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Thesis Abstract  

Complex communication is central to human society, and the evolution of communication 

complexity has attracted a great deal of attention over several decades. Yet quantifying the 

complexity of facial communication is generally accomplished through subjective categorisation 

of expressions into repertoires of discrete expressions, an oversimplification that ignores both 

intra- and inter-specific variability in expression morphology. In this thesis I aim to link form and 

function of expressions in crested macaques (Macaca nigra), using an objective tool, the Facial 

Action Coding System, to measure facial movements based on the underlying muscle 

contractions, thus obtaining morphological data which can be compared between short-term 

behavioural contexts, and according to long-term social relationships. 

First, I demonstrate that the Facial Action Coding System for macaques can be used to code 

crested macaque expressions, and document minor adjustments to the coding guidelines. Second, 

I examine the morphological differences of expressions associated with different behavioural 

outcomes, finding that bared-teeth expressions that precede affiliation, copulation, play, and 

submission outcomes differ in rates of specific muscle movements, as well as general 

characteristics of intensity and variability. However, when examining “threat” expressions I find 

no predictive value of morphological differences. Finally, I investigate general trends of the use of 

intensity and variability of expressions, finding that these characteristics of expressions vary 

according to the type of interaction in which expressions are used, and that intensity varies 

according to the pre-existing dominance relationship of the two individuals involved, but not to 

the strength of their social bond. 

Overall, this thesis represents a rare detailed objective analysis of facial expressions in a wild non-

human primate. My results demonstrate the value of a bottom-up approach and caution against 

the lumping of superficially-similar expressions into repertoires of discrete variants, illustrate the 
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importance of considering variability and intensity of expressions, and provide evidence for the 

influence of social factors on the style of communication.  
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Chapter 1. General Introduction 

1.1 What is communication? 
Communication is a ubiquitous feature of our modern society, and arguably is one of the areas in 

which the technological advancements of recent centuries are most stark. As well as the 

technological advancements involved in transmitting our words, voices, and faces across 

hundreds of miles, we have also progressed in our understanding of how we communicate 

through psychological research. This has been informed by the study of communication in non-

human animals, which is in the midst of an increase in research volume, especially concerning the 

origins of language and social relationships. 

Despite this increased research effort, or perhaps because of it, biological definitions of 

communication are plentiful, and disagreement is rife. One popular definition of a communicative 

signal is “an act or structure that influences the behaviour of other organisms, which evolved 

because of that effect, and which is adaptive because the receiver’s response has also evolved” 

(Maynard Smith & Harper, 2003, p. 3). While some ethologists argue that information transfer is 

an essential aspect of communication (e.g. Bradbury & Vehrencamp, 1998; Carazo & Font, 2010; 

Hauser, 1996; Seyfarth et al., 2010), others disagree (e.g. Johnstone, 1997; Maynard Smith & 

Harper, 2003; Owren et al., 2010; Scott-Phillips, 2008), partly because there is a lack of general 

agreement on what is meant by “information” (Rendall et al., 2009), and the greater cognitive 

demands implied by understanding information encoded in a signal transfer compared to 

producing the correct adaptive response to that signal. It is generally agreed that signals do 

encode information, but the primary importance of that information is the response that it 

provokes, and this does not necessarily require any understanding of the signal’s meaning. 

Another area of contention is the definition of a “cue”, with some researchers (Hasson, 1994; 

Maynard Smith & Harper, 2003) following Lorenz’s (1939) definition of cues as sources of 

information that did not evolve for the purpose of communicating this information, as opposed to 
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a “signal”, which did evolve for that purpose. More recently some researchers have expanded the 

definition of “cue” to include any permanent sources of information that are not under voluntary 

control (Hauser, 1996), such as body colouration. 

Despite the semantic issues, it is generally agreed that communication is achieved through signals 

utilising one or more communication channels, known as modalities. There is debate over the 

definition of modalities, but the classic definition is that each modality utilises a single sense of 

the receiver, such as hearing or sight (Higham & Hebets, 2013). For example, speech and laughter 

both involve the auditory modality, and facial expression and gesture both use the visual 

modality. Alternatively, some researchers base the definition of a modality on the cognitive 

processes involved in production and interpretation of the signal. This means that gesture and 

facial expression would be assigned to different modalities by some researchers (e.g. Liebal et al., 

2014), as these signals are processed differently by the recipient (Tomasello, 2010; Waller & 

Micheletta, 2013). Arguably, these should instead be regarded as separate components in the 

same modality (Micheletta et al., 2013), and so the combination of a facial display with a gesture 

would result in a multicomponent, unimodal signal. 

Researchers agree that animal communication performs many functions, including coordinating 

movement(e.g. ‘close call’ vocalisations in meerkats, Gall & Manser, 2017), reinforcing social 

bonds (e.g. silent bared-teeth expression of rhesus macaques, de Waal & Luttrell, 1985), 

threatening rivals (e.g. roaring in red deer, Clutton-Brock & Albon, 1979), signalling sexual status 

(e.g. sexual swellings in Hamadryas baboons, Higham et al., 2008) and attracting a mate (e.g. 

courtship displays in fireflies, Photinus spp., Lewis & Cratsley, 2008), begging for food (e.g. chick 

begging calls in Arabian babbler, Wright, 1998), and marking territory (e.g. scent marking in tigers, 

David Smith et al., 1989).  

