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Abstract:

Facial displays (or expressions) are a primary means of visual communication among
conspecifics in many mammalian orders. Macaques are an ideal model among primates for
investigating the co-evolution of facial musculature, facial displays, and social group size/behavior
under the umbrella of “ecomorphology”. While all macaque species share some social behaviors,
dietary, and ecological parameters, they display a range of social dominance styles from despotic to
tolerant. A previous study found a larger repertoire of facial displays in tolerant macaque species
relative to despotic species. The present study was designed to further explore this finding by
comparing the gross morphological features of mimetic muscles between the Sulawesi macaque
(Macaca nigra), a tolerant species, and the rhesus macaque (M. mulatta), a despotic species. Five
adult M. nigra heads were dissected and mimetic musculature was compared to those from M.
mulatta. Results showed that there was general similarity in muscle presence/absence between the
species as well as muscle form except for musculature around the external ear. M. mulatta had
more musculature around the external ear than M. nigra. In addition, M. nigra lacked a zygomaticus
minor while M. mulatta is reported to have one. These morphological differences match behavioural
observations documenting a limited range of ear movements used by M. nigra during facial displays.
Future studies focusing on a wider phylogenetic range of macaques with varying dominance styles
may further elucidate the roles of phylogeny, ecology, and social variables in the evolution of
mimetic muscles within Macaca
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INTRODUCTION

Macaques (Primates: Haplorrhini: Cercopithecidae: Papioninae) are the most successful and
ubiquitous extant primate, next to humans (Thierry, 2007). There are in excess of 20 species of
Macaca and their geographic range is remarkably extensive, including northern Africa, southern
Europe, Southeast Asia, and mountainous regions of Japan (Fooden & Lanyon, 1989; Groves, 2001; Li
et al., 2009). While most macaque species are found in Asia, macaques inhabit climates as diverse as
semi-desert, mountains, evergreen forests, and tropical forests (Fooden, 1982). Macaques as a
group are one of the most frequently used primates in biomedical modelling of human pathology
and they are sometimes used as models of human social evolution and social behaviour. Thus, our
understanding of the interplay among macaque evolution, social behavior, and ecomorphological
variables is important to many aspects of the human lifecycle and human social evolution.

Macaques are a monophyletic group (Delson, 1980; Li et al., 2009). Their evolutionary story
is not complete but it is generally agreed that the first macaques diverged from other papionins (the
baboons, drills, mandrills, geladas, and mangabeys) around 9MYA (Raaum et al., 2005). The earliest
macaque fossils (dated to around 5 MYA) suggest that they evolved in northern or eastern Africa,
eventually moving into Eurasia and the Near East. There is evidence that this deployment occurred
in three successive, distinct waves with Macaca sylvanus (the Barbary macaque of northern Africa)
representing the most ancient member (Delson, 1980; Jablonski, 2002; Li et al., 2009). Three major
extant lineages are now recognized: a “silena” lineage (which includes M. nigra) which is considered
to be the most ancient, a “sinica” lineage, and a “fascicularis” lineage (which includes M. mulatta).

Macaques share few apomorphies. Like all cercopithecines, they are semi-terrestrial and
have cheek pouches. One of the defining characteristics of macaques is the unique presence of
maxillary sinuses among the cercopithecoids (Rae etal., 2002; Thierry et al., 2004). Ecological
preferences are not linked overtly to phylogeny. Some macaque species are uniquely and
remarkably successful in urban settings, thriving alongside humans. While macaques are
conceptualized as frugivorous, many species depend upon other food items such as leaves, seeds,
invertebrates, and opportunistically feed on small vertebrates. These food choices can, in turn, be
influenced by group size (Thierry, 2007).

Group sizes among species vary enormously and can vary within species seasonally. In
unprovisioned groups, mean group sizes typically fall somewhere within the 15-50 individual range
but group sizes of 70-90 are not uncommon in M. mulatta, M. fuscata, and M. sylvanus (Fooden,
2000; Yamagiwa and Hill, 1998; Ménard, 2004). All species form multi-male/multi- female groups
with female philopatry (i.e., females stay with their natal group), dominance along the matriline, and
males typically disperse.

