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Synopsis There is a deep and rich literature of comparative studies of jaw muscles in mammals but no recent analyses

employ modern phylogenetic techniques to better understand evolutionary changes that have occurred in these muscles.

In order to fully develop and utilize the Feeding Experiments End-user Database (FEED), we are constructing a com-

prehensive ontology of mammalian jaw muscles. This process has led to a careful consideration of nomenclature and

homologies of the muscles and their constituent parts. Precise determinations of muscle attachments have shown that

muscles with similar names are not necessarily homologous. Using new anatomical descriptions derived from the liter-

ature, we defined character states for the jaw muscles in diverse mammalian species. We then mapped those characters

onto a recent phylogeny of mammals with the aid of the Mesquite software package. Our data further elucidate how

muscle groups associated with the feeding apparatus differ and have become highly specialized in certain mammalian

orders, such as Rodentia, while remaining conserved in other orders. We believe that careful naming of muscles and

statistical analyses of their distributions among mammals, in association with the FEED database, will lead to new,

significant insights into the functional, structural, and evolutionary morphology of the jaw muscles.

Introduction

A primary goal of the working group of the Feeding

Experiments End-user Database (FEED) is to create a

database that may be used for comparative studies of

feeding in mammals. To achieve this goal one must

address problems of nomenclature, homology, EMG

technique, and functional morphology, among

others. Consider an electromyographic (EMG) re-

cording from the superficial masseter in a human.

Is such a recording comparable to a recording

from the superficial masseter in a rat?

To address such issues, it is necessary to develop a

common vocabulary or ontology (Gruber 1993) for

the masticatory muscles of mammals. In this prelim-

inary study, we have begun to identify consistent,

discrete muscle masses within the mammalian

jaw-adductor muscles in the masseter–temporalis

complex.

The bony anatomy of the skull and jaw is diverse

in mammals, as is the architecture of the muscles

themselves. This anatomical and functional diversity

has been demonstrated in many notable publications

over the past 150 years for example: Brandt (1855),

Parsons (1894), Tullberg (1899), Toldt (1905), Becht

(1953), Schumacher (1961), Yoshikawa et al. (1961),

Yoshikawa and Suzuki (1969), Gaspard (1965, 1971),

Wood (1965), and Turnbull (1970). But the nomen-

clature used by researchers of mammalian jaw mus-

cles is inconsistent, as are the methods used to define

the various parts. The muscle called the superficial

masseter is not precisely the same muscle mass in a

rat (Rattus rattus) and a human (Homo sapiens). In
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the rat (cf. Hiiemae and Houston 1971) the proximal

attachment is confined to a small area at the anterior

root of the zygomatic arch and the distal attachment

is limited to the region around the inferior angle of

the mandible. In a human (cf., Sicher and DuBrul

1970) the proximal attachment extends from

the maxillary root of the zygomatic arch posteriorly

along the anterior two thirds of the inferior bor-

der of the zygomatic arch, and the distal attach-

ment is along the ventral (inferior) angle but also

extends far up the lateral surface of the mandibular

ramus.

Diversity in morphology has resulted in diversity

in nomenclature. Most authors identify a masseter

complex that attaches to the lateral surface of the

mandible and is similar to the external adductor in

reptiles and a temporalis complex that attaches to

the medial surface of the mandible and is similar

to the internal adductor of reptiles (Barghusen

1968; Hiiemae and Jenkins 1969). Many authors

consider a third, intermediate muscle mass as a dis-

tinct mass, the zygomaticomandibularis (Parsons

1898; Becht 1953; Davis 1964). In contrast, others

have argued that individual jaw-adductor muscles

can be separated only by arbitrary divisions so that

there is only a single adductor muscle mass, the ad-

ductor mandibulae (Adams 1919; Frick 1951; Fiedler

1952).