1.2 A comparative approach to communication research 
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Perhaps because communication is so crucial to modern society, there is a great deal of effort 

aimed at documenting and ultimately comparing communication systems of different animals, 

including humans and non-humans, in order to elucidate the evolutionary processes that have 

culminated in our modern communication systems. This comparative approach enables the 

investigation of specific evolutionary events, such as the origin of a single facial expression, as well 

as general trends such as whether animals that differ in habitat also differ in their relative use of 

auditory and visual communication. 

One major area of interest for comparative ethologists is the evolution of language. Human 

language is complex enough that there is a whole academic field – linguistics – solely devoted to 

its study. Language is often held up as one of the things that makes humans exceptional: no 

animal appears to use language as we do, with combinations of vocalisations exhibiting syntax, 

referentiality, displacement, etc. It is generally believed that communication systems of non-

human animals lack one or all of these features (Fitch, 2011), but some studies present evidence 

for individual features in certain animal systems. Referential alarm calls encode information such 

as the type of predator, its proximity, and whether it is moving (e.g. meerkats, Manser, 2001; 

vervet monkeys, Seyfarth et al., 1980; Gunnison’s prairie dogs, Slobodchikoff et al., 1991); others 

have found evidence of syntax, or syntax-like combinations (e.g. southern pied babblers, Engesser 

et al., 2016; Campbell’s monkeys, Ouattara et al., 2009; Japanese tits, Suzuki et al., 2017). 

However, documented examples of language-like structure in animal communication remain rare. 

Arguably, in order to make direct comparisons between intuitively similar communication 

systems, it is preferable to study visual communication in humans and non-humans rather than 

comparing non-human vocalisations with human language. While vocalisations of non-human 

animals and human language are only similar at the most basic level (i.e. they are both auditory 

forms of communication), facial movements of humans and non-human primates are much more 

similar. 
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Darwin (Darwin, 1890/2009) made many comparisons between human and non-human signals, 

especially comparing the facial expressions of monkeys and apes to human smiles and laughter. 

Work in this vein has continued since (Davila-Ross et al., 2010; Preuschoft, 1992, 2000; van Hooff, 

1972), as explored in section 1.4. The research in this area has led to the identification of a 

number of similarities between human and non-human facial expressions (Waller & Micheletta, 

2013), meaning that comparative work on facial expressions has great potential for uncovering 

evolutionary development of these communication systems, including in humans. 

Gesture, especially in great apes, has become a popular area of research in comparative ethology 

because of the purported gestural origins of language (Corballis, 1999, 2003; Hewes, 1973), which 

means that understanding the evolution of gesture will give background to the development of 

language. There are differences in researchers’ approaches to facial expression, vocalisation, and 

gesture, with vocalisations often studied in the wild using playback experiments, while facial 

expressions and gestures are more commonly studied through observation in captive animals, 

and gesture research is also far more common in apes than in any other primates (Slocombe et 

al., 2011). 

Comparative work has more often been used to study general theories in communication 

research. For example, research in multimodal and multicomponent signals examines the nature 

of signal combinations, since the presence of one signal could modulate or change the meaning of 

another signal (for full theoretical framework see Partan & Marler, 1999, 2005). In a study of 

chimpanzees, Pan troglodytes, multimodal signals were found to be more effective than unimodal 

auditory signals, but not unimodal visual signals, in eliciting a response, indicating an additive 

effect (Wilke et al., 2017). Several studies have demonstrated the multimodal nature of human 

communication, such as the combination of facial movements with speech (e.g. Chovil, 1991; 

Ekman, 1979), and gestures with speech (e.g. Kendon, 1972; Krahmer & Swerts, 2007; McNeill, 

1992; McNeill et al., 2001). 
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Another theme seeing an increase in interest recently has been the complexity of communication. 

Following the social brain hypothesis (Aiello & Dunbar, 1993; Dunbar, 1993, 1998), the social 

complexity hypothesis for the evolution of complex communication (SCH; Freeberg et al., 2012) 

argues that “complexity in the type of social interactions that occur among animals selects for 

greater communicative complexity” (Freeberg et al., 2012, p. 1785). Though group size is 

sometimes used as a proxy for social complexity (e.g. Dobson, 2009b; Dunbar, 1993), per the 

definition above “more complex” groups are not always simply larger groups, but rather those in 

which an individual has the more different types of relationship with other individuals (Aureli & 

Schino, 2019; Bergman & Beehner, 2015; Fischer, Farnworth, et al., 2017; Ramos-Fernandez et al., 

2018). It appears logical that if an individual has more unique types of relationship with others, 

improved communication ability would help them to navigate that more complex social world. 