In contrast to these similarities in basic socio-demographic characteristics, macaques differ
widely in their pattern of aggression, affiliation, dominance and nepotism (Thierry, 2007). These
differences can be used to rank the different species on a 4-grade scale of increasing social tolerance



(Table 1). Species from grade 1 are termed “despotic” and include the rhesus macaque (Macaca
mulatta). They are characterized by strong constraints imposed by dominance and kinship on their
social interactions (Thierry, 2007). Low-ranking individuals explicitly signal their submissive social
status when approached by higher-ranking individuals by using a formal signal of submission — the
silent bared-teeth facial display (de Waal & Luttrell, 1985). These species are characterized by low
rates of counter-aggression during dominance interactions so that subjects of aggression, typically
low-ranking individuals, flee or submit. The outcome and progression of aggressive encounters rarely
vary and are typically certain. Conflicts are in frequent and are directed from dominant to
subordinate with low rates of post-conflict reconciliation (Petit etal., 1997; Thierry, 1985).
Stereotypical facial displays play a big role in social interactions among individuals of despotic species
(e.g., Parr et al., 2010; Dobson, 2012).

In species from grade 4 (which includes crested macaques, M. nigra), social relationships are
more relaxed. There is a high degree of social uncertainty and the outcomes and progressions of
agonistic encounters vary (Duboscq et al., 2013a; Thierry, 1985). Fights are frequent but often of
low intensity and many of the conflicts involve peaceful interventions by third parties (Petit &
Thierry, 1994a), followed by reconciliation (Duboscq et al., 2014; Petit & Thierry, 1994b; Thierry et
al., 2008). In tolerant species, the silent bared-teeth display is not a formal signal of subordination
but instead, it is often followed by affiliative interactions (Duboscq et al., 2013).

The social networks of tolerant macaques are characterised by a higher complexity than the
despotic species (Sueur et al. 2011). Notably, tolerant macaque species have a higher number of
social relationships between different individuals. High-ranking individuals are well connected to the
rest of the group and interactions are only weakly constrained by dominance and kinship, leading to
extended networks of social partners (Sueur etal., 2011).

The high degree of social uncertainty in more tolerant macaques was linked to a higher
repertoire of facial displays thanin despotic species by Dobson (2012). Macaques routinely use facial
expressions/displays in their social encounters (de Waal & Luttrell, 1989; Preuschoft, 1995;
Preuschoft & van Schaik, 2000; Parr et al., 2010). With a more open-ended set of possible
progressions and outcomes inthese tolerant macaque species, an expanded repertoire of facial
displays may be useful in protest, counter-attack, and conciliation during and following agonistic
encounters.

The present study expands upon the findings from Dobson (2012) by investigating the facial
musculature of the tolerant M. nigra compared to a representative of the despotic group,

M. mulatta. Number of muscles is not always a good predictor of facial display repertoire within
primates (Burrows, 2008). Repertoire also depends upon muscle physiology, neural control (via the
facial nerve as well as facial nerve nuclei), muscle attachments, dentition, etc. However, the present
study examines muscle morphology as a first step to conceptualizing morphological aspects of facial
displays.



MATERIALS & METHODS

Heads from cadavers of five Sulawesi crested macaques (M. nigra) were used in the current
study (two males, two females, one unknown sex). All cadavers were obtained from Marwell Zoo
and Chester Zoo (UK) and shipped to the National Museums of Scotland for curation following
death. All specimens were frozen atthe museum and held for dissection. Dissections were carried
out at the National Museums of Scotland.

All cadavers were thawed at room temperature overnight. Three specimens had already had
the head disarticulated from the cervical spine by museum staff prior to dissection. In all specimens,
incisions were made around the neck to reflect the facial skin & scalp from the underlying structures.
As in previous studies (e.g., Burrows et al., 2006, 2009, 2011) some of the mimetic musculature was
removed with the skin flaps and some was left attached to the skull.

Mimetic muscles were identified using previous works on both M. nigra and M. mulatta (Huber,

1933; Seiler, 1971, 1974; Burrows et al., 2009). Muscle presence/absence, morphology, and attachments were
noted. Since some of the heads had already been disarticulated from the cervical part of the spine, some
caudal muscle attachments were unavailable (e.g., the occipitalis muscle, the platysmamuscle). Comparisons
between the mimetic musculature of M. nigra and

M. mulatta were carried out using results from previous studies on M. mulatta (Huber, 1933;
Burrows et al., 2009).

RESULTS

Attachments of mimetic muscles found in the present study are described in Table 1.
Because of the overall similarity between mimetic muscles of M. nigra from the present study and
those of M. mulatta (see Seiler, 1974; Burrows et al., 2009), major differences between the two
species are highlighted here in Table 1 and Figure 1. Table 2 shows muscles that were
present/absent in M. nigra and M. mulatta along with functions and corresponding video frame
numbers showing the function (found in Supplementary Material).