Variation in the classification of muscles is largely

a result of the method employed to define the

muscle itself. Historically, three main methods have

been used. First, many authors identify muscles

largely on the basis of their attachments (e.g.,

Tullberg 1899; Toldt 1905). Obviously, diversity in

the bony anatomy of mammals can make such com-

parisons very difficult. Second, some authors define

muscles on the basis of their tendinous architecture

(e.g., Yoshikawa et al. 1961, Gaspard 1965, 1971;

Yoshikawa and Suzuki 1969), but Herring (1980)

has demonstrated that in suids the architecture of

the internal tendons of the masseter complex is

very different in closely related species, and Davis

(1964) described great complexity in the internal ar-

chitecture of the temporalis in the giant panda that is

not found in closely related ursids. Similar variation

may be seen in many other taxa as well (Yoshikawa

et al. 1961; Gaspard 1965, 1971; Yoshikawa and

Suzuki 1969; Druzinsky 2010). Third, some authors

define muscles on the basis of their internal archi-

tecture and nervous innervation (e.g., Tomo et al.

1993; Nakajima and Townsend 2009). Although

there is some evidence that territories of motor

units are confined to single neuromuscular compart-

ments (Langenbach and Weijs 1990; Herring et al.

1991; Weijs et al. 1993), Koppe et al. (1988) demon-

strated that, at least in the masseter of the pig, the

paths of nerves were not consistent with the internal

architecture of the muscle. No method for defining

separate muscles is perfect and our goal is not to

argue for one method over any other.

In the present study we explore the variation of

the masseter–temporalis complex through the phy-

logenetic diversification of extant mammals. We

define parts of muscles based on their bony

attachments and/or obvious partial or complete

separation from other muscles. By identifying

anatomically similar parts of muscles in different

taxa we make explicit hypotheses of homology that

we test by examining the pattern of distribution of

the parts across a published phylogeny of mammals.

Definitions

In this preliminary study, we have created definitions

for three major jaw-adductor muscles, including

parts of these muscles that have been identified by

authors in published descriptions of mammalian

taxa. The three muscle groups investigated in this

report are the zygomaticomandibularis, temporalis,

and masseter. In Table 1 we present the parts of

muscles that we have defined and names for those

parts that have been used in the literature. This table

is not meant to be a comprehensive review of the

literature, and the definitions used by other authors

are not necessarily consistent with our definitions.

The purpose of Table 1 is to highlight the complexity

of the nomenclature and to help the reader to com-

pare published descriptions of the anatomy to the

present scheme.

Definitions of the muscles and their parts are de-

fined as follows:

Zygomaticomandibularis (ZM):

Proximal attachment—medial surface of the zygo-

matic arch

Distal attachment—lateral surface of the mandible

Zygomaticomandibularis extensions (ZMXT):

ZM-posterior portion (ZMP): a distinct, sepa-

rate part of the zygomaticomandibularis—the

fiber direction is antero-ventral

Proximal attachment—postero-ventral surface

of the zygomatic arch

Distal attachment—lateral surface of the

mandible
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Table 1 Masseter, zygomaticomandibularis, temporalis muscles and references in literature

Muscles Synonymous names

Masseter

Profunda masseter (PM) Masseter lateralis portio profunda (Tullberg, 1899)

Masseter pars profunda (Davis, 1964; Turnbull, 1970)

Masseter deep portion (tiefe Portion) (Toldt, 1905; Starck and Wehrli, 1935)

Masseter lateralis profundus pars posterior (Hill, 1937; Bryant, 1945; Rinker, 1954;

Repenning, 1968; Woods, 1972)

Deep masseter (Hiiemae and Houston, 1971; De Gueldre and De Vree, 1988; Cordell, 1991;

Perry and Wall, 2008)

Masseter lateralis pars posterior (Woods and Howland, 1979)

Masseter pars superficialis (Minkoff, 1968; Scho
00

n, 1968)

Superficial part of maxillo-mandibularis (Gaspard et al. 1973a; Gaspard et al. 1973b)