Communicative complexity could be defined in a number of ways (Fischer, Wadewitz, et al., 2017; 

Gustison & Bergman, 2016; Pika, 2017), but many studies start with repertoire size as a coarse 

measure of complexity (e.g. Dobson, 2012). 

Some of the only experimental evidence for the SCH has come from birds. Carolina chickadees, 

Poecile carolinensis, demonstrate greater variability of an affiliative call (measured through 

‘uncertainty’ per Hailman et al., 1985) when in larger groups, and this is mirrored when aviary-

housed groups are made artificially larger or smaller by translocation (Freeberg, 2006). Other 

evidence for the SCH comes from interspecific comparisons. A comparative study found 

observational evidence for alarm call variability being associated with social structure in marmots, 

but not prairie dogs or ground squirrels (Blumstein & Armitage, 1997). A comparative study of 42 

non-human primate species found positive correlations between vocal repertoire size and i) group 

size and ii) time spent grooming (McComb & Semple, 2005). Dobson (2009) found a similar 

correlation between group size and levels of facial mobility, measured by size of the repertoire of 

individual facial movements, for 14 non-human primate species. These comparative studies give 
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valuable insight into the evolutionary underpinnings of the communication systems of animals, 

including humans. 

Macaques (Macaca spp.) are a popular study group for comparative work; the genus comprises 

over 20 species, with two of these, the rhesus macaque (M. mulatta) and Japanese macaque (M. 

fuscata), having been studied at long-term field sites over many decades. Macaques all live in 

multi-male, multi-female groups of around 20-50 individuals with a female-skewed adult sex ratio 

(Bercovitch & Harvey, 2004; Thierry et al., 2004), and feed on a mainly fruit-based diet mixed with 

vegetable matter, invertebrates, and rare vertebrate prey. Apart from the Barbary macaque (M. 

sylvanus) of North Africa, macaques live across South, East, and South-East Asia in diverse 

habitats from tropical rainforest to temperate mountains and arid mountains, and macaques are 

generally semi-terrestrial, with a large degree of variability in the amount of time spent in trees 

(Thierry et al., 2004). One interesting characteristic of the genus Macaca is the difference 

between species in their “social style” (Thierry, 2007). More socially-tolerant species are those 

with higher rates of bidirectionality in conflicts, and higher rates of post-conflict reconciliation, 

meaning that in general the outcomes of agonistic encounters are less predictable (Thierry, 2007). 

More tolerant species include the Tonkean and crested macaque (M. tonkeana and M. nigra), 

while less-tolerant species include the rhesus and Japanese macaques (Thierry, Iwaniuk, et al., 

2000). More tolerant species, with their more unpredictable social interactions, are presumed to 

have more complex social systems, which makes the macaques a suitable group in which to 

investigate the social brain and social complexity hypotheses (Dunbar, 1998; Freeberg et al., 2012) 

hypotheses. While results of cognitive tests (Arre et al., 2021; Joly et al., 2017; Kaigaishi et al., 

2019) have been inconsistent, potentially due to the small scale of the studies, studies of 

communication have found more consistent results. In a test of the social complexity hypothesis, 

tolerant Tonkean and crested macaques were found to have more complex vocal repertoires than 

less tolerant rhesus and Japanese macaques (Rebout et al., 2020). Similar results were found in 

studies of gestural repertoires (Maestripieri, 1999, 2005). Measures of macaque social complexity 
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were also found to correlate with the repertoire size of affiliative facial expressions, in a study 

encompassing 11 species (Dobson, 2012). 

1.3 Facial communication in non-human primates 
Compared to vocalisations and gestures, facial expressions have been under-studied in primates, 

even in studies that examine multiple signalling channels (Arbib et al., 2008; Slocombe et al., 

2011; Waller et al., in review), despite facial expressions being more common than vocalisations 

in some species (e.g. macaques, Partan, 2002), and the fact that interest in facial expressions 

dates back over a century. Darwin’s descriptions of non-human primate facial expressions, 

including the crested macaque (Darwin, 1890/2009, pp. 125–136) were superficial but 

documented the first attempts to compare facial movements of different species and to link the 

movements to contexts. These descriptions were built upon and expanded, especially by van 

Hooff (1967), who described many different facial movements in old-world monkeys and apes 

using a more systematic and objective method. However, the work of both Darwin and van Hooff 

shared the problems of subjectivity and generalisation, which have had far-reaching 

consequences in terms of how facial displays of non-human primates are considered today. 

Darwin’s (1890/2009) descriptions were organised according to the emotion which Darwin felt 

the animal was experiencing at the time. Darwin’s work drew heavily on the work of Duchenne de 

Boulogne (1862/1990), and particularly looked for non-human examples of emotional facial 

expressions. He elicited ‘happy’ expressions by tickling animals, ‘anger’ by denying access to 

visible food or ‘insulting’ the animals, and ‘astonishment’ with novel object presentations 

(Darwin, 1890/2009, pp. 125–134). 

