively), and corroborated by our own dissections,
in Hylobates [0] the insertion of the levator claviculae on the
clavicle is considerably more lateral than in other non-human
hominoids and in Colobus [1]. In the Colobus specimen dissected
by us, the insertion is onto more than the lateral 1/3 of the
clavicle. In Hylobates, according to Deniker (1885), Kohlbrigge
(1890-1892), Schuick (1913a,b), Chapman (1900) and Stewart
(1936) and to our observations, the insertion is usually near the
acromial extremity of the clavicle or even onto the acromiocla-
vicular joint. In Pongo, according to Primrose (1899, 1900), the
insertion is at the junction of the middle and lateral third of the
bone, according to Sullivan & Osgood (1927) is lateral to the
middle of the clavicle, and according to Schick (1913a,b), Mi-
chaélis (1903) and Kallner (1956) is onto the pars acromialis of
the clavicle. In Gorilla it is just lateral to the midpoint of the
clavicle according to Stewart (1936), and lies basically in the
midpoint according to our dissections. In Pan it is to the lateral
1/3 of the clavicle according to Gratiolet & Alix (1866), to the
lateral 1/2 of the clavicle according to Champneys (1872), to a
point just lateral to the middle of the clavicle according to
Stewart (1936), and to the middle third of the clavicle according
to Miller (1952). [-] This character is inapplicable in taxa where
the levator claviculae is not present as a distinct muscle or
where this muscle is present but does not insert onto the
clavicle.

77. Subclavius originates from the third rib (L 1, AUTAPOMOR-
PHY). [0] In non-primate taxa such as Rattus, Tupaia and Cyno-
cephalus, as well as in all non-hylobatid primates included in
this analysis, the subclavius usually originates from the first rib,
its costal cartilage and/or surrounding structures and, more
rarely, from the sternum and/or the second rib, but usually does
not originate from the third rib. The descriptions in the litera-
ture as well as our dissections consistently show that the muscle
usually does not originate from rib 2 and/or rib 3 in Rattus, Cy-
nocephalus, Tupaia, Lemur, Propithecus, Loris, Nycticebus, Tar-
sius, Aotus, Callithrix, Pithecia, Saimiri, Macaca, Papio, Colobus,
Cercopithecus, Gorilla and Pan. Regarding Pongo, Hepburn
(1892) and Sonntag (1924b) referred to an origin from ribs 1
and 2, and this was followed by Gibbs (1999) and Gibbs et al.
(2002), but in the specimens dissected by Primrose (1899, 1900),
Sullivan & Osgood (1927), Stewart (1936) and Kallner (1956), the
origin is from rib 1 only. Be that as it may, the origin is usually
not from rib 3 in Pongo. [1] In hylobatids the origin of the sub-
clavius often extends to rib 3 and/or its costal cartilage, as
described by Kohlbriigge (1890-1892), Hepburn (1892), Sonntag
(1924b), Miller (1932), Andrews & Groves (1976) and Michilsens
et al. (2009) and corroborated by our own dissections of the
H. lar specimen HU HL1. It should be noted that Michilsens et al.
(2009) only reported such an origin from rib 3 in the three
H. lar specimens dissected by them, i.e. they did not report an
origin from this rib in the two H. pileatus, the two H. moloch,
and the four H. syndactylus that they analyzed. Also, in the fetal
Hylobates specimen dissected by Deniker (1885) there was no
origin from rib 3. However, Andrews & Groves (1976) reviewed
information regarding all the hylobatid specimens dissected by
them and by Bischoff (1870), Ruge, 1890-1891; Kohlbriigge
(1890-1892), Gronroos (1903), Plattner (1923), Kanagasuntheram
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(1952-1954) and Ashton & Oxnard (1963), and concluded that in
H. syndactylus the muscle usually originates from ribs 2 to 3, in
H. hoolock from ribs 1 to 2, in H. muelleri from ribs 2 to 3, in
H. moloch from ribs 2 to 3 and in H. agilis from ribs 2 to 3, thus
indicating that apart from H. lar, such an origin from rib 3 also
often occurs in members of various other hylobatid species.
Gibbs (1999) and Gibbs et al. (2002) used this character, but in a
different way, for instance coding the origin from rib 1 (and
not from ribs 2 and/or 3) as the derived condition. This was an
erroneous coding because this is the plesiomorphic condition
for primates, for anthropoids, and for catarrhines (see above).

78. Pectoralis major has no clavicular origin (L 4, Cl 25, Rl 57).
[0] In non-primate taxa as, e.g. Tupaia, Rattus and Cynocephalus
and primates such as Lemur, Propithecus, Tarsius and Colobus
(e.g. Burmeister, 1846; Murie & Mivart, 1872; Barnard, 1875;
Polak, 1908; Woollard, 1925; Jouffroy, 1962; Jouffroy, 1975; Ash-
ton & Oxnard, 1963; our dissections) and hominoids other than
orangutans, the pectoralis major is usually at least partially orig-
inated from the clavicle (in a few specimens of these genera of
CS-0, e.g. in two of the gorillas dissected by Preuschoft, 1965;
there is no bony origin from the clavicle, but these cases are a
rare anomaly within these genera). Some authors (e.g. George,
1977) stated that in Tupaia the pectoralis major does not origi-
nate from the clavicle, but this is because the clavicular head of
this muscle is usually deeply blended to the deltoid complex
and is thus not often considered to be a part of the pectoralis
major: in the Tupaia specimens dissected by Jouffroy (1962) and
by us, as well as in other tree-shrews such as Ptilocercus (e.g. Le
Gros Clark, 1926), part of the pectoralis major does originate
from the clavicle. [1] In Loris, Nycticebus, Aotus, Callithrix, Sai-
miri, Macaca, Cercopithecus and Pongo, however, there is usu-
ally no clavicular origin of the pectoralis major. According to
Mivart & Murie (1865), Murie & Mivart (1872), Barnard (1875),
Huntington (1903), Tschachmachtschjan (1912), Beattie (1927),
Campbell (1937), Miller (1943), Ashton & Oxnard (1963), Dunlap
et al. (1985), and our dissections in Loris, Nycticebus, Aotus, Cal-
lithrix, and Saimiri the pectoralis major is partially originated
from the sternoclavicular joint, but not directly from the clavi-
cle, although Schroeder van der Kolk & Vrolik (1851) stated that
a clavicular origin might be found in ‘Stenops’ (which, at that
time, included species that are now assigned to both Loris and
Nycticebus). The lack of a clavicular origin is also found in
Macaca according to Howell & Straus (1933), Patterson (1942),
Matsuo (1959) and our dissections, although a few specimens of
this genus might have a partial origin from the clavicle as
reported by Tschachmachtschjan (1912). In Cercopithecus there
is usually no clavicular origin of the pectoralis major, as noted
by Hill (1966) and corroborated by our dissections. Some authors
(e.g. Church, 1861-1862; Sonntag, 1924a; Ashton & Oxnard,
1963; Andrews & Groves, 1976) described a very small clavicular
origin of the pectoralis major in orangutans, but most authors
(e.g. Chapman, 1880; Hartmann, 1886; Hepburn, 1892; Beddard,
1893; Fick, 1895a,b; Primrose, 1899, 1900; Michaélis, 1903; Sulli-
van & Osgood, 1927; Stewart, 1936; Kallner, 1956; Stern et al.
1980a) agree that usually in orangutans usually there is no cla-
vicular origin of the pectoralis major, and this was corroborated
by our dissections of Pongo). In the two Pithecia specimens dis-
sected by Ashton & Oxnard (1963) and in two of the five speci-
mens dissected by Ziemer (1972) there was no clavicular origin,
but in the other three specimens dissected by Ziemer (1972)
there was a clavicular origin, and such an origin was seemingly
also found in at least one side of the Pithecia GWUANT PP1

specimen dissected by us (but not on the only - right — side that
we dissected in the Pithecia VU PP1 specimen); therefore, this
genus is coded as ‘?'. Champneys (1872), MacDowell (1910) and
Hill (1970) have reported the presence of a few fibers originat-
ing from the clavicle in two specimens of Papio cynocephalus
and P. anubis, but in the specimens of this genus dissected by
Hill (1970), the specimens of P. anubis dissected by Huntington
(1903) and by Swindler & Wood (1973), of P. papio dissected by
Michaélis (1903), and of Papio sp. dissected by Ashton & Oxnard
(1963), there was no bony origin from the clavicle. As in the
P. anubis dissected by us there was a partial insertion from the
clavicle, it is difficult to discern what is the usual condition for
Papio; this genus is thus coded as ‘?".

79. ‘Pectoralis tertius’ a distinct muscle (L 1, AUTAPOMORPHY).
[0] Plesiomorphically in mammals there is usually no ‘pectoralis
tertius’ (this structure, which is also named as ‘xiphiuhumeralis’,
corresponds to part of the ‘entopectoralis’ sensu Lander, 1918).
[1] As described by Greene (1935) and corroborated by our dis-
sections, in Rattus there is a distinct ‘pectoralis tertius’, which
usually runs from the xiphoid process to the coracoid process of
the scapula. It should be noted that Huntington (1903)
described an ‘intermediate entopectoralis slip’ in one specimen
of Callithrix jacchus, which could possibly be homologous to the
‘pectoralis tertius’ of rats. However, the presence of this struc-
ture in Callithrix clearly seems to constitute an anomaly, and
this genus is thus coded as CS-0 (e.g. Beattie, 1927; Ashton &
Oxnard, 1963; Dunlap et al. 1985; our dissections).

80. Pectoralis major inserts onto the coracoid process (L 1, AU-
TAPOMORPHY). [0] In non-primate taxa such as Rattus, Tupaia
and Cynocephalus and in most primates the pectoralis major
(including its abdominal head) inserts mainly onto the proximal
region of the humerus and surrounding structures and not onto
the coracoid process of the scapula. Hill (1970) stated that in Pa-
pio the ‘pectoralis abdominis’ (which corresponds to the abdom-
inal head of the pectoralis major sensu the present work)
usually inserts onto the coracoid process of the scapula, but in
all the Papio specimens dissected by other authors (e.g. Hun-
tington, 1903; MacDowell, 1910; Swindler & Wood, 1973) and
by us this structure clearly inserts onto the humerus and not
onto the coracoid process. [1] As described by Hartmann (1886),
Stewart (1936), Raven (1950) and Preuschoft (1965), and corrob-
orated by our dissections, in Gorilla the abdominal head of the
pectoralis major is usually at least partially inserted onto the
coracoid process.

81. Pectoralis major is blended with the biceps brachii (L 2, Cl
50, RI 0). [0] In non-primate taxa such as Rattus, Tupaia and Cy-
nocephalus and in most primates the pectoralis major is usually
not blended with the biceps brachii. [1] In Gorilla (according to,
e.g. Deniker, 1885; Duckworth, 1898; Miller, 1932; Stewart,
1936; Raven, 1950 and Preuschoft, 1965; but not to our dissec-
tion of VU GG1) and Hylobates (e.g. Kohlbriigge, 1890-1892;
Ruge, 1890-1891; Miller, 1932; Howell & Straus, 1932; Andrews
& Groves, 1976; Jungers & Stern, 1981; Payne, 2001; Michilsens
et al. 2009; our dissections) the abdominal head of the pectoral-
is major is usually blended with the biceps brachii.

82. Pectoralis major has a pars capsularis in at least some speci-
mens (L 1, CI 100, RI 100). As noted by Campbell (1937) and Zi-
emer (1972), contrary to taxa of CS-0 [0], in at least some
specimens of various platyrrhine genera, including Aotus, Sai-
miri and Pithecia [1], there is a distinct pars capsularis of the
pectoralis major, which lies laterally to the main body of the
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muscle and, at least in some members of Pithecia according to
Ziemer (1972) and to our dissections, is separated from this main
body by the cephalic vein. The pars capsularis inserts mainly
onto the gleno-humeral capsule (thence the name pars capsular-
is: e.g. fig. 22 of Ziemer, 1972) and the delto-pectoral crest of
the humerus. According to Campbell (1937), this pars capsularis
was apparent to some extent in all the numerous platyrrhines
dissected by him (including Aotus and Saimiri), being more evi-
dent in Aotus, Saimiri and Alouatta. The pars capsularis was
present as a distinct structure on one side of a Pithecia specimen
dissected by Ziemer (1972) and was seemingly also present in at
least one side of our Pithecia GWUANT PP1 specimen. As Camp-
bell (1937) and Ziemer (1972) did not refer to Callithrix, it is not
clear if the pars capsularis that they found in other New World
monkeys is present, or not, in at least some specimens of this
taxon, although in the descriptions of Huntington (1903) and
Beattie (1927) they do not refer to this structure (but the works
of these latter authors did also not address in detail the pres-
ence/absence of this particular structure). We could not find
this structure in the Callithrix GWUANT CJ1 specimen dissected
by us. Therefore, until more information is available Callithrix is
coded as '?".

83. Pectoralis minor inserts onto the coracoid process (L 6, Cl 16,
RI 28). [0] Plesiomorphically in mammals the pectoralis minor
attaches mainly onto the proximal region of the humerus
and/or surrounding structures, and does not insert directly onto
the coracoid process of the scapula; this configuration is found
in monotremes and in numerous other non-primate mammals,
including Tupaia (e.g. Diogo et al. 2009a). It is also usually
found in Lemur, Propithecus, Loris, Nycticebus and Tarsius
according to, e.g. Vrolik (1841), Burmeister (1846), Cuvier & Lau-
rillard (1849), Mivart & Murie (1865), Murie & Mivart (1872), Bar-
nard (1875), Huntington (1903), Lander (1918), Woollard (1925),
Miller (1943), Jouffroy (1962), Jouffroy (1975), Ashton & Oxnard
(1963), Schultz (1984) and our dissections, although, contrary to
other authors, Tschachmachtschjan (1912) described an insertion
of the pectoralis minor onto both the shoulder joint capsule
and the coracoid process in a specimen of Loris tardigradus and
a specimen of Lemur catta. In the five Pithecia specimens dis-
sected by Ziemer (1972) and the GWUANT PP1 and VU PP1
Pithecia specimens dissected by us the insertion was always onto
the humerus and shoulder capsule, although a partial insertion
onto the coracoid process was reported in two Pithecia speci-
mens by Ashton & Oxnard (1963) and a Pithecia specimen by
Barnard (1875); in overall, there was no insertion onto this pro-
cess in seven out of 10 Pithecia specimens, and this taxon is
coded as CS-0. A partial insertion onto the coracoid process was
described in a specimen of Callithrix penicillata by Barnard
(1875) and five specimens of Callithrix sp. by Ashton & Oxnard
(1963), but in the Callithrix jacchus specimens reported by Win-
dle (1886a,b; one specimen), Huntington (1903; one specimen),
Lander (1918; one specimen), Beattie (1927; 14 specimens), and
dissected by us (GWUANT CJ1: one specimen) there was no
direct insertion onto the coracoid process; so, overall, there was
no insertion onto this process in 18 out of 24 Callithrix speci-
mens, and this taxon is coded as CS-0. There is also usually no
attachment onto the coracoid process in Cercopithecus (e.g. Hill,
1966; our dissections) and in Colobus (within the specimens dis-
sected by Polak, 1908), the two specimens dissected by Ashton
& Oxnard, 1963) and the specimen dissected by us, a partial
insertion onto the coracoid process was only found in one of
the specimens described by Ashton & Oxnard, 1963; although in
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other Colobinae the insertion usually extends to this process
according to Schultz, 1986). In some of the Pan described by
Gratiolet & Alix (1866), Humphry (1867), Macalister (1871),
Barnard (1875), Hartmann (1886), Beddard (1893), Lander
(1918), Miller (1952) and Andrews & Groves (1976) and dissected
by us, some fibers of the pectoralis minor may insert onto the
coracoid process, but even in these cases the great majority of
the fibers of this muscle insert onto other structures such as the
shoulder capsule. Moreover, in the Pan specimens described by
most authors (e.g. Wyman, 1855; Huxley, 1864; Broca, 1869;
Champneys, 1872; Chapman, 1879; Sutton, 1883; Hepburn, 1892;
MacDowell, 1910; Sonntag, 1923, 1924b; Miller, 1932; Ziegler,
1964; Swindler & Wood, 1973) there is no attachment at all
onto the coracoid process (interestingly, in a few Pan specimens,
such as one specimen described by Wilder (1862), the pectoralis
minor does insert onto the coracoid process on one side of the
body, while on the other side of the body it inserts onto the
greater tuberosity of the humerus instead). In summary, it can
be said that the usual condition for Pan is that in which there is
no direct attachment onto the coracoid process, so this taxon is
coded as CS-0 (according to Ashton & Oxnard, 1963; in 76% of
Pan there is effectively no insertion onto the coracoid process).
[1] In Rattus and Cynocephalus (e.g. Greene, 1935; our dissec-
tions) as well as in Aotus, Saimiri, Hylobates, Pongo, Gorilla and
modern humans the pectoralis minor is at least partially inserted
onto the coracoid process. A partial insertion onto this process
was found in Aotus and Saimiri by Campbell (1937), Ashton &
Oxnard (1963) and by us. This is also the common condition for
hylobatids, as stated by Bischoff (1870), Deniker (1885), Kohl-
brigge (1890-1892), Andrews & Groves (1976) and Michilsens
et al. (2009) and corroborated by our dissections, and according
to Ashton & Oxnard (1963) this is also the case in 75% of
orangutans and all gorillas. In the orangutans dissected by us
there was an insertion onto the coracoid process, and such an
insertion was also reported in orangutans by Hartmann (1886),
Hepburn (1892), Fick (1895a,b), Kohlbrigge (1897), Sonntag
(1924a), Sullivan & Osgood (1927) and Kallner (1956), and found
in the gorillas described by Macalister (1873), Barnard (1875),
Deniker (1885), Hartmann (1886), Hepburn (1892), Stewart
(1936), Raven (1950), and Preuschoft (1965), and dissected by us.
Within different species of Macaca there seems to be a remark-
able variation of this feature, so until we obtain more data, we
prefer to code this genus as ‘?'. For instance, Ashton & Oxnard
(1963) showed how in all of the specimens of some species of
this genus, e.g. M. mulatta, there is no insertion onto the cora-
coid process, while in all of the specimens of species such as
M. cyclopis there is a partial insertion onto this process. Howell
& Straus (1933) stated that in M. mulatta there is effectively no
insertion onto the coracoid process, and Lander (1918) states
that in M. nemestrina there is also no insertion onto this pro-
cess, while a partial insertion onto this process was reported by
Haughton (1865) in M. nemestrina, by Barnard (1875) in M. fas-
cicularis, by Patterson (1942) in M. nigra, and by Matsuo (1959)
in M. cyclopis. Regarding Papio, there is no insertion onto the
coracoid process in the specimens of P. anubis dissected by
Lander (1918) and Swindler & Wood (1973; insertion only onto
capsule of shoulder joint), of P. hamadryas dissected by Miller
(1932; insertion only onto ‘coracoid ligaments’), and of Papio
sp. Dissected by Ashton & Oxnard (1963; insertion only onto
capsule of shoulder joint and humerus). However, Champneys
(1872) described an insertion onto both the coracoid process
and humerus in one specimen of P. anubis, and, his review of
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the myology of Papio, Hill (1970: p. 106) stated that in this
genus the insertion of the pectoralis minor is ‘invariably on to
the coracoid process’. It should however be noted that, as
explained above, Hill (1970) stated that in Papio the ‘pectoralis
abdominis’ (i.e. the abdominal head of the pectoralis major
sensu the present work), also inserts onto the coracoid process
of the scapula, but the descriptions of Papio provided by all
other authors (e.g. Huntington, 1903; MacDowell, 1910; Swin-
dler & Wood, 1973), as well as our dissections, clearly show that
in Papio the ‘pectoralis abdominis’ usually inserts onto the
humerus, and not onto the coracoid process. Therefore, it is
possible that Hill (1970) had made some confusion and thus that
his statement regarding the insertion of the pectoralis minor
onto the coracoid process is erroneous. However, we did find a
partial insertion of the pectoralis minor in the Papio specimen
dissected by us so, until more data is available on the taxonomic
distribution of this feature within this genus, we code Papio as
i

84. Pectoralis minor inserts onto the clavicle (L 1, AUTAPOMOR-
PHY). Contrary to taxa of CS-0 [0], in Hylobates [1] the pecto-
ralis minor is often at least partially inserted onto the clavicle
(this was corroborated by Hepburn, 1892; Sonntag, 1924b;
Stewart, 1936; Gibbs, 1999; Michilsens et al. 2009; and by us,
although such an insertion onto the clavicle was not reported
in the fetal hylobatid specimen dissected by Deniker, 1885 and
in the three hylobatid specimens examined by Kohlbrlgge,
1890-1892).

85. Panniculus carnosus is not a distinct muscle (L 2, Cl 50, RI
80). [0] Non-primate mammals such as Cynocephalus, Rattus, Tu-
paia as well as numerous non-hominoid primates, including
Lemur, Propithecus, Loris, Nycticebus, Tarsius, Aotus, Callithrix,
Saimiri, Macaca, Colobus, Cercopithecus and Papio, have a pan-
niculus carnosus. [1] As described by Jouffroy (1971) and corrob-
orated by our dissections, hominoids normally do not have a
panniculus carnosus. This muscle was also missing in the five
Pithecia specimens dissected by Ziemer (1972) and the two
Pithecia specimens dissected by us, so Pithecia is coded as CS-1.
86. Deltoideus is a single, continuous muscle (L 3, Cl 33, Rl 60).
[0] In most non-primate mammals the deltoideus complex is
usually divided into a deltoideus scapularis and a deltoideus acr-
omialis et clavicularis, the latter being sometimes further differ-
entiated into two distinct muscles, the deltoideus acromialis and
the deltoideus acromialis. In Rattus, as well as in various other
rodents (e.g. Bryant, 1945; Jouffroy, 1971), there is usually a
muscle deltoideus scapularis and a muscle deltoideus acromialis
et clavicularis, which is often designated in the literature as ‘ac-
romiodeltoideus’ or ‘cleidobrachialis’ (e.g. fig. 69 of Greene,
1935; fig. 2.3 of Walker & Homberger, 1997; our dissections). A
similar configuration is usually found in dermopterans and in
tree shrews such as Tupaia and Ptilocercus (e.g. fig. 5 of Kladet-
sky & Kobold, 1966; fig. 8 of Lecher 1886; George, 1977; our dis-
sections). As explained by Parsons (1898b), Miller (1932) and
Jouffroy (1971), and corroborated by our dissections, the deltoi-
deus scapularis and the deltoideus acromialis et clavicularis are
usually also present as distinct muscles in Tarsius (e.g. fig. 10.9
of Schultz, 1984) and Lemur (e.g. fig. 10 of Kladetsky & Kobold,
1966), as well as in at least some members of other strepsirrhine
genera, including Varecia (e.g. fig. 26 of Jouffroy, 1962), Galago
(e.g. fig. 7 of Stevens et al. 1977), and Eulemur (e.g. fig. 2 of pl.
32 of Huntington, 1897). It should be noted that the structure
that was designated in these latter primate taxa as ‘a pars su-
perficialis of the infraspinatus’ (e.g. by Burmeister, 1846, Wool-

lard, 1925; and Schultz, 1984) clearly corresponds to the
deltoideus scapularis sensu the present work, because (i) it is
mainly originated from the scapular spine, (ii) it inserts onto the
proximal portion of the humerus, including an area that is distal
to the greater tuberosity according to Schultz (1984), and partic-
ularly because (iii) it is innervated by the axillary nerve, as
described by this latter author. This is also corroborated by the
detailed study of Kladetsky & Kobold (1966: e.g. their fig. 10).
The structure that was named ‘deltoideus’ in Tarsius, by Burmei-
ster (1846), Woollard (1925) and Schultz (1984), thus corre-
sponds to the deltoideus acromialis et clavicularis sensu the
present work. [1] As explained by Parsons (1898b), Miller (1932),
and Jouffroy (1971), and corroborated by our dissections, in all
the anthropoid primates included in this analysis, as well as in
strepsirrhine primates such as Propithecus (e.g. Jouffroy, 1962;
our observations; also in Daubentonia according to Jouffroy,
1962), Loris (e.g. Miller, 1943; our dissections) and Nycticebus
(e.g. Miller, 1943; our observations), there is a single deltoideus
muscle. That is, in these taxa the deltoideus scapularis is not
present as a distinct, separate muscle, being instead partially (in
those cases in which it constitutes the pars spinalis of the mainly
undivided muscle deltoideus) or even completely (in those cases
in which the muscle deltoideus is not divided) fused with the
other portions of the deltoid complex.

87. Teres minor is not a distinct muscle (L 1,AUTAPOMORPHY).
[0] In taxa of CS-0 the teres minor is usually present as a distinct
muscle, although in some specimens of these genera it may be
partially blended with the infraspinatus and/or other structures
(for instance, in Tarsius the teres minor is blended with the in-
fraspinatus in such a way that it is sometimes said to be missing
- e.g. in the two specimens of Schultz, 1984 and one specimen
of Woollard, 1925 - but in most specimens of this genus the
teres minor is present as a distinct, although thin, muscle: e.g.
in three specimens dissected by Woollard, 1925; Burmeister,
1846; Miller, 1932; and by us). [1] As described by Kladetsky &
Kobold (1966), Jouffroy (1971), George (1977) and Schmidt &
Schilling (2007), and corroborated by our dissections, in Tupaia
the teres minor is almost always absent as a distinct structure,
being probably fused with the infraspinatus and/or the deltoi-
deus scapularis (e.g. Diogo et al. 2009a).

88. Subscapularis has a distinct pars posterioris (L 1, AUTAPO-
MORPHY). As noted by Kohlbriigge (1890-1892), Kanagasun-
theram (1952-1954) and Andrews & Groves (1976) and
corroborated by our dissections, contrary to taxa of CS-O [0],
hylobatids [1] have a distinct, peculiar pars inferioris of the
subscapularis, which is partially separated, medially, from the
main, anterior portion of the muscle by a ridge of the scapula.
89. Latissimus dorsi and teres major are fused (L 3, Cl 33, Rl 66).
[0] In various non-primate mammals (e.g. Jouffroy, 1971),
including Rattus (e.g. Greene, 1935; our dissections) and Cyno-
cephalus (e.g. Leche, 1866; Chapman, 1902; our dissections) the
distal tendon of the latissimus dorsi passes mainly dorsal to (and
is not fused with) the distal tendon of the latissimus dorsi. This
is also the case in the dissected specimens of the non-catarrhine
primate genera included in this cladistic analysis, and usually
also the case in the members of these genera dissected by other
authors (e.g. Schuick, 1913a; Woollard, 1925; Beattie, 1927;
Campbell, 1937; Miller, 1943; Jouffroy, 1962, 1975; Ashton &
Oxnard, 1963; Ziemer, 1972; Dunlap et al. 1985). Contrary to the
other catarrhines included in this analysis (see below), in Gorilla,
Pan and Homo the distal tendon of the latissimus dorsi often
passes also mainly dorsal to, and is not fused with, the distal
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tendon of the latissimus dorsi. According to Gibbs’ (1999) review
of the literature, this latter configuration is actually found in
1/2 Gorilla (e.g. found by Stewart, 1936; but not by Raven,
1950; who described a partial fusion of the tendons), in 5/8 Pan
(e.g. found by Ziegler, 1964; MacDowell, 1910; Stewart, 1936;
and other authors, but not reported by Gratiolet & Alix, 1866;
Sonntag, 1923; Miller, 1952; Hepburn, 1892; Champneys, 1872;
and Dwight, 1895; who referred to a partial fusion of the ten-
dons), and in the vast majority of modern humans. If we add
Gibbs’ (1999) numbers with the numbers found in our own dis-
sections (no fusion of the distal tendons of the two muscles in
the single gorilla dissected by us and in two of the five chim-
panzees dissected by us) as in recent dissections by J. Potau (no
fusion of the tendons in the two chimpanzee specimens dis-
sected by him: personal communication), the total numbers are:
no fusion in 2/3 Gorilla and in 9/15 Pan. Therefore, it can be
said that, contrary to hylobatids and orangutans (see below),
there is often no fusion in Gorilla, Pan and Homo. [1] In Tupaia
(e.g. George, 1977; our dissections) as well as in the members of
the Old World monkey genera included in the analysis that
were dissected by us and by others (e.g. Polak, 1908; MacDo-
well, 1910; Howell & Straus, 1933; Patterson, 1942; Hill, 1966,
1970), the distal tendons of the latissimus dorsi and of the teres
major are usually partially or completely fused to each other, at
their insertions onto the humerus. This is also the case in the
vast majority of hylobatids (corroborated by, e.g. Hepburn,
1892; Kohlbrgge, 1890-1892; Miller, 1932; Stewart, 1936; Mich-
ilsens et al. 2009; also corroborated by us, although in an adult
Hylobates lar specimen recently dissected by S. Dunlap the ten-
dons seemed to be somewhat separated: personal communica-
tion) and of orangutans (corroborated by, e.g. Hepburn, 1892;
Church, 1861-1862; Barnard, 1875; Beddard, 1893; Primrose,
1899, 1900; Sonntag, 1924a; Sullivan & Osgood, 1927; Kallner,
1956; Ashton & Oxnard, 1963; Miller, 1932; Stewart, 1936; one
of the few exceptions found in the recent literature concerns
the work of Payne, 2001, who suggested that the distal tendons
of the two muscles were not fused in the three orangutans dis-
sected by her; the fusion between the tendons was also found
in one adult Pongo specimen recently dissected by J. Potau, but
the tendons were partially separated in a orangutan neonate
recently dissected by S. Dunlap: personal communication).