Posterior deep masseter (Dantuma, 1981; Ball and Roth, 1995; Weijs)

Masseter zygomaticus (Howell, 1926)

Superficial masseter (SM) Superficial masseter (Gueldre and De Vree, 1988; Cordell, 1991; De Ball and Roth, 1995)

Masseter pars superficialis (Minkoff, 1968; Scho
00

n, 1968; Turnbull, 1970)

Masseter superficialis (Davis, 1964; Woods and Howland, 1979)

Masseter superficial portion (oberflächliche Portion) (Toldt, 1905; Starck and Wehrli, 1935)

Masseter lateralis portio superficialis (Tullberg, 1899)

Masseter superficialis and masseter intermedius (Gaspard et al. 1973a)

Anterior Masseter (AM) Masseter lateralis pars anterior (Woods and Howland, 1979)

Masseter lateralis profundus pars anterior (Hill, 1937; Bryant, 1945; Rinker, 1954;

Repenning, 1968; Woods, 1972)

Masseter deep portion (tiefe Portion) (Toldt, 1905; Starck and Wehrli, 1935)

Masseter lateralis profunda pars ‘‘maxillo-mandibularis’’ (Turnbull, 1970)

Masseter lateralis portio profunda (Tullberg, 1899)

Anterior deep masseter (Hiiemae and Houston, 1971; Weijs, 1973; Ball and Roth, 1995)

Masseter major (Howell, 1932)

Posterior masseter Posterior masseter (Offermans and De Vree, 1989; Herring, 2007)

Masseter lateralis profundus, pars posterior (Woods, 1972)

Zygomaticomandibularis

Zygomaticomandibularis (ZM) Zygomaticomandibularis anterior (Toldt, 1905; Fiedler, 1953; Cordell, 1991; Schumacher, 1961;

Davis, 1964; Weijs, 1973; De Gueldre and De Vree, 1988; Perry and Wall, 2008)

Zygomaticomandibularis superioris (Scapino, 1968)

Masseter profundus (Howell, 1932)

Masseter medialis pars anterior (Tullberg, 1899; Hill, 1937; Bryant, 1945; Rinker, 1954;

Repenning, 1968; Kessner, 1980)

Masseter medialis pars zygomaticomandibularis anterior (Woods and Howland, 1979)

Deep masseter (Du Brul, 1970; Hiiemae and Houston, 1971; Sicher and Taylor and

Vineyard, 2004)

Deepest portion of masseter (Starck, 1933)

Masseter pars profundus (Minkoff, 1968; Scho
00

n, 1968)

Deep masseter anterior (Weijs and Dantuma, 1981)

Masseter pars profunda (Schumacher and Rehmer, 1962)

Posterior zygomaticomandibularis (PZM) Masseter medialis pars posterior (Hill, 1937; Rinker, 1954; Repenning, 1968; Woods, 1972)

Masseter medialis pars zygomaticomandibularis posterior (Woods and Howland, 1979)

Masseter medialis portio posterior (Tullberg, 1899)

Zygomaticomandibularis hintere Portion (Toldt, 1905)

Zygomaticomandibularis articularis (Scapino, 1968)

Posterior deep masseter (Weijs and Dantuma, 1981)

Posterior masseter (Druzinsky, 2010)

Special slip of temporal (Howell, 1932)

Zygomaticomandibularis, infraorbital (ZMIO) Masseter medialis pars anterior (Rinker, 1954; Repenning, 1968; Woods, 1972)

Masseter medialis pars infraorbitalis (Woods and Howland, 1979)

Maxillomandibularis (Toldt, 1905; Schumacher, 1961; Schumacher and Rehmer, 1962;

Yoshikawa and Suzuki, 1969; Turnbull, 1970; Offermans and De Vree, 1989)

Anterior deep masseter infraorbital part (Hiiemae and Houston, 1971)