Andrew (Andrew, 1963a, 1963b), following in the wake of Tinbergen and Lorenz, took more of an 

evolutionary approach to the signals, stating firstly: “Facial expression has evolved, like other 

displays, to communicate information about the probable future behaviour of the displaying 

animal” and then “the association of a particular expression with a high probability of attack, for 



Chapter 1: General introduction 

 

  
8 

example, does not mean that the expression is caused by a subjective feeling of anger or by the 

aggressive drive”  (Andrew, 1963a, p. 1034). In a well-known comparative descriptive work, van 

Hooff (1967) watched 42 species of primates including three ape species, four platyrrhines, and 

35 catarrhines. Van Hooff’s paper was ordered by facial expression, with descriptions of the 

appearance of expressions and the contexts in which they were produced, and while each 

expression was described in general, he gave additional information regarding variability between 

species. Importantly, van Hooff did not describe expressions with terms like “fear grimace”, 

“laughing face”, or similar assumptions of emotion. In fact, he deliberately steered clear of 

describing the contexts in terms of human emotions. Thus, the field was moved away from 

Duchenne and Darwin’s direct linkage of emotion with facial movements.  

Contrastingly, research of human facial expressions is still embroiled in a debate over the 

emotional underpinnings of facial expressions. The Behavioural Ecological View (Fridlund, 1994) 

supports the idea that expressions are more predictive of future actions, while the Basic Emotion 

Theory (Ekman & Friesen, 1969) believes facial expressions to be more indicative of prior 

emotional state. 

Following the descriptive work of the 1960s and 1970s (Andrew, 1963a; Chevalier-Skolnikoff, 

1973; van Hooff, 1967), which tended to make generalisations or use anecdotal data to make 

inferences, more quantitative research began to formalise the relationships between facial 

expressions and contexts or functions. The silent bared-teeth expression (SBT) was identified as a 

formal signal of dominance relationships in rhesus macaques, with the expression only used by 

subordinate individuals towards dominant individuals (de Waal & Luttrell, 1985). The meaning of 

the signal was found to vary with the context in which it was produced in rhesus macaques 

(Beisner & McCowan, 2014) and pig-tailed macaques (Macaca nemestrina, Flack & de Waal, 

2007). In contrast, for other macaques, SBT is not a formal sign of dominance (Petit & Thierry, 

1992; Thierry, Bynum, et al., 2000), but is used by either party in affiliative contexts, as is the case 

in mandrills (Bout & Thierry, 2005; Otovic et al., 2014) and geladas (Lazow & Bergman, 2020). In 
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chimpanzees, SBT was used in both affiliative and aggressive contexts, and associated with an 

increase in affiliative behaviour (Waller & Dunbar, 2005). In general it can be concluded that SBT 

is a signal of benign intent (Silk, 1996, 2002), and contrasts have been drawn between SBT and 

human smiles (Preuschoft, 1992, 2000), however this generalisation removes the interesting 

insight that the use of this signal across the dominance hierarchy differs between species. 

Similarly, across all the expressions which van Hooff (1967) or others produced generalised 

descriptions of appearance and functionality, there is the possibility that this generalisation has 

meant that meaningful nuance has been ignored. Indeed, there are some documented examples 

of subtle variation in facial expressions according to the context in which they are used (e.g. Vick 

& Paukner, 2010; Waller & Cherry, 2012). 

As mentioned in section 1.3 above, another application of facial expression research, particularly 

the building of repertoires for many primate species, was in identifying the relationship between 

social systems and communicative complexity. Following the social complexity hypothesis 

(Freeberg et al., 2012), larger more complex groups are expected to have larger, more complex 

facial expression repertoires. Dobson (2009) found that the range of muscle movements in 

primates increased with group size, and later (Dobson, 2012) also found that more socially-

tolerant (sensu Thierry, Iwaniuk, et al., 2000) macaques tended to have larger repertoires of 

affiliative facial displays. 

One problem with Dobson’s (2012) work, and much of the work described in this section, is that 

the expressions are documented in a subjective way, and categorised as part of general data 

collection, at the same time that the accompanying behaviour is recorded. This means that we 

have never really examined the full variability of these facial expressions, instead coding 

everything that looks enough like a SBT as a SBT, for example. This top-down categorisation 

approach provides limited usefulness, restricted to when we are looking for broad associations 

between facial expression and contexts. I will give two examples of studies where more detail 

would be useful. Firstly, Flack and de Waal (2007) found that SBT performed two functions 
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according to the context: submission in aggressive interactions, and subordination in non-

aggressive interactions. It would be very useful to examine the SBT in detail to see whether there 

is any difference in appearance between expressions fulfilling these two functions. Secondly, 

Dobson (2012) found a positive correlation between social tolerance of macaque species and the 

size of their affiliative facial expression repertoires. This repertoire size, based on secondary data 

(Preuschoft & van Hooff, 1995), was calculated simply by counting the number of affiliative 

expressions produced by each species of macaque. This subjective approach treats facial 

expressions as static, discrete, and stereotypical, ignoring any variability in the contexts in which 

they are used, the subtle movements that accompany the main ones, and the combination of 

multiple facial expressions into a display bout. Looking at Dobson’s repertoire calculations (Table 