Arm muscles

90. Dorsoepitrochlearis has two distinct proximal heads originat-
ing from the latissimus dorsi and the teres major (L 1, AUTAPO-
MORPHY). As described by Le Gros Clark (1924), Jouffroy (1962,
1971), Kladetsky & Kobold (1966) and George (1977) and corrob-
orated by our dissections, contrary to taxa of CS-O [0], Tupaia
(and Ptilocercus and other tree-shrews according to George,
1977) [1] has a peculiar configuration in which the dors-
oepitrochlearis has two distinct proximal heads, one originating
from the teres major and the other from the latissimus dorsi. [-]
This character is inapplicable in modern humans because the
dorsoepitrochlearis is usually not present as an independent
muscle.

91. Dorsoepitrochlearis is not a distinct muscle (L 1, AUTAPO-
MORPHY). Contrary to taxa of CS-O [0], in Homo [1] the dors-
oepitrochlearis is usually not present as a distinct muscle.

92. Dorsoepitrochlearis does not insert onto the olecranon pro-
cess of the ulna (L 1, C/ 100, Rl 100). [0] In most non-primate
eutherian mammals (e.g. Jouffroy, 1971), including Rattus,
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Tupaia and Cynocephalus, and in primates such as Lemur, Propi-
thecus, Loris, Nycticebus, Tarsius, Aotus, Callithrix, Pithecia, Sai-
miri, Macaca, Cercopithecus, Colobus and Papio, the
dorsoepitrochlearis is usually at least partially inserted onto the
olecranon process of the ulna and/or the olecranon fascia. In
Rattus, Greene (1935) reported an insertion onto the medial ep-
icondyle of the humerus only, but more recent works such as
Walker & Homberger (1997) described an at least partial inser-
tion onto the olecranon process. In Cynocephalus and Tupaia
(and also in other tree-shrews such as Ptilocercus), Leche (1886),
Le Gros Clark (1924, 1926), Howell & Straus (1933), Jouffroy
(1962) and George (1977) described an insertion onto the olec-
ranon process. In all the Lemur, Propithecus, Loris, Nycticebus
and Tarsius specimens reported by Burmeister (1846), Murie &
Mivart (1872), Barnard (1875), Allen (1897), Schick (1913a),
Woollard (1925), Miller (1932, 1943), Jouffroy (1962), Jouffroy
(1975) and Schultz (1984) and dissected by us, there is also at
least a partial insertion onto the ulna, although Ashton &
Oxnard (1963) stated that in one specimen of Propithecus dis-
sected by them the insertion was exclusively onto the medial ep-
icondyle of the humerus and one specimen of Nycticebus
dissected by them the insertion was onto the fascia covering the
intermediate third of the triceps brachii. In some Loris and Nyc-
ticebus specimens the dorsoepitrochlearis is effectively mainly
fused distally with the triceps brachii, being thus indirectly asso-
ciated with the olecranon process via the tendon of this latter
muscle, as reported by Miller (1943) and Hill (1953) and found
in our Loris tardigradus SDZ LT53090 specimen. In the numerous
specimens of Aotus, Callithrix, Pithecia and Saimiri dissected by
Senft (1907), Beattie (1927), Hill (1957), Ashton & Oxnard (1963),
Ziemer (1972) and by us, there is at least a partial insertion onto
the olecranon process, although Barnard (1875) described an
exclusive insertion onto the medial epicondyle of the humerus
in a specimen of Pithecia monachus and a specimen of Callithrix
penicillata. Barnard (1875) only refers to an attachment onto
the medial epicondyle in Macaca fascicularis, but in the 10 speci-
mens of this species dissected by Kimura & Tazai (1970) the mus-
cle also attached on the olecranon process and in the
M. mulatta specimen examined by us it mainly attached to this
latter process, although it was also partially attached onto the
medial epicondyle of the humerus. In the M. mulatta specimens
dissected by Howell & Straus (1933) the muscle inserted onto
both the medial epicondyle and the olecranon fascia, in the 103
M. cyclopis upper limbs dissected by Hadano (1955) it extended
to the ulna, in the specimen of M. nigra described by Patterson
(1942) it inserted onto the ulna, and in the reviews of Aiello &
Dean (1990) and Andrews & Groves (1976) it is clearly stated
that in Old World monkeys the insertion usually includes the
olecranon process of the ulna and/or olecranon fascia. Similarly,
although Hill (1970) only mentioned its attachment onto the
medial epicondyle of the ulna in Papio, this muscle is actually at
least partially attached to the ulna in the vast majority of the
members of this genus, as described and clearly illustrated in
P. anubis by Swindler & Wood (1973) and described in P. hama-
dryas by Miller (1932), in P. cynocephalus by MacDowell (1910),
and in Papio sp. by Ashton & Oxnard (1963), and also corrobo-
rated in our dissections of P. anubis. In Cercopithecus the muscle
also goes to the olecranon process of the ulna (e.g. Miller, 1932;
Hill, 1966; our dissections) and this is also the case in Colobus
and other Colobinae (e.g. Polak, 1908; Ashton & Oxnard, 1963;
Schultz, 1986; our dissections). [1] As noted by Aiello & Dean
(1990), in non-human hominoids the dorsoepitrochlearis is
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usually mainly attached onto the medial epicondyle, the inter-
muscular septum and/or other surrounding structures, but not
onto the olecranon process or the olecranon fascia. Regarding
Hylobates, Barnard (1875), Kohlbrigge (1890-1892), Chapman
(1900), Schick (1913a), Miller (1932), Ashton & Oxnard (1963),
Andrews & Groves (1976), Jungers & Stern (1981) and Michilsens
et al. (2009) found a bony insertion onto the medial epicondyle
of the humerus, as we did, while Payne (2001) refers to an inser-
tion onto the distal humerus just proximal to the medial epicon-
dyle; on one side of the fetal gibbon dissected by Deniker
(1885) there was an insertion onto the aponeurosis of the arm
only, as found in H. moloch by Bischoff (1870), but on the other
side of that fetus the insertion extended to the medial epicon-
dyle of the humerus. Concerning Pongo, Barnard (1875) and
Fick (1895a,b) found an insertion onto the medial epicondyle
and intermuscular septum, Chapman (1880), Beddard (1893),
Primrose (1899, 1900), Michaélis (1903), Sonntag (1924a), Sulli-
van & Osgood (1927), Miller (1932), Andrews & Groves (1976)
found an insertion onto the medial epicondyle only, as we did,
while Schick (1913a) refers to a bony insertion onto the
humerus, Hepburn (1892) and Ashton & Oxnard (1963) to the in-
termuscular septum, and only Church (1861-1862) refers to a
bony insertion onto the olecranon process of the ulna. With
respect to Gorilla, most authors (e.g. Duvernoy, 1855-1856; Bar-
nard, 1875; Gronroos, 1903; Miller, 1932; Raven, 1950; Preusch-
oft, 1965) found a bony insertion onto the medial epicondyle
only, as we did. Regarding Pan, Tyson (1699), Gratiolet & Alix
(1866), Barnard (1875), Hartmann (1886), Beddard (1893),
Dwight (1895), MacDowell (1910), Schick (1913a), Sonntag
(1923), Miller (1932, 1952), Swindler & Wood (1973), and Payne
(2001) found a bony insertion onto the medial epicondyle only,
as we did, while Ashton & Oxnard (1963) referred to the medial
epicondyle and supracondylar ridge of the humerus, and only
very few authors, e.g. Vrolik (1841), Testut (1883), Gronroos
(1903) and Ziegler (1964), described a bony insertion onto both
the medial epicondyle and olecranon process of the ulna.
According to the literature review done by Gibbs (1999), the
usual condition for Pan is effectively that in which there is a bony
insertion onto the medial epicondyle only). [-] This character is
inapplicable in modern humans because the dorsoepitrochlearis
is usually not present as an independent muscle.

93. Dorsoepitrochlearis is blended with the biceps brachii (L 1,
AUTAPOMORPHY). Contrary to taxa of CS-O [0], in Hylobates [1]
the dorsoepitrochlearis is usually deeply blended with the short
head of the biceps brachii, as noted by Howell & Straus (1932),
Andrews & Groves (1976), Jungers & Stern (1980, 1981) and
Michilsens et al. (2009), and corroborated by our dissections.

94. Strong fascial connection between the dorsoepitrochlearis
and the subscapular fascia and/or the scapula is present (L 1, C/
100, RI 100). As noted by Dunlap et al. (1985), although a few
specimens of taxa of CS-0 [0] may occasionally have fascial con-
nections between the dorsoepitrochlearis, the subscapular fascia
and/or the scapula (e.g. one chimpanzee reported by Gratiolet
& Alix, 1866; and one gorilla described by Raven, 1950), the
peculiar, strong fascial connection between these structures that
was described Dunlap et al. (1985) is only consistently found in
New World monkeys, including Aotus, Callithrix, Pithecia and
Saimiri [1] (e.g. their fig. 2). Such a peculiar, strong fascial con-
nection was found by us in specimens of these genera and also
reported in these genera and in various other platyrrhines by
Campbell (1937), Ashton & Oxnard (1963) and Dunlap et al.
(1985), although Ziemer (1972) only reported such a peculiar,

strong fascial connection in one of the 10 limbs of Pithecia mo-
nachus that she dissected.

95. Long head of triceps brachii is divided into a thinner, deep
bundle and a broader, superficial bundle (L 1, AUTAPOMOR-
PHY). Contrary to taxa of CS-0 [0], in Papio [1] the long head of
the triceps brachii is often peculiarly differentiated into a thin-
ner, deep (ventral) bundle and a broader, superficial (dorsal)
bundle, as described in P. cynocephalus by MacDowell (1910)
and corroborated by our dissections of P. anubis.

96. Triceps brachii has a posterior head (L 3, Cl 33, Rl 60). [0] In
numerous non-primate mammals (e.g. Jouffroy 1971; including
Rattus and Cynocephalus; e.g. Leche, 1886; Greene, 1935; our
dissections), as well as in all anthropoids included in the present
analysis, the triceps brachii is usually only differentiated into
three main divisions (i.e. a long head, a lateral head, and a
medial head, although some of this divisions may sometimes be
partially differentiated into bundles, as is the case, for instance,
in Colobus - lateral head may be partially subdivided into distal
and proximal bundles, as described by Polak, 1908 and corrobo-
rated by our dissections — in Cercopithecus - lateral head may
be partially divided into distal and proximal bundles and medial
head may also be partially divided into two bundles, as
described by Hill, 1966 and in Papio — see character above). [1]
However, in tree shrews such as Tupaia and primates such as
Lemur, Propithecus, Loris, Nycticebus and Tarsius the triceps bra-
chii has a lateral head, a medial head, a long head, and also a
distinct, peculiar posterior head. It should be noted that Le Gros
Clark (1924) described one long head, one medial head and
‘superficial and deep subdivisions of the lateral head’ in Tupaia,
and argued that the ‘superficial subdivision of the lateral head’
corresponds to the posterior head of non-anthropoid primates
while the ‘deep subdivision of the lateral head’ corresponds to
the lateral head of non-anthropoid and anthropoid primates. Le
Gros Clark (1926) described one long head, one medial head
and ‘three subdivisions of the lateral head’ in the tree-shrew
Ptilocercus, while George (1977) described one long head, one
‘medial head’ subdivided into superficial and deep subdivisions
and one ‘lateral head’ subdivided into superficial and deep sub-
divisions in Tupaia. Our dissections of Tupaia agree with the
descriptions of George (1977) and indicate that the two bundles
of the ‘medial head’ sensu this author probably correspond to
the medial head and the posterior head of non-anthropoid pri-
mates (thus indicating that the posterior head of primates
derives from the medial head, and not from the lateral head as
proposed by Le Gros Clark, 1924). Regarding Lemur, Propithe-
cus, Loris, Nycticebus and Tarsius, the posterior head was
described by Murie & Mivart (1872) and Miller (1932, 1943; who
designated it as ‘anconeus sextus’), Owen (1868) and Barnard
(1875; who called it ‘distinct or extra fasciculus’), Woollard
(1925) and Jouffroy (1962, 1971; who called it ‘inferior or lower
part of the median head’) and Schultz (1984; who called it ‘ca-
put accessorium’). In the Lemur, Propithecus and Tarsius speci-
mens, as well as in the Nycticebus SDZ NC43129 specimen,
dissected by us we did found a distinct, well differentiated pos-
terior head, which effectively seems to derive from the medial
head of the triceps brachii (note: we could not discern this fea-
ture in the dissected Loris specimen).

97. Long head of triceps brachii originates from half or more
than half of the lateral border of the scapula (L 3, Cl 33, Rl 60).
[0] In non-primate taxa such as Rattus, Tupaia and Cynocepha-
lus, as well as primates such as Lemur, Propithecus, Loris,
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Nycticebus, Tarsius, Pithecia, Callithrix, Saimiri, Aotus, Hylobates
and modern humans the long head of the triceps brachii usually
originates from less than half of the lateral border of the scap-
ula. Greene (1935) reported an origin from 1/3 of this border in
Rattus, and Leche (1886) showed an origin from 1/3 of the bor-
der in Cynocephalus. Le Gros Clark (1924) referred to an origin
from only the infraglenoid tubercle of the scapula in Tupaia,
while George (1977) and Kladetsky & Kobold (1966) showed an
origin from about 1/3 of the lateral border of the scapula in
other Tupaia and other tupaids. In Lemur, Propithecus, Loris,
Nycticebus and Tarsius the origin is from less than 1/2 of this
border, as found by Burmeister (1846), Murie & Mivart (1872),
Woollard (1925), Miller (1932, 1943), Jouffroy (1962), Jouffroy
(1975), Schultz (1984), and by us. This is also the case in Pithecia
according to Ziemer (1972) and to our dissections, in Callithrix
according to the illustrations of Senft (1907) and to our observa-
tions, and in Aotus and Saimiri according to our dissections,
although Campbell (1937) reported an origin from the lateral
1/2 of the lateral border of the scapula in these two latter gen-
era. Regarding Hylobates, Kohlbriigge (1890-1892) and Loth
(1931) reported 1/3, and we also found 1/3, and Gibbs refers to
1/3 to 1/2, so the usual condition seems to be less than 1/2. In
modern humans the origin is usually mainly from the infragle-
noid tubercle of the scapula, as described by Loth (1931) and
Gibbs (1999). [1] In primates such as Macaca, Colobus, Cercopi-
thecus, Papio, Pongo, and Pan the long head usually originates
from half or more than half of this border, as noted by Loth
(1931). This is the case in Colobus, as described by Polak (1908)
and found by us (in other Colobinae such as Procolobus it origi-
nates from the lateral 2/3 of this border as noted by Schultz,
1986). In Cercopithecus it originates from about the lateral 1/2
of the lateral border as noted by Hill (1966) and corroborated
by us. In Macaca species, e.g. M. mulatta (1/2 according to Ho-
well & Straus, 1933), M. fascicularis (2/3 according to Kimura &
Tazai, 1970 and 1/2 according to our dissections) and M. nigra
(1/2 according to Patterson, 1942) the origin is usually from 1/2
or even 2/3 of the lateral border, although in one species of
this genus, M. cyclopis, it was reported to be about 1/3 by Had-
ano (1955). In Papio the origin is from about 1/2 of the lateral
border, as reported by Miller (1932), Hill (1970) and Swindler &
Wood (1973) and corroborated by us. In Pongo Sonntag
(1924a), Sullivan & Osgood (1927), Loth (1931), and Gibbs (1999)
refer to 1/2, we also found 1/2, and Primrose (1899, 1900)
refers to 2/3. Concerning Pan, Loth (1931), Ziegler (1964) and
Swindler & Wood (1973) refer to 1/2, we also found 1/2 in the
specimens examined by us (except in the PFA 1077 and PFA unc.
infants, which were about 1/2.7), and Gratiolet & Alix (1966)
referred to the whole lateral border; only Sonntag (1923
referred to 1/4). Regarding Gorilla, Loth (1931) and Preuschoft
(1965) state that the long head originates from the distal 1/2 of
the lateral border of the scapula, and Gibbs (1999) refers to the
distal 1/3 to 1/2 of this border; however, in the gorilla speci-
men in which we could analyze this in detail (VU GG1) the ori-
gin was only from the distal 5 cm (of the total (18 cm) of the
lateral border of the scapula, i.e. it was from less than 1/3 of
this border. Therefore, until more information is available, Gor-
illa is coded as '?".

98. Strong fascial connection between the triceps brachii and
the scapular spine and/or the axillary region is present (L 3, CI
33, Rl 66). As noted by Dunlap et al. (1985), although a few
specimens of taxa of CS-0 [0] may occasionally have fascial con-
nections between the triceps brachii and the scapular spine
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and/or the axillary region, the peculiar, strong fascial connec-
tion between these structures that was described by these
authors is only consistently found in a few primates [1], includ-
ing, among others, the New World monkeys Aotus, Callithrix
and Saimiri (e.g. their fig. 2). Such a peculiar, strong fascial con-
nection was found by us in specimens of these three genera as
well as of Pithecia, and was also reported in specimens of these
three genera and of various other platyrrhines by Campbell
(1937), Hill (1962), Ashton & Oxnard (1963), Grand (1968) and
Dunlap et al. (1985), although Ziemer (1972) did not report a
strong fascial connection in the ten limbs of Pithecia monachus
dissected by her. We also found a strong fascial connection
between the triceps brachii and the scapular spine in the Nyc-
ticebus, Loris and Lemur specimens dissected by us, i.e. in all
strepsirrhines dissected by us with exception to the dissected
Propithecus specimen; therefore, Loris, Nycticebus and Lemur
are also coded as CS-1.

99. Brachialis does not originate from the surgical neck of the
humerus (L 3, CI 33, Rl 60). [0] In non-primate taxa such as Rat-
tus and Tupaia the origin of the brachialis usually extends, prox-
imally, to the surgical neck of the humerus, as described by Le
Gros Clark (1924), Greene (1935) and George (1977) and corrob-
orated by our dissections. This is also the case in Lemur, Propi-
thecus and Tarsius (e.g. Murie & Mivart, 1872; Howell & Straus,
1932; Jouffroy, 1962; Jouffroy, 1975; Schultz, 1984; our dissec-
tions). [1] In Loris and Nycticebus (e.g. Howell & Straus, 1932;
Miller, 1943; our dissections), as well as in Cynocephalus,
Callithrix, Pithecia, Saimiri, Aotus, Papio, Colobus, Cercopithecus,
Hylobates, Pongo, Gorilla, Pan and modern humans the origin
of the brachialis usually does not extend (i.e. it is distal) to the
surgical neck of the humerus (our dissections and literature
reviewed by us). According to Howell & Straus (1933), in Macaca
mulatta the origin is usually, but not always, distal to the neck
of the humerus, and this configuration was also found in the
M. fascicularis specimen dissected by us; however, an insertion
onto the humeral neck was reported in 91 of the 103 M. cyclo-
pis upper limbs dissected by Hadano (1955). Therefore, until
more information is available for Macaca, we code this genus as
iy

100. Biceps brachii has no short head (L 1, CI 100, Rl 100). [0]
Both short and long heads of biceps brachii are present. [1] In
Loris and Nycticebus, but not in the also lorisiform genus Pero-
dicticus, the short head is usually missing (it was reported to be
missing in Loris and Nycticebus by, e.g. Meckel, 1820-1838; Sch-
roeder van der Kolk & Vrolik, 1851; Mivart & Murie 1865, Murie
& Mivart, 1872; Miller, 1943 and Hill, 1953; although the illustra-
tions of Cuvier & Laurillard, 1849 show what appears to be a
short head in a Loris specimen; the short head was missing in
the Nycticebus and Loris specimens dissected by us).

101. Short and long heads of biceps brachii are completely sepa-
rated (L 1, AUTAPOMORPHY). [0] Short and long heads of
biceps brachii at least partially blended distally. [1] As noted by
Howell & Straus (1932) and Miller (1932), and corroborated by
our dissections, in Tarsius these two heads are often (but not
always, e.g. Woollard, 1925) entirely separated. [-] Inapplicable
in Loris and Nycticebus, because the short head of the biceps is
usually missing.

102. Short head of biceps brachii originates from the humerus
(L 1, AUTAPOMORPHY). [0] The short head of biceps brachii
usually originates from the scapula. [1] As noted by Owen
(1868), Bischoff (1870), Kohlbriigge (1890-1892), Hepburn
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(1892), Chapman (1900), Sonntag (1924a), Howell & Straus
(1932), Miller (1932), Jouffroy (1971), Andrews & Groves (1976),
Jungers & Stern (1981), Gibbs (1999) and Michilsens et al. (2009)
and corroborated by our dissection of HU HL1, in Hylobates the
short head of the biceps brachii is usually at least partially origi-
nated from the humerus, although in our VU HG1 specimen this
head was exclusively originated from the coracoid process. It
should be noted that Howell & Straus (1932) and Campbell
(1937) described ‘additional humeral heads of the biceps brachii’
in taxa such as Ateles, Aotus and Homo, but these structures are
not homologous to the short head of the biceps brachii, and,
moreover, they represent anomalies/variants, and not the usual
condition for these latter genera. [-] Inapplicable in Loris and
Nycticebus, because the short head of the biceps is missing.

103. Biceps brachii is blended with the flexor digitorum superfi-
cialis (L 1, AUTAPOMORPHY). [0] Biceps brachii not deeply
blended with flexor digitorum superficialis. [1] As described by
Kohlbriigge (1890-1892), Howell & Straus (1932), Andrews &
Groves (1976), Jungers & Stern (1981), Gibbs (1999) and Michil-
sens et al. (2009) and corroborated by our dissections, in Hylo-
bates the distal portion of the biceps brachii is deeply blended
with the proximal portion of the flexor digitorum superficialis.
104. Biceps brachii does not insert onto the ulna (L 2, Cl 50, RI
50). [0] In numerous non-primate mammals (e.g. Howell &
Straus, 1932; Jouffroy (1971), including taxa such as Cynocepha-
lus and Tupaia, the biceps brachii usually inserts directly onto
both the ulna and the radius. Regarding Cynocephalus, Leche
(1886) seems to suggest that the insertion is only onto the
radius, but in our dissections the muscle clearly inserts directly
onto both the radius and the ulna. Concerning Tupaia, Le Gros
Clark (1924) describes an insertion onto the radius only, as Le
Gros Clark (1926) did for Ptilocercus, and this description is fol-
lowed by Jouffroy (1971), who states that tupaids have an inser-
tion onto the radius only, as most primates have. However, in
five out of the six Tupaia glis specimens examined by Kladetsky
& Kobold (1966) there is a direct insertion on both the ulna and
the radius (in the other specimen the only bony insertion was
onto the radius), and in the tree-shrews analyzed by George
(1977), which also include Tupaia, he also found a direct inser-
tion onto these two bones, as we did in our dissections of Tu-
paia. [1] As noted by Howell & Straus (1932) and Jouffroy
(1971), in the vast majority of primates, including all the genera
included in the present analysis, the biceps brachii usually
inserts directly onto the radius, but not onto the ulna (this was
corroborated by our dissections). A similar condition (i.e. an
exclusive insertion onto the radius) is also found in the rats
described by Greene (1935) and Walker & Homberger (1997)
and dissected by us.

105. Biceps brachii has no bicipital aponeurosis (L 4, Cl 25, Rl
57). [0] In various non-primate mammals (e.g. Jouffroy, 1971),
including taxa such as Rattus, as well as in various primates,
including Lemur, Propithecus and hominoids such as Hylobates,
Gorilla, Pan and modern humans, the biceps brachii is usually
prolonged distally by a bicipital aponeurosis (‘lacertus fibrosus’
or ‘lacertus carnosus’) which is commonly associated with the
fascia covering forearm muscles such as the pronator teres.
Regarding Rattus, the bicipital aponeurosis is described by
Greene (1935). This structure was also described by Jouffroy
(1962) and found by us in Lemur and Propithecus. In Hylo-
bates, the bicipital aponeurosis is usually present, as stated by
Kohlbriigge (1890-1892), Loth (1931) and Jouffroy (1971) and
corroborated by our dissections. In Gorilla the usual condition

clearly seems to be that in which the bicipital aponeurosis is
present, as described by Hartmann (1886), Sommer (1907), Pira
(1913), Raven (1950) and Preuschoft (1965) and found by us,
although this structure is seemingly lacking in a few speci-
mens, such as the gorilla described by Owen (1868), and was
not mentioned by Duvernoy (1855-1856). Regarding Pan,
almost all, if not all, specimens have a bicipital aponeurosis, as
reported by Gratiolet & Alix (1866), Sonntag (1923), Loth
(1931), Howell & Straus (1932), Glidden & De Garis (1936),
Miller (1952), Ziegler (1964), Swindler & Wood (1973) and cor-
roborated by our dissections. [1] In Cynocephalus, Tupaia, Loris,
Nycticebus, Tarsius, Callithrix, Saimiri, Pithecia, Papio, Colobus,
Cercopithecus and Pongo the bicipital aponeurosis is usually
not present as a distinct structure. Regarding Cynocephalus,
Leche (1886) does not refer to a bicipital aponeurosis, and we
did also not found this structure in our dissections. Concerning
Tupaia, the bicipital aponeurosis was absent in all the speci-
mens dissected by Le Gros Clark (1924), Jouffroy (1962), George
(1977), by us, and in five out of the six Tupaia specimens
examined by Kladetsky & Kobold (1966; and was also missing
in the other tree-shrews analyzed by George, 1977 and in
Ptilocercus according to Le Gros Clark, 1926). The bicipital apo-
neurosis is missing in Loris and Nycticebus according to Miller
(1943) and Howell & Straus (1932), although these latter
authors erroneously state, in their page 12, that this structure
is present in Nycticebus (while in all the other parts of the ms
they clearly report it to be absent in this taxon, as was effec-
tively the case in our specimens of Loris and Nycticebus). This
aponeurosis is also absent in Tarsius according to Woollard
(1925), Howell & Straus (1932), Hill (1955), Schultz (1984), and
to us, in Callithrix, Pithecia and Saimiri according to Senft
(1907), Beattie (1927), Howell & Straus (1932), Hill (1957), Zi-
emer (1972) and to our dissections, in Papio to Howell & Straus
(1932) and Swindler & Wood (1973) and to our observations,
in Cercopithecus to Hill (1966) and to us, and in Colobus to
Polak (1908) and to our observations. Regarding Pongo, most
specimens, including those described by Fick (1895a,b), Sonntag
(1924a), Sullivan & Osgood (1927) and Kallner (1956), and dis-
sected by us, lack a bicipital aponeurosis, with exception of a
few specimens, such as the orangutan described by Primrose
(1899, 1900). Wood (1867a,b), Howell & Straus (1932, 1933),
Patterson (1942), Jacobi (1966) and Kimura & Tazai (1970) sta-
ted that in Macaca radiata, M. mulatta, M. fascicularis and
M. nigra the bicipital aponeurosis is almost always absent, and
this structure was effectively absent in our dissections. How-
ever, Hadano (1955) stated that this structure is present in 101
of the 103 M. cyclopis specimens dissected by him, and sug-
gested that its presence has been often neglected in Macaca
by other authors. Therefore, until more information is avail-
able for Macaca, we prefer to code this genus as ‘?". Aotus is
also coded as ‘?’, because Howell & Straus (1932) stated that in
this taxon there is a bicipital aponeurosis, but in the Aotus
specimen dissected by us this structure was absent.