(continued)
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ZM orbital portion (ZMOR): fibers of the ZM

that arise from the wall of the orbit caudal to

the infraorbital foramen

ZM infraorbital portion (ZMIO): fibers of the

ZM that arise from the bony walls of the infra-

orbital foramen

Temporalis (T):

Proximal attachment—surface of the cranium,

may include the temporalis fascia and the surface

of the cranium superior and posterior to the

zygomatic arch

Distal attachment—coronoid process of the

mandible

Profunda temporalis:

Proximal attachment—surface of the cranium

Distal attachment—coronoid process of the

mandible

Superficial temporalis:

Proximal attachment—temporalis fascia

Distal attachment—coronoid process of the

mandible

Orbital/deep temporalis portion (DT):

Proximal attachment—wall of the orbit and crani-

um ventral to the temporal fossa

Distal attachment—anterior and medial surfaces of

the coronoid process

Suprazygomatic temporalis:

Proximal attachment—surface of the cranium

superior and posterior to the zygomatic arch

Distal attachment—coronoid process of the

mandible

Masseter (M):

Proximal attachment—ventral or ventro-lateral

zygomatic arch, may extend ventral and rostral

to the orbit

Distal attachment—ventral border and lateral sur-

face of the mandible

Profunda masseter:

Proximal attachment—ventral or ventro-lateral

zygomatic arch

Distal attachment—lateral surface of the mandible

Table 1 Continued

Muscles Synonymous names

Temporalis

Profunda temporalis (PT) Temporales (Toldt, 1905)

Temporalis pars profunda (Tullberg, 1899; Scho
00

n, 1968)

Posterior temporal (Herring, 2007)

Temporal muscle posterior part (Turnbull, 1970)

Temporalis posterior head (Gorniak, 1977)

Medial temporal (De Gueldre and De Vree, 1988)

Deep temporalis (Davis, 1964; Minkoff, 1968; Scapino, 1968; Sicher and Du Brul, 1970;

Offermans and De Vree, 1989; Cordell, 1991; Perry and Wall, 2008)

Temporalis ‘‘Hauptmasse’’ (Toldt, 1905; Starck and Wehrli, 1935)

Temporalis pars posterior (Woods and Howland, 1979; Druzinsky, 2010)

Temporalis lamina profunda (Gaspard et al. 1973b)

Superficial temporalis (ST) Temporales (Tullberg, 1899)

Temporalis ‘‘T1’’ (Toldt, 1905; Starck and Wehrli, 1935)

Temporalis pars superficialis (Turnbull, 1970)

Superficial temporalis (Davis, 1964; Minkoff, 1968; Scapino, 1968; Sicher and Du Brul, 1970;

De Gueldre and De Vree, 1988; Cordell, 1991; Perry and Wall, 2008)

Anterior temporal (Hiiemae and Houston, 1971)

Temporalis pars anterior (Woods and Howland, 1979; Druzinsky, 2010)

Temporal muscle anterolateral part (Weijs, 1973)

Temporalis anterior head (Gorniak, 1977)

Orbital/deep temporalis (DT) Temporal muscle anteriomedial part (Weijs, 1973)

Temporalis internus (Repenning, 1968)

Suprazygomatic temporalis (SZT) Suprazygomatic temporalis (De Gueldre and De Vree, 1988; Druzinsky, 2010)

Temporalis pars suprazygomatica (Toldt, 1905; Starck, 1933; Starck and Wehrli, 1935)

Zygomatic temporalis (Fiedler, 1953; Cordell, 1991; Perry and Wall, 2008)
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Superficial masseter (SM):

Proximal attachment—ventral or ventro-lateral

zygomatic arch or small area on anterior root of

zygomatic arch or small area on maxillary bone

Distal attachment—ventral border of the mandible

Anterior masseter (AM):

Proximal attachment—ventral zygomatic arch,

may extend ventral and rostral to the orbit, and

may be separated from the profunda masseter by a

distinct proximal tendon

Distal attachment—lateral surface of the mandible

Masseter extensions (MXT):