Musculature of the scalp

Both a robust occipitalis muscle and frontalis muscle were located in all specimens of M.
nigra with no differences noted compared to M. mulatta.

Musculature of the pinna

While five specimens of M. nigra were used in the present study, only three specimens had
the external earintact, so all reports here are with reference to three specimens. Many differences
were found between the musculature of M. nigra and M. mulatta (see Tables 1and 2 & Figure 1). A



previous study on one specimen of M. nigra (Seiler, 1971) did not focus on musculature of the pinna.

All specimens of M. nigra in the present study had a well-developed orbitoauricularis muscle,
similar to that of M. mulatta (Burrows et al., 2009). Previous dissections of M. mulatta described a
well-developed, two-headed posterior auricularis muscle (Burrows et al., 2009) or a single-headed
muscle (e.g., Seiler, 1974) but M. nigra in the present study had a much smaller, single-headed
posterior auricularis muscle that was present intwo out of three specimens.

The superior auricularis muscle was found in two out of three M. nigra specimens but was
morphologically unremarkable relative to that of M. mulatta (Seiler, 1974; Burrows et al., 2009).

The inferior auricularis muscle was present in one out of the three M. nigra specimens. This
muscle was also variably present in M. mulatta (Burrows et al., 2009). Seiler (1974) found this muscle
to be absent in M. fuscata but present in M. mulatta. The attachments in the present study on M.
nigra were similar to the attachments for M. mulatta (Seiler, 1974; Burrows et al., 2009).

There was no anterior auricularis muscle located in specimens from the present study.

Seiler (1974) reported this muscle in both M. mulatta and M. fuscata but Burrows et al. (2009)
reported a variably present anterior auricularis (two specimens out of six) in M. mulatta.

Lastly, a distinct tragicus muscle was located in all specimens of M. nigra. This muscle was
not documented in M. mulatta by Burrows et al. (2009). It was, however, located in M. mulatta and
M. fuscata by Seiler (1974). Confounding this result, there was no antitragicus muscle found in the
present study but it was reported as being present in in M. mulatta (Seiler, 1974; Burrows et al.,
2009).

Muscles of the orbital and superciliary regions

All specimens from the present study had a robust orbicularis occuli muscle with
attachments as in M. mulatta. A robust corrugator supercilli muscle was also noted in all M. nigra
specimens with attachments similar to those of M. mulatta.

No depressor supercilli muscle was noted in the present study. Seiler (1971) reported the
presence of this muscle inthe single specimen of M. nigra (termed Cynopithecus niger therein).
Depressor supercilli muscle was reported in a previous study of M. mulatta (Burrows et al., 2009).
Both species of macaque have a procerus muscle with no variations in attachments noted but it
appeared to be more gracile in M. nigra relative to M. mulatta.

Muscles of the nasal and upper lip regions

All specimens had a robust orbicularis oris muscle with form and attachments similar to
those of M. mulatta. No specimen of M. nigra had a risorius muscle, matching previous
observations from M. mulatta (Burrows et al., 2009). Seiler (1971) did not report a risorius muscle
in his single specimen of M. nigra.

A depressor septi muscle was noted in M. nigra with form and attachments similar to



those of M. mulatta. This muscle was also found in the single specimen from Seiler (1971).

There was a robust levator labii superioris alaeque nasi muscle (LLSAN) found in the
present study with attachments similarto those in M. mulatta (Burrows et al., 2009) and it was
reported by Seiler (1971) as well.

The levator labii superioris muscle was present in specimens from the present study and
was reported by Seiler (1971). Form and attachment were similar to those of M. mulatta.