106. Bicipital aponeurosis (of biceps brachii) forms a ‘lacertus
carnosus’ (L 1, AUTAPOMORPHY). [0] Within those taxa with a
bicipital aponeurosis, this structure usually forms a ‘lacertus fi-
brosus’ (i.e. it does not include fleshy muscular fibers). [1] As
described by Kohlbriigge (1890-1892), Loth (1931) and Jouffroy
(1971) and corroborated by our dissections, in Hylobates the
bicipital aponeurosis is usually at least partially fleshy, thus
forming a ‘lacertus carnosus’ between the main body of the
biceps and the flexor muscles of the forearm (Sommer, 1907
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stated that he also found some muscular fibers associated with
the ‘lacertus fibrosus’ of the gorilla specimen dissected by him,
but such muscular fibers were not found in the gorillas dis-
sected by other authors and by us). Macaca and Aotus are
coded as ‘?" (see character above). [-] This character is inapplica-
ble in taxa that do not have a distinct bicipital aponeurosis.

107. Coracobrachialis profundus is not present as a distinct head
of the coracobrachialis (L 3, CI 33, Rl 66). [0] The plesiomorphic
condition for eutherian mammals, found in Cynocephalus and
Tupaia, is that in which the coracobrachialis proprius (or ‘medi-
us’) and coracobrachialis profundus (or ‘brevis) are present as
distinct, separate structures, the coracobrachialis profundus
being usually a short bundle running from the coracoid process
to the proximal region of the humerus and often lying deep
(dorsal) to the coracobrachialis proprius (e.g. Jouffroy, 1971;
Diogo et al., 2009b). This condition is usually found in Lemur,
Propithecus, Loris, Nycticebus, Tarsius, Aotus, Callithrix, Saimiri,
Macaca, Colobus, Cercopithecus and Papio. In Tupaia the cora-
cobrachialis profundus is present as a distinct structure, as
described by Le Gros Clark (1924) and George (1977) and corrob-
orated by our dissections. This is also the case in Cynocephalus
as described by Leche (1886) and Macalister (1872) and corrobo-
rated by our dissections, and in Lemur, Propithecus, Loris, Nyc-
ticebus and Tarsius according to Burmeister (1846), Mivart &
Murie (1865), Murie & Mivart (1872), Woollard (1925), Howell &
Straus (1932), Miller (1932, 1943), Jouffroy (1962), Jouffroy
(1975) and Schultz (1984), and to our dissections, although in
the Nycticebus pygmaeus VU NP2 specimen and the Loris tardi-
gradus SDZ LT53090 specimen dissected by us the caput profun-
dum was missing. Both heads are usually present in Aotus,
Callithrix and Saimiri according to Beattie (1927), Howell &
Straus (1932), Campbell (1937), Hill (1957), Dunlap et al. (1985)
and to our observations, although Kikuchi (2010a) stated that in
the Saimiri sciureus specimen dissected by him there was no
coracobrachialis profundus. The two heads are also usually pres-
ent in Macaca according to Wood (1867a), Howell & Straus
(1932, 1933), Patterson (1942), Hadano (1955), Jacobi (1966),
Kimura & Tazai (1970), Jouffroy (1971), Kikuchi (2010a,b) and to
our dissections, in Cercopithecus to Miller (1932) and Hill (1966)
and to our observations, in Colobus according to Polak (1908)
and to dissections, and in Papio to Champneys (1872), Michaélis
(1903), MacDowell (1910), Howell & Straus (1932), Miller (1932),
Hill (1970), Jouffroy (1971), Swindler & Wood (1973), Kikuchi
(2010a), and to our dissections. [1] In hominoids and also in Rat-
tus and Pithecia the coracobrachialis profundus is usually miss-
ing or deeply blended with the coracobrachialis proprius; it is
not present as a distinct, separate structure such as that usually
found in the taxa of CS-0. The coracobrachialis profundus was
effectively not present as a distinct structure in the rats
described by Greene (1935) and Walker & Homberger (1997)
and in eight of the 10 Pithecia limbs dissected by Ziemer (1972)
and two of the three Pithecia limbs dissected by us. Most state-
ments in the literature agree with our observations in that in
Hylobates the coracobrachialis profundus is not present as a dis-
tinct structure, with exception to Parsons (1898a,b), who stated
that Hylobates does have a distinct coracobrachialis profundus.
The descriptions of Pongo, Gorilla and Pan and our dissections
show that in these taxa there is usually no distinct coracobrachi-
alis profundus, although this structure was reported in one side
of the body of a gorilla specimen described by Hepburn (1892),
in one Pan specimen described by Macalister (1871) and in one
Pongo specimen described by Kallner (1956; a distinct ‘coracobr-
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achialis longus’ - or ‘superficialis’ - was reported in one of the
four Pan specimens dissected by Oishi et al. 2009; and in one of
the Pongo specimens dissected by Kallner, 1956; but these are
most likely erroneous - e.g. in the illustrations of Kallner, 1956
there is nothing resembling the ‘coracobrachialis longus’ of
other tetrapods).

Ventral (volar) forearm muscles

108. Pronator quadratus is not a distinct muscle (L 1, AUTAPO-
MORPHY). [0] Pronator quadratus present as a distinct, well-
defined muscle. [1] Leche (1886) and Jouffroy (1971) stated that,
contrary to most mammals, the pronator quadratus is usually
‘vestigial’ or absent in Cynocephalus; in the Cynocephalus speci-
mens dissected by us, there is effectively no well-defined, dis-
tinct pronator quadratus such as that found in the other
mammals we examined.

109. Flexor pollicis longus is a distinct muscle (L 2, CI 50, Rl 0).
[0] Flexor pollicis longus usually not present as a distinct, inde-
pendent muscle. This is the case in all Rattus, Tupaia, Cynoceph-
alus, Lemur, Propithecus, Pithecia, Pongo, Gorilla and Pan
specimens described in the literature and dissected by us, except
in a few cases (e.g. Raven, 1950 stated that in the gorilla speci-
men dissected by him the flexor pollicis longus was present as a
separate muscle). Regarding Loris, Nycticebus, Tarsius, Aotus,
Callithrix, Saimiri, Macaca, Cercopithecus, Colobus and Papio,
Day & Napier (1963) stated that the flexor pollicis longus is pres-
ent as an independent muscle in these genera, and this was fol-
lowed in the cladistic studies of Groves (1986, 1995) and
Shoshani et al. (1996). However, Day & Napier (1963) were
clearly referring to the tendon of the flexor digitorum profun-
dus to digit 1 and not to a distinct, separate flexor pollicis lon-
gus muscle going exclusively to digit 1. This is because in the
Loris, Nycticebus and Tarsius specimens described by Burmeister
(1846), Mivart & Murie (1865), Murie & Mivart (1872), Keith
(18944a,b), Allen (1897), Woollard (1925), Miller (1943) and
Schultz (1984) and dissected by us, the Aotus, Callithrix and Sai-
miri specimens reported by Testut (1883), Senft (1907), Beattie
(1927) and Hill (1957, 1960, 1962) and examined by us, the
Macaca specimens described by Haughton (1865), Howell &
Straus (1932, 1933), Patterson (1942), Jacobi (1966), Kimura &
Tazai (1970), Jouffroy (1971) and Landsmeer (1986) and dis-
sected by us, the Cercopithecus specimens reported by Hill
(1966) and Lewis (1989) and analyzed by us, the Colobus speci-
mens described by Brooks (1886a), Polak (1908) and Jouffroy &
Lessertisseur (1960) and studied by us, and the Papio specimens
reported by Testut (1883), MacDowell (1910), Hill (1970), Swin-
dler & Wood (1973) and Tocheri et al. (2008) and dissected by
us there is no separate, distinct flexor pollicis longus going
exclusively to this digit (some authors, e.g. Barnard, 1875; Duck-
worth, 1915; Wood Jones, 1920; and Sonntag, 1924b; state that
there is a ‘flexor pollicis longus’ in some of these taxa, but they
are referring to a belly of the flexor digitorum profundus that
usually goes to both digits 1 and 2, and not really to a distinct
muscular belly going exclusively to digit 1). [1] In Hylobates and
modern humans the flexor pollicis longus is usually present as a
distinct, independent muscle. Regarding Hylobates, our dissec-
tions and the reports of most authors (e.g. Deniker, 1885; Hart-
mann, 1886; Kohlbriigge, 1890-1892; Hepburn, 1892; Keith,
1894b; Chapman, 1900; McMurrich, 1903a,b; Sonntag, 1924b;
Howell, 1936a,b; Straus, 1942a,b; Jouffroy & Lessertisseur, 1960;

Journal of Anatomy © 2011 Anatomical Society of Great Britain and Ireland



338 Soft-tissue anatomy of the primates, R. Diogo and B. Wood

Tuttle, 1969; Jouffroy, 1971, Van Horn, 1972; Lorenz, 1974;
Susman, 1994, 1998; Stout, 2000; Tocheri et al. 2008) clearly indi-
cate that the members of this taxon usually have an indepen-
dent flexor pollicis longus going exclusively to digit 1, and only
a few authors (e.g. Bischoff, 1870; Payne, 2001) state that in the
Hylobates specimens dissected by them the flexor pollicis longus
blends with, and is thus not really separate from, the flexor dig-
itorum profundus).

110. Flexor digitorum profundus is not originated from the med-
ial epicondyle of the humerus or from the common flexor ten-
don (L 2, CI 50, RI 75). [0] As noted by Hepburn (1892) and
Tuttle (1969), in most non-primate mammals, including Rattus,
Cynocephalus and Tupaia, and in primates such as Lemur, Propi-
thecus, Loris, Nycticebus, Tarsius, Callithrix, Aotus, Pithecia, Sai-
miri, Cercopithecus and Hylobates, the flexor digitorum
profundus (and/or the flexor pollicis longus in Hylobates) usu-
ally originates from the medial epicondyle of the humerus
and/or from the common flexor tendon associated with this ep-
icondyle, as well as from the radius, ulna and/or interosseous
membrane. Regarding Rattus, Cynocephalus and Tupaia, we
found a bony origin from the medial epicondyle, ulna and
radius, as described by Greene (1935), Leche (1886), Le Gros
Clark (1924) and George (1977). Such a bony origin was also
reported/found in Lemur, Propithecus, Loris, Nycticebus and Tar-
sius by Burmeister (1846), Mivart & Murie (1865), Murie & Mivart
(1872), Woollard (1925), Miller (1943), Jouffroy (1962), Jouffroy
(1975), Schultz (1984), Lewis (1989) and by us, in Pithecia by Zi-
emer (1972) and by us, in Aotus and Saimiri by us, in Callithrix
by Beattie (1927), and in Cercopithecus by us. Concerning Hylo-
bates, we found an origin from the medial epicondyle of the
humerus, ulna, radius and often the interosseous membrane, as
reported in most specimens described by Kohlbriigge (1890-
1892), Hepburn (1892), Tuttle (1969), Gibbs (1999) and Michil-
sens et al. (2009), although Deniker (1885) did not describe an
origin from the humerus in the gibbon fetus dissected by him.
[1] In Macaca, Pongo, Gorilla, Pan and modern humans the ori-
gin of the flexor digitorum profundus (and of the flexor pollicis
longus, in modern humans) is usually exclusively from the radius
and/or ulna and, often, from the interosseous membrane.
Regarding Macaca, Howell & Straus (1933), Patterson (1942) and
Kimura & Tazai (1970) stated that the origin is from the ulna,
radius, interosseous membrane and sometimes from the deeper
fibers of the flexor digitorum superficialis, but not directly from
the medial epicondyle of the humerus or the common flexor
tendon associated to this epicondyle, and we effectively did not
found a bony origin from the humerus in our dissections of this
taxon. Concerning Pongo, Gorilla, Homo and Pan, our dissec-
tions and most descriptions in the literature agree that there is
usually no origin from the humerus nor from the common flexor
tendon. Regarding Papio, MacDowell (1910) stated that he
found a small, partial origin from the common flexor tendon
and thus indirectly from the medial epicondyle of the humerus
in one specimen of P. cynocephalus, but an origin from the
humerus was not reported in P. hamadryas and P. anubis by
Champneys (1872), Hill (1970) and Swindler & Wood (1973); as
in the P. anubis specimen dissected by us there was clearly a par-
tial origin from the humerus, we coded Papio as ‘?'. Regarding
Colobus, Polak (1908) did not report an origin from the humerus
in C. guereza, but a partial origin from this bone was found by
us in a specimen of this species, and is usually found in other
Colobinae such as Nasalis and Procolobus according to Schultz
(1986); therefore, we also code Colobus as '?".

111. Flexor digitorum profundus is not innervated by the ulnar
nerve (L 1, Cl 100, Rl 100). [0] In numerous non-primate taxa,
including Rattus, Cynocephalus and Tupaia (e.g. Leche, 1886; Le
Gros Clark, 1924; Greene, 1935; Haines, 1955), as well as in pri-
mates such as Lemur, Propithecus, Loris, Nycticebus, Tarsius,
Pithecia and hominoids, the flexor digitorum profundus is usu-
ally partially innervated by the ulnar nerve (it should be noted
that in table 2 of Jouffroy, 1975 it is erroneously stated that in
lemuriforms the flexor digitorum profundus is exclusively inner-
vated by the median nerve: as explained by the same author in
his 1962 and 1971 papers, and corroborated by Burmeister, 1846
and Schultz, 1984; in lemuriforms, as well as in other strepsirrh-
ines and in Tarsius, the muscle is innervated by both the ulnar
and median nerves; innervation by both these nerves was also
described in Pithecia by Ziemer, 1972). [1] In Macaca, Papio and
Colobus the muscle is usually not innervated by the ulnar nerve.
The muscle is almost never innervated by the ulnar nerve in
Macaca according to Howell & Straus (1933), Patterson (1942),
and Kimura & Tazai (1970); the muscle is also not innervated by
this nerve in Papio according to Swindler & Wood (1973) and in
Colobus according to Polak (1908). Until more information is
available, Aotus, Callithrix, Saimiri and Cercopithecus are coded
as '?'.

112. Tendon of flexor digitorum profundus to digit 1 is vestigial
or absent (L 3, Cl 33, Rl 33). [0] In taxa of CS-0 the tendon of
the flexor digitorum profundus to digit 1 (or the tendon of the
flexor pollicis longus in Hylobates and Homo), is basically similar
to the tendons of the flexor digitorum profundus to the other
digits. [1] In Colobus, Pongo, Gorilla and Pan the tendon to
digit 1 is absent or vestigial (i.e. it is markedly shorter and/or
thinner than that of taxa of CS-0). This was corroborated in the
specimens dissected by us and by others, except in a few speci-
mens of these genera according to Straus (1942a) and in the
Pan paniscus specimen described by Miller (1952), in which the
tendon to digit 1 is said to be similar to the other tendons of
the flexor digitorum profundus.

113. Flexor digitorum superficialis originates from the radius (L
1, CI 100, RI 100). Contrary to taxa of CS-0 [0], in hominoids [1]
the flexor digitorum superficialis usually partially originates
from the radius, as noted by Hepburn (1892) and Loth (1931)
and corroborated by our dissections. In the Rattus, Tupaia, Cy-
nocephalus, Lemur, Propithecus, Loris, Nycticebus and Tarsius
specimens described by Burmeister (1846), Mivart & Murie
(1865), Murie & Mivart (1872), Leche (1886), Le Gros Clark
(1924), Woollard (1925), Greene (1935), Miller (1943), Haines
(1955), Jouffroy (1962), Jouffroy (1975), George (1977), Schultz
(1984) and Lewis (1989), and dissected by us, the origin of the
muscle is only from the medial epicondyle of the humerus, the
common flexor tendon attached to this epicondyle and/or the
capsule of the elbow joint. This is also the case in Callithrix and
Pithecia according to Senft (1907), Beattie (1927), Ziemer (1972)
and to our dissections, in Aotus and Saimiri to our observations,
in Macaca to Howell & Straus (1933), Patterson (1942), Jacobi
(1966) and Kimura & Tazai (1970) and to our dissections, in Col-
obus to Polak (1908) and to our observations, and in Cercopi-
thecus to our dissections. Regarding Papio, Michaélis (1903) and
Hill (1970) stated that they found an origin from the humerus
but also a small, partial origin from the ulna in one specimen of
P. papio and one specimen of P. hamadryas, but the usual con-
dition for this genus clearly seems to be that in which there is
no radial nor ulnar origin, as described by Macalister (1871) in
P. hamadryas, by Champneys (1872) in P. anubis, by MacDowell
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(1910) in P. cynocephalus, and found by Swindler & Wood
(1973) and by us in P. anubis. Concerning Hylobates, Kohl-
brigge (1890-1892), Hepburn (1892), Jouffroy (1971), Gibbs
(1999) and Michilsens et al. (2009) referred to an origin includ-
ing the ulna, radius and the medial epicondyle of the humerus
and/or the common flexor tendon, as we found in specimen HU
HL1, and only a few researchers stated that there is no ulnar ori-
gin (e.g. Loth, 1931) or no radial origin (e.g. Deniker, 1885),
although there was seemingly neither radial nor ulna origin in
our specimen VU HG1. Regarding Pongo, Hepburn (1892), Kohl-
bragge (1897), Primrose (1899, 1900), Sonntag (1924a), Loth
(1931), Jouffroy (1971), Gibbs (1999) and Payne (2001) refer to
an origin including the ulna, radius and the medial epicondyle
of the humerus and/or the common flexor tendon, as we found
in our dissections, and only a few authors (e.g. Beddard, 1893;
Kallner, 1956) stated that there is no ulnar origin, while only
Michaélis (1903) did not refer to an origin from the radius. Con-
cerning Gorilla, Hepburn (1892), Loth (1931), Raven (1950), Pre-
uschoft (1965), Jouffroy (1971) and Gibbs (1999) referred to an
origin including the ulna, radius and medial epicondyle of the
humerus and/or the common flexor tendon, although there
was no ulnar origin in Deniker’s (1885) fetal gorilla, in Macalis-
ter's (1873) gorilla specimen, and in our VU GG1 gorilla speci-
men. Concerning Pan, Sutton (1883), Hepburn (1892), Dwight
(1895), MacDowell (1910), Sonntag (1923), Loth (1931), Miller
(1952), Jouffroy (1971), Swindler and Wood (1973) and Gibbs
(1999) refer to an origin including the ulna, radius and the med-
ial epicondyle of the humerus and/or the common flexor ten-
don, as we found in our dissections, and only a few authors
(e.g. Beddard, 1893) stated that there is no ulnar origin. Regard-
ing modern humans, there is a partial origin from the radius, as
noted by Loth (1931) and Gibbs (1999) and shown, for instance,
in plate 450 of Netter (2006).

114. Flexor digitorum superficialis originates from the ulna (L 1,
C/ 100, RI 100). Contrary to taxa of CS-0 [0], in hominoids [1] the
flexor digitorum superficialis usually partially originates from
the ulna, as noted by Kohlbriigge (1890-1892), Hepburn (1892)
and corroborated by our dissections (see character above).

115. Flexor digitorum superficialis inserts onto digit 5 (L 1, Cl
100, RI 100). [0] As stated by Jouffroy (1971), in numerous non-
primate eutherian mammals, including taxa such as Rattus and
Tupaia, the flexor digitorum superficialis usually inserts onto
digits 2-4. In the rats described in most textbooks and by Peter-
ka (1936), and dissected by us, the muscle goes to digits 24,
but in a few rats the muscle goes to digits 2-5, as noted by
Greene (1935) and Jouffroy (1971). Concerning Tupaia, Le Gros
Clark (1924), Straus (1942a), Jouffroy (1971) and George (1977)
describe an insertion onto digits 2-4, and that is also what we
found in our dissections, but in Ptilocercus Le Gros Clark
describes an insertion onto digits 2-5. [1]. In Cynocephalus and
the primates included in this analysis this muscle is usually also
inserted onto digit 5. Regarding Cynocephalus, Leche (1886)
and Jouffroy (1971) describe an insertion onto digits 2-5, and
that is also what we found in our dissections. In the Lemur,
Propithecus, Loris, Nycticebus, Tarsius, Callithrix, Pithecia, Aotus,
Saimiri, Macaca, Papio, Colobus, Cercopithecus, Hylobates, Pon-
go, Gorilla, Homo and Pan specimens described in the literature
and dissected by us, the insertion is to digits 2-5, except in some
lorisiforms (in which there is an insertion onto digits 3, 4 and 5
but not to digit 2: see character below) and in very few cases
within other primate genera (e.g. the left side of the Pongo
specimen described by Jouffroy & Lessertisseur, 1958, 1959).
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116. Flexor digitorum superficialis does not insert onto digit 2 (L
1, AUTAPOMORPHY). [0] Flexor digitorum superficialis inserting
onto digit 2 (see character above). [1]. As noted by Jouffroy
(1971), in lorisiforms such as Loris and Perodicticus this muscle
usually does not insert onto digit 2. Within all the Loris speci-
mens reported by Murie & Mivart (1872), Nayak (1933), Straus
(1942b) and Miller (1943) the insertion was only onto digits 3-5,
except in one of the two specimens reported by Murie & Mivart
(1875), in which the muscle sent tendons to digits 2-5 (we could
not discern the insertion of the muscle in the Loris specimen dis-
sected by us). Barnard (1875) reported a specimen of ‘Nycticebus
sp.” with an insertion onto digits 3-5. However, it is not clear if
this specimen really belongs to the genus Nycticebus as cur-
rently defined, because some species that were assigned to this
genus (e.g. ‘Nycticebus tardigradus’) in the past are now
included in the genus Loris. Straus (1942b), seemingly based on
reports of authors such as Barnard (1875), also stated that in
‘Nycticebus sp.’ there is no insertion onto digit 2. However, this
feature has been analyzed in detail in six specimens that surely
belong to the genus Nycticebus (the two N. bengalensis and the
single N. coucang specimens dissected by Miller (1943), as well
as the two N. pygmaeus specimens and the N. coucang speci-
men dissected by us), and in all these specimens there was an
insertion onto digits 2-5. Therefore, contrary to Loris, Nyctice-
bus is coded as CS-0.

117. Palmaris longus is hypertrophied (L 1, AUTAPOMORPHY).
[0] Palmaris longus not hypertrophied. [1]. As noted by Leche
(1886) and Diogo et al. (2009a), in Cynocephalus the palmaris
longus is hypertrophied, having a much larger belly than in taxa
of CS-0.

118. Palmaris longus is absent in > 5% of the cases (L 1, Cl 100,
RI 100). As noted by Keith (1899), Loth (1931), Sarmiento (1994),
Gibbs (1999) and Gibbs et al. (2002), the palmaris longus is
always, or almost always, present in the specimens of taxa of
CS-0 [0], but it is absent in more than 5% of the cases in speci-
mens of Gorilla, Pan and Homo [1]. In the Rattus, Tupaia, Cyno-
cephalus, Lemur, Propithecus, Loris, Nycticebus and Tarsius
specimens reported by Burmeister (1846), Mivart & Murie (1865),
Murie & Mivart (1872), Leche (1886), Allen (1897), Le Gros Clark
(1924), Woollard (1925), Greene (1935), Miller (1943), Haines
(1955), Jouffroy (1962), Jouffroy (1975), George (1977) and
Schultz (1984) and dissected by us the palmaris longus was
always present, except in one of the two Tarsius specimens dis-
sected by Schultz (1984). In the Callithrix, Saimiri, Aotus and
Pithecia specimens reported by Senft (1907), Beattie (1927), Zi-
emer (1972) and Kikuchi (2010a) and dissected by us, Macaca
specimens described by Haughton (1865), Howell & Straus
(1933), Patterson (1942), Jacobi (1966), Kimura & Tazai (1970),
Ogihara et al. (2009), Kikuchi (2010a) and examined by us, Cer-
copithecus specimens dissected by Hill (1966) and by us, and Pa-
pio specimens examined by Macalister (1871), Champneys
(1872), Michaélis (1903), MacDowell (1910), Hill (1970), Swindler
& Wood (1973), Kikuchi (2010a) and by us, the muscle was pres-
ent. Polak (1908) did not describe the palmaris longus in Colo-
bus guereza, but it is possible that the palmaris longus sensu
the present work actually corresponds to part of the structure
that she designated as ‘flexor digitorum sublimis’; in fact, the
palmaris longus was in present in the C. guereza specimen dis-
sected by us, and is also usually present in other Colobinae such
as Procolobus and Nasalis, as reported by Schultz (1986). In the
Hylobates specimens described by Kohlbriigge (1890-1892; three
specimens), Hepburn (1892; one specimen), Grénroos (1903;
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various specimens), Payne (2001; one specimen), Michilsens et al.
(2009; 11 specimens) and Kikuchi (2010a; two specimens), and
dissected by us (two specimens), the muscle was always present,
and according to Loth (1931), Gibbs (1999) and Gibbs et al.
(2002) it is present in all hylobatids, although Deniker (1885)
suggested that it was missing in the gibbon fetus dissected by
him. In the Pongo specimens described by Church (1861-1862;
one specimen), Chapman (1880; one specimen), Hepburn (1892;
one specimen), Beddard (1893; one specimen), Fick (1895a,b;
one specimen), Primrose (1899, 1900; one specimen), Michaélis
(1903; one specimen), Sonntag (1924a; one specimen), Kallner
(1956; two specimens), Payne (2001; three specimens), Oishi
et al. (2008, 2009; three specimens) and dissected by us (two
specimens) the muscle was present, and according to Loth
(1931), Gibbs (1999) and Gibbs et al. (2002) it is present in all of
the specimens of this genus, although Traill (1821) suggested
that it was missing on one side of a orangutan dissected by
him. In the Gorilla specimens described by Owen (1868; one
specimen), Macalister (1873; one specimen), Hepburn (1892; one
specimen), Raven (1950; one specimen) and Sarmiento (1994;
two specimens) the muscle was present, but it was absent, for
instance, in the specimens reported by Chapman (1878; one
specimen), Bischoff (1880; one specimen), Deniker (1885; two
specimens), Hartmann (1886; one specimen), Symington (1889;
one specimen), Eisler (1890; one specimen), Hepburn (1892; one
specimen), Hofér (1892; one specimen), Duckworth (1904; one
specimen), Sommer (1907; one specimen) and Pira (1913; one
specimen) and in five of the six upper limbs (three specimens)
dissected by Preuschoft (1965), as well as in both sides of the
single gorilla specimen in which we could discern this feature
(VU GG1); it is only present in seven out of 11 cases according
to Keith’s (1899) review, in 15% of the cases according to Loth’s
(1931) review, in four out of 11 cases according to Sarmiento’s
(1994) review, and in six out of 19 cases according to Gibbs’
(1999) review (so it is clearly absent in more than 5% of gorilla
limbs). In the Pan specimens described by Tyson (1699; one spec-
imen), Vrolik (1841; one specimen), Wilder (1862; one speci-
men), Gratiolet & Alix (1866; one specimen), Humphry (1867;
two specimens), Macalister (1871; one specimen), Champneys
(1872; one specimen), Chapman (1879; one specimen), Hepburn
(1892; one specimen), Beddard (1893; one specimen), Dwight
(1895; one specimen), MacDowell (1910; one specimen), Ribbing
& Hermansson (1912; one specimen), Miller (1952; one speci-
men), Ziegler (1964; one specimen), Swindler & Wood (1973;
one specimen), Sarmiento (1994; one specimens), Ogihara et al.
(2005; one specimen), Oishi et al. (2009; four specimens) and Ki-
kuchi (2010a; one specimen) the muscle was present, but it was
absent for instance in the specimen dissected by Sonntag (1923),
in one of the three specimens reported by Sonntag (1924a), in
one of the four upper limbs dissected by Carlson (2006), and in
one out of the six specimens dissected by us in which we could
discern this feature in detail; it is only present in nine out of 12
cases according to Keith's (1899) review, in 95% of the cases
according to Loth’s (1931) review, in 15.5 out of 17 cases accord-
ing to Sarmiento’s (1994) review, and in 19 out of 28 cases
according to Gibbs' (1999) review (so, in overall, it clearly seems
to be absent in much more than 5% of chimpanzee limbs). Con-
cerning modern humans, Loth (1931) stated that the muscle is
present in about 97.5-98% of the cases, but in a more recent
survey Gibbs (1999) stated that its incidence is said to range,
within the recent literature, from 96.1 to 79.6%, with most
authors referring to about 85% of the cases (so, in overall, it

does seems to be missing in more than 5% of modern human
upper limbs).