1.1 below), each expression type contributes the same to the repertoire of that species, yet it 

seems over-simplistic to treat SBT in rhesus macaques as equal in complexity to teeth-chattering 

in Barbary macaques, for example. We know, from studies that pre-date Dobson’s work, that SBT 

expressions are used for different functions in different species of macaque (Maestripieri, 1996; 

Thierry, Bynum, et al., 2000), that SBT have different morphological characteristics in different 

species (e.g. Mandrills, Mandrillus sphinx; Bout & Thierry, 2005; van Hooff, 1967), and that 

grading of displays is prevalent in at least one species of macaque, the Tonkean, for which silent 

bared-teeth and relaxed open-mouth are not distinct expressions but exists as extremes of a 

continuum (Thierry et al., 1989). We also know that subtle differences in superficially-similar 

expressions can fulfil significantly different functions in other species, for example in the gorilla 

(Gorilla gorilla gorilla) play face (Waller & Cherry, 2012). Finally, after Dobson’s work was 

published, Micheletta et al. (2013) showed that combinations of elements considered by Dobson, 

namely Lipsmack and Scalp Lift, with “Head Turn” (Thierry, Bynum, et al., 2000; called “Head 

Toss” in Chapter 2 of this thesis) – an element not considered by Dobson (2012) – changed the 

likelihood of affiliative contact. Hence, using this kind of repertoire to build an idea of 

communicative complexity, while a useful first step, involves a great oversimplification. 
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Table 1.1 

“Affiliative” facial expression repertoire of genus Macaca. Table adapted from Dobson, 2012 p. 230 
and Preuschoft & van Hooff, 1995 p.129, original data Preuschoft & van Hooff, 1995.  

Species 
silent 

bared- 

teeth 

teeth 
chatter 

lip-
smack 

tongue 
protrusion 

protruded 
lips scalp lift 

relaxed 
open-
mouth 

open-
mouth 
bared-
teeth 

arctoides 1 1 1 1 0 0 1 0 

assamensis 0 1 1 1 0 0 0 0 

fascicularis 1 1 1 (1) 0 1 1 0 

fuscata (1) 0 1 0 0 0 1 0 

maura* 1 0 1 0 1 1 0 1 

mulatta 1 0 1 0 0 1 1 0 

nemestrina 1 0 1 0 1 0 0 0 

nigra 1 ? 1 1 1 1 0 1 

radiata* ? 1 ? 0 0 0 1 0 

silenus 1 0 1 (1) 1 1 <1> 1 

sinica* 1 ? 1 0 0 0 1 0 

sylvanus (1) 1 1 1 0 0 1 0 

thibetana 0 1 1 0 0 0 ? 0 

tonkeana 1 0 1 (1) 1 1 <1> 1 

1 = present in repertoire, 0 = absent from repertoire, (1) present but rare, <1> limited to certain 
ontogenetic stages, ? insufficient or contradictory evidence. Species marked * were included by Preuschoft 
& van Hooff (1995), but not by Dobson (2012). 

While assessments of multimodal or multicomponent displays are to be encouraged, there are 

fundamental problems with the consideration of components. It is difficult to define what is 

meant by a single component, as this could refer to a single muscle movement, a single overall 

facial configuration, or a single display. In essence, every facial display can be made up of multiple 

facial configurations and each of these can be been formed by multiple muscle contractions, 

making it problematic to describe, for example, “bared-teeth + scalp-lift” as multicomponent 

while “lip-smack” is unicomponent. 
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1.4 Facial Action Coding Systems 
Interest in human facial expressions has also continued since Darwin’s time. Building on 

Duchenne de Boulogne’s pioneering work (Duchenne de Boulogne, 1862/1990) – which was 

heavily cited by Darwin (1890/2009) – and other attempts to link facial appearance changes to 

their muscular underpinnings (Hjortsjö, 1969), detailed analysis of facial movements was 

advanced greatly by the development of the Facial Action Coding System (FACS; Ekman et al., 

2002; Ekman & Friesen, 1978). Based upon dissection of facial musculature, electrostimulation, 

and observation of spontaneous facial movements, the concept of FACS is that every possible 

appearance change of the face is coded in terms of the underlying muscular contraction or 

relaxation. The minimal observable movements of the face, termed “Action Units” or AUs, are 

usually produced by the contraction of a single muscle. For example, the oblique raising of the lip 

corners, through the contraction of the zygomaticus major muscle, is an action unit coded AU12. 

There are 33 AUs in the FACS, and a single “facial expression” may consist of the combination of 

one or more of these. For example, a smile may consist of AU12 (lip corner puller) + AU6 (cheek 

raiser), while a frown may involve AU4 (brow lowerer) + AU17 (chin boss raiser) + AU24 (lip 

pressor). FACS also includes 25 Action descriptors (ADs), which encode movements for which the 

muscular basis is too complex or otherwise unknown; for humans these are generally eye 

movements and head movements. 