Zygomaticus major muscle was found in the present study with distinct differences relative to
M. mulatta. Burrows et al. (2009) reported that the zygomaticus major muscle in M. mulatta
regularly occurred as a muscle with a single origin near the zygomatic arch that splitinto two heads
shortly thereafter. Both heads attached near the modiolar region of the mouth. In M. nigra from the
present study, the zygomaticus major muscle existed as one single head from the zygomatic arch to
the modiolar region of the mouth. However, Seiler (1971) described a two- headed zygomaticus
major muscle in his single M. nigra specimen. Importantly, the M. nigra specimens from the present
study never showed a zygomaticus minor muscle (see Figure 1) while Seiler (1971) reported the
presence of a zygomaticus minor muscle. Burrows et al. (2009) reported routine presence of the
zygomaticus minor muscle in M. mulatta.

The caninus muscle was an exceptionally large, robust muscle found in the present study as
well as by Seiler (1971). While the attachments of this muscle did not differ from those of M.
mulatta (Burrows et al.,2009), the caninus muscle in M. nigra was much larger.

Muscles of the lower lip and mental regions

The platysma muscle found in the present study did not vary from the form seen in M.
mulatta. Seiler (1971) did not report on this muscle. Because some of the heads had been
disarticulated from the cervical part of the spine in specimens from the present study, attachments
cannot be discerned with certainty but itis unlikely that they differ from those of M. mulatta. As in
M. mulatta, the platysma muscle of M. nigra from the present study attached partially into the walls
of the cheek pouch, potentially helping to expel contents of the pouch.

The depressor anguli oris muscle of M. nigra was not different from M. mulatta (Burrows et
al., 2009). Neither the mentalis muscle nor the depressor labii inferioris muscle differed from the
arrangement in M. mulatta. Seiler (1971) did not report on any of these muscles.

DISCUSSION
The present study documented 20 mimetic muscles in Macaca nigra cadavers. Seiler (1971)

found the same muscles plus a zygomaticus minor and a depressor supercilli muscle. Seiler did not,
though, report on any muscles of the pinna soit is not possible to compare results. Given the sample



size differences, it is not surprising that these results vary. Zygomaticus minor is a muscle that varies
within human (Standring, 2015) soiit is not surprising to see if vary among other primate species.
This muscle has been found in gibbons and siamangs (Burrows et al., 2011; Diogo et al., 2012),
chimpanzees (Burrows et al., 2006; Diogo et al., 2013a), rhesus macaques (Burrows et al., 2009), and
many other primate species (Diogo et al., 2009; Diogo et al., 2013b; Diogo & Wood, 2011). Swindler
describes a sheet-like zygomaticus mass for Papio.

While depressor supercilli was not found in the present study itis reported to occurin M.
mulatta (Burrows et al., 2009) and in a wide range of primates (Diogo & Wood, 2011). Seiler (1971)
reported it.

Relative to M. mulatta (Burrows et al., 2009), M. nigra from the present study were missing
the zygomaticus minor muscle, the depressor supercilli muscle, an antitragus muscle, and a levator
anguli oris muscle (reported in Seiler, 1971 as the “cuspidator oris muscle”). While it’s possible that
an expanded caninus muscle, found in the present study, “crowded out” the visibility of the levator
anguli oris muscle in the present study, it's also possible that this muscle varies.

The most obvious facial region where M. nigra varies from M. mulatta is at the external ear,
the pinna. Seiler (1974) and Burrows et al. (2009) documented robust posterior auricularis and
superior auricularis muscles in M. mulatta as well as variably present anterior auricularis and inferior
auricularis muscles. Both a tragicus muscle and an antitragus muscle were found in M. mulatta as
well. M. nigra from the present study had poorly developed but present posterior auricularis and
superior auricularis muscles, a similar inferior auricularis muscle, but an absent anterior auricularis
muscle and antitragicus muscle.

These morphological differences correspond to behavioral observations of wild and captive
populations (Thierry etal., 2000, Micheletta et al., 2013). Although M. nigra seems to be able to
produce the same movements as M. mulatta, in M. nigra, most ear movements seem to involve the
inferior auricularis, which leads to the ear being flattened against the back of the head. This
particular facial movement is anintegral component of a number of facial expressions across
contexts in this species (e.g. silent bared-teeth, lipsmack and jaw movement: Thierry et al., 2000)
although the effect of this visual component on receivers’ behavior remains largely unknown (but
see Micheletta et al. 2013).