Pars reflexa—fibers of the superficial masseter

that attach distally onto the medial surface of

the mandible

Posterior masseter—a distinct, separate part of

the masseter—the fiber direction is posterior

Proximal attachment—postero-ventral surface

of the zygomatic arch

Distal attachment—lateral surface of the mandi-

ble ventral to the condyle

Analysis

We created a coding scheme for the muscles to

permit computerized analyses of our data

(Table 2). The muscles of 26 species from two

metatherian and eight eutherian orders were studied

and coded using published descriptions from the lit-

erature, personal communications from colleagues,

and our own dissections (Table 2). The orbital por-

tion of the zygomaticomandibularis was not used in

the data analysis because none of the species in our

sample have this portion. Also, the coding of the

deep or orbital portion of the temporalis was not

used because we suspect that in many species these

deep fibers were simply not described.

We used Mesquite v. 2.73 (Maddison and

Maddison 2010) to generate parsimonious phyloge-

netic reconstructions of the three muscles and their

parts within mammals. Given the complexity of our

Table 2 Coded muscles and coding definitions

Muscle Muscle portion Coding Definition

Masseter Masseter (M) 0 Absent

1 Present

Superficial (SM) 0 Proximal portion arises from wide area on zygomatic arch

1 Proximal portion arises from small area on anterior root of zygomatic

arch

2 Proximal portion arises from small area on anterior root of zygomatic

arch or small area on maxillary bone and is separate from profunda

masseter

Anterior (AM) 0 Absent

1 Proximal attachment confined to anterior root of zygomatic arch

2 Proximal attachment extends onto snout anterior to zygomatic arch

Extensions (MXT) 0 No pars reflexa or posterior masseter

1 Pars reflexa present

2 Post masseter present

3 Pars reflexa and post masseter present

Zygomaticomandibularis Zygomaticomandibularis (ZM) 0 Absent

1 Present but incompletely separate from masseter

2 Present but incompletely separate from temporalis

3 Present but incompletely separate from masseter and temporalis

4 Present and distinct from masseter and temporalis

Extensions (ZMXT) 0 No ZM infraorbital or ZM posterior present

1 Infraorbital portion of the ZM present

2 ZM posterior portion present

3 ZM infraorbital and ZM posterior present

Temporalis Temporalis (T) 0 Absent

1 Profunda portion present

2 Superficial and profunda portions present

3 Superficial, profunda, and suprazygomatic portions present

4 Profunda and suprazygomatic portions present

Deep (DT) 0 Absent

1 Present
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current coding scheme based on published anatom-

ical descriptions, we are limited to descriptive anal-

yses for this initial dataset. Future studies, with our

own dissections (including species defined here and

additional species to increase sample size), will at-

tempt to refine the coding system to use in likeli-

hood analyses. For this preliminary study, however,

parsimony will provide considerable insight into the

phylogenetic history of each muscle. We used the

recent comprehensive phylogeny presented by

Bininda-Emonds et al. (2007) as the basis of our

analysis. The phylogeny was pruned so that it con-

tains only the 26 species studied (Table 3).

Results

In our parsimonious analysis of the distribution of

mammalian muscles we illustrate six phylogenetic

trees (zygomaticomandibularis, temporalis and its

three portions, superficial masseter, masseter exten-

sions, anterior masseter, and the infraorbital portion

of the zygomaticomandibularis) (Figs 1–3). There is

no variation in the coding for the profunda masseter

because all species have a profunda masseter. None

of the species in our sample has an orbital portion of

the zygomaticomandibularis. Only three species have

a deep or orbital portion of the temporalis, but its

presence in the metatherians suggests that this deep

portion of the temporalis may be primitive in

mammals.