119. Flexor carpi ulnaris does not originate from the humerus (L
1, C/ 100, RI 100). [0] In numerous non-primate mammals (e.g.
Jouffroy, 1971), including Rattus and Tupaia, as well as in the
vast majority of primates, the flexor carpi ulnaris usually origi-
nates from the humerus (often from the medial epicondyle) and
ulna (often from the coronoid process). In Rattus and Tupaia
specimens described by Greene (1935), Le Gros Clark (1924),
George (1977) and Jouffroy (1971) and dissected by us, the
flexor carpi ulnaris originates from the humerus and the ulna.
This is also the case in Lemur, Propithecus, Nycticebus, Loris and
Tarsius (literature and our dissections), in Callithrix and Pithecia
(Beattie, 1927; Ziemer, 1972; our dissections), in Aotus and Sai-
miri (our observations), in Macaca (Howell & Straus, 1933; Patt-
erson, 1942; Kimura & Tazai, 1970; our dissections), in
Cercopithecus (Hill, 1966; Lewis, 1989; our dissections), in Colo-
bus (Polak, 1908; our observations), and Papio (Champneys,
1872; Swindler & Wood, 1973; our dissections). A bony origin
from the ulna and humerus is usually present in modern
humans and was found in the Pongo specimens dissected by us
and described by Hepburn (1892), Beddard (1893), Primrose
(1899, 1900), Sonntag (1924a), Sullivan & Osgood (1927) and
Kallner (1956), in the Gorilla specimens described by Macalister
(1873), Hepburn (1892), Raven (1950) and Preuschoft (1965), and
in the Pan specimens dissected by us and described by Gratiolet
& Alix (1866), Hepburn (1892), Beddard (1893), Sonntag (1923),
Miller (1952) and Swindler & Wood (1973). [1] As noted by Leche
(1886) and Jouffroy (1971) and corroborated by our dissections,
in Cynocephalus the flexor carpi ulnaris usually does not origi-
nate from the humerus. Jouffroy (1971) stated that in hylobatids
there is no direct bony origin from the ulna, and according to
Kohlbriigge (1890-1892) this was effectively the case in the
three Hylobates specimens dissected by him, as it was in the 11
Hylobates specimens examined by Michilsens et al. (2009). How-
ever, in the Hylobates specimen reported by Hepburn (1892)
and the two Hylobates specimens in which we could analyze
this feature in detail (VU HG1 and HU HL1) the origin was from
the ulna and the humerus, and in her recent review, Gibbs
(1999) stated that an origin from both the humerus and the
ulna is the usual condition for this genus. Therefore, until more
information is available Hylobates is coded as '?".

120. Epitrochleoanconeus is not a distinct muscle (L 3, Cl 33, RI
60). [0] In most eutherian non-primate mammals (e.g. Jouffroy,
1971), including Cynocephalus and Tupaia, as well as primates
such as Lemur, Propithecus, Tarsius, Pithecia, Callithrix, Aotus,
Saimiri, Macaca, Cercopithecus, Colobus, Papio and Pan, the
epitrochleanconeus is usually present as a distinct muscle. This
was corroborated in Cynocephalus and Tupaia (Leche, 1886; Le
Gros Clark, 1924; Haines, 1955; George, 1977; our dissections), in
Lemur and Propithecus (Jouffroy, 1962; Jouffroy, 1975; Lewis,
1989; our dissections), in Pithecia (Ziemer, 1972; our dissections),
in Callithrix, Aotus and Saimiri (our dissections), in Cercopithe-
cus (Lewis, 1989; our observations), in Colobus (Polak, 1908; our
dissections) and Papio (Swindler & Wood, 1973; our dissections).
Howell & Straus (1932, 1933) stated that the muscle is usually,
but not always, present in Macaca, and Patterson (1942), Jacobi
(1966) and Kimura & Tazai (1970) did found this muscle in all
the numerous Macaca specimens dissected by them, as we did
in our dissections. Concerning Pan, there are some cases in
which the muscle is not described but it is not clear if this is
because it is actually absent or not; there are other, few cases
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(e.g. Macalister, 1871 — one specimen; Sonntag, 1923 — one spec-
imen) in which the authors stated that the muscle was absent,
and there are numerous cases in which the authors stated that
the muscle was present (e.g. in the specimen described by Grati-
olet & Alix, 1866; in one side of the body of the specimen
described by Howell & Straus, 1932 - absent on the other side —
in one side of the body of the specimen dissected by Miller,
1952 — absent on the other side - in one side of the body of the
specimen described by Ziegler, 1964 — he could not discern if
the muscle was present or not on the other side - in the speci-
men illustrated by Swindler & Wood, 1973 - in their p. 327 they
state that this muscle is absent in Pan, but in p. 146 they state
that it is actually present and they clearly show it in the speci-
men illustrated in a figure in their p. 147 — and in two of the
five specimens dissected by us in which we could discern if the
muscle was present or not — in the other three, infant, speci-
mens the muscle clearly seemed to be undifferentiated). Regard-
ing Tarsius, Woollard (1925) did not refer to the
epitrochleoanconeus, but in fig. 48 he showed a short muscle
going from the medial epicondyle of the humerus (just lateral
to the origin of the flexor carpi ulnaris) to the olecranon pro-
cess of the ulna, which clearly seems to correspond to the epit-
rochleoanconeus sensu the present work. This is corroborated
by the detailed works of Burmeister (1846), Howell & Straus
(1932) and Schultz (1984), which effectively stated that this mus-
cle was present in all the Tarsius specimens dissected by them
(as it was in our dissections of Tarsius). [1] In Loris, Nycticebus,
Hylobates, Pongo, Gorilla and modern humans the epit-
rochleoanconeus is usually not present as a separate, well-
defined muscle. The muscle is missing in Loris according to Mu-
rie & Mivart (1872), Hill (1953) and Jouffroy (1962). It was
reported to be present in orangutans by Testut (1884), Kohl-
bragge (1897) and Kallner (1956), but was not found in Pongo
by us and by most authors, including Church (1861-1862), Hep-
burn (1892), Beddard (1893), Fick (1895a,b), Primrose (1899,
1900), Michaélis (1903), Sonntag (1924a), Sullivan & Osgood
(1927) and Oishi et al. (2008). Kohlbriugge (1890-1892), Deniker
(1885), Howell & Straus (1932) and Michilsens et al. (2009) did
also not found/report this muscle in Hylobates, and we did not
found this muscle in our dissection of this taxon. The muscle
was also not found/described in the gorillas reported by Duver-
noy (1855-1856), Macalister (1873), Chapman (1878), Bischoff
(1880), Deniker (1885), Hartmann (1886), Eisler (1890), Hepburn
(1892), Hofér (1892), Sommer (1907), Pira (1913), Raven (1950)
and Preuschoft (1965) and dissected by us. Regarding Nyctice-
bus, Howell & Straus (1932) reported a specimen of ‘Nycticebus
sp.” without an epitrochleoanconeus. However, it is not clear if
this specimen really belongs to the genus Nycticebus as cur-
rently defined, because some species that were assigned to this
genus (e.g. ‘Nycticebus tardigradus’) in the past are now
included in the genus Loris. Miller's (1943) descriptions of Nyc-
ticebus refer only to an ‘anconeus sextus’, which probably corre-
sponds to the posterior head of the triceps brachii sensu the
present work (see above), so the epitrochleoanconeus was
apparently missing in the specimens dissected by her, as it was
in the N. coucang specimen dissected by us. Therefore, as is the
case in Loris, the muscle is usually missing in Nycticebus; this lat-
ter taxon is thus coded as CS-1. The Rattus specimen dissected
by us seemed to have a small epitrochleoanconeus, but we are
not completely sure about this; as Greene (1935) does not
describe this muscle, we prefer to code this taxon as ‘?’, until
more data is available.
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121. Flexor carpi radialis inserts onto the metacarpals Il and III (L
2, CI 50, RI 83). [0] In most non-primate eutherian mammals
(e.g. Jouffroy, 1971), including Rattus and Cynocephalus, as well
as primates such as Loris, Nycticebus, Lemur and Propithecus,
the flexor carpi radialis usually inserts onto metacarpal Il (as is
usually the case in, e.g. Rattus) or metacarpal Il (as is usually the
case in, e.g. Lemur and Propithecus) or, in a few cases, onto
other structures (as is usually the case in, e.g. Cynocephalus),
but usually does not attach onto both the metacarpal Il and IIl.
As noted by Greene (1935) and Jouffroy (1971), in Rattus the
muscle goes to metacarpal Ill only, and as described by Leche
(1886) and Jouffroy (1971) and corroborated by our dissections,
in Cynocephalus the muscle goes to the trapezoid and/or trape-
zium. In Lemur, Propithecus, and some species of Nycticebus
(e.g. N. bengalensis) the muscle usually goes to metacarpal Il, as
reported by Murie & Mivart (1872), Miller (1943) and Jouffroy
(1962, 1971), Jouffroy (1975), and found in our dissections,
while in Loris and some other species of Nycticebus (e.g.
N. coucang) it goes exclusively to the trapezoid according to
Miller (1943). Because in one of the Nycticebus pygmaeus speci-
mens, and also in the single N. coucang specimen, dissected by
us there was an attachment onto metacarpal I, while in the
other N. pygmaeus specimen there was an attachment to meta-
carpals 1l and I, one can say that in Nycticebus there is usually
no attachment to both metacarpals Il and Ill: within the six
specimens of this genus dissected by Miller (1943) and by us, this
actually only happened in a single specimen. Regarding Loris, in
the single specimen dissected by us the muscle did seem to
attach onto metacarpal Il, but we cannot be completely sure
that it did not attach also/instead onto the trapezoid. [1] In Tu-
paia, Tarsius, Pithecia, Aotus, Callithrix, Saimiri, Macaca, Papio,
Cercopithecus, Colobus, Pongo, Gorilla, Pan and modern
humans the muscle often inserts onto both metacarpals Il and
Ill. Regarding Tupaia, Le Gros Clark (1924) described a specimen
in which the muscle goes only to metacarpal Il, as Le Gros Clark
(1926) did for Ptilocercus, but Straus (1942a) stated that in Tu-
paia the muscle might go to metacarpal Il, to metacarpal Ill, or
to both, and in the Tupaia specimens reported by Haines (1955)
and George (1977) the muscle is effectively inserted onto both
metacarpals Il and lll. Regarding Papio, Champneys (1872), Mi-
chaélis (1903) and Hill (1970) state that the muscle is similar to
that of modern humans (which usually have an insertion onto
metacarpals Il and 1), and Swindler & Wood (1973) effectively
described an insertion onto both metacarpals Il and Ill in Papio,
as found in our dissections, which also revealed that in Cercopi-
thecus the muscle also goes to metacarpals Il and Ill. Regarding
Gorilla, an insertion onto metacarpals Il and Il was described by
Hepburn (1892), Raven (1950) and Preuschoft (1965; this latter
author also referred to an insertion onto the trapezius), and
according to Jouffroy (1971) and Gibbs (1999) such an insertion
onto these two metacarpals is usually, and possibly even always,
found in gorillas; we did effectively find this configuration in
our dissections of Gorilla. Regarding Pan, in the survey of Gibbs
(1999) this author stated that the muscle is inserted onto both
metacarpals Il and Il in five out of 10 specimens, but Jouffroy
(1971) argue that an insertion onto both metacarpals is clearly
the usual condition for Pan: an exclusive insertion onto metacar-
pal Il was described by Gratiolet & Alix (1866), Beddard (1893),
Dwight (1895) and Miller (1952), but in the specimens dissected
by Hepburn (1892), Sonntag (1923), Ziegler (1964) and Swindler
& Wood (1973), as well as in the three specimens dissected by
us in which we could discern this feature in detail, the insertion
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was onto both metacarpals 1l and Ill. Regarding modern
humans, as noted by Jouffroy (1971) and Gibbs (1999) and
shown in, e.g. plate 492 of Netter (2006), the muscle usually
goes to both metacarpals Il and Ill. Interestingly, our studies
indicated that, within at least some primate groups, the descrip-
tions of this muscle have been too simplified. That is, some
authors, seemingly based on the usual modern human configu-
ration and/or on their own expectations, reported that the
muscle attaches to metacarpal Il in taxa that, according to our
detailed dissections, actually usually display an insertion onto
both metacarpals Il and lll. This is the case in the Macaca, Tar-
sius, Callithrix, Aotus, Pithecia, Colobus, and Saimiri specimens
dissected by us, in which the attachment was clearly to metacar-
pals Il and lIl; therefore, these genera are coded here as CS-1.
For instance, according to Howell & Straus (1933) in Macaca
mulatta the muscle often goes to metacarpals Il and Ill, but Kim-
ura & Tazai (1970) did not report an insertion onto metacarpal
Il in the 10 M. fascicularis specimens dissected by them. How-
ever, as in the M. nigra specimen dissected by Patterson (1942)
and the M. fascicularis specimen dissected by us (VU MF1) the
muscle clearly attached onto metacarpals Il and Ill, we code
Macaca as CS-1. Regarding Pongo, an exclusive insertion onto
metacarpal Il was described by Beddard (1893; one specimen),
Kohlbriigge (1897; one specimen), Primrose (1899, 1900; one
specimen) and Sullivan & Osgood (1927; one specimen). Again,
one cannot be sure if these descriptions might have been influ-
enced by the expectations of the authors (see above), because
in the Pongo specimens described by Hepburn (1892; one speci-
men), and Sonntag (1924a; one specimen), as well as in the two
specimens dissected by us, the muscle actually goes to both
metacarpals Il and Il (Kallner, 1956 stated that in the two speci-
mens dissected by her the insertion was onto metacarpal |
instead). In the survey of the literature by Gibbs (1999), she sta-
ted that an insertion onto metacarpals Il and Il was found in
three out of seven orangutans, but the fact that we found this
condition in the two orangutans dissected by us, and also that
even if we would take into account Gibbs’ numbers we would
now have, with our two specimens, a total of five out of nine
orangutans with a double insertion, seem to suggest that a
double insertion is effectively often found in Pongo: this genus
is thus coded as CS-1. Regarding Hylobates, according to Hep-
burn (1892) and Jouffroy (1971) the muscle goes to both meta-
carpals Il and 1ll, and this was precisely the condition found in
our specimen HU HL1. However, Michilsens et al. (2009) stated
that, in the 11 Hylobates specimens dissected by them (three
H. lar, two H. pileatus, two H. moloch and four H. syndactylus),
the muscle always attaches to metacarpal Il only, and such an
insertion was also found in the three Hylobates specimens dis-
sected by Kohlbriigge (1890-1892; one H. agilis, one H. moloch
and one H. syndactylus) and in our specimen VU HG1. There-
fore, in this case it is very difficult to discern what might be the
usual condition for hylobatids, and we thus code Hylobates as
i

122. Flexor carpi radialis does not insert onto the metacarpal Il
or the metacarpal Ill (L 1, AUTAPOMORPHY). [0] As explained in
the character above, in the vast majority of non-primate and pri-
mate mammals the flexor carpi radialis usually inserts onto meta-
carpal Il, onto metacarpal lll, or onto both these metacarpals. [1]
However, as described by Leche (1886) and Jouffroy (1971) and
corroborated by our dissections, in Cynocephalus this muscle
does not attach to either of these bones, being instead usually
exclusively attached onto the trapezium and/or the trapezoid. A

similar condition was found in the two Loris tardigradus speci-
mens dissected by Miller (1943), in which the muscle was exclu-
sively inserted onto the trapezoid. In the single specimen of this
species that we dissected the muscle did seem to attach onto
metacarpal Il, although we cannot be completely sure that it did
not attach also/instead onto the trapezoid. Therefore, until
more information is available for Loris, this taxon is coded as '?’
(Nycticebus is coded as CS-0: see character above).

123. Flexor carpi radialis originates from the radius (L 2, Cl 50,
RI 50). [0] In most non-primate eutherian mammals (e.g. Jouff-
roy, 1971), including Rattus, Tupaia and Cynocephalus, as well
as all the non-hominoid primates included in this analysis and in
modern humans, the flexor carpi radialis usually has a bony ori-
gin from the humerus, but not from the radius. In the Rattus,
Cynocephalus and Tupaia specimens described by Greene (1935),
Le Gros Clark (1924), George (1977) and Leche (1886) and dis-
sected by us, the bony origin of the muscle is from the humerus.
This is also the case in Lemur, Propithecus, Loris, Nycticebus and
Tarsius according to Murie & Mivart (1872), Woollard (1925),
Miller (1943), Jouffroy (1962), Jouffroy (1975), Schultz (1984)
and our dissections, in Callithrix, Aotus, Saimiri, Pithecia to Senft
(1907), Beattie (1927), Ziemer (1972) and our dissections, Macaca
to Howell & Straus (1933), Patterson (1942) and Kimura & Tazai
(1970) and our dissections, Colobus to Polak (1908) and our
observations, and Cercopithecus to Hill (1966) and our dissec-
tions. Regarding Papio, Champneys (1872), Michaélis (1903) and
Hill (1970) state that the muscle is similar to that of modern
humans, and Swindler & Wood (1973) effectively described an
origin exclusively from the humerus in Papio, as also found in
our dissections. Concerning modern humans, the bony origin is
usualy only from the humerus, as reported by, e.g. Loth (1931),
Ziegler (1964), Jouffroy (1971) and Netter (2006). [1] In Pongo,
Gorilla and Pan the muscle has bony origins from at least the
humerus and the radius. This condition was found in the Pongo
specimens reported by Hepburn (1892), Beddard (1893), Fick
(1895a,b), Kohlbriigge (1897), Primrose (1899, 1900), Sonntag
(1924a), Sullivan & Osgood (1927), Kallner (1956) and dissected
by us, in the Gorilla specimens described by Duvernoy (1855-
1856), Symington (1889), Hepburn (1892), Raven (1950) and Pre-
uschoft (1965) and dissected by us, and in the Pan specimens
described by Gratiolet & Alix (1866), Hartmann (1886), Dwight
(1895), Sonntag (1923), Miller (1952), Ziegler (1964) and Swin-
dler & Wood (1973) and dissected by us (there are only very few
descriptions of chimpanzees that refer to a bony origin from
the humerus only, e.g. Hepburn, 1892; and Beddard, 1893).
Regarding Hylobates, according to Hepburn (1892; one speci-
men) and Kohlbrigge (1890-1892; three specimens), the muscle
originates from both the humerus and the radius, and this was
precisely the condition found in our dissections of this taxon.
However, Michilsens et al. (2009) stated that in the 11 Hylobates
specimens dissected by them (three H. lar, two H. pileatus, two
H. moloch and four H. syndactylus), the muscle originated from
the humerus only, except in the three specimens of H. lar, in
which the muscle also originated from the pronator teres and,
thus, indirectly from the radius. Therefore, until we have more
data for hylobatids, we code this feature as ‘?' for Hylobates.
124. Pronator teres originates from the ulna (ordered multistate
character) (L 2, CI 100, RI 100). [0] In most non-primate euthe-
rian mammals (e.g. Howell & Straus, 1933; Jouffroy, 1971),
including Rattus, Tupaia and Cynocephalus, as well as the non-
hominoid primates included in this analysis, the pronator teres
usually has a bony origin from the humerus, and not from the
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ulna. In the Rattus, Cynocephalus and Tupaia specimens
described by Leche (1886), Greene (1935), Le Gros Clark (1924),
Jouffroy (1962), George (1977) and dissected by us, the bony ori-
gin of the muscle was from the humerus, although Straus
(1942a) stated that Tupaia has humeral and ulnar heads sepa-
rated by the median nerve, as is usually the case in modern
humans. Miller (1932) stated that in Tarsius the origin of the
muscle is from the ulna and humerus, but in all the specimens
of Lemur, Propithecus, Loris, Nycticebus and Tarsius reported by
Burmeister (1846), Mivart & Murie (1865), Murie & Mivart
(1872), Parsons (1898b), Woollard (1925), Miller (1943), Jouffroy
(1962), Jouffroy (1975) and Schultz (1984) and dissected by us
the bony origin was clearly from the humerus only. In the Calli-
thrix, Aotus, Saimiri and Pithecia specimens reported by Senft
(1907), Beattie (1927) and Ziemer (1972) and dissected by us,
Macaca specimens dissected by Howell & Straus (1933), Patter-
son (1942) and Kimura & Tazai (1970) and by us, Cercopithecus
specimens dissected by Miller (1932), Hill (1966) and by us, Colo-
bus specimens examined by Polak (1908) and by us, and Papio
specimens studied by Champneys (1872), Miller (1932), Hill
(1970), Swindler & Wood (1973) and by us, the bony origin is
also exclusively from the humerus. Within hominoids a bony ori-
gin from the ulna (in addition to an origin from the humerus) is
‘frequent’ (i.e. often but not usually, that is, present in < 50%
of the cases) in Hylobates [1] and seemingly the rule (i.e. usu-
ally, that is, present in > 50% of the cases) in Pan, Gorilla, Pon-
go and modern humans [2]. Regarding Hylobates, the specimens
reported by Hepburn (1892), Chapman (1900), Lewis (1989) and
Michilsens et al. (2009) and our specimen VU HG1 had only a
humeral origin, and Deniker (1885) suggested that this was also
the case in the gibbon fetus dissected by him, but the three
specimens dissected by Kohlbriigge (1890-1892), the specimen
described by Stern & Larson (2001) and our specimen HU HL1
did have a few fibers that also originated from the ulna
(although there was not a distinct, well defined ulnar head as
that found for instance in modern humans); according to Loth
(1931) and Jouffroy (1971) a distinct ulnar head is only found in
41 and 42% of hylobatids, respectively. Regarding Gorilla, Owen
(1868) stated that the two heads are present but not as well
defined as in modern humans, and in the specimens of Duver-
noy (1855-1856), the specimen of Chapman (1878), the speci-
men of Bischoff (1880), two of the three specimens of
Hartmann (1886), one of the two specimens of Deniker (1885),
the specimen of Eisler (1890), the specimen of Hepburn (1892),
the specimen of Hofér (1892) and the specimen of Lewis (1989),
as well as our VU GG1 specimen, there was no distinct ulnar
head, but in the specimen of Macalister (1873), one of the three
specimens of Hartmann (1886), one of the two specimens of
Deniker (1885), the specimen of Symington (1889), the specimen
of Sommer (1907), the specimen of Pira (1913), the specimen of
Miller (1932), and the specimen of Raven (1950) the two heads
were present. According to Parsons (1898b), Chylewski (1926),
Loth (1931), Preuschoft (1965) and Jouffroy (1971) the two
heads are present in 40, 44, 44, 47 and 42% of gorillas, respec-
tively, but if one takes into account the review of the literature
done by Preuschoft (1965) plus the presence of the two heads
in the specimen of Owen (1868) and in the three specimens of
Preuschoft (1965) and its absence in the specimen of Lewis
(1989) and our VU GG1 specimen, one concludes that the two
heads are actually present in 12 out of 23 gorillas, i.e. in 52% of
the cases. Regarding Pongo, the specimens reported by Chap-
man (1880), Hepburn (1892), Beddard (1893), Fick (1895a,b),
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Primrose (1899, 1900), Sonntag (1924a,b), Kallner (1956), Oishi
et al. (2008, 2009) and dissected by us have an ulnar head and a
humeral head separated by the median nerve, although Lewis
(1989) said that a distinct ulnar head is not present in apes.
According to Parsons (1898b), Loth (1931) and Jouffroy (1971)
the two heads are present in 100, 73 and 70% of orangutans,
respectively, although Gibbs (1999) confusingly (and seemingly
erroneously) stated that the two heads are found only in 3/7
orangutans. Regarding Pan, the specimens reported by Tyson
(1699), Macalister (1871), Champneys (1872), Chapman (1879),
Hepburn (1892), Beddard (1893), Dwight (1895), Sonntag (1923,
1924b), Miller (1952), Swindler & Wood (1973), Stern & Larson
(2001) and dissected by us have an ulnar head and a humeral
head separated by the median nerve, and Oishi et al. (2009)
found the two heads in two of the four Pan specimens dissected
by them but could not find an ulnar head in the two other
specimens that they dissected. However Gratiolet & Alix (1866)
described a humeral head only in Pan, and Lewis (1989) said
that a distinct ulnar head is not present in apes. According to
Parsons (1898b), Loth (1931) and Jouffroy (1971) the two heads
are present in 90, 91 and 90% of chimpanzees, respectively,
although Gibbs (1999) stated that the two heads are found only
in 5/9 Pan. Concerning modern humans, the two heads are
almost always present and separated by the median nerve (e.g.
according to Loth (1931) this occurs in 99% of cases).

Hand muscles

125. Palmaris brevis is not a distinct muscle (L 3, Cl 33, Rl 60). [0]
In most eutherian non-primate mammals (e.g. Jouffroy, 1971),
including Cynocephalus, Rattus and Tupaia, as well as all the
primates included in this analysis except Hylobates and Pongo,
the palmaris brevis is usually (= 50%) present as a distinct mus-
cle. Regarding Rattus, it is difficult to discern if this small muscle
is present in the specimens dissected by us, but Peterka (1936)
stated that rats do have this muscle and Jouffroy (1971) corrob-
orated that rodents usually have this muscle. Regarding Cyno-
cephalus, Leche (1886) did not refer to this muscle, but it was
clearly present in the specimen dissected by us. Concerning Tu-
paia, it was present in the specimens dissected by us and
described by Le Gros Clark (1924), Haines (1955) and George
(1977), and Jouffroy (1971) corroborated that the muscle is usu-
ally found in tree-shrews. This is also the case in Lemur, Propi-
thecus, Loris, Nycticebus and Tarsius according to Burmeister
(1846), Murie & Mivart (1872), Woollard (1925), Nayak (1933),
Jouffroy (1962), Jouffroy (1975), Dylevsky (1967) and Schultz
(1984) and to our dissections, in Callithrix according to Senft
(1907), Beattie (1927) and Dylevsky (1967) and to our observa-
tions, and in Aotus and Saimiri according to our observations.
Stanley (1970) found the muscle in four Pithecia hands, and sta-
ted that it was likely that the muscle was accidentaly removed
in the skinning of the six other hands dissected by her; in the
two Pithecia specimens dissected by us the palmaris brevis was
present. Regarding Macaca, Howell & Straus (1933) stated that
the muscle is usually present in this taxon and it was present in
the numerous specimens dissected by Jacobi (1966) and Kimura
& Tazai (1970) and by us, as it was in the Papio specimens dis-
sected by Macalister (1871) and Swindler & Wood (1973) and by
us, in the Cercopithecus specimens reported by Hill (1966) and
dissected by us, and in the Colobus specimens dissected by Polak
(1908) and by us. Regarding Gorilla, the muscle was not present
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in the specimen reported by Bischoff (1880), the fetus dissected
by Deniker (1885), the specimen of Hepburn (1892), the speci-
men of Duckworth (1904), the specimen of Pira (1913), and
three of the four specimens of Preuschoft (1965), but was pres-
ent in the specimen of Duvernoy (1855-1856), the juvenile speci-
men of Deniker (1885), the specimen of Hofér (1892), the
specimen of Sommer (1907), the specimen of Raven (1950), one
of the four specimens of Preuschoft (1965), the specimen illus-
trated by Dylevsky (1967), the two specimens of Sarmiento
(1994), our CMS GG1 specimen, and in at least one side of our
VU GG1 specimen. According to the reviews of the literature
done by Sarmiento (1994) and Gibbs (1999) this muscle is pres-
ent in 7/9 and 1/2 gorillas, respectively, and according to our
own review of the literature and the data obtained in our own
dissections, it is present in 11/19 of the cases (i.e. in 58% of
cases in Gorilla). Regarding Pan, the muscle was not present in
the specimen dissected by Hepburn (1892), the two specimens
of Sarmiento (1994), and the specimen of Wilder (1862), but
was present in the specimen of Vrolik (1841), the specimen of
Gratiolet & Alix (1866), the two specimens of Humphry (1867),
the specimen of Champneys (1872), the specimen of Sonntag
(1923), the specimen of Miller (1952), the specimen illustrated
by Dylevsky (1967), the specimen of Swindler & Wood (1973)
and in four of the five dissected specimens in which we could
discern this feature. According to the reviews of the literature
done by Sarmiento (1994) and Gibbs (1999) this muscle is pres-
ent in 7/9 and 4/5 Pan, respectively, and according to our own
review of the literature and the data obtained from our dissec-
tions, it is present in 13/18, i.e. in 72%, chimpanzees. Concern-
ing modern humans, it is present in most cases, being present in
all 12 bodies dissected by Sarmiento (1994). [1] In Hylobates and
Pongo the palmaris brevis is usually not present as a distinct
muscle (i.e. it is present in less than 50% of the cases). Regard-
ing Hylobates, Hepburn (1892) stated that the specimen dis-
sected by him had no palmaris brevis, and this was also the case
in the three specimens dissected by Kohlbriigge (1890-1892),
with Loth (1931)stating that the muscle is always missing in hy-
lobatids and Howell & Straus (1933) and Jouffroy (1971) stating
that it is usually absent or poorly developed in these primates.
However, such statements are based on previous descriptions of
other authors that are, in turn, based in very few dissections. In
fact, in one of the two Hylobates specimens dissected by us (HU
HL1) the muscle was clearly present and well developed and it
was also present in the Hylobates specimen illustrated by Dylev-
sky (1967), so according to our own review of the literature and
of the data obtained in our own dissections, it is present in 2/7
of the cases, i.e. in about 29% of the cases in hylobatids,
because it is absent in the three specimens of Kohlbrigge
(1890-1892) and the specimen of Hepburn (1892) and present in
one of our two specimens and in the specimen illustrated by
Dylevsky (1967). It is actually not clear if the muscle was really
missing in all the other five specimens, or if it might have just
been removed with the removal of the skin, as is often the case
with this little muscle. Neverless, the usual condition for hylo-
batids does seem to be that in which the palmaris brevis is miss-
ing. Regarding Pongo, the muscle was not present in the
specimen dissected by Hepburn (1892) and the two specimens
dissected by Kallner (1956), but Loth (1931) stated that it some-
times present in this taxon and it was present in the two speci-
mens dissected by us, so according to our own review of the
literature and of the data obtained from our own dissections, it
is present in 2/5, i.e. in 40%, orangutans.