This bottom-up approach to describing facial behaviour reduces subjectivity and ambiguity, and 

has the potential to identify subtle differences between superficially-similar expressions (Waller 

et al., 2015). Many studies of human facial expressions have utilised FACS coding (e.g. Ekman & 

Rosenberg, 1997, 2005, 2020), or even more reliable methods such as facial electromyography 

(e.g. Surakka & Hietanen, 1998), as a means of obtaining detailed, objective information about 

the movements of the face. For example, observational studies of smiles have used FACS to 

discriminate between “felt” and “false” smiles (Ekman & Friesen, 1982), and experimental studies 



Chapter 1: General introduction 

 

  
13 

of smiles have utilised FACS to produce models of dynamic facial expressions (Rychlowska et al., 

2017). 

As outlined in section 1.4 above, studies of non-human primate facial expressions do not usually 

employ a comparable bottom-up approach. Instead, it is more common for researchers to define 

a facial expression type within an ethogram and categorise observed expressions according to 

those ethograms. While this has led to excellent broad descriptive work, there is less scope for 

assessing the meaning of certain aspects of a facial expression, such as 1) intensity of movement, 

2) variation occurring within a single facial display, or 3) subtle differences in exact configuration 

between superficially-similar expressions. Additionally, this approach restricts the ability of the 

researcher to address blended expressions (e.g. Parr et al., 2005; Thierry et al., 1989), instead 

forcing the observer to lump intermediate expressions into discrete pigeonholes. In order to avoid 

these issues, unlock layers of complexity that have not been detected with this approach, and 

truly address the questions about non-human primate facial expressions outlined in section 1.4, a 

bottom-up approach is desirable. 

While FACS can give useful insight in intra-specific studies, its main benefit is arguably in 

comparative research (Waller et al., 2020). The muscular basis of FACS means that comparative 

study using this method is more meaningful than subjective study of outward appearance 

changes without reference to the underlying musculature. For example, rather than assuming 

that human smiles and non-human SBT are the same expression based merely on the subjective 

opinions of researchers regarding the appearance and function(s) of the expressions, it is possible 

to use FACS to compare these facial behaviours in terms of the muscles that are used to produce 

them. Since the facial musculature of primates is relatively highly conserved (Burrows, 2008), 

identifying that the same (or different) muscles are used by different species in the same context 

would provide a valuable insight into the evolution of facial communication. 
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The potential value of FACS for both intra- and inter-specific comparison of facial behaviour has 

led to the development of non-human versions of the coding system (see Waller et al., 2020). 

Coding systems are now available for chimpanzees (Parr et al., 2007), macaques (Correia-Caeiro et 

al., 2021; Julle-Danière et al., 2015; Parr et al., 2010), gibbons (Waller et al., 2012), and orangutan 

(Caeiro et al., 2013), as well as domesticated mammals (cats, Caeiro et al., 2017; dogs, Waller et 

al., 2013; horses, Wathan et al., 2015). While the macaque FACS (MaqFACS; Parr et al., 2010) was 

developed for rhesus macaques, it has since been demonstrated that the system can be used with 

Japanese macaques (Correia-Caeiro et al., 2021) and Barbary macaques (Julle-Danière et al., 

2015), with slight alterations to coding guidelines. The process of adapting FACS to a new species 

involves three steps to ensure that the correct connections are made between observed 

appearance changes and underlying muscle action (Waller et al., 2020). First, dissection of the 

face enables description of the mimetic musculature and comparison to other species; second, 

intramuscular stimulation (in anaesthetised animals) enables documentation of the appearance 

changes that result from each muscle contraction; third, individual muscle actions are observed in 

spontaneous facial movements and the associated appearance changes are described in coding 

guidelines. The dissection and observation stages are compulsory, but intramuscular stimulation, 

while ideal, is not always practical, and so is not always included in adaptations, especially in 

species that are closely related to those with existing FACSs. 

Empirical studies utilising the published coding schemes to examine facial expressions of non-

human primates are still relatively few. In a proof-of-concept study of ChimpFACS, linear 

discriminant analysis was used to demonstrate that expressions subjectively coded as discrete 

expressions were identified as such by FACS (Parr et al., 2007). Subsequent studies have 

demonstrated how FACS data can identify variants of chimpanzee yawns that are used in different 

contexts (Vick & Paukner, 2010), and that silent and vocalised ‘laughter’ faces do not differ in 

visible configuration (Davila-Ross et al., 2015). A study of orangutan (Pongo pygmaeus) 

demonstrated that orangutans use more diverse and intense expressions when a play partner was 
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facing them during play than when the partner was facing away (Waller et al., 2015), a result that 

was replicated in gibbons (Hylobates spp. and Symphalangus syndactylus, Scheider et al., 2016). 