According to the social complexity hypothesis for communication complexity, the complexity
of a social system drives the evolution of communication within this system (Freeberg et al., 2012).
Tolerant societies are presumably more complex given the wider range and diversity of interactions
characterizing their social system and therefore, should display a more complex communication
system. Using a published behavioral repertoire, Dobson (2012) documented a greater number of
facial display in tolerant macaques (such as M. nigra) relative to despotic species (such as M.
mulatta), supporting the prediction from the social complexity hypothesis. However, this same
prediction is not supported by the anatomical data presented here. In a previous study (Burrows et
al., 2009), M. mulatta had 24 individual mimetic muscles compared to the 20 documented here for



M. nigra.

Since facial displays are composite signals made up of a number of distinctive facial
movements, it would seem intuitive that having more muscles translates into more complex
and/or numerous facial expressions. However, the number of muscles is not always a good
predictor of facial display repertoire within primates (Burrows, 2008). In addition to a number
of physiological and neurological factors, repertoire size depends on the combination of
muscles activated to produce facial expressions. Crested macaques’ facial expressions are
highly blended and graded, making it difficult to accurately quantify the size of their repertoire.

Ultimately, the development of a Facial Action Coding System (FACS) dedicated to crested
macaques, or the validation of the rhesus macaque FACS (maqFACS, Parr et al. 2010) for crested
macaques (see Julle-Daniére et al., 2015 for a validation of magFACS for Barbary macaques)
should allow us to conduct more detailed and accurate comparison of the facial expressions
between these species.
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Macaca nigra Macaca mulatta

Figure 1: Left, in blue — lllustration of mimetic muscles found in the present study of Macaca nigra,
with a comparison to, at right, in peach, M. mulatta (Burrows et al., 2009). 1 — occipitalis muscle; 2 —
posterior auricularis muscle; 3 —superior auricularis muscle; 4 —anterior auricularis muscle; 5 —
orbitoauricularis muscle; 6 — frontalis muscle; 7 — orbicularis occuli muscle; 8 — corrugator supercilli
muscle; 9 — procerus muscle; 10 —levator labii superioris alaeque nasi muscle; 11 — levator labii
superioris muscle; 12 — caninus muscle; 13 — zygomaticus major muscle; 14 — orbicularis oris muscle;
15 —mentalis muscle; 16 — depressor labii inferioris muscle; 17 — depressor anguli oris muscle; 18 —
platysma muscle; 19 — zygomaticus minor muscle. Note that these images do not show the tragicus
muscle (present in M. nigra but not in M. mulatta) or the antitragicus muscle (present in M. mulatta
but not in M. nigra).
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Table 1 — Mimetic muscles found in Macaca nigra, noted differences from M. mulatta indicated (see also Table 2 and Figure 1)

Muscle

Attachments

Differences

Platysma m.

Orbitoauricularis m.

Posterior Auricularis m.

Superior Auricularis m
Inferior Auricularis m.
Tragicus m.
Occipitalis m.

Frontalis m.

Oribicularis Occuli m.

Corrugator Supercilli m.

Procerus m.

Skin over lateral aspect of face; attached cranially as far as modiolus,
the lower fibers of the orbicularis oris m. and depressor labii inferioris
m.; attached into skin around cheek pouch and into skin of ventral neck
Cord-like fibers attached to the superolateral aspect of orbicularis occuli
m. and to skin near superocranial region of pinna

Flat, thin fibers attached to the skin lateral to occipitalis m., caudal to
the region of the pinna, and to the skin near the nuchal crest

Scant, flat fibers attached to skin near the superior aspect of the pinna
and to the fascia lateral to the frontalis m.

Gracile fibers superficial to platysma m.; attached to skin near

inferior border of pinna and to the fascia at the superior region of the
platysma m.

Small set of arcing fibers that attach to the helix and the tragus

Flat muscle sheet attached to the fascia of the nuchal region and to the
galea aponeurotica, just caudal to the coronal suture region

Flat muscle sheet attached to the galea aponeurotica near the coronal
suture region and to fascia near superciliary region; mingles with fibers
of the corrugator supercilli m. and procerus m.

Sphincter-like fibers encircling orbital opening and horizontal fibers over
eyelid; attached medially to medial palpebral region; attached to
orbitoauricularis m.

Robust set of vertical fibers deep to the orbicularis occuli m. attached to
medial palpebral region and to skin at medial aspect of superciliary
region

Thin set of vertical fibers medial to the corrugator supercilli m.;
attached to skin over nasal bone and to skin of perciliary region near
the frontalis m.