126. Palmaris brevis is hypertrophied (L 1, AUTAPOMORPHY).
Contrary to taxa of CS-0 [0], in Colobus the palmaris brevis is hy-
perthophied, having two peculiar, distinct, well-developed
heads, one on the ulnar side of the hand and the other on the
radial side of the hand [1]. This condition was described in Colo-
bus by, e.g. Polak (1908), and is apparently also present in other
Colobinae such as Procolobus, but not in Nasalis, which seems
to lack a radial head according to the descriptions of Schultz
(1986). The radial head of the palmaris brevis of Colobus is
somewhat similar to the muscle palmaris superficialis that is
present as an anomaly in tree-shrews such as Tupaia (that is
why Tupaia is coded here as CS-0 and not as CS-1, because this
is an anomaly for this taxon). This supports the idea that this
palmaris superficialis derives from the flexores breves superfici-
ales of non-mammalian tetrapods, as does the palmaris brevis
(e.g. Diogo et al. 2009a). [-] This character is innaplicable in
Hylobates and Pongo because the palmaris brevis is usually
absent (see character above).

127. Flexor digitorum brevis manus is a distinct muscle (L 2, Cl
50, RI 0). [0] In basal mammalian clades such as monotremes,
as well as numerous other mammalian taxa, including rodents
such as Rattus and primates, the flexor digitorum brevis manus
is usually not present as a distinct muscle (e.g. Jouffroy, 1971;
Diogo et al. 2009a). [1] In Tupaia and other tree-shrews, as
well as in Cynocephalus, the flexor digitorum brevis manus is
usually present as a distinct structure. Regarding Tupaia, it was
present in the specimens dissected by us and described by Le
Gros Clark (1924), Haines (1955), Dylevsky (1967), and George
(1977), going from the flexor retinaculum and/or pisiform to
the middle phalanx of digit 5. Concerning Cynocephalus, the
muscle described under the name ‘opponens digiti V' by Leche
(1886) is very similar, and clearly seems to correspond, to the
flexor digitorum brevis manus of Tupaia, going also to digit 5
(fig. 11 of Leche, 1886), but because Leche (1886) named this
muscle as ‘opponens digiti V' Jouffroy (1971) erroneously sta-
ted that the flexor digitorum brevis manus is absent in derm-
opterans.

128. Lumbricales originate from thin flexor digitorum profundus
tendons (L 1, AUTAPOMORPHY). [0] In taxa of CS-0 the lumbri-
cales are mainly originated directly from the main body of the
insertion tendons of the flexor digitorum profundus. [1] In Tar-
sius these hand muscles are instead originated from peculiar,
thin tendons that are, in turn, derived from the main body of
the insertion tendons of the flexor digitorum profundus, as
shown in figs 49 of Woollard (1925) and 10.17 of Schultz (1984)
and corroborated by our own dissections.

129. There are frequently three, or instead usually seven, lum-
bricales (unordered multistate character) (L 2, AUTAPOMOR-
PHIES). [0] Most eutherian mammals (e.g. Jouffroy, 1971)
including Rattus and Tupaia, as well as all non-hylobatid pri-
mates included in this analysis, have always, or almost always,
four lumbricales. This is the case in the Rattus and Tupaia speci-
mens described by Greene (1935), Le Gros Clark (1924) and
George (1977) and dissected by us, in Lemur, Propithecus, Loris,
Nycticebus and Tarsius according to Burmeister (1846), Mivart &
Murie (1865), Murie & Mivart (1872), Barnard (1875), Woollard
(1925), Nayak (1933), Straus (1942b), Jouffroy (1962), Jouffroy
(1975), Schultz (1984), and to our dissectionsus, in Callithrix and
Pithecia to Senft (1907), Beattie (1927), Stanley (1970) and to
our observations, in Aotus and Saimiri to our dissections, in
Macaca to Howell & Straus (1933), Kimura & Tazai (1970) and
our dissections, in Cercopithecus to Hill (1966), Lewis (1989) and
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our observations, in Colobus to Polak (1908) and our dissections,
in Papio to Champneys (1872), Swindler & Wood (1973) and our
observations, and in all the Pongo, Pan and Gorilla specimens
described in the literate and examined by us, as well as in the
vast majority of modern humans. [1] As explained by Tuttle
(1969), in Hylobates the fourth lumbrical, i.e. the lumbrical
going to digit 5, is frequently missing (it was missing in seven of
the H. lar hands, but was present in the two hands of H. pilea-
tus and in all nine hands of H. syndactylus dissected by Tuttle
(1969), and was present in the Hylobates specimen described by
Jouffroy & Lessertisseur (1960), the Hylobates specimen reported
by Hepburn (1892), the three Hylobates specimens studied by
Kohlbriigge (1890-1892) and in the gibbon fetus dissected by
Deniker (1885), and was present in one of the three hylobatid
hands dissected by us: so, according to these numbers, it was
missing in nine out of 26 cases (i.e. in about 35% of the cases).
[2] As described by Leche (1886) and corroborated by our dissec-
tions, Cynocephalus has a very unusual number of lumbricales,
7, which go to the radial and ulnar sides of digits 2, 3 and 4
and to the radial side of digit 5.

130. Lumbricales originate from the dorsal surfaces of the ten-
dons of the flexor digitorum profundus (L 1, AUTAPOMORPHY).
[0] In taxa of CS-0 the lumbricales are usually mainly originated
from the ventral (palmar) surfaces of the tendons of the flexor
digitorum profundus. [1] As explained by Tuttle (1969) and cor-
roborated by our dissections, in Hylobates the lumbricales are
mainly originated from the dorsal surfaces of these tendons.
131. Contrahentes digitorum are missing (L 2, Cl/ 50, Rl 50). [0]
Most eutherian non-primate mammals (e.g. Jouffroy, 1971),
including taxa such as Rattus, Tupaia and Cynocephalus, as well
as numerous non-hominoid primates and the hominoids Hylo-
bates and Pan, have contrahentes digitorum other than the
adductor pollicis. As noted by McMurrich (1903a,b), Peterka
(1936) and Cihak (1972), Rattus usually has contrahentes to dig-
its 2 and 5, and as described by Leche (1886), Haines (1955) and
George (1977) and corroborated by our dissections, Tupaia and
Cynocephalus usually have also contrahentes to digits 2 and 5.
Concerning Tarsius, there was some confusion in the old litera-
ture (e.g. Burmeister, 1846; Woollard, 1925; Day & Napier, 1963)
between the contrahentes and other hand muscles such as the
interossei, but, as explained in the more recent, detailed works
of Jouffroy (1971), Day & lliffe (1975) and Schultz (1984), in this
taxon there are usually contrahentes to digits 2, 3, 4 and 5, as
corroborated by our dissections. Regarding Aotus, Callithrix,
and Saimiri, Brooks (1886a), Jouffroy (1962), Day & Napier
(1963) and Dunlap et al. (1985) described contrahentes to digits
2, 4 and 5, and this was also corroborated by our dissections.
Stanley (1970) described contrahentes to digits 2 and 5 only, in
Pithecia, but it is likely that this author neglected the presence
of the thin and deep contrahens to digit 4 found in the Pithecia
specimens dissected by us (that is, the usual condition for Pithe-
cia seems to be similar to that found in Aotus, Callithrix and Sai-
miri). Concerning Papio and Cercopithecus, contrahentes to
digits 2, 4 and 5 were found in our dissections and described by
Brooks (1886a), Jouffroy (1962), Hill (1966, 1970), Swindler &
Wood (1973) and Lewis (1989), although Day & Napier (1963)
stated that in the P. cynocephalus, Papio sp., C. mona and
C. neglectus specimens dissected by them the contrahens to
digit 2 was not present as a separate, fleshy structure; it is how-
ever not clear if it was really completely absent, or if it was
mainly an aponeurotic structure, as that found in the P. cyno-
cephalus specimen dissected by Hill (1970). In Macaca species,
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e.g. M. mulatta, M. nigra and M. nemestrina, there are usually
contrahentes to digits 2, 4 and 5, as described by Brooks
(1886a), Howell & Straus (1933), Jacobi (1966) and Dunlap et al.
(1985), although in one species of this genus, M. fascicularis, the
contrahens to digit 2 was absent in 13 of the 20 hands dissected
by Kimura & Tazai (1970), but present in the single specimen
dissected by us. The descriptions of Polak (1908) suggest that
there were only contrahentes to digits 2 and 5 in her Colobus
guereza specimens, but Day & Napier (1963) stated that in the
C. polykomos sp. hand dissected by them there were contrahen-
tes to digits 4 and 5. However, as the descriptions and illustra-
tions of C. polykomos by Jouffroy & Lessertisseur (1959, 1960)
and Jouffroy (1971) show three contrahentes to digits 2, 4 and
5, and we also find these fleshy contrahentes to those digits in
our C. guereza specimen, the presence of three muscles to digits
2, 4 and 5 does seem to be commonly found in Colobus, as is
also usually the case in Procolobus according to Schultz (1986).
Regarding Hylobates, in the specimens reported by Hartmann
(1886; one specimen), Hepburn (1892; one specimen), Fitzwil-
liams (1910; one specimen) and Lewis (1989; one specimen), one
of the three specimens dissected by Kohlbriigge (1890-1892),
two of the three specimens dissected by Jouffroy & Lessertisseur
(1959), and the specimens dissected by us, there were contra-
hentes to digits 2, 4 and 5, as was seemingly also the case in the
gibbon fetus dissected by Deniker (1885). This is the usual condi-
tion for hylobatids according to Jouffroy & Lessertisseur (1959)
and Lewis (1989), although Day & Napier (1963) stated that in
the specimen dissected by them there were no contrahentes
other than the adductor pollicis, Bischoff (1870; Hepburn speci-
men) and Chapman (1900; one specimen) stated that in the
specimens dissected by them there were contrahentes to digits
2 and 5 but not to digit 4 (as was also found in two of the three
specimens dissected by Kohlbriigge, 1890-1892), and in one of
the three specimens dissected by Jouffroy & Lessertisseur (1959)
there was a single fleshy contrahens to digit 5. According to our
dissections and our review of the literature, in hylobatids there
are contrahentes to digits 2, 4 and 5 in nine out of 15 cases.
Regarding Pan, in the specimen dissected by Gratiolet & Alix
(1866), the two specimens dissected by Jouffroy & Lessertisseur
(1959), the two specimens reported by Day & Napier (1963) and
four of the five specimens dissected by us in which we could dis-
cern this feature the contrahentes were not present as fleshy,
well-defined, distinct structures (the exception being PFA 1077),
while in the specimen dissected by Brooks (1886a) there were
three contrahentes to digits 2, 4 and 5. However, according to
Lewis (1989) in Pan usually there are contrahentes to digits 4
and 5, as is the case in a specimen described by Hartmann
(1886), the specimen dissected by Hepburn (1892), the specimen
dissected by Sarmiento (1994), the specimen dissected by Miller
(1952), and the specimen reported by Swindler & Wood (1973),
and in the review of the literature done by Sarmiento (1994)
the contrahentes were effectively present in seven out of seven
Pan. [1] In Pongo, Gorilla and modern humans there are usually
no contrahentes digitorum other than the adductor pollicis.
Regarding Pongo, the contrahentes were missing and/or apo-
neurotic in the specimens dissected by Church (1861-1862),
Brooks (1886a), Hepburn (1892), Primrose (1899, 1900), Sonntag
(1924a), Kallner (1956) and the two specimens dissected by us,
although a fleshy contrahens to digit 2 was possibly present in
the right hand of the specimen described by Jouffroy & Lesser-
tisseur (1958) and in one specimen illustrated by Langer (1879),
while Hartmann (1886) described contrahentes to digits 4 and 5
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in an orangutan. Regarding Gorilla, the contrahentes were miss-
ing in the specimens dissected by Macalister (1873), Deniker
(1885), Hartmann (1886), Hepburn (1892), Sommer (1907), Pira
(1913), Raven (1950), Preuschoft (1965) and Sarmiento (1994)
and by us, and in the review of the literature done by Sarmien-
to (1994) they were missing in a total of seven out of seven
gorillas, but Day & Napier (1963) stated that they did found one
contrahens in one of the two specimens dissected by them. It
should be noted that according to Jouffroy (1962), Jouffroy
(1975), in Lemur and Propithecus there are usually contrahentes
to digits 2, 4 and 5. Regarding Loris, Day & Napier (1963) stated
that in this taxon there are no contrahentes other than the
adductor pollicis, while Ruge (1878), Forster (1917) and Jouffroy
(1971) reported that the members of this taxon have contrahen-
tes to digits 2, 3, 4 and 5, and Nayak (1933) described an inser-
tion onto digits 2, 4 and 5 instead. Concerning Nycticebus, it
has contrahentes to digits 2, 3, 4 and 5 according to Forster
(1917) and to digits 2, 4 and 5 according to Day & Napier
(1963). However, our observations and comparisons indicate
that the common condition for Lemur, Propithecus, Nycticebus
and Loris is actually similar to that usually present in rats, colu-
gos and tree-shrews. This is because, in all the dissections of
these four primate genera, apart from the adductor pollicis
(contrahens to digit 1), we only found two fleshy, unequivocal
contrahentes going to digits 2 and 5. In fact, at least some of
the muscles that other authors have interpreted as ‘contrahen-
tes going to digits 3 and 4’ very likely correspond to flexores
breves profundi sensu the present work, because (i) they mainly
lie deep (dorsal) to the deep branch of the ulnar nerve and (ii)
they often extend distally to attach onto the middle phalanges
of digits 3 and 4 (in extant mammals, the contrahentes almost
never extend as far distally, inserting instead, almost always,
onto the base of the proximal phalanges of the digits).

132. Two sets of contrahentes digitorum are present (L 1, AUTA-
POMORPHY). Contrary to taxa of CS-0 [0], Tarsius [1] usually has
two sets of contrahentes, as reported by Schultz (1984), and
corroborated by our dissections. In our Tarsius syrichta CMNH
M-3135 specimen the first, more superficial (palmar) set corre-
sponds to the structures labeled as ‘47" in fig. 10.22 of Schultz
(1984). That is, these contrahentes are thin muscles running
from the contrahens fascia (which is associated to the proximal
portion of metacarpal Ill) to the middle and distal phalanges of
digit 5 (only radial margin), 4 (radial and ulnar margins), 3
(radial and ulnar margins) and 2 (only to ulnar margin). The sec-
ond, deep set is essentially similar to the contrahentes of other
primates, lying at the level of the adductor pollicis and being
more thin and horizontal (latero-medially oriented), running
from the region of metacarpal Ill to the proximal portion of the
proximal phalanx of digit 5 (to radial margin; broad muscle), 4
(to radial margin; thinner muscle), 3 (to radial and ulnar mar-
gins; thinner muscle) and 2 (to ulnar margin, broad muscle).
Interestingly, the first set is somewhat similar to the flexores
breves superficiales of basal tetrapods, because (i) it is superfi-
cial to the second set, which, as said above, is essentially similar
to the contrahentes of other primates and other mammals;
(ii) the contrahentes of this first set that go to digits 3 and 4 go
to both margins of these digits, as often do the flexores breves
superficiales; and (iii) the contrahentes of this first set are more
longitudinally oriented, as often are the flexores breves superfi-
ciales. However, distally the contrahentes of the first set are
deeply blended with the contrahentes of the second set: this,
as well as the fact that in most mammals, including rodents,

colugos and tree-shrews, and all other extant primates, the flex-
ores breves superficiales are not present as distinct muscles, does
seem to indicate that this first set is effectively derived from the
contrahentes, and not from the flexores breves superficiales. [-]
This character is inapplicable in Pongo, Gorilla and modern
humans because the contrahentes digitorum are usually missing
in these taxa (see character above).

133. There are more than two contrahentes digitorum (L 2, Cl
50, RI 87). [0] The plesiomorphic condition for taxa included in
this analysis clearly seems to be that found in Rattus, Cynoceph-
alus, Tupaia, Lemur, Propithecus, Nycticebus, Loris and Pan, in
which there are only two fleshy contrahentes (one to digit 2
and one to digit 5 in all these taxa except Pan, in which the
contrahentes usually go to digits 4 and 5 instead; see characters
above). [1] In Tarsius, Aotus, Callithrix, Pithecia, Saimiri, Macaca,
Papio, Cercopithecus, Colobus and Hylobates, there are three
(to digits 2, 4 and 5 in all these taxa except Tarsius: see charac-
ters above) or eight (two sets, to digits 2, 3, 4 and 5, in Tarsius:
see characters above and below). [-] This character is innaplica-
ble in Pongo, Gorilla and modern humans because the contra-
hentes digitorum are usually missing in these taxa (see
characters above).

134. There are contrahentes digitorum to digits 2, 3, 4 and 5 (L
1, AUTAPOMORPHY). [0] As explained above, plesiomorphically
therian mammals do not have four contrahentes digitorum
(other than the adductor pollicis) to digits 2, 3, 4 and 5 (see
character above). [1] However, as also noted above, the pres-
ence of contrahentes to digits 2-5 is often found in specimens
of Tarsius (e.g. Jouffroy, 1971; Day & lliffe, 1975; Schultz, 1984;
our dissections). [-] This character is innaplicable in Pongo,
Gorilla and modern humans because the contrahentes digito-
rum are usually missing in these taxa (see characters above).
135. Contrahentes digitorum have a peculiar configuration (L 1,
AUTAPOMORPHY). As described by Day & lliffe (1975), con-
firmed by Schultz (1984), and corroborated by our dissections,
contrary to other primates [0], in Tarsius the contrahentes have
a peculiar configuration, arising from the palm and passing to
the proximal and distal phalanges of all the five digits and, in
addition, passing from some of the digits to the proximal pha-
lanx of an adjacent digit (according to Day & lliffe, 1975, this
unusual configuration may facilitate the specialised grip pattern
in the members of this genus) [1]. [-] This character is innaplica-
ble in Pongo, Gorilla and modern humans because the contra-
hentes digitorum are usually missing in these taxa (see
characters above).

136. Thin, deep additional slip of adductor pollicis (TDAS-AD, or
‘interosseous volaris primus of Henle’ of modern human anat-
omy) is present (ordered multistate character) (L 2, Cl 100, Rl
100). Lewis (1989), based in Forster's (1917) hypothesis, stated
that each palmar interossei of humans corresponds directly to
one of the 10 original flexores breves profundi; each dorsal int-
erossei of humans corresponds directly to one of the 10 original
flexores breves profundi plus one of the four original intermeta-
carpales. Mammals plesiomorphically have ten flexores breves
profundi and four intermetacarpales (the fourteen muscles
being often found in, e.g. marsupials). If we take into account
that the flexor pollicis brevis plus opponens pollicis corresponds
to the flexor brevis profundus 1, that the flexor digiti minimi
brevis + opponens digiti minimi correspond to the flexor brevis
profundus 10, and that the dorsal interossei include the inter-
metacarpales 1, 2, 3 and 4 plus the flexores breves profundi 3,
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5, 6 and 8, mammals such as humans also have ten flexores bre-
ves profundi and four intermetacarpales (see chars. 139 and 140
below). The so-called ‘flexor pollicis brevis’ of humans includes
part of the flexor brevis profundus 1 and also the flexor brevis
profundus 2 (which is often named ‘deep head of the flexor
pollicis brevis’ in humans; see char. 139 below). Therefore, the
small structure that is often designated as “interosseous volaris
primus of Henle’ in human atlases does not correspond to the
flexor brevis profundus 2 of other mammals; it very likely corre-
sponds, instead, to a thin bundle of the oblique head of the
adductor pollicis (TDAS-AD sensu the present work). In fact, in
all the human and non-human primates where we found a
TDAS-AD, this structure is often partially blended to the main
body of the adductor pollicis, and not to the flexores breves
profundi/interossei. As suggested by authors such as Primrose
(1899, 1900), it is possible that Henle originally used the name
‘interosseous volaris primus’ to designate the well-developed
structure that corresponds to the true flexor brevis profundus 2
(i.e. to the structure that is nowadays commonly designated as
‘deep head of the flexor pollicis brevis’ in human anatomy), and
that, only later, the name that was originally created by Henle
(‘interosseous volaris primus’) begun to be erroneously used in
the literature to designate the TDAS-AD (which is nowadays
commonly designated as ‘interosseous volaris primus of Henle’
in human anatomy). [0] TDAS-AD not described in the literature
nor found in any dissections. This includes all taxa included in
the analysis except Gorilla, Homo and Pan. The TDAS-AD is
absent in Lemur, Propithecus, Loris, Nycticebus and Tarsius
according to Burmeister (1846), Murie & Mivart (1872), Woollard
(1925), Nayak (1933), Jouffroy (1962), Jouffroy (1975), Day &
Napier (1963), Day & lliffe (1975), Schultz (1984), and to our dis-
sections, in Aotus, Callithrix, Pithecia and Saimiri to Brooks
(1886a), Senft (1907), Beattie (1927), Stanley (1970), Dunlap
et al. (1985), and to our observations, and in Cercopithecus to
Hill (1966) and Lewis (1965, 1989) and to our dissections. Also,
at least to our knowledge, there is no clear, comprehensive
description of a TDAS-AD in any published reports of Cercopi-
thecus, Macaca, hylobatids and orangutans, i.e. the structure
described as ‘interosseous volaris primus of Henle’ in these taxa
actually corresponds to the flexor brevis profundus 2 sensu the
present work or to other muscles. The TDAS-AD was also not
present in any Cercopithecus, Macaca, Pongo and Hylobates
specimen dissected by us, and only Tuttle (1969) stated that the
‘interosseous volaris primus of Henle’ of modern human anat-
omy may be found in a few orangutans, without claryfing in
which Pongo specimens was this structure found and/or who
dissected these specimens. It should be noted that the structure
which Brooks (1886a) designated as ‘ulnar head of the flexor
pollicis brevis’ in Papio seems to correspond to the ‘deep head
of the flexor pollicis brevis of modern human anatomy’, and,
thus, to the flexor brevis profundus 2 sensu the present work.
Abramowitz (1955) investigated the presence of the ‘interos-
seous volaris primus of Henle’ in one specimen of P. ursinus,
and stated that he did found an ‘interosseous volaris primus of
Henle’, but it is very difficult to discern if this structure does cor-
respond to the TDAS-AS sensu the present work. In fact, Polak
(1908; Colobus), Day & Napier (1963; Colobus, Papio), and Swin-
dler & Wood (1973; Papio) did not describe an ‘interosseous vo-
laris primus of Henle of modern human anatomy’ (i.e. a TDAS-
AD sensu the present work) in specimens of Colobus and Papio.
Also, Susman et al. (1999) explicitely investigated the pres-
ence/absence of the ‘interosseous volaris primus of Henle’ of
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modern human anatomy, i.e. of the TDAS-AD sensu the present
work, in two specimens of P. ursinus, and they stated that this
structure was missing in this species of baboon. Our dissections
and comparisons revealed that at least some of the structures
that were described in Colobus and Papio as ‘interosseous volar-
is primus of Henle’ by Brooks (1886a) and Abramowitz (1955)
and that have been interepreted as a TDAS-AD sensu the pres-
ent work actually correspond, very likely, to other structures
(e.g. to the flexor brevis profundus 2 or even to the oblique
head of the adductor pollicis; these two latter structures were
effectively present, and the TDAS-AD effectively absent, in all
the specimens of Colobus, Papio as well as of the other Old
World monkeys, dissected by us); therefore, Papio and Colobus
are coded as CS-0. [1] TDAS-AD present in some, but not in
most, cases (i.e. in < 50% of the cases). This is the case in Gorilla
(TDAS-AD described by Huxley, 1864; and Brooks, 1886a; and
seemingly present in our CMS GG1 specimen and in one of the
four specimens dissected by Preuschoft, 1965; but absent in
most gorillas according to Sarmiento, 1994; e.g. was absent in
two out of two gorillas dissected by him and in 10 out of 11
gorillas reported in the literature reviewed by him and was also
absent in the specimen dissected by Susman et al. 1999; and in
three of the four specimens dissected by Preuschoft, 1965; as
well as in our VU GG1 specimen). It is also the case in Pan
(TDAS-AD present in the specimen dissected by Champneys
(1872) and probably present in the specimen dissected by Grati-
olet & Alix (1866) and the specimen reported by Brooks (1886a),
and present in 25% of chimpanzees according to Tuttle (1970),
in two out of seven chimpanzees according to the review of the
literature done by Sarmiento (1994), and in at least one of the
hands of the four specimens dissected by us in which we could
discern this feature in detail, although it was not found in the
two specimens dissected by Susman et al. (1999) and in the two
specimens dissected by Sarmiento (1994); Abramowitz (1955)
also supports the idea that the TDAS-AD is present in at least
some chimpanzees. [2] TDAS-AD usually present (i.e. present in
more than 50% of the cases). This occurs in modern humans
only (in the studies of Abramowitz, 1955; Lewis, 1989; Susman
et al. 1999; and Henkel-Kopleck & Schmidt, 2000; the ‘interos-
seous volaris primus of Henle’ of modern human anatomy, i.e.
the TDAS-AD sensu the present work, was found in 100%, in
92%, in 86%, and in 69% of the modern humans examined,
respectively; it was also present in all the six modern human
cadavers dissected by us in which we analyzed this feature in
detail, as well as in 10 out of 12, i.e. 83%, modern human sub-
jects dissected by Sarmiento, 1994).

137. Main body of adductor pollicis inserts onto much of meta-
carpal | (L 1, AUTAPOMORPHY). [0] In most non-primate mam-
mals, including Rattus, Tupaia and Cynocephalus, and in the
non-hylobatid primates included in this analysis, the most proxi-
mal area of insertion of the main body of the adductor pollicis
(i.e. excluding the TDAS-AD, when this structure is present) is
usually onto the proximal phalanx of the thumb, the meta-
carpophalangeal joint and/or the sesamoid bones lying near to
this joint and/or eventually onto a small portion of the distal
margin of metacarpal I, as well as eventually onto the distal
phalanx of the thumb. Church (1861-1862), Brooks (1887) and
Sonntag (1924a) stated that in the three Pongo specimens dis-
sected by them (one specimen each) the adductor pollicis
inserted only onto the proximal phalanx of the thumb, but Mi-
chaélis (1903), Duckworth (1904), Kallner (1956) and Jouffroy &
Lessertisseur (1960) suggested that a partial insertion onto a
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small part of metacarpal | is frequently found in this genus, and
we did find such a partial insertion onto metacarpal | in the sin-
gle orangutan specimen dissected by us in which we could dis-
cern this feature appropriately (GWUANT PP1). What seems to
be clear is that all the Pongo specimens dissected by us and
described in the literature do not have an insertion onto most
of metacarpal I, as does Hylobates (see below). Regarding the
other non-hylobatid hominoids, a partial insertion onto a small
part of metacarpal | was described in the Gorilla specimen dis-
sected by Raven (1950) and Preuschoft (1965) and the Pan speci-
men dissected by Gratiolet & Alix (1866), and Jouffroy &
Lessertisseur (1960) suggested that such a partial insertion is
often present in these two taxa. However in the numerous
other specimens of these two taxa described and shown in the
literature there is no insertion onto metacarpal I, and according
to Duckworth (1904) this is effectively the usual condition for
these two genera, and we only found an insertion onto the
metacarpal Il in a few specimens of these taxa. In modern
humans there is no substantial insertion onto metacarpal | (e.g.
Gibbs, 1999). [1] In Hylobates the adductor pollicis is directly
inserted onto much of metacarpal | (i.e. functionally the muscle
becomes an ‘adductor’ but also an ‘opponens’ of the thumb:
e.g. Jouffroy & Lessertisseur, 1960).