Comparative work in gibbons found that siamangs (Symphalangus syndactylus) exhibit a greater 

diversity of AU combinations (i.e. facial configurations) than other species, presenting evidence of 

a difference in communicative complexity in hylobatids (Scheider et al., 2014). Species differences 

in FACS data can be linked to socio-ecological variables in order to investigate the evolutionary 

links between sociality, ecology, and communication. This comparative work is made more valid 

by the objective approach of FACS, and comparisons between less closely-related species are also 

possible due to the system’s reference to the musculature underpinning facial movements, 

leading to two studies comparing human and non-human facial expressions using FACS being 

published (Vick et al., 2007; Waller, Misch, Whitehouse, & Herrmann, 2014). Dobson (2009) 

conducted a large-scale comparative study of facial mobility in 12 primates, in a test of the social 

complexity hypothesis; while FACS has not been adapted to all 12 species, Dobson used AU codes 

as the basis for this analysis. Similarly, a study of geladas also used FACS to record data on facial 

expressions without having adapted FACS specifically to the species in question (Lazow & 

Bergman, 2020). 

1.4.1 Limitations of FACS 

Frame-by-frame coding of subtle facial movements can be very time-consuming, meaning that 

obtaining large datasets of facial expressions is not easy. Many FACS-based studies examine only 

one general type of expression (e.g. yawns, play face) in order to answer a specific question about 

a signal’s function in a single species, or its evolution. Few studies seek to document the full 

repertoire of facial expressions of any species, although one of the main potential applications of 

FACS in non-human animals is to obtain objective measurements of facial expression complexity. 

This reduced scale of studies is potentially a consequence of the high effort required to FACS-code 

facial expressions (Waller et al., in review). Compared to analysis of gestural or vocal 

communication, coding facial expressions is more susceptible to problems caused by orientation 
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and obstacles such as vegetation, and animals being able to range further makes data collection 

more unpredictable and difficult. As with research on other communication modes, it can be 

easier to record facial expressions in a laboratory or zoo setting rather than a wild setting. 

However, I believe that it is generally preferable to observe wild animals if the wish is to make 

generalisations about species-typical behaviour, rather than observing individuals in captive 

settings. In particular, captive groups may lack any, or sufficient, individuals of a certain 

demographic category, meaning that the social interactions possible within the group are not 

representative of the full set of interactions present in the species. This would likely mean that 

the facial expression repertoire exhibited in the captive group would not encompass the full 

repertoire observable in the wild. 

1.5 Crested macaques 
As outlined in section 1.3 above, macaques present an interesting case for the study of social 

behaviour. It has been demonstrated that certain species have more rigid social structure, and 

more predictable outcomes of social interactions, than other species (Balasubramaniam et al., 

2012; Demaria & Thierry, 2001; Thierry, 2000; Thierry et al., 2004; Thierry, Iwaniuk, et al., 2000). 

Macaques have been split into four ‘grades’ based on this predictability, from more ‘tolerant’ 

species to more ‘despotic’ species. Table 1.2 shows the species of macaque in each grade (Thierry, 

2000), and measures of reconciliation and counter-aggression (Dobson, 2012). 
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Table 1.2.  

Division of macaques into grades according to social style (Thierry, 2000, 2007). Numbers in 
brackets are: firstly, the percentage of conflicts where individuals reconcile post-conflict, secondly, 
the percentage of conflicts in which counter-aggression was observed. (Adapted from Dobson, 
2012; data for M. thibetana, Berman et al., 2004; data for M. assamensis, Cooper & Bernstein, 
2008; data for other species, Thierry et al., 2008). 

Grade 1 Grade 2 Grade 3 Grade 4 

cyclopis (n.d.) 

mulatta (5.3 / 5.4) 

fuscata (10.9 / 10.4) 

assamensis (11.2 / 16.8) 

fascicularis (17.9 / 9.8) 

nemestrina (34.3 / 0) 

thibetana (6.4 / 1.9) 

 

arctoides (36.3 / 17.2) 

radiata (n.d.) 

silenus (66.7 / 34.4) 

sinica (n.d.) 

sylvanus (21.1 / 41.8) 

maura (n.d.) 

ochreata (n.d.) 

nigra (51.3 / 49.4) 

tonkeana 48.5 / 68.0) 

 

Generally higher grades of macaque exhibit greater reconciliatory and counter-aggressive 

tendencies. This system of grades is perhaps better conceived as a continuum of styles from 

despotic to tolerant (Balasubramian et al., 2012), and new evidence has led to species being 

reassigned - the Tibetan macaque (M. thibetana) and Assamese macaque (M. assamensis) were 

originally placed in Grade 3 (Thierry, 2000), but new data (Berman et al., 2004; Cooper & 

Bernstein, 2008; data displayed in Table 1.2) indicated that Grade 2 would be more appropriate, 

so the species were regraded (Thierry, 2007; Thierry & Berman, 2010). Nevertheless, it appears 

clear that there is a great deal of variation between macaque species in their social style 

(Balasubramaniam et al., 2012; Thierry, 2000, 2007). It is also agreed that Sulawesi macaques – 

the crested macaque (M. nigra), Tonkean macaque (M. tonkeana), moor macaque (M. maura), 

and booted macaque (M. ochreata) in Table 1.2 above, plus the Gorontalo macaque (M. 