The zygomaticomandibularis is present in all of

the species studied (Fig. 1A). Although the primitive

condition is uncertain, it is separable from the mas-

seter and temporalis in all of the Glires studied. The

infraorbital portion of the zygomaticomandibularis is

present only in hystricomorphous and myomor-

phous rodents and in Pedetes (Fig. 3B).

All of the species studied have superficial masseter

fibers, but the muscle varies, primarily in the

antero-posterior distribution of the proximal attach-

ment area on the zygomatic arch and in the degree

of separation from the deeper, profunda part of the

muscle (Fig. 2A). The primitive condition appears to

be a broad attachment from the zygomatic arch, at

least in Eutheria. In Glires, the proximal attachment

is confined to a small area ventral to the anterior end

of the zygomatic arch and the muscle is separate

from the profunda. Masseter extensions (the poste-

rior masseter and pars reflexa) are present in rodents

and lagomorphs but not in primates (Fig. 2B).

Extensions appear to have evolved independently

Table 3 Species and muscle coding

Clade Species M SM AM MXT ZM ZMXT T DT

Glires Pedetes capensis (Offermans and De Vree, 1989) 1 2 0 3 4 1 1 0

Rattus norvegicus (Hiiemae and Houston, 1971; Druzinsky, pers. obs.) 1 2 2 1 4 3 3 0

Cavia porcellus (Druzinsky, pers. obs.) 1 2 0 3 4 1 1 0

Capromys pilorides (Woods and Howland, 1979) 1 2 0 3 4 1 3 0

Aplodontia rufa (Thorington and Darrow, 1996; Druzinsky, 2010) 1 2 1 1 4 2 3 0

Marmota monax (Druzinsky, 2010) 1 2 2 1 4 2 3 0

Tamias striatus (Ball and Roth, 1995) 1 2 2 1 4 2 3 0

Oryctolagus cuniculus (Weijs and Dantuma, 1981) 1 2 0 1 1 2 1 1

Primates Macaca fuscata yakui (Yoshikawa and Suzuki, 1969) 1 0 0 0 1 0 2 0

Homo sapiens (Sicher and DuBrul, 1970) 1 0 0 0 1 0 4 0

Ungulates Ovis aries (Yoshikawa et al. 1961) 1 2 1 0 1 2 4 0

Capra hircus (Yoshikawa et al. 1961) 1 2 1 0 1 2 4 0

Bos taurus (Yoshikawa et al. 1961) 1 1 1 0 1 2 4 0

Sus scrofa (Schumacher et al. 1987; Herring, per. comm.) 1 0 0 0 3 0 1 0

Pecari tajacu (Woodburne, 1968) 1 1 0 1 4 0 1 0

Equus caballus (Yoshikawa et al. 1961) 1 0 1 0 1 2 3 0

Carnivores Mustela sibirica (Yoshikawa and Suzuki, 1969) 1 0 0 0 1 2 3 0

Mustela vison (Scapino, 1968) 1 1 0 1 3 2 3 0

Gulo gulo (Scapino, 1968) 1 1 0 0 3 2 3 0

Enhydra lutris (Scapino, 1968) 1 1 0 1 3 2 3 0

Felis catus (Yoshikawa et al. 1961) 1 0 0 0 1 2 3 0

Chiroptera Pteropus giganteus (Storch, 1968; De Gueldre and De Vree, 1988) 1 0 0 0 3 2 3 0

Myotis lucifugus (Storch, 1968; Kallen and Gans, 1972) 1 0 0 1 4 2 3 0

Xenarthra Choloepus didactylus (Yoshikawa and Suzuki, 1969) 1 0 0 0 1 0 3 0

Metatherians Macropus eugenii (Warburton, 2009) 1 2 0 0 4 0 3 1

Didelphis marsupialis (Hiiemae and Jenkins, 1969) 1 1 0 0 3 0 2 1
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several times in mammals. A distinct, separate ante-

rior masseter is present in two groups of mammals,

rodents and ungulates, and may have evolved inde-

pendently more than once in each group (Fig. 3A).