138. Adductor pollicis has transverse and oblique heads (ordered
multistate character) (L 2, C/ 100, Rl 100). [0] In most non-pri-
mate mammals (e.g. Jouffroy, 1971), including Rattus, Tupaia
and Cynocephalus (e.g. Greene, 1935; Leche, 1886; Le Gros
Clark, 1924; Jouffroy & Lessertisseur, 1971; George, 1977; our
dissections), as well as primates such as Lemur and Propithecus
(e.g. Murie & Mivart, 1872; our dissections) and Loris and Nyc-
ticebus, the adductor pollicis is usually not differenciated into
distinct transverse and oblique heads. Day & Napier (1963) sug-
gested that these heads are differentiated in Loris and Nyctice-
bus, but the structure that they designated as ‘oblique’ head
probably corresponds to the flexor brevis profundus 2 sensu the
present work (see character below). In fact, in at least the Loris
tardigradus SDZ LT53090 and Nycticebus coucang SDZ NC43129
specimens dissected by us, the flexor breves profundus 2 was
effectively present as a distinct muscle, and the adductor pollicis
was not differentiated into an oblique head and a transverse
head; Mivart & Murie (1865) and Murie & Mivart (1872) also
suggested that there is no differentiation into oblique and
transverse heads in Nycticebus and Loris, so these genera are
coded as CS-0. As noted by Kohlbriigge (1890-1892), Hepburn
(1892) and Sonntag (1924b) and corroborated by our dissec-
tions, in hominoids, as well as Old World monkeys such as Pa-
pio, Colobus, Cercopithecus and Macaca [2] the adductor pollicis
had distinct oblique and transverse heads; in Tarsius, Aotus, Sai-
miri and Pithecia [1] the adductor pollicis is partly differentiated
into oblique and transverse heads, particularly at its origin from
metacarpal Ill and the contrahens fascia, but distally the two
heads are blended (i.e. the differentiation is not as marked as in
taxa scored as CS-2). These heads are slightly differentiated in
Tarsius according to our dissections and to the descriptions of
Jouffroy (1962, 1971), Jouffroy (1975), Day & Napier (1963), Jou-
ffroy & Lessertisseur (1959) and Woollard (1925), as well as in
Saimiri according to Day & Napier (1963) and to our observa-
tions, and in Aotus and Pithecia according to our dissections,
although Stanley (1970) did not report a differentiation in
Pithecia. Day & Napier (1963), Hill (1970) and Swindler & Wood
(1973) stated that these heads are well differentiated in Papio,
and this was corroborated in our dissections of this taxon. The

two heads are also well differentiated in Cercopithecus accord-
ing to Day & Napier (1963) and to our dissections. Regarding
Macaca, Kimura & Tazai (1970) suggested that the adductor pol-
licis is not differentiated into transverse and oblique heads in
M. fascicularis, but their fig. 9, as well as figs 14 of Jacobi (1966)
and figs 45 and 46 of Howell & Straus (1933), and also the
descriptions of Patterson (1942) and Day & Napier (1963) and
our dissections, clearly indicate that the usual condition for
Macaca is that in which the muscle is well differentiated into
these two heads. Polak (1908) and Day & Napier (1963) also sta-
ted that these heads are well differentiated in Colobus (as they
usually are in other Colobinae such as Procolobus and Nasalis
according to Schultz, 1986) and our dissections of Colobus cor-
roborated these statements. Deniker (1885), Hepburn (1892) and
Sonntag (1924b) stated that the two heads are well differenti-
ated in Hylobates, and we did find this configuration in our dis-
sections of this taxon, although Day & Napier (1963) stated that
in the Hylobates specimen dissected by them the adductor polli-
cis was not really differentiated into two heads. Day & Napier
(1963) state that there is no differentiation of the muscle into
two heads in Callithrix penicillata, and there was effectively no
differentiation in our C. jacchus GWUANT CJ1 specimen, but the
two heads seem to be present in the C. jacchus illustrated in fig.
28 of Beattie (1927); therefore, Callithrix is coded as '?’.

139. Flexor brevis profundus 2 is not a distinct muscle (L 3, Cl
33, Rl 60). [0] Plesiomorphically eutherian mammals have 10
flexores breves profundi, going to the radial and ulnar sides of
the five digits of the hand (e.g. Lewis, 1989; Diogo et al. 2009a);
see character 136 above. This condition is found in non-primate
taxa such as Rattus. In most primates the flexor brevis profundus
2 is usually designated as ‘deep head of the flexor pollicis bre-
vis'. Regarding Rattus, Greene (1935) described 3 ‘interossei pal-
mares’ and 4 ‘interossei dorsales’, but our dissections clearly
show that this taxon has four intermetacarpales and 10 flexores
breves profundi (the flexor brevis profundus 1 corresponding to
the ‘flexor pollicis brevis’ and the flexor brevis profundus 10
being differentiated into a flexor digiti minimi brevis and an
opponens digiti minimi, as explained by Diogo et al. 2009a).
The flexor brevis profundus 2 is usually present as a distinct
structure in Lemur, Propithecus, Loris, Nycticebus and Tarsius,
being often designated in these taxa as an ‘oblique head of the
adductor pollicis’ or as a ‘deep head of the flexor pollicis brevis’;
our dissections corroborated the presence of this muscle in all
these five non-anthropoid genera. The flexor brevis profundus 2
is present in Papio according to Brooks (1886a), Day & Napier
(1963), Hill (1970), Swindler & Wood (1973) and to our dissec-
tions. We did find a flexor brevis profundus 2 in our dissections
of Macaca, which probably corresponds to the ‘deep head of
the flexor pollicis brevis’ sensu Kimura & Tazai (1970), and to
the ‘superficial bundle of the deep head of the flexor pollicis
brevis' sensu Howell & Straus (1933), Jacobi (1966) and Hill
(1974); the presence of a flexor brevis profundus 2 in this genus
was also corroborated by Akiyama (1959) and Day & Napier
(1961, 1963). The flexor brevis profundus 2 is present in Cercopi-
thecus according to Day & Napier (1963), Lewis (1989). Brooks
(1886a) described a ‘radial head of the flexor pollicis brevis’ and
an ‘ulnar head of the flexor pollicis brevis' in the Colobus sp.
specimen dissected by him, but Day & Napier (1963) stated that
in the C. polykomos hand dissected by them the ‘deep head of
the flexor pollicis brevis' of modern human anatomy (i.e. the
flexor brevis profundus 2 sensu the present work) was absent.
In the literature review of Dunlap et al. (1985), these authors
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stated that the flexor brevis profundus 2 is present in 11 out of
18 specimens of Colobus, and we did find this muscle in our
C. guereza specimen, so we code this genus as CS-0. We clearly
found a flexor brevis profundus 2 in Hylobates, and this struc-
ture was seemingly also found in this taxon by Brooks (1887)
and Kohlbrigge (1890-1892). Regarding Pongo, we found this
structure in the two specimens dissected, as we did in most Pan
specimens dissected by us (including the right hand of one of
the infants — PFA 1077 — we could not find it in the left hand of
this infant nor in the single - left — dissected hand of other
infant — PFA unc.). We also found a flexor brevis profundus 2 in
our dissections of Gorilla, and this structure was seemingly also
present in, at least, the Gorilla specimens reported by Hepburn
(1892), Huxley (1864), Macalister (1873), Bischoff (1880),
Hartmann (1886) and Raven (1950), although it is possible that
part or the totality of the structure that some of these authors
designated as ‘deep head of the flexor pollicis brevis’ actually
corresponds to part or the totality of the oblique head of the
adductor pollicis sensu the present work (for instance, the ‘deep
head of the flexor pollicis brevis’ found in one of the four speci-
mens of Preuschoft, 1965; very likely corresponds to the TDAS-
AD sensu the present work). [1] In Tupaia and Cynocephalus, as
well as in Aotus, Callithrix, Pithecia and Saimiri, the flexor brevis
profundus 2 is not present as a distinct structure (i.e. it is either
missing or completely fused with the part of the flexor brevis
profundus 1 that forms the main body of the undivided ‘flexor
pollicis brevis’ of these taxa: e.g. Brooks, 1886a,b; Senft, 1907;
Beattie, 1927; Day & Napier, 1963; Stanley, 1970; Dunlap et al.
1985; our dissections).

140. Flexores breves profundi is fused with the intermetacar-
pales, forming the dorsal interossei (L 5, Cl 20, Rl 55).0] Plesio-
morphically in eutherian mammals the flexores breves profundi
are not fused with the intermetacarpales (e.g. Lewis, 1989; Di-
ogo et al. 2009a). This condition is found in adults of non-pri-
mate taxa such as Rattus, of primates such as Propithecus,
Lemur, Loris, Nycticebus, Tarsius, Colobus, Cercopithecus,
Macaca, Papio and Pan. There are some confusion concerning
the descriptions of these muscles in primates, but in Macaca
there are eight flexores breves profundi, which correspond to
the 7 ‘palmar interossei’ plus part or the totality of the ‘deep
head of the flexor pollicis brevis’ sensu Howell & Straus (1933),
Jacobi (1966), Hill (1974) and Kimura & Tazai (1970). Therefore,
together with the ‘superficial head of the flexor pollicis brevis’
plus the opponens pollicis (both these structures derive from
the flexor brevis profundus 1) and with the flexor digiti minimi
brevis plus opponens digiti minimi (both these structures
derive mainly, or completely, from the flexor brevis profundus
10), Macaca has the whole set of 10 flexores breves profundi
plus the whole set of four intermetacarpales (which are often
designated as ‘dorsal interossei). According to the reviews of
Jouffroy (1962, 1971), Jouffroy (1975) and to our dissections
this condition is also found in Propithecus, Lemur, Loris, Nyc-
ticebus and Tarsius. Regarding Papio, Swindler & Wood (1973)
suggested that this taxon has 3 ‘palmar interossei’ and 4 ‘dor-
sal interossei’, but such descriptions clearly seem to be influ-
enced by the comparision with modern humans. This is
because from the descriptions of Champneys (1872) and Hill
(1970), who stated that Papio has ‘11 interossei’, it is clear that
Papio has a complete or almost complete series of flexores bre-
ves produndi plus intermetacarpales. In the Papio specimen dis-
sected by us all the flexores breves profundi are effectively
present (and are not fused with the intermetacarpales to form
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the dorsal interossei). We also found this condition in Cercopi-
thecus (see also Lewis, 1965, 1989) and in Colobus (see also
Polak 1908; Lewis, 1965, 1989). [1] In adults of Tupaia, Cyno-
cephalus and extant hominoid taxa except Pan, the flexores
breves profundi 3, 5, 6 and 8 are usually fused with the inter-
metacarpales 1, 2, 3 and 4, forming the dorsal interossei 1, 2,
3 and 4, respectively (e.g. Diogo et al. 2009a). Regarding Pithe-
cia, Callithrix, Aotus and Saimiri, none of the descriptions avail-
able (e.g. Beattie, 1927; Stanley, 1970; Dunlap et al. 1985)
refers to a complete series of 10 flexores breves profundi plus
a complete series of four intermetacarpales: it is often stated
that the ‘flexores breves profundi’ or the ‘interossei’ are
reduced in number, and that there are four ‘dorsal interossei’
similar to those of most hominoids (i.e. to the radial sides of
digits 2 and 3 and the ulnar sides of digits 3 and 4, their main
functional axis thus being digit 3; e.g. Lewis, 1989). This seems
to indicate that, as suggested by Lewis (1989), the configura-
tion found in New World monkeys, including Pithecia, Calli-
thrix, Aotus and Saimiri, is effectively similar to that found in
hominoids other than Pan, i.e. that at least some flexores bre-
ves profundi are fused with at least some intermetacarpales, to
form the dorsal interossei. This was effectively corroborated in
our dissections of these New World monkeys; therefore, these
four genera are coded as CS-1.

141. Digit 4 is functional axis of intermetacarpales/dorsal interos-
sei (L 1, CI 100, RI 100). [0] As explained by Jouffroy (1962, 1971),
Jouffroy (1975), and corroborated by our dissections, plesiomor-
phically the intermetacarpales/dorsal interossei are inserted onto
the radial sides of digits 2 and 3 and the ulnar sides of digits 3
and 4 (i.e. their functional axis is digit 3); this condition is usually
found in Rattus, Cynocephalus, Tupaia and in the non-strepsir-
rhine primates included in this analysis. [1] However, in Lemur,
Propithecus, Nycticebus and Loris the insertion is usually onto the
radial sides of digits 2, 3 and 4 and the ulnar side of digit 4 (i.e.
the functional axis is digit 4; e.g. Forster, 1917; Nayak, 1933; Jou-
ffroy, 1962, 1971; Jouffroy, 1975; our dissections).

142. Interossei accessorii are present (L 2, Cl 50, Rl 75). As
described by Huxley (1871), Kohlbrigge (1890-1892), Keith
(1894a), Fitzwilliams (1910), Forster (1917, 1933), Jouffroy & Les-
sertisseur (1960), Tuttle (1969) and Susman et al. (1982), and cor-
roborated in our dissections, contrary to taxa of CS-0 [0],
hylobatids, as well as Nycticebus according to Jouffroy (1962),
Jouffroy (1975) and also Loris, Lemur and Propithecus according
to us [1], have interossei accessorii. Our dissections corroborated
the statements of Jouffroy (1962; i.e. in the dissected specimens
of Nycticebus, but also of Loris, Lemur and Propithecus, at least
some of the flexores breves profundi/intermetacarpales extend
distally to almost reach, or to actually reach, the middle pha-
langes of digits 2, 3, 4 and/or 5). That is, the structures that are
designated as interossei accessorii in Hylobates, which are mainly
derived from the distal portion of the flexores breves pro-
fundi/intermetacarpales. are also present in these strepsirrhine
genera. It is usually accepted that the interossei accessorii are not
present in Tarsius, and the hand muscles that reach the middle
phalanges of digits 2, 3, 4 and/or 5 in this taxon are often consid-
ered to be ‘contrahentes’ (e.g. fig. 2 of Day & lliffe, 1975; fig.
10.21 of Schultz, 1984; see also characters above). However, as
explained above, at least part of some of the flexores breves pro-
fundi/intermetacarpales (the muscles from which the interossei
accessorii are derived) of the four strepshirines taxa listed above
are often also interpreted as ‘contrahentes’, so it is possible that
the structures that Day & lliffe (1975) and Schultz (1984)

Journal of Anatomy © 2011 Anatomical Society of Great Britain and Ireland

349



350 Soft-tissue anatomy of the primates, R. Diogo and B. Wood

designated as ‘contrahentes’ in Tarsius also include part of the int-
erossei accessorii sensu the present work. Therefore, although we
mainly follow Day & lliffe (1975) and Schultz (1984) and consider
the ‘contrahentes’ reported by these authors likely correspond to
the contrahentes sensu the present work, one cannot completely
discard the hypothesis that they also include the interossei accesso-
rii sensu the present work; we thus code Tarsius as ‘?'.

143. Opponens pollicis is a distinct muscle (L 2, CI 50, Rl 75). [0]
In numerous eutherian non-primate mammals, including Rattus,
Cynocephalus and Tupaia (e.g. Jouffroy, 1971; Lewis, 1989;
Diogo et al. 2009a), as well as in primates such as Callithrix, the
opponens pollicis is usually not present as a distinct muscle (this
was corroborated in numerous Callithrix specimens by Beattie,
1927; Jouffroy & Lessertisseur, 1960; Day & Napier, 1963 and by
us, although a ‘diminutive opponens pollicis’ was reported in
the three Callithrix specimens dissected by Dunlap et al. 1985;
and two Callithrix specimens by Senft, 1907). [1] In all the other
taxa included in this analysis there is usually a distinct opponens
pollicis. Allen (1897) stated that there is no opponens pollicis in
Tarsius, but in all the specimens of this genus dissected by Bur-
meister (1846), Woollard (1925), Schultz (1984) and by us, the
opponens pollicis was present. Also, Stanley (1970) suggested
that the opponens pollicis was not present as a distinct muscle
in nine of the 10 hands of Pithecia monachus dissected by her,
but her descriptions concerning this feature are somewhat con-
fuse. The fact that she stated that in nine of the 10 hands the
‘flexor pollicis brevis’ attached onto the metacarpal |, together
with our observations and comparisons, indicates that the oppo-
nens pollicis was actually probably present in those nine hands
dissected by her; the muscle was effectively present in both
Pithecia specimens dissected by us. Day & Napier (1963) sug-
gested that the opponens pollicis is not present as a distinct
muscle in Loris and Nycticebus. However, in all the specimens of
these two genera dissected by us the muscle was thin, but
clearly present, running mainly from the sesamoid bone associ-
ated with the trapezium, to the distal portion of metacarpal |
and, in VU NP1, even to the base of the proximal phalanx of
the thumb. Therefore, Loris and Nycticebus are coded as CS-1.
144. Opponens pollicis reaches the distal portion of metacarpal |
(L 2, CI 50, RI 80). [0] In primates such as Lemur, Propithecus,
Tarsius, Aotus, Pithecia and Saimiri, the opponens pollicis usu-
ally inserts onto metacarpal | but does not reach the distal por-
tion of this bone. According to Jouffroy (1962), Jouffroy (1975),
in Lemur and Propithecus it inserts onto approximately the
proximal 2/3 of this bone, and according to Murie & Mivart
(1872), in Lemur the muscle inserts exclusively onto the base of
metacarpal I. In our Lemur specimen the attachment was onto
the proximal 2/3 of metacarpal |, while in our Propithecus speci-
men it was onto the proximal 3/4 of this bone. Dunlap et al.
(1985) stated that in Tarsius the muscle also does not reach the
distal portion of metacarpal I, and in our Tarsius specimen the
insertion was effectively onto the proximal 1/2 of this bone.
Dunlap et al. (1985) suggested that in Aotus and Saimiri the
opponens pollicis does reach the distal portion of metacarpal |,
but in all the Aotus, Saimiri and Pithecia specimens dissected by
us this muscle inserts only onto the proximal 2/3 of this bone.
[1] In Loris, Nycticebus, Macaca, Papio, Colobus, Cercopithecus
and extant hominoids the opponens pollicis usually extends to
the distal portion of metacarpal |, inserting partially, or exclu-
sively, onto this distal portion and/or onto the phalanges of the
thumb (regarding Loris and Nycticebus, see character above). In
all non-hylobatid hominoids described in the literature and

dissected by us the opponens pollicis extends to the distal por-
tion of metacarpal |, but does not extend further to the proxi-
mal and/or distal phalanges of the thumb. This is also the case
in Macaca according to Howell & Straus (1933) and to our dis-
sections, in Colobus and other Colobinae to Polak (1908) and
Schultz (1986) and our dissections, in Papio as illustrated by
Brooks (1886a) and Swindler & Wood (1973) and corroborated
by us, and in Cercopithecus as illustrated in fig. 9.5B of Lewis
(1989) and corroborated by us. Regarding hylobatids, the inser-
tion extends to the proximal phalanx of the thumb in the speci-
men described by Fitzwilliams (1910) and in one of the three
specimen reported by Kohlbriigge (1890-1892), and to both the
proximal and distal phalanges of the thumb in the specimen
described by Hepburn (1892), but extended only to the distal
portion of the metacarpal | in the specimens described by
Brooks (1887) and dissected by us and in two of the three speci-
mens reported by Kohlbriigge (1890-1892). [-] Innaplicable in
taxa in which the opponens pollicis is usually not present as a
distinct muscle.

145. Opponens pollicis inserts onto the proximal and/or the dis-
tal phalanges of the thumb (L 1, AUTAPOMORPHY). Contrary to
taxa of CS-0 [0], in hylobatids [1] the opponens pollicis is often
partially inserted onto the proximal and/or distal phalanges of
the thumb (see character above). As explained in the characters
above, in one of the two Nycticebus pygmaeus specimens dis-
sected by us (VU NP1) the muscle also reached the proximal
phalanx of the thumb, but in the other specimen of this species
(VU NP2), as well as in the single Nycticebus coucang specimen
(SDZ NC43129) and the single Loris tardigradus (SDZ LT53090)
specimen where we analyzed this feature in detail, the muscle
only attached onto the metacarpal | and/or the metacarpopha-
langeal joint of digit 1; therefore, Nycticebus and Loris are
coded here as CS-0. [-] Innaplicable in taxa in which the oppo-
nens pollicis is not present as a distinct muscle or in which this
muscle does not extend distally to the proximal portion of
metacarpal I.

146. Flexor digiti minimi brevis is partly originated from the pisi-
form (L 2, CI 50, Rl 0). [0] In numerous non-primate eutherian
mammals, including Rattus and Tupaia, and the non-hylobatid
primates included in this analysis, the flexor digiti minimi brevis
usually originates from the hamate, flexor retinaculum and/or
surrounding structures such as metacarpal V, but not from the
pisiform. Regarding Rattus, according to Greene (1935) in origi-
nates from the hamate. Concerning Tupaia, according to Le
Gros Clark (1924) it originates from the flexor retinaculum, and
according to George (1977) it originates from the flexor retinac-
ulum and metacarpal V. In Lemur, Propithecus, Loris, Nycticebus
and Tarsius the origin is usually from the hamate and often also
the flexor retinaculum, as noted by Murie & Mivart (1872),
Woollard (1925), Jouffroy (1962), Jouffroy (1975) and Schultz
(1984) and corroborated by our dissections. In Callithrix it origi-
nates from the hamate and flexor retinaculum according to
Brooks (1886a) and to our dissections, and from the hamate
according to Senft (1907) and Beattie (1927), while in Pithecia it
originates from the flexor retinaculum according to Stanley
(1970) and from the hamate and flexor retinaculum according
to our dissections, as was also the case in the Aotus and Saimiri
specimens dissected by us. Regarding Macaca, according to Ho-
well & Straus (1933), Patterson (1942), Jacobi (1966) and Kimura
& Tazai (1970) and to our dissections it originates mainly from
the flexor retinaculum and not from the pisiform, while in Cer-
copithecus it mainly originates from the flexor retinaculum
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according to Lewis (1989) and to our dissections, in Colobus it
originates from the flexor retinaculum and hamate according to
Polak (1908) and to our observations, and in Papio it originates
from the flexor retinaculum and often from the hamate accord-
ing to Champneys (1872), Brooks (1886a) and Swindler & Wood
(1973), and mainly from the flexor retinaculum according to our
dissections. Concerning Pongo, Primrose (1899, 1900), Sonntag
(1924a) and Kallner (1956) describe an origin from the hamate
and flexor retinaculum, and we found an origin from the flexor
retinaculum. In Gorilla, Macalister (1873), Duckworth (1904) and
Raven (1950) describe an origin from the hamate, and Preusch-
oft (1965) also found an origin from the hamate in two of his
four specimens, while we found an origin from this bone and
the flexor retinaculum in our VU GG1 and CMS GG1 specimens,
as did Hepburn (1892). Within the literature reviewed by us a
direct attachment to the pisiform was only reported in two of
the four gorillas dissected by Preuschoft (1965). Regarding Pan,
an origin from the hamate and flexor retinaculum was found by
Gratiolet & Alix (1866), Sonntag (1923) and Swindler & Wood
(1973), and Miller (1952) decribed an origin from the flexor reti-
naculum only, while we founded an origin from the flexor reti-
naculum and, often, also from the hamate. In modern humans
the muscle usually originates from the flexor retinaculum and
hamate (e.g. Gibbs, 1999). [1] In Cynocephalus and hylobatids
the muscle is often partially originated from the pisiform.
Regarding Cynocephalus, we found an origin from the flexor
retinaculum and the pisiform. Concerning Hylobates, an origin
from the pisiform, flexor retinaculum and hamate was found by
Fitzwilliams (1910) and by us (in our HU HL1 specimen), and
Kohlbriigge (1890-1892) suggested that in one of the three
specimens dissected by him there is also an origin from the pisi-
form together with the abductor digiti minimi, although Hep-
burn (1892) described an origin from the flexor retinaculum and
hamate only, and Deniker (1885) only referred to an origin from
the hamate in the gibbon fetus dissected by him.

147. Flexor digiti minimi brevis inserts onto the middle phalanx
and/or the distal phalanx of digit 5 (L 2, Cl 50, RI 0). Contrary
to taxa of CS-0, in which the flexor digiti minimi brevis inserts
mainly onto the metacarpophalangeal joint, the base or middle
of the proximal phalanx and/or the extensor expansion of digit
5 [0], in hylobatids and in Nycticebus this muscle is often also
inserted onto the middle phalanx and/or the distal phalanx of
digit 5 [1]. In all non-hylobatid hominoids described in the liter-
ature and dissected by us the muscle does not extend to the
middle and/or distal phalanges of digit 5. This is also the case
in Lemur, Propithecus and Tarsius according to Murie & Mivart
(1872), Woollard (1925), Jouffroy (1962), Jouffroy (1975), Schultz
(1984), and our dissections, in Callithrix, Aotus, Saimiri and
Pithecia to Senft (1907), Beattie (1927), Stanley (1970), and our
observations, in Macaca to Howell & Straus (1933), Patterson
(1942), Jacobi (1966), Kimura & Tazai (1970), and our dissections,
in Papio to Champneys (1872), Brooks (1886a), Swindler & Wood
(1973), and our dissections, in Cercopithecus to Lewis (1989) and
our observations, and in Colobus to Polak (1908), Jouffroy &
Lessertisseur (1959, 1960), Jouffroy (1971) and our dissections.
Regarding hylobatids, the insertion extends to the proximal and
middle phalanges of digit 5 in the specimens described by Fitz-
williams (1910) and Tuttle (1969) and to the distal porton of the
proximal phalanx of this digit in the specimens described by
Hepburn (1892) and Sonntag (1924a,b). Kohlbriigge (1890-1892)
suggested that this was also the case in at least some of the hy-
lobatids dissected by him, although Deniker (1885) only referred
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to an insertion onto the base of the proximal phalanx in the
gibbon fetus dissected by him (in the hylobatid specimens dis-
sected by us it was not possible to appropriately discern if the
insertion also extended distally to the base of the proximal pha-
lanx of digit 1). Regarding Nycticebus, in the specimens of this
genus dissected by us the flexor digiti minimi brevis reaches the
middle phalanx of the thumb. We could not discern if this was
also the case in the single Loris specimen dissected by us; as
there is almost no information in the literature about this fea-
ture in this taxon, Loris is coded as ‘?".

148. Opponens digiti minimi is a distinct muscle (L 2, Cl 50, RI
50). [0] In numerous eutherian non-primate mammals, including
Cynocephalus and Tupaia, there is no separate opponens digiti
minimi (e.g. Jouffroy, 1971; Diogo et al. 2009a). [1] A separate
opponens digiti minimi is present in Rattus and in all primates
included in the present analysis (Beattie, 1927 suggested that
the opponens digiti minimi is not present as a distinct muscle in
Callithrix jacchus, but Brooks, 1886a reported an opponens dig-
iti minimi (“f5u’) in this genus; as we also found this muscle in
the C. jacchus specimen dissected by us, Callithrix is coded as CS-
1).