None noted

Was variably present in
rhesus macaque
Robust, two-headed

muscle in rhesus macaque

Robust, wide fibers in
rhesus macaque
None noted

None noted

None noted

None noted

None noted

None noted

None noted
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Table 1 — Continued

Muscle

Attachments

Differences

Orbicularis Oris m.

LLSAN m.

Zygomaticus Major M.

Levator Labii m.

Depressor Anguli Oris m.

Depressor Septi m.
Caninus m.
Depressor Labii Inferioris

m.
Mentalis m.

Robust, sphincter-like fibers attached to the skin around the lips; upper
fibers attached to levator labii m., caninus m., and LLSAN m.; lower
fibers attached to platysma m., depressor labii inferioris m., and
depressor anguli oris m.

Located medial to the levator labii m.; thin set of vertically-oriented
fibers attached superiorly to the medial palpebral region and inferiorly
to the upper fibers of the orbicularis oris m.

Flat, wide sheet of fibers attached to the zygomatic arch and to the

Flat, wide sheet of fibers attached to maxilla and nasal bones, the
medial palpebral region, the skin over these regions, and into the lower
fibers of the orbicularis occuli m.

Obliguely-oriented set of fibers that is attached to the upper fibers of
the orbicularis oris m. and skin near the termination of the zygomaticus
major m.; inferiorly, to the modiolar region and the cranial edge of the
platysma m.

Attached superiorly to skin at the base of the medial border of the
nares and, inferiorly, blending into upper fibers of orbicularis m.
Excpetionally large, robust fibers attached superiorly to the region of
the canine fossa of the maxilla and, inferiorly, into the modiolar

Flat sheet of fibers attached to the lower fibers of the orbicularis oris m.

and into the skin around the lower fibers of the platysma m.
Triangular set of fibers attached to the lower fibers of the orbicularis
oris m. and to the skin over the mental region of the mandible

None noted

Much broader than found
in rhesus macaque

In rhesus macaque, this
muscle modiolar region
splits into two heads near
the modiolar attachment
None noted

None noted

None noted
Much larger set of fibers
than in rhesus macaque

None noted

None noted
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Table 2 — Musculature present in Sulawesi macaque (Macaca nigra) and compared to rhesus macaque (M. mulatta) with movements
and reference to corresponding video (in Supplementary Materials

Muscle M. nigra M. mulatta Movements Video
Anterior auricularis m. A V (2/6) - -
Inferior auricularis m. V (1/3) P Pull external ear inferiorly 53
Posterior auricularis m.* V (2/3) P Pull external ear posteriorly 53
Superior auricularis m. V (2/3) \Y Pulls external ear superiorly 123
Tragicus m. P P Fine movement of e external ear -
Caninus m. P P Elevate upper lipin region of canine -
Corrugator supercilli m. P P Draw skin of superciliary region inferomedially -
Depressor anguli oris m. P P Draw lateral portion of lower lip inferiorly -
Depressor labii inferiorism. P P Draw lower lip inferiorly 68
Depressor septi m. P P Pull skin on the nasal septum inferiorly -
Depressor supercilli m. A P - -
Frontalis m. P P Elevates skin of the superciliary region 123
Levator labii superioris m. P P Pulls upper lip superiorly 68
LLSAN m. P P Elevates nasal ala 196
Mentalis m. P P Pushes central portion of lower lip superiorly 54, 62
Occipitalis m. P P Pulls skin of posterior part of scalp caudally 102
Orbicularis occuli m. P P Squeezes eyelids shut -
Orbicularis oris m. P P Puckers lips and squeezes the lips shut 33,53,54
Orbitoauricularis m. P P Pulls external ear toward orbit -
Procerus m. P P Pulls medial part of the skin over superciliary region 14
inferiorly
Zygomaticus major m. P P Pulls modiolar region of mouth caudally and superiorly 75, 102
Zygomaticus minor m. A P - -

Note: “P”—present; “V”—variable; “A” —absent; ! In Macaca mulatta, this muscle exists as a two-headed structure while in M.
nigra it had only a single muscle head; facial movements corresponding to each muscles are based on behavioral observations of

wild M. nigra (Micheletta et al. 2013) and intramuscular electrical stimulation in M. mulatta (Waller et al. 2008).
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