In contrast to the other two major muscle masses,

in the temporalis the primitive condition is the pres-

ence of all three parts. The suprazygomatic and su-

perficial portions are lost in many taxa.

Discussion

Comparative anatomists have long argued that in the

primitive condition in mammals there is little sepa-

ration of the internal and external adductors into

parts, as is found in most extant mammals (Becht

1953; Barghusen 1968). In Didelphis, e.g., muscle

masses comparable to the masseter, temporalis, and

zygomaticomandibularis are present but incompletely

separable into individual muscles (Hiiemae and

Jenkins 1969). The phylogenetic histories generated

by the Mesquite software in this analysis, while

equivocal in some cases, are consistent with this tra-

ditional argument. The phylogenies also suggest that

in the primitive condition the superficial masseter

arises from a broad area of the zygomatic arch.

Evolution of the adductor muscles into separate,

discrete parts evolved independently many times in

mammals. It is tempting to suggest that this separa-

tion is functionally related to the independent evo-

lution of complex masticatory movements in the

various mammalian taxa, but our data demonstrate

that this view is not correct. Many primates and

suids have complex chewing but in these groups,

especially in suids (Herring 1980), separation into

discrete parts is minimal. There may be other func-

tional explanations for discrete muscles. A discrete

superficial masseter may be related to the production

of large forces at the anterior teeth, since it is found

Fig. 1 Representative phylogenetic trees of masticatory muscles and their parts in 26 mammal species. The sequence of the species

in the trees is the same as that listed in Table 3. (A) Zygomaticomandibularis (ZM). A. Marmota monax (from Druzinsky 2010).

(B) Temporalis (T). Mustela vison (from Scapino 1968). The color of each node indicates the most parsimonious reconstruction of

the phylogeny in Mesquite.
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in Glires, and in many carnivores and ungulates.

Extensions of the masseter also appear to be related

to production of large forces at the anterior teeth

because they are found in Glires, carnivores, and un-

gulates. A discrete posterior zygomatic, with a strong,

posteriorly-directed line of action, may be present in

all Glires and may be important for precise adjust-

ment of the direction of the total resultant of the

forces produced by the adductor musculature

during gnawing and sharpening of the lower incisors.

A large posterior zygomatic is also found in carni-

vores, in which it may function to resist forces pro-

duced by struggling prey (Scapino 1968).

Unlike the masseter complex in which new exten-

sions and separations into discrete parts are

common, the presence of all three portions of the

temporalis is primitive and the loss of the superficial

part is common in the evolutionary history of the

temporalis. Explanations for these evolutionary losses

are elusive.

Conclusion

It is often difficult to determine the precise anatomy

of a given species from published anatomical de-

scriptions. Future directions of this project are

aimed at carrying out new dissections of a larger

sample of mammalian species to better identify and

define muscles and their parts in a more consistent

fashion. We must increase the number of species as

well as the number of higher mammalian taxa rep-

resented in our sample. Furthermore, the ontogeny

and coding system must be expanded to include the

pterygoid muscles, digastrics, and other muscles of

the oro-pharyngeal and laryngeal regions.

Despite some limitations of this preliminary work,

our approach appears to be promising. Even with

Fig. 2 Representative phylogenetic trees of masticatory muscles and their parts in 26 mammal species. The sequence of the species

in the trees is the same as that listed in Table 3. (A) Superficial masseter (SM). Marmota monax (from Druzinsky 2010). (B) Masseter

extensions (posterior masseter and pars reflexa) (MXT). Top, Pedetes capensis (from Offermans and De Vree 1989); Bottom, Myocastor

coypus (from Woods and Howland 1979). The color of each node indicates the most parsimonious reconstruction of the phylogeny

in Mesquite.
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our small sample we have generated several concise

hypotheses regarding the relationship between the

evolution of the adductor muscles and their masti-

catory function.
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