149. Opponens digiti minimi is divided into superficial and deep
bundles (ordered multistate character) (L 2, C/ 100, Rl 100). [0]
Within those taxa with an opponens digiti minimi, in non-pri-
mate mammals, including Rattus, and all non-Catarrhini pri-
mates included in this analysis, this muscle is usually undivided.
Greene (1935) did not refer to a division of the muscle in Rattus,
nor did Burmeister (1846), Murie & Mivart (1872), Brooks
(1886a), Woollard (1925), Jouffroy (1962), Jouffroy (1975), Stan-
ley (1970) and Schultz (1984) in Lemur, Propithecus, Loris, Nyc-
ticebus, Tarsius, Callithrix and Pithecia. The opponens digiti
minimi was effectively undivided in the members of these seven
genera, as well as of Aotus and Saimiri, dissected by us. As
noted by Brooks (1886a), Kohlbriigge (1890-1892), Lewis (1989)
and Diogo et al. (2009a), and corroborated by our dissections,
in hominoids [1] the muscle is usually slightly differentiated into
superficial and deep bundles, while in Papio, Colobus, Cercopi-
thecus and Macaca [2] the muscle is remarkably divided into a
more superficial head and a deeper and broader head that, due
to their peculiar differentiation, are often considered to be dif-
ferent muscles (corresponding, for instance, to the ‘fSop’ and
‘a5op’ muscles sensu Brooks, 1886a and to the ‘10s’ and ‘oppo-
nens digiti minimi’ sensu Lewis, 1989; : e.g. fig. 5 of Brooks,
1886a). This latter condition was effectively described and illus-
trated by Brooks (1886a) and corroborated by us in Papio, and
found in Colobus by Brooks (1886a; and the statements of
Polak, 1908 seem to corroborate Brooks' descriptions) and by us.
It was also described and illustrated in Cercopithecus by Hill
(1966) and Lewis (1989), who stated that this condition is also
found in most other Old World monkeys, in which the ‘10s’
sensu Lewis (1989) and thus the ‘f5op’ sensu Brooks (1886a) is
often confused with a ‘radial head of the abductor digiti min-
imi’; our dissections of Cercopithecus corroborated the state-
ments of these authors. However, it should be noted that the
radial head of the abductor digiti minimi described in Macaca
by Howell & Straus (1933), Jacobi (1966), Kimura & Tazai (1970)
and Hill (1974) clearly seems to correspond to the true radial
head of the abductor digiti minimi found in other Old World
monkeys such as Papio (compare e.g. this fig. 45 with fig. 5 of
Brooks, 1886a) and not to the flexor digiti minimi brevis, as sug-
gested by Lewis (1989). In fact, Lewis (1989) hypothesis would
imply that the ‘flexor digiti minimi brevis’ sensu Howell & Straus
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(1933), Jacobi (1966), Kimura & Tazai (1970) and Hill (1974) cor-
responds to the superficial head of the opponens digiti minimi
sensu the present work. This is unlikely, because this structure
actually attaches onto the proximal phalanx and/or expansor
extension of digit 5, and not onto metacarpal V, as does the
superficial head of the opponens digiti minimi in other Old
World monkeys such as Papio (e.g. Brooks, 1886a) and Cercopi-
thecus (Lewis, 1989). In fact, the ‘f5op’ sensu Brooks (1886a) cor-
responds to the most ulnar of the two bundles of the
‘contrahens to digit 5° described by Howell & Straus (1933),
Jacobi (1966), Kimura & Tazai (1970) and Hill (1974). Lewis
(1989) stated that the opponens digiti minimi is more markedly
divided in hominoids such as Pan and modern humans than in
hominoids such as hylobatids, and Brooks (1886a) stated that,
contrary to Pan and modern humans, in hominoids such as Pon-
go there are no superficial and deep bundles of the muscle sep-
arated by the deep branch of the ulnar nerve. Regarding our
dissections, in hylobatids, Gorilla and Pongo the deep branch of
the ulnar nerve runs mainly radial to both these bundles, and
not mainly superficially (palmar) to the deep bundle and deep
(dorsal) to the superficial bundle as is usually the case in Pan
and particularly in modern humans. [-] Innaplicable in Tupaia
and Cynocephalus, in which the opponens digiti minimi is not
present as a distinct muscle.

150. / Insertion of opponens digiti minimi extends proximally to
the distal part of metacarpal V (L 1, Cl 100, Rl 100). [0] As
explained by Brooks (1886a), plesiomorphically the opponens
digiti minimi inserts mainly onto the proximal phalanx of digit 5
and/or the distal part of metacarpal V; this condition is for
instance found in Rattus (Greene, 1935 describes an insertion
onto the distal part of metacarpal V in this taxon). [1] In all the
primates included in this analysis the insertion of the opponens
digiti minimi extends to the distal portion of metacarpal V, the
muscle being thus inserted along most, or the whole, proximo-
distal length of this bone. Such an insertion along most, or the
whole extent of this bone is found in all primate specimens dis-
sected by us, and also described in Lemur and Propithecus by
Murie & Mivart (1872) and Jouffroy (1962), Jouffroy (1975), Tar-
sius by Woollard (1925), Pithecia by Stanley (1970), Cercopithe-
cus by Lewis (1989) and by us, Papio and Colobus by Brooks
(1886a; who confusingly designated the opponens digiti minimi
as ‘f5op’ and ‘a5op’ in these two taxa) and also by Polak (1908),
Swindler & Wood (1973) and by us, Macaca by us and by Howell
& Straus (1933) and Jacobi (1966; who confusingly designated
the opponens digiti minimi as ‘M.c.d.V(1) and M.o.d.V’), and
hominoids by us and all reports in the literature. [-] Innaplicable
in Cynocephalus and Tupaia, in which the opponens digiti min-
imi is not present as a distinct muscle.

151. Abductor digiti minimi is divided into two well differenti-
ated heads (L 1, CI 100, Rl 100). In some taxa of CS-0 the abduc-
tor digiti minimi may be slightly divided at its origin [0], but in
Macaca and Papio [1] there is often a differentiation of this
muscle into two heads, which in some cases are so markedly
separated from each other that they are only connected
through their distal tendons (e.g. fig. 5 of Brooks, 1886a). Such
a differentiation is not present in Rattus, Cynocephalus and Tu-
paia, nor in Lemur, Propithecus, Loris, Nycticebus, Loris and Tar-
sius according to Burmeister (1846), Murie & Mivart (1872),
Woollard (1925), Jouffroy (1962), Jouffroy (1975), Schultz (1984)
and our dissections, in Callithrix and Pithecia to Brooks (1886a),
Beattie (1927), Stanley (1970) and our observations, in Aotus
and Saimiri to our dissections, and in Colobus to Polak (1908),

Jouffroy (1971), and our dissections. Regarding non-human
hominoids, there are no well-separated heads of the abductor
digiti minimi in any of the specimens dissected by us or
reported in the literature that we reviewed, except in two of
the three specimens examined by Kohlbriigge (1890-1892), in
which there was only a slight differentiation into two bundles,
and perhaps in the Pongo specimen described by Richmond
(1993; in which this muscle apparently had ‘deep’ and ‘superfi-
cial' heads — but these heads were not found in the orangutans
reported by Primrose, 1899, 1900; Hepburn, 1892; Sonntag,
1924a; Sullivan & Osgood, 1927; Kallner, 1956; and Jouffroy &
Lessertisseur, 1960; and dissected by us). Regarding Papio, two
heads of the abductor digiti minimi were shown in fig. 5 of
Brooks (1886a) and also present in our dissections, although
they were not shown in the P. anubis specimen illustrated in
plate 78 of Swindler & Wood (1973). Concerning Macaca, the
radial head of the abductor digiti minimi described by Howell &
Straus (1933), Jacobi (1966) and Kimura & Tazai (1970) and Hill
(1974) clearly seems to correspond to the true radial head of
the abductor digiti minimi found by us in M. fascicularis, and
this idea is supported by Patterson’s (1942) descriptions of five
hypothenar structures in Macaca, which he designated as ‘two
heads of the abductor digiti minimi’, ‘two heads of the flexor
digiti minimi brevis’ and an ‘opponens digiti minimi‘: it is very
likely that two of the former structures correspond to the lat-
eral and medial heads of the abductor digiti minimi sensu the
present work. Hill (1966) stated that Cercopithecus usually has
‘ulnar and radial heads' of the abductor digiti minimi, but these
probably correspond respectively to the abductor digiti minimi
and flexor digiti minimi brevis sensu Lewis (1989) and the pres-
ent work (the ‘short flexor of the little finger’ and the ‘flexor
ossis metacarpi digiti minimi’ sensu Hill, 1966 thus probably cor-
respond respectively to the superficial and deep heads of the
opponens digiti minimi sensu Lewis, 1989 and the present
work). This is because in the descriptions and illustrations of
Cercopithecus provided by Lewis (1989), as well as in our dissec-
tions of this taxon, the abductor digiti minimi is clearly undi-
vided. Regarding modern humans, in three of the six subjects
dissected by us the abductor digiti minimi was mainly undi-
vided, but in the other three subjects there was a superficial,
broad head and a deep, thin additional head. The presence of
such heads is not so unusual in modern humans, according to
Sanudo et al. (1993), Curry et al. (2000), Kanaya et al. (2002),
Murata et al. (2004) and Gusmao et al. (2005), but it is not clear
if the presence of these heads represents, or not, the common
condition for modern humans; therefore Homo is coded as ‘?'.

Dorsal forearm muscles

152. Brachioradialis often inserts onto the trapezium (L 1, AUTA-
POMORPHY). Contrary to taxa of CS-0 [0], in Tarsius [1] the bra-
chioradialis is often inserted onto the trapezium. It was inserted
onto this bone in the specimens of Allen (1897) and of Schultz
(1984), while an exclusive insertion onto the radius was
described in the specimens of Burmeister (1846) and of Wool-
lard (1925). However, it is not clear if these latter authors exam-
ined this feature in detail or if they were influenced by the fact
that this muscle is almost always inserted onto the radius in
other primates and/or by the fact that, although in the speci-
mens of Allen (1897) and Schultz (1984) the muscle goes to the
trapezium, it is still held down firmly to the radius. As
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the Tarsius specimen dissected by us did have an insertion onto
the trapezium, Tarsius is coded as CS-1.

153. Extensor carpi radialis longus does not insert onto the
metacarpal Il (L 1, AUTAPOMORPHY). Contrary to taxa of CS-0
[0], in Cynocephalus the extensor carpi radialis longus is not
inserted onto the metacarpal I, being usually exclusively
inserted onto the trapezium (e.g. Leche, 1886; our dissections)
[1].

154. Brachioradialis is not a distinct muscle (L 1, AUTAPOMOR-
PHY). The brachioradialis is present as a distinct structure in
most mammals, including the phylogenetically plesiomorphic
monotremes [0], but it is missing (within all the taxa included in
this analysis) in Rattus (e.g. Greene, 1935; our dissections) [1].
155. Supinator has no ulnar head (L 2, Cl 50, RI 83). [0] Plesio-
morphically in mammals the supinator has a single, humeral
head (i.e. the supinator mainly originates from the humerus
and/or the elbow joint capsule and/or elbow ligaments: Straus,
1941a,b; Jouffroy, 1971); this condition is found for instance in
Tupaia, Rattus and Cynocephalus and in Lemur, Propithecus and
Tarsius. In Rattus the muscle originates from the humerus as
noted by Greene (1935), in Cynocephalus from elbow ligaments
as noted by Leche (1886) and in Tupaia from the humerus and
elbow capsule as described by George (1977). The bony origin is
exclusively from the humerus in Lemur and Propithecus accord-
ing to Murie & Mivart (1872), Jouffroy (1962), Jouffroy (1975),
and to our dissections. Miller (1932) stated that in Tarsius there
is a bony origin from the humerus and ulna, but in all the Tar-
sius specimens dissected by Burmeister (1846), Woollard (1925),
Straus (1941a), Schultz (1984), and by us, the bony origin is from
the humerus only. [1] Loris, Nycticebus (and also Perodicticus)
and anthropoids such as Pithecia, Callithrix, Aotus, Saimiri,
Macaca, Cercopithecus and Papio and non-hylobatid hominoids
usually have a distinct ulnar head of the supinator originating
from the posterior portion of the ulna. The bony origin in Pithe-
cia is usually from the humerus and ulna according to our dis-
sections and to Ziemer (1972; because a bony origin from both
these bones was found in seven of the 10 limbs that she dis-
sected; in the other three limbs the bony origin was from the
humerus only). A bony origin from the humerus and ulna in
also present in Callithrix, Aotus and Saimiri according to our dis-
sections, in Loris and Nycticebus to Miller (1943) and our obser-
vations, in Macaca to Howell & Straus (1933), Straus (1941a),
Patterson (1942), Kimura & Tazai (1970), Nagashima (1976), and
our observations, in Colobus to Polak (1908) and our dissections,
in Cercopithecus to Miller (1932), Hill (1966), Lewis (1989), and
our dissections, and in Papio to Champneys (1872), Miller (1932),
Straus (1941a), Swindler & Wood (1973), and our observations.
In Pongo the origin was from the humerus and ulna in the spec-
imens described by Beddard (1893), Primrose (1899, 1900), Sonn-
tag (1924a) and Sullivan & Osgood (1927) and dissected by us,
although it was only from the ulna in the specimens reported
by Barnard (1875), Straus (1941a) and Kallner (1956). In Gorilla
the origin is from the humerus and ulna according to Raven
(1950) and Preuschoft (1965) and to our dissections, as is the
case in Pan according to Gratiolet & Alix (1866), Champneys
(1872), Beddard (1893), Straus (1941a), Miller (1952), Swindler &
Wood (1973) and to our dissections. Regarding Hylobates,
according to Straus (1941a) the supinator has ulnar and humeral
heads, and this was precisely the condition found in the three
specimens dissected by Kohlbriigge (1890-1892) and the HU HL1
specimen dissected by us, and the vast majority of authors agree
that all hominoid genera usually have these two heads (e.g.
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Miller, 1932; Jouffroy, 1971; Lewis, 1989; Gibbs, 1999). However,
Michilsens et al. (2009) stated that, within the 11 Hylobates
specimens dissected by them (three H. lar, two H. pileatus, two
H. moloch and four H. syndactylus), the muscle originated from
the humerus only, except in the three specimens of H. lar, in
which the muscle connected to the ulna. This contradicts the
statements of Kohlbrigge (1890-1892) and Straus (1941a),
according to which an ulnar head is also present in other
hylobatid species such as H. moloch and H. syndactylus (while
Michilsens et al. 2009 stated that they did not found such an
ulnar head in six specimens of these two latter species). In view
of the data available, it is difficult to discern if this is the result
of a true variation within this latter species and within the hylo-
batids in general, or if these contradictory statements are
instead due to an error of Michilsens et al. (2009). Therefore,
until we have more data about hylobatids, Hylobates is coded
as '?".

156. Extensor carpi ulnaris does not originate from the ulna (L
2, ClI 50, RI 85). [0] In numerous therian mammals, including
marsupials (e.g. Jouffroy, 1971), the extensor carpi ulnaris origi-
nates from both the ulna and lateral epicondyle of the
humerus. This condition is found in Tupaia and Cynocephalus
and all the primates included in this analysis except New World
monkeys and Old World monkeys. In Cynocephalus the bony
origin is from the ulna and the lateral epicondyle of the
humerus, as noted by Leche (1886). According to Jouffroy (1962)
and George (1977) in tree-shrews the extensor carpi ulnaris usu-
ally originates from the lateral epicondyle, but not from the
ulna, although it is continuous with the anconeus, which does
attach onto the olecranon process of the ulna. This condition
was described in Tupaia by George (1977) and in Ptilocercus by
Le Gros Clark (1926). However, in the Tupaia specimens dis-
sected by Le Gros Clark (1924), Straus (1941a) and by us the
muscle has a direct origin from the ulna and the lateral condyle
of the humerus: therefore, a partial origin from the ulna seems
to be a common condition in Tupaia, which is thus coded as CS-
0. In Lemur, Propithecus, Loris, Nycticebus and Tarsius there is a
bony origin from the ulna and radius according to Burmeister
(1846), Mivart & Murie (1865), Murie & Mivart (1872), Woollard
(1925), Straus (1941a), Miller (1943), Jouffroy (1962), Jouffroy
(1975) and our dissections, although we could not find an origin
from the ulna in one of the three Nycticebus specimens dis-
sected by us (SDZ NC43129). In Hylobates the muscle originates
from the ulna and humerus as noted by Kohlbriigge (1890-
1892), Straus (1941a) and Michilsens et al. (2009) and corrobo-
rated by us. In Pongo the origin is from the humerus and ulna
in the specimens described by Beddard (1893), Primrose (1899,
1900), Sonntag (1924a), Sullivan & Osgood (1927) and Straus
(1941a) and dissected by us, and at least partially from the ulna
in the specimens reported by Fick (1895a,b), although Kohl-
briigge (1897) and Kallner (1956) described a bony origin from
the humerus only. In Gorilla the origin is from the humerus and
ulna according to Raven (1950) and to our dissections and from
the ulna and indirectly from the humerus (via the antebrachial
fascia, intermuscular septum and/or the tendon of the extensor
digitorum) according to Preuschoft (1965). In Pan the origin is
from the ulna and humerus as described by Gratiolet & Alix
(1866), Champneys (1872), Sonntag (1923), Straus (1941a), Miller
(1952), Swindler & Wood (1973) and corroborated by us, while
in modern humans the muscle usually originates from the ulna
and humerus (e.g. Gibbs, 1999). [1] As stated by Straus (1941a),
in various New and Old World monkeys, including Pithecia,
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Saimiri, Callithrix, Aotus, Macaca, Cercopithecus, Colobus and
Papio, the extensor carpi ulnaris originates mainly from the lat-
eral epicondyle and does not have a direct bony origin from the
ulna. This is the case in Pithecia according to Ziemer (1972) and
to our dissections, in Aotus and Saimiri to our observations, in
Macaca to Howell & Straus (1933), Straus (1941a), Kimura &
Tazai (1970) and Nagashima (1976), although there were appar-
ently a few fibers originating from the ulna in our Macaca VU
MF1 specimen. A ulnar head is missing in Cercopithecus accord-
ing to Hill (1966) and our dissections, in Colobus and other Col-
obinae to Schultz (1986) and our observations, and in Papio to
Champneys (1872), Straus (1941a), Hill (1970), Swindler & Wood
(1973), and our dissections. It should be noted that, in at least
some New and/or Old World monkeys, at first sight one may
have the impression that the muscle also originates from the
ulna, because it is indirectly attached to this bone by strong fas-
cia. This was probably what led, for instance, Beattie (1927) to
state that in Callithrix there is an origin from the ulna; however,
in the Callithrix specimens dissected by us and by other authors
(e.g. Senft, 1907) there is effectively no direct bony origin of
the muscle from the ulna. Our review of the literature indicated
that an origin from both the humerus and ulna is apparently
found in at least some members of the genus Rattus, but
Greene (1935) and Jouffroy (1971) stated that in this genus the
muscle originates from the lateral epicondyle of the humerus
only; until more information is available, Rattus is thus coded as
i

157. Anconeus is not a distinct muscle (L 1, AUTAPOMORPHY).
Contrary to taxa of CS-0 [0], in Hylobates [1] the anconeus is
usually not present as a distinct muscle, being undifferentiated
from the extensor carpi ulnaris, as noted by Duckworth (1904)
and corroborated by the descriptions of Kohlbriigge (1890-
1892), Hepburn (1892), Payne (2001) and Michilsens et al. (2009)
and by our dissections. In taxa of CS-0 the muscle is often
blended with the triceps brachii and/or the extensor carpi radi-
alis, but can be recognized as a distinct muscle. This is the case
in the Rattus, Tupaia and Cynocephalus specimens described by
Greene (1935), Leche (1886) and George (1977) and dissected by
us, although Le Gros Clark (1924) stated that the muscle was
absent in the Tupaia specimen dissected by him. It is also the
case in Lemur, Propithecus, Loris, Nycticebus and Tarsius accord-
ing to our dissections and to Burmeister (1846), Murie & Mivart
(1872), Allen (1897), Woollard (1925), Miller (1943), Jouffroy
(1962), Jouffroy (1975), and Schultz (1984; note that Milne-
Edwards & Grandidier, 1875 suggested that the anconeus is
missing in Propithecus, but, as explained by Jouffroy, 1962; this
muscle corresponds very likely to part of the structure that
those authors designated as ‘triceps brachii’). It is also the case
in Callithrix and Pithecia according to Beattie (1927) and Ziemer
(1972) and our dissections, in Aotus and Saimiri to our observa-
tions, in Macaca to Howell & Straus (1933), Straus (1941a), Patt-
erson (1942), Hadano (1955), Jacobi (1966), Kimura & Tazai
(1970), Nagashima (1976) and our dissections, in Colobus to
Polak (1908) and our observations, in Cercopithecus to Hill
(1966) and our dissections, in Pongo to Beddard (1893), Primrose
(1899, 1900), Sonntag (1924a) and our dissections, in Gorilla to
Duvernoy (1855-1856), Macalister (1873), Chapman (1878), Bisc-
hoff (1880), Deniker (1885), Hepburn (1892), Sommer (1907),
Pira (1913), Raven (1950), Preuschoft (1965), Payne (2001) and
our dissections, and in Pan to Gratiolet & Alix (1866), Macalister
(1871), Champneys (1872), Sonntag (1923), Miller (1952), Swin-
dler & Wood (1973), Payne (2001) and our dissections. Hill

(1970) suggested that the anconeus was not differentiated in
the Papio hamadryas dissected by him, but this structure was
recognized as a separate muscle in P. hamadryas by Macalister
(1871), who designated this muscle as ‘anconeus lateralis’, and
in P. anubis by Champneys (1872), Swindler & Wood (1973) and
by us; Papio is thus coded as CS-0.

158. Extensor digiti quarti is not a distinct muscle (L 1, Cl 100, RI
100). [0] As explained by Diogo et al. (2009a), the plesiomorphic
condition for the taxa included in this analysis is very likely that
in which there is a distinct muscle extensor digiti quarti going
to digit 4 and also a so-called ‘extensor digiti quinti proprius’
going to digit 5. This condition is found in various non-primate
mammals, including Rattus (e.g. Greene, 1935; Diogo et al.
2009a; our dissections). [1] In the other taxa included in the
cladistic analysis the extensor digiti quarti is completely fused
with the so-called ‘extensor digiti quinti proprius’, the two
fused muscles forming the extensor digiti minimi, which often
inserts onto digits 4 and 5, but may insert instead onto digits 3—-
5, or to digit 5 only (Diogo et al. 2009a; see characters below; it
should be noted that the ‘extensor digiti quarti proprius’ and
‘extensor digiti quinti proprius’ described in primates such as
Macaca and Papio by authors as Howell & Straus, 1933; Straus,
1941a,b; and Kimura & Tazai, 1970 actually form a single, con-
tinuous muscle belly with two tendons, which corresponds to
the extensor digiti minimi sensu the present work).

159. Extensor digiti minimi inserts onto digit 5 only (L 3, Cl 33,
RI 60). [0] Plesiomorphically the extensor digiti minimi (or the
extensor digiti quarti plus the ‘extensor digiti quinti proprius’,
in Rattus) inserts onto two or more digits — usually onto digits 4
and 5, but sometimes also onto digit 3, see character below
(e.g. Kaneff & Cihak, 1970; Jouffroy, 1971; Diogo et al. 2009a).
In Rattus the extensor digit quarti and the ‘extensor digiti quinti
proprius’ go to digits 4 and 5, respectively, as noted by Greene
(1935). In Cynocephalus, the extensor digiti minimi goes to
digits 3-5, as described by Leche (1886), while this muscle goes
to digits 4-5 in Tupaia, as noted by Le Gros Clark (1924), Straus
(1941a), George (1977) and Kaneff (1980a,b), as well as in
Lemur, Propithecus and Tarsius according to Burmeister (1846),
Murie & Mivart (1872), Allen (1897), Woollard (1925), Straus
(1941a), Jouffroy (1962), Jouffroy (1975), Kaneff & Cihak (1970),
Kaneff (1979, 1980a), Schultz (1984), and to our dissections, in
Aotus, Callithrix, Saimiri and Pithecia to Senft (1907), Beattie
(1927), Ziemer (1972) and Kaneff (1980a) and to our observa-
tions, in Cercopithecus to Hill (1966), Lewis (1989) and our dis-
sections, and in Macaca to Haughton (1865), Howell & Straus
(1933), Straus (1941a), Patterson (1942), Kimura & Tazai (1970),
Nagashima (1976), Kaneff (1980a), Aziz & Dunlap (1986), and
our observations. The muscle also goes to digits 4 and 5 in Colo-
bus according to Polak (1908), Kaneff & Cihak (1970), Kaneff
(1980a) and to our observations, although Jouffroy (1962) found
a tendon to digit 5 only, on the left hand of a Colobus speci-
men. Hill (1970) stated that he did not found a tendon to digit
5 in one specimen of Papio hamadryas, but in the numerous Pa-
pio specimens dissected by Champneys (1872), Michaélis (1903),
Straus (1941a), Swindler & Wood (1973), Kaneff (1980a) and by
us the muscle inserted onto digits 4-5. In the Pongo specimens
described by Church (1861-1862), Barnard (1875), Langer (1879),
Chapman (1880), Hepburn (1892), Beddard (1893), Kohlbrigge
(1897), Primrose (1899, 1900), Sonntag (1924a), Sullivan &
Osgood (1927), Straus (1941a), Kallner (1956), Kaneff (1980a),
Aziz & Dunlap (1986) and Oishi et al. (2008, 2009) the muscle
goes to digits 4 and 5, and according to the review of the literature
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done by Gibbs (1999) such an insertion onto these two digits
occurs in 20 out of 23 orangutans. [1] In Loris and Nycticebus
(and also in Perodicticus), as well as in Hylobates, Gorilla, Pan
and modern humans, the muscle usually inserts onto digit 5
only. This is the case in all the Hylobates specimens dissected by
Bischoff (1870), Deniker (1885), Hartmann (1886), Kohlbrugge
(1890-1892), Hepburn (1892), Chapman (1900), Straus (1941a),
Kaneff (1980a), Michilsens et al. (2009), and by us. Regarding
Gorilla, in the specimens described by Owen (1868), Chapman
(1878), Bischoff (1880), Deniker (1885), Hepburn (1892), Sommer
(1907), Pira (1913), Straus (1941a), Raven (1950), Preuschoft
(1965), Kaneff (1980a) and Aziz & Dunlap (1986) and dissected
by us the muscle goes to digit 5 only, although an insertion
onto digits 4 and 5 was reported on one side of one specimen
dissected by Preuschoft (1965) and an insertion onto digit 4 only
was described in the specimen dissected by Macalister (1873).
According to the review of the literature done by Gibbs (1999),
an extra insertion onto digit 4 occurs in only one out of 14
gorillas, and according to the review of the literature done by
Straus (1941a) this occurs in only 7% of gorillas. Regarding Pan,
in the specimens described by Wilder (1862), Gratiolet & Alix
(1866), Macalister (1871), Champneys (1872), Chapman (1879),
Hepburn (1892), MacDowell (1910), Sonntag (1923), Miller
(1952), Swindler & Wood (1973), Aziz & Dunlap (1986), Lands-
meer (1986), and Oishi et al. (2009), as well as in three of the six
specimens dissected by us in which we could discern this feature
in detail, in three specimens dissected by Straus (1941a), and
one specimen dissected by Kaneff (1980a), the muscle goes to
digit 5 only. In the three other specimens dissected by us, one
specimen dissected by Huxley (1864), one specimen dissected by
Dwight (1895), one specimen dissected by Straus (1941a), four
specimens dissected by Kaneff (1980a), and one specimen dis-
sected by Lewis (1989), the muscle goes to digits 4 and 5.
According to the review of the literature done by Gibbs (1999)
an exclusive insertion onto digit 5 occurs in 26 out of 31 Pan; it
occurs in 73% Pan according to the review of the literature
done by Straus (1941a). Regarding modern humans, the muscle
usually goes to digit 5 only; according to the review of the liter-
ature done by Straus (1941a), an insertion onto both digits 4
and 5 occurs only in about 6-11% of the cases, but a more
recent study of 200 upper limbs of modern human adults by Ka-
neff & Cihak (1970) showed that an insertion onto digits 4 and
5 actually only occurs in about 3% of the cases (interestingly,
within 100 upper limbs of modern human fetuses, these latter
authors found that in 10% of the cases there was an insertion
onto digits 4 and 5). Regarding Loris, Mivart & Murie (1865) and
Murie & Mivart (1872) stated that in their specimen of ‘Nyctice-
bus tardigradus’ (=Loris tardigradus) the extensor digiti minimi
goes to digit 5, but they also stated that in this specimen the
extensor digitorum sends two tendons to digit 4, so the ‘extra’
tendon to digit 4 could actually be a tendon of the extensor
digiti minimi. They also stated that in another specimen, of
‘Loris gracilis' (also = Loris tardigradus), the extensor digiti min-
imi goes to digits 4 and 5; however, in page 37 of Murie & Miv-
art (1872) they clearly stated that they consider that in both
these specimens the extensor digiti minimi goes to digit 5 only,
and that the two tendons going to digit 4 in both specimens
are really part of the extensor digitorum. This latter idea was
later corroborated by Barnard (1875) and Miller (1943), who
reported an exclusive insertion onto digit 5 in all the Loris speci-
mens dissected by them. An exclusive insertion onto digit 5 was
also reported in the three Nycticebus specimens dissected by
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Miller (1943; and also in the Perodicticus specimens dissected by
her), as well as in one of the two Nycticebus specimens dissected
by us (VU NP 1). Therefore, within a total of five Nycticebus
specimens dissected by Miller (1943) and by us, only in one (VU
NP2; we could not find and analyze this muscle in our SDZ
NC43129 and SDZ LT53090 specimens) has an insertion onto
both digits 4 and 5.

160. Extensor digiti minimi is partially inserted onto digit 3 (L 1,
AUTAPOMORPHY). Contrary to the other taxa included in the
cladistic analysis [0], Cynocephalus [1] exhibits a peculiar,
derived condition (e.g. Kaneff & Cihak, 1970; Jouffroy, 1971; Na-
gashima, 1976) in which the extensor digiti minimi inserts onto
digit 3 (as well as onto digits 4 and 5, see character above).

161. Extensor digiti minimi originates from the radius (L 1, AU-
TAPOMORPHY). [0] In taxa of CS-0 the extensor digiti minimi (or
the extensor digiti quarti plus the ‘extensor digiti quinti propri-
us’, in Rattus) has a bony origin from the lateral epicondyle of
the humerus and/or, less often, from the ulna, but usually not
from the radius. It should be noted that Champneys (1872) and
Hill (1970) found a partial origin of this muscle from a small
portion of fascia associated with the radius in a few specimens
of Papio, but even in this case there was no direct bony origin
of the muscle from this bone. In the other Papio specimens
described by Straus (1941a) and Swindler & Wood (1973), and
dissected by us, the bony origin of the muscle was from the
humerus only). In Cynocephalus [1] the extensor digiti minimi
has a bony origin from the lateral epicondyle but also from the
radius, as described by Leche (1886).

162. Extensor indicis usually inserts onto digits 1-3, digits 24 or
digit 2 only (unordered multistate character) (L 4, Cl 75, Rl 83).
[0] The plesiomorphic condition for the taxa included in the cla-
distic analysis, found in numerous non-primate taxa, including
Rattus and Tupaia, and in numerous primates, including Loris,
Nycticebus, Tarsius, Macaca, Papio, Cercopithecus, Colobus and
Pongo, is that in which the extensor indicis usually inserts onto
digits 2 and 3 (e.g. Jouffroy, 1971; Diogo et al., 2009b). In Rattus
and Tupaia the muscle usually sends tendons to digits 2 and 3,
as noted by Greene (1935), Le Gros Clark (1924), Straus (1941a),
Jouffroy (1962), George (1977) and Kaneff (1980a), although in
a few Tupaia specimens the muscle may also insert onto digit 1
and/or digit 4, as stressed by Le Gros Clark (1924) and George
(1977). In Loris there was an insertion onto digits 2-3 in two
cases reported by Meckel (1820-1838), two cases reported by
Miller (1943), one case reported by Barnard (1875), and appar-
ently also in the SDZ LT53090 specimen dissected by us, while
there was an insertion onto digit 2 only in two cases reported
by Murie & Mivart (1872), onto digits 2-4 in one case reported
by these authors, and onto digits 2-5 in still another case
reported by Murie & Mivart (1872; so, within the information
available, there is an insertion onto digitis 2-3 in six out of 10
cases, in Loris). In Nycticebus the insertion is usually onto digits
2 and 3 only, although an insertion onto digit 4, and even onto
digit 5, might be found in members of this genus according to
Barnard (1875); within a total of six Nycticebus specimens dis-
sected by Miller (1943; three specimens) and by us (three speci-
mens) the insertion was always to digits 2 and 3, except in our
specimen VU NP2, in which there was an insertion onto digit 2
only. In Macaca the muscle usually goes to digits 2 and 3, as
described by Haughton (1865), Howell & Straus (1933), Straus
(1941a), Patterson (1942), Kimura & Tazai (1970), Nagashima
(1976), Kaneff (1980a), Dunlap et al. (1985) and Aziz & Dunlap
(1986) and found by us; only in one of the 30 upper limbs
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dissected by Nagashima (1976) this muscle goes to digits 2 and 3
but also sends a small slip to digit 5. In Cercopithecus it goes to
digits 2 and 3 according to Hill (1966), Lewis (1989) and to our
dissections, as it does in Colobus according to Polak (1908), Jou-
ffroy (1962), Kaneff (1980b) and to our observations. In Papio
the muscle almost always goes to digits 2 and 3, as reported by
Macalister (1871), Champneys (1872), MacDowell (1910), Straus
(1941a), Swindler & Wood (1973) and Kaneff (1980a) and found
by us; only in two of the 10 Papio upper limbs dissected by Ka-
neff (1980a) the muscle goes exclusively to digit 2. Regarding
Pongo, an insertion onto digits 2 and 3 was described by most
authors, including Langer (1879), Chapman (1880), Hepburn
(1892), Beddard (1893), Primrose (1899, 1900), Sullivan & Osgood
(1927), Straus (1941a), Kallner (1956), Day & Napier (1963), Tut-
tle (1969), Tuttle & Cortright (1988), Richmond (1993) and Oishi
et al. (2008, 2009) and found in one of the specimens dissected
by us. In one of the eight specimens dissected by Kaneff
(1980a,b) and the specimen dissected by Sonntag (1924a) the
muscle inserted onto digit 2 only, while Barnard (1875)
described an insertion onto digits 2, 3 and 4, Church (1861-
1862) described an insertion onto metacarpals Il and/or Ill, and
in the other specimen dissected by us the insertion was onto
digits 1, 2 and 3. According to the review of the literature done
by Straus (1941a,b), in Pongo an insertion on digits 2, 3, 4 and 5
occurs in about 5% of the cases, on digits 2, 3 and 4 occurs in
about 11% of the cases, on digits 2 and 3 occurs in about 66%
of the cases, on digit 3 occurs in about 13% of the cases, and
on digit 2 occurs in about 5% of the cases. Regarding Tarsius,
there was an insertion onto digits 2-3 in one case reported by
Burmeister (1846), in three cases reported by Woollard (1925),
in two cases reported by Schultz (1984), and in two cases
reported by Kaneff (1980a), while there was an insertion onto
2-4 in one case reported by Straus (1941a), one case reported
by Woollard (1925), and two cases reported by Kaneff (1980a),
and there was an insertion onto 2-5 in one case reported by
Straus (1941a), in one case reported by Kaneff (1980a), and in
the CMNH M-3135 specimen dissected by us. Therefore, within
the information available, there is an insertion onto digits 2-3
in eight out of 15 cases, and that is why Tarsius is coded as CS-
0. However, it should be noted that, in the CMNH M-3135 speci-
men dissected by us the extensor indicis gives rise to a strong
and broad fascia that is then associated with two well-defined
tendons going to digits 2 and 3, respectively, but also to strong
connective tissue that was almost like a tendon, and that
attached to both digits 4 and 5. We consider that the extensor
indicis thus goes to digits 2, 3, 4 and 5, but is is probable that
some authors have seen a similar configuration and stated, in
their descriptions, that the muscle attached to digits 2 and 3
only. That is, although an insertion onto digits 2-3 seem to be
the usual condition for Tarsius, is is possible that insertions to
other digits are more frequent than it is usually suggested in
the literature. [1] In Cynocephalus the muscle is commonly
inserted onto digits 1, 2 and 3, as described by Leche (1886) and
corroborated by our dissections. [2] In Aotus, Saimiri, Pithecia,
Callithrix and Hylobates the muscle is commonly inserted onto
digits 2, 3 and 4. Concerning Aotus, Callithrix and Saimiri, the
insertion is onto digits 2, 3 and 4 according to our dissections
and to Barnard (1875), Beattie (1927), Ziemer (1972), Kaneff
(1980b) and Dunlap et al. (1985), Aziz & Dunlap (1986) state
that in the four Saimiri specimens dissected by them the exten-
sor indicis goes to digits 2, 3, but these four specimens are the
ones reported by Dunlap et al. 1985; and they actually go to

digits 2-4 as explained in this latter work; it should also be
noted that the nomeclature used by Senft, 1907 suggests that in
Callithrix the extensor indicis also goes to digit V, but such an
insertion onto this digit is not described nor illustrated in that
work). Regarding Pithecia, in our VU PP1 specimen the insertion
was onto digits 2-4, in one limb dissected by Ziemer (1972) and
in our GWUANT PP1 specimen it was onto digits 2 and 3, in the
other limb dissected by Ziemer (1972) it was onto digits 2 and 4,
but in the eight other limbs dissected by this latter author it
was onto digits 2-4, as reported by Barnard (1875). Therefore,
although there is some variation in Pithecia, the usual condition
for this genus clearly seems to be that in which the muscle usu-
ally goes to digits 2-4. Concerning Hylobates, an insertion onto
digits 2, 3 and 4 was described by Bischoff (1870), Kohlbriigge
(1890-1892), Hepburn (1892), Chapman (1900), Jouffroy (1962),
Kaneff (1980a,b), Aziz & Dunlap (1986) and Michilsens et al.
(2009) and found by us, but in the gibbon fetus dissected by
Deniker (1885) the insertion was onto digits 2-5, while Barnard
(1875) described an insertion onto digit 3 only and Straus
(1941a) onto digits 2 and 3 or 2, 3, and 4. According to the
review of the literature done by Straus (1941a,b), in Hylobates
an insertion onto digits 2, 3, 4 and 5 occurs in about 7.5% of
the cases, and on digits 2, 3 and 4 occurs in about 92% of the
cases. [3] In Gorilla, Pan and modern humans the muscle is com-
monly inserted onto digit 2 only. Regarding Gorilla, an insertion
onto digit 2 was found by most authors, including Owen (1868),
Macalister (1873), Barnard (1875), Chapman (1878), Deniker
(1885), Hepburn (1892), Sommer (1907), Straus (1941a), Preusch-
oft (1965), Aziz & Dunlap (1986) and Lewis (1989) and also
found in our CMS GG1 specimen. According to the review of
the literature by Straus (1941a,b), in Gorilla an exclusive inser-
tion onto digit 2 occurs in nearly all of the cases, but our obser-
vations and comparisons indicate that there are actually a few
exceptions, e.g. Raven (1950) described an insertion onto digit 2
plus the hamate and capitate, and Kaneff (1980a,b) reported an
insertion onto metacarpals lll and/or IV only (as we found on
one side of our VU GG1 specimen, the other side showing an
attachment to these two metacarpals and to digit 2). Concern-
ing Pan, an insertion onto digit 2 is described by most authors,
including Wilder (1862), Gratiolet & Alix (1866), Broca (1869),
Champneys (1872), Chapman (1879), Beddard (1893), Dwight
(1895), Sonntag (1923), Fick (1925), Miller (1952), Tuttle (1969),
Swindler & Wood (1973), Dunlap et al. (1985), Landsmeer (1986)
and Lewis (1989) and Oishi et al. (2009) and found in the vast
majority of the specimens dissected by us. However, Hepburn
(1892) found an insertion onto digits 2 and 4, Straus (1941a)
and Kaneff (1980a,b) onto digit 2 or onto digits 2 and 3, and
Humphry (1867), Macalister (1871), Hartmann (1886), MacDowell
(1910), Ribbing & Hermansson (1912) and Jouffroy & Lessertis-
seur (1957) onto digits 2 and 3. According to the review of the
literature done by Straus (1941a,b), in Pan an insertion onto
digits 2, 3 and 4 occurs in about 4% of the cases, onto digits 2
and 3 occurs in about 21% of the cases, onto digits 2 and 4
occurs in about 4% of the cases, onto digit 3 occurs in about
4% of the cases, and onto digit 2 occurs in about 68% of the
cases. According to the review of the literature done by Straus
(1941a,b), in modern humans an insertion onto digits 2, 3 and 4
is very rare, onto digits 2 and 3 occurs in about 5-13% of the
cases, and onto digit 2 occurs in about 87-95% of the cases;
within 300 modern human upper limbs analyzed by Kaneff
(1980b), an insertion onto digits 2 and 3 was found in about
12.67% of the cases. Regarding Lemur, there was an insertion
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onto digits 2-4 in one case described by Barnard (1875), in one
case reported by Kaneff (1980a), and one case reported by Mu-
rie & Mivart (1872), while there was an insertion onto digits 2-3
in one case reported by Jouffroy (1962), in one case reported by
Kaneff (1980a), and in the GWUANT LC1 specimens dissected by
us: so, within the information available, there is an insertion
onto digits 2-4 in three out of six cases. In Propithecus there
was an insertion onto digits 2-4 in one case reported by Ronsse
(1922) and two cases reported by Jouffroy (1962), while there
was an insertion onto digits 2-3 in two cases reported by Jouff-
roy (1962) and in our GWUANT PV 1 specimen; therefore, there
is also an insertion onto 2-4 in three out of six cases. Lemur and
Propithecus are thus coded as '?".

163. Extensor pollicis longus is deeply blended with the extensor
indicis (L 3, Cl 33, Rl 60). As noted by Jouffroy (1962) and Dun-
lap et al. (1985), contrary to taxa such as Rattus and Cynocepha-
lus, as well as to the vast majority of non-platyrrhine primates,
including strepsirhines and Tarsius [0], in Tupaia and New World
monkeys, including Aotus, Callithrix, Pithecia and Saimiri, as
well as in Colobus, the extensor pollicis longus is usually deeply
blended with the extensor indicis, forming a mainly undivided
fleshy belly (which is often designated as ‘extensor digitorum
profundus’) [1]. This was corroborated by our dissections of all
taxa of CS-1 and reported in Callithrix by Barnard (1875), Duck-
worth (1904), Senft (1907), Beattie (1927), Hill (1957), Kaneff
(1980b) and Dunlap et al. (1985), in Aotus by Kanneff (1980b)
and Dunlap et al. (1985), in Saimiri by Dunlap et al. (1985) and
Aziz & Dunlap (1986), and in Pithecia by Ziemer (1972). Le Gros
Clark (1924), Jouffroy (1962) and George (1977) stated that in
Tupaia the extensor pollicis longus is also deeply blended with
the extensor indicis, and our own dissections confirmed the
descriptions of these authors: Tupaia is thus also coded as CS-1.
As explained by Jouffroy & Lessertisseur (1960) and Jouffroy
(1962), it is often said (e.g. Polak, 1908; Straus, 1941a,b) that in
Colobus the extensor pollicis longus is reduced to a thin struc-
ture originating from the extensor indicis, or is even missing.
However, in this genus there is actually usually an extensor pol-
licis longus going to both digits 1 and 2, which is deeply
blended distally with the extensor indicis going to digits 2 and
3 (perhaps the statements of Polak, 1908 and Straus, 1941a,b —
according to which the extensor pollicis longus is missing — are
precisely due to the deep blending between this muscle and the
extensor indicis, in this taxon). This idea was supported by the
work of Kaneff (1980a,b): in the two Colobus specimens dis-
sected by this author, there is effectively an extensor sending
tendons to digits 2-3 and another extensor sending tendons to
digits 1-2 (e.g. fig. 62 of Kaneff 1980b). Our dissections of Colo-
bus effectively corroborated the descriptions of Jouffroy & Les-
sertisseur (1960), Jouffroy (1962) and Kaneff (1980a,b), so this
taxon is coded as CS-1.

164. Extensor pollicis longus plus extensor indicis send two ten-
dons to digit 2 (L 2, C/ 50, Rl 75). As noted by Dunlap et al.
(1985), within the tendons of the extensor pollicis longus and of
the extensor indicis only one goes, plesiomorphically, to digit 2
(usually, one of the tendons of the extensor indicis). In a few
specimens of genera of CS-0 the extensor pollicis longus might
send a tendon to both digits 1 and 2, as for instance in a single
Pan troglodytes specimen and a single Lemur catta specimen
reported by Kaneff (1980a,b). However, as noted by this latter
author, and also by authors such as Straus (1941a,b), the pres-
ence of such a configuration is extremely rare in any of these
genera, and we effectively never found such a configuration in
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any of the numerous dissected specimens of taxa of CS-0 [0].
However, in Saimiri, Callithrix, Aotus and Pithecia, as well as in
Colobus, there are often two tendons going to digit 2, i.e. con-
trary to taxa of CS-0, in these genera the extensor pollicis lon-
gus sends a tendon not only to digit 1, but also to digit 2 [1].
An insertion of the extensor pollicis longus onto digits 1 and 2
was present in all Saimiri specimens dissected by Dunlap et al.
(1985), Aziz & Dunlap (1986), and by us, in the Callithrix speci-
men dissected by us and the four Callithrix specimens dissected
by Kaneff (1980a,b), although Senft (1907) only described a sin-
gle tendon (of the complex formed by the extensor pollicis lon-
gus plus the extensor indicis) going to digit 2, in the two
Callithrix specimens dissected by him. There is some confusion
about this feature in Aotus, with Kaneff's (1980a,b) and Dunlap
et al.’s (1985) descriptions suggesting that this complex sends a
single tendon to digit 2 in this taxon. However, our dissections
of this taxon revealed that the extensor pollicis longus actually
sends tendons to both digits 1 and 2, as found in all the New
World monkeys dissected by us (so, the complex does send two
tendons to digit 2, in total). In Pithecia the extensor pollicis lon-
gus usually goes to digits 1 and 2, as shown in fig. 16 of Ziemer
(1972) and as found in our dissections. Regarding Colobus, the
extensor pollicis longus usually goes to both digits 1 and 2 (see
character above). Schultz (1984) reported an attachment to digit
1 in two specimens of Tarsius, and we also found this configura-
tion in our Tarsius specimen, but in all the six specimens of this
genus dissected by Straus (1941a) and Woollard (1925) and in
two of the five hands dissected by Kaneff (1980a,b), the exten-
sor pollicis longus was said to insert onto digits 1 and 2. As
there is some confusion in the literature between the tendons
of the extensor pollicis longus and of the extensor indicis, it is
not clear if in all these latter cases the insertion of the extensor
pollicis longus is really to both digits 1 and 2; therefore, until
more information is available, Tarsius is coded as ‘?".

165. Abductor pollicis longus extends to the proximal phalanx
of the thumb (L 2, CI 50, RI 0). [0] According to Jouffroy (1971),
Kaneff (1979, 1980a,b) and Lewis (1989), in therian mammals
the abductor pollicis longus is plesiomorphically inserted onto
the carpal region and/or the metacarpal I, but not onto the
proximal phalanx of the thumb. This plesiomorphic condition is
found in non-primate mammals such as Tupaia and in most pri-
mates, including Propithecus, Lemur, Loris, Nycticebus, Tarsius,
Aotus, Callithrix, Pithecia, Saimiri, Macaca, Cercopithecus, Papio,
Colobus, Hylobates, Pongo and Pan. [1] In gorillas and modern
humans there is usually a distal extension of the abductor polli-
cis longus, or of a structure differentiated from it (the extensor
pollicis brevis, in modern humans: see character below), to the
proximal phalanx of the thumb. One needs to be very careful
about this feature, because, contrary to the present work, some
authors consider that some non-human and non-hylobatid taxa
have a separate ‘extensor pollicis brevis’; so, the insertion of
their ‘abductor pollicis longus’ corresponds only to part of the
insertion of the abductor pollicis longus sensu the present work.
In order to avoid confusion, all the insertions to which we refer
here correspond to the insertions of the ‘abductor polllicis lon-
gus’ plus the ‘extensor pollicis brevis'. Regarding Tupaia, George
(1977) states that the insertion is onto the sesamoid bone, tra-
pezium and metacarpal |, but Le Gros Clark (1924) states that it
is onto metacarpal | only, and Straus (1941a,b) states that it is
onto the sesamoid bone and the trapezium. Regarding Lemur,
the abductor pollicis longus goes to metacarpal | according to
Murie & Mivart (1872) and to this bone, the sesamoid and the

Journal of Anatomy © 2011 Anatomical Society of Great Britain and Ireland



358 Soft-tissue anatomy of the primates, R. Diogo and B. Wood

trapezium according to Jouffroy (1962), Jouffroy (1975) and to
our dissections, as is also the case in Propithecus according to
this latter author and also to our dissections. In Loris and Nyc-
ticebus it goes to metacarpal | according to Mivart & Murie
(1865) and Murie & Mivart (1872), and to this bone and the ses-
amoid according to Miller (1943) and to our dissections, while
in Tarsius it goes to metacarpal | according to Straus (1941a),
Burmeister (1846) and Woollard (1925), and to this bone and
the sesamoid according to Schultz (1984) and to our dissections.
Concerning Aotus, Callithrix, Pithecia and Saimiri, the insertion
is usually onto metacarpal | and often onto the carpal region
according to Senft (1907), Beattie (1927), Hill (1957, 1960, 1962),
Ziemer (1972) and Kaneff (1980a) and to our dissections. Con-
cerning Cercopithecus, Hill (1966) reported an insertion onto
the metacarpal | and the trapezium, as found by us, and Lewis
(1989) reported an insertion onto the metacarpal | and onto the
trapezium and/or the adjacent sesamoid bone. With respect to
Colobus, Polak (1908) reported an insertion onto a sesamoid
bone of the carpal region and onto the metacarpal I, as found
by us, and Kaneff (1980a) stated that the muscle attaches onto
the carpal and metacarpal regions of digit 1. Regarding Macaca,
it is almost always to the metacarpal | and to the sesamoid
and/or trapezium, as described by Howell & Straus (1933),
Straus (1941a), Patterson (1942), Kimura & Tazai (1970), Nagashi-
ma (1976) and found by us, although in one of the 30 Macaca
fascicularis upper limbs dissected by Nagashima (1976) there
was also a partial insertion onto the scaphoid. Regarding Papio,
an insertion onto the trapezium and metacarpal | was reported
by Straus (1941a), onto the trapezoid and metacarpal | by
Champneys (1872) and Hill (1970), and onto the metacarpal 1
and sesamoid by Swindler & Wood (1973; and also found by us).
In Hylobates the insertion it onto the metacarpal | and sesamoid
and/or trapezium according to Hepburn (1892), Hartmann
(1886), Kohlbrigge (1890-1892), Straus (1941a), Lorenz (1974),
Chapman (1900), and to our dissection of VU HG1, and to the
sesamoid only in our HU HL1 specimen, although Deniker (1885)
described an insertion onto the metacarpal | and the proximal
phalanx of the thumb in the gibbon fetus dissected by him.
According to Gibbs (1999) the common insertion in hylobatids is
onto the metacarpal and sesamoid and/or and trapezium.
Regarding Pongo, it is to the sesamoid and metacarpal | accord-
ing to Hepburn (1892) and Sonntag (1924a), to the sesamoid,
trapezium and metacarpal | according to Primrose (1899, 1900),
to the trapezium and metacarpal | according to Church (1861-
1862), Hartmann (1886), Beddard (1893), Kohlbrigge (1897),
Straus (1941a,b), Aziz & Dunlap (1986) and to our dissections, to
the trapezium and the scaphoid according to Fick (1895a,b),
and to the metacarpal | according to Kallner (1956). The inser-
tion onto the trapezium and metacarpal | represents the com-
mon condition for Pongo according to Gibbs (1999), and
according to the review of the literature done by Straus
(1941a,b) an insertion onto the proximal phalanx of the thumb
occurs in no orangutans. Regarding Pan, the insertion is onto
the metacarpal |, sesamoid and trapezium according to Hepburn
(1892), Dwight (1895) and Sonntag (1923), to the scaphoid and
metacarpal | according to Humphry (1867), to the sesamoid, sca-
phoid and metacarpal | according to Ziegler (1964), and to the
metacarpal | and trapezium according to Vrolik (1841), Wyman
(1855), Wilder (1862), Huxley (1864), Champneys (1872), Hart-
mann (1886), Beddard (1893), Sutton (1883), Gratiolet & Alix
(1866), Macalister (1871), MacDowell (1910), Miller (1952), Ogi-
hara et al. (2005), and to our dissections. An insertion onto the

metacarpal | and trapezium is the common condition in Pan
according to Gibbs (1999), and in the review of the literature
done by Keith (1899) an extension to the proximal phalanx of
the thumb was only found in one out of 20 Pan, while Sarmien-
to (1994) did not found such an extension in any of the two
Pan specimens dissected by him, and in the review of the litera-
ture done by Sarmiento (1994) there was no such extension in
10 out of 10 Pan. Concerning Gorilla, the insertion is onto the
metacarpal | and proximal phalanx according to Owen (1868),
Chapman (1878), Bischoff (1880), Hepburn (1892), Pira (1913),
Straus (1941a,b), and to our dissection of CMS GG1, onto the
carpal/metacarpal region and the proximal phalanx according
to Duckworth (1904), Kaneff (1980a,b) and Tuttle (1969), onto
the trapezium, metacarpal | and proximal phalanx in the speci-
men of Raven (1950) and in one specimen plus one side of other
specimen of Preuschoft (1965), onto the trapezium, metacarpal |
and metacarpophalangeal jointo of the thumb on one side of
one specimen plus in one other specimen of Preuschoft (1965),
onto the metacarpal | and trapezium/sesamoid bone according
to Macalister (1873), to Hartmann (1886) and to our dissection
of VU GG1, and onto the metacarpal | and the carpal region in
the gorilla fetus dissected by Deniker (1885). An insertion onto
the proximal phalanx of digit 1, trapezium and metacarpal | is
the common condition in Gorilla according to Gibbs (1999), and
in the review of the literature done by Keith (1899) this condi-
tion was found in four out of nine gorillas. Sarmiento (1994)
found an extension to the proximal phalanx in one of the three
gorillas dissected by him, but in the review of the literature
done by him there was such an extension in nine out of 17
gorillas, while according to the review of the literature done by
Straus (1941a,b) an insertion onto the proximal phalanx of the
thumb occurs in 53% of gorillas. According to Gibbs (1999), in
modern humans the abductor pollicis longus is commonly
inserted onto the metacarpal | and trapezium, while the exten-
sor pollicis brevis is usually inserted onto the proximal phalanx
of the thumb. In the Rattus specimens dissected by us it is diffi-
cult to discern if the abductor pollicis longus extends distally to
the proximal phalanx of the thumb, as described by Greene
(1935), or not, as suggested by Jouffroy (1971). Also, it is diffi-
cult to discern if the ‘extensor pollicis brevis’ of Cynocephalus
(sensu Leche, 1886), which inserts onto the proximal phalanx of
the thumb, corresponds to part of the extensor pollicis longus
or, instead, to part of the abductor pollicis longus sensu the
present work (in this latter case this muscle would attach, in this
taxon, onto the trapezium and the metacarpal I, as well as onto
the distal phalanx of the thumb). Therefore, until more data is
available, Rattus and Cynocephalus are coded as '?".

166. Extensor pollicis brevis is a distinct muscle (L 2, Cl 50, Rl 0).
Contrary to taxa of CS-0 [0], in modern humans and Hylobates
[1] the extensor pollicis brevis is usually present as a distinct
muscle. Apart from modern humans, within all the specimens of
the taxa included in the cladistic analysis that were dissected by
us and described in the literature, a clearly distinct extensor pol-
licis brevis, with a distinct muscular belly that is only partially
blended, proximally, with the muscular belly of the abductor
pollicis longus, is effectively only present in Hylobates (e.g.
described by Bischoff, 1870, Kohlbriigge, 1890-1892; Duckworth,
1904; and Michilsens et al. 2009; and corroborated by our dis-
sections, although Deniker, 1885 stated that he did not found a
distinct extensor pollicis brevis in the gibbon fetus dissected by
him). As explained above, some authors described an ‘extensor
pollicis brevis’ and an ‘abductor pollicis longus’ in some primate
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taxa other than hylobatids and modern humans. The name
‘extensor pollicis brevis’ has for instance often been used in
descriptions of gorillas (e.g. Hepburn, 1892; Straus, 1941a,b;
Raven, 1950; Preuschoft, 1965; Sarmiento, 1994), because in
these primates a tendon of the abductor pollicis longus (sensu
the present work) often inserts onto the proximal phalanx of
the thumb, i.e. to the typical insertion point of the extensor
pollicis brevis of modern humans (see character above). How-
ever, as stressed by Huxley (1864), Macalister (1873), Bischoff

© 2011 The Authors

Soft-tissue anatomy of the primates, R. Diogo and B. Wood 359

(1880), Deniker (1885), Tuttle (1970), Kaneff (1979, 1980a,b) and
Aziz & Dunlap (1986), and corroborated by our dissections, in
gorillas there is actually usually a single fleshy belly of the
abductor pollicis longus that then gives rise to the so-called
“tendons of the extensor pollicis brevis and of the abductor pol-
licis longus’, as is usually also the case in the hominoids Pongo
and Pan. That is, contrary to Homo and Hylobates, in Pongo,
Pan and Gorilla the extensor pollicis brevis is effectively usually
not present as a separate muscle.
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