nigrescens) and Heck’s macaque (M. hecki) – are the most tolerant of macaques (Petit & Thierry, 

1992; Thierry, Bynum, et al., 2000), and that the rhesus macaque (M. mulatta), and the Japanese 

macaque (M. fuscata) are among the least tolerant. Given the gradient of social styles, whether 

measured by Thierry’s grades or by rates of certain social behaviour, this genus is ideal for the 

study of the relationship between social structure and other aspects of behaviour, including 

communication system. Macaques have been utilised in tests of the social complexity hypothesis 
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for the evolution of complex communication (Dobson, 2012; Rebout et al., 2020), and also in tests 

of the social brain hypothesis for the evolution of advanced cognitive abilities (Arre et al., 2021; 

Joly et al., 2017). 

While rhesus and Japanese macaques have been widely used in medical research, and 

subsequently more heavily studied for behavioural research than other macaque species, they are 

both grade 1 macaques (Thierry, 2000), and hence their behaviour is not necessarily 

representative of the macaque genus as a whole. As outlined above, the various Sulawesi 

macaques, including crested macaques, appear to be more variable in their social behaviour 

(Demaria & Thierry, 2001; Duboscq et al., 2013; Petit & Thierry, 1994; Thierry, 1985), and in their 

communication (Micheletta et al., 2013; Petit & Thierry, 1992; Thierry et al., 1989). Detailed 

descriptions of macaque facial expressions, including those of crested macaques, already exist 

(Thierry, Bynum, et al., 2000; van Hooff, 1967). There is variation in the facial expression types 

produced by different macaque species, with crested macaques appearing to produce a broader 

range of affiliative expressions than any other macaque (Dobson, 2012). This makes the crested 

macaque a prime candidate for the detection of previously-unknown variation in facial 

expressions. 

The Macaca Nigra Project (MNP; www.macaca-nigra.org) has been active since 2006 (Macaca 

Nigra Project, 2021)  in the Tangkoko-Batuangus Nature Reserve, North Sulawesi, Indonesia, 

where researchers have access to multiple social groups of wild, habituated crested macaques. 

Previous work at this location has included studies of facial expressions (Micheletta et al., 2013) 

and social interactions (Duboscq et al., 2013) as well as the interaction between communication 

and social cognition (Micheletta et al., 2012), meaning it is possible to get close-up video footage 

of the faces of known individuals, and to record social interactions of those individuals. This will 

make it possible to assess the links between facial movements and social interaction contexts and 

outcomes through work at this field site. 
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It has been shown through dissections that crested macaque facial musculature is fairly similar to 

that of rhesus macaques, though there are some small differences (Burrows et al., 2016). The ear 

musculature is better developed in rhesus macaques than crested macaques, and crested 

macaques also lack the zygomaticus minor muscle which would assist the zygomaticus major in 

drawing back and/or raising the lip corners. This knowledge of the facial musculature is the first 

requirement of developing FACS for a new species (Waller et al., 2020). 

1.6 Summary and thesis aims 
In sections 1.2 and 1.3 above, I pointed out some of the problems with previous studies of facial 

expressions. Studies both broad and narrow in overall focus are equally guilty of generalising and 

categorising facial expressions subjectively, and too seldom make any attempt to link 

morphological variability in facial expressions to either immediate or broad social contexts. In 

sections 1.3 and 1.5, I outlined some previous work on macaque facial expressions and how this 

had affected debate regarding the evolution of both specific facial expressions and complex 

communication in general. I also explained how the crested macaque’s social style made it an 

ideal candidate for a species with significant subtle variation in facial expressions. 

The overall aim of this thesis is to assess whether subtle differences in facial movements have 

functional significance. To achieve this I utilise a bottom-up approach, the Facial Action Coding 

System, to measure facial movements objectively, in high spatial and temporal definition, treating 

them as dynamic and variable displays rather than static and stereotyped expressions. The subtle 

differences I am looking at could be the presence or absence of a supplementary facial movement 

which might modify the meaning of an expression. They could be differences in intensity of 

movements, or the variability of movements encapsulated in a single facial display. To assess 

whether there is any effect on functional significance, I compare expressions produced in 

different immediate behavioural contexts, hypothesising that the expression encodes clues as to 

the future of the social interaction. I also compare expressions in terms of the existing social 
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relationship between the signaller and receiver, since this relationship may affect both the 

likelihood of any misunderstandings occurring and the costs of any such that arise. 

With this work I hope to illustrate the potential to use more precise and accurate methods to 

quantify the complexity of facial communication, which will mean that tests of the social 

complexity hypothesis will be more valid in future, helping us to further our understanding of the 

evolution of communication.  
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Chapter 2. Adapting MaqFACS for crested 
macaques 

2.1 Overview 

In order to investigate the function and evolutionary history of facial expressions, it is necessary 

to assess facial movements objectively, in order to avoid subjective biases. Investigation of 

macaque facial expressions have so far failed to use objective methods sufficiently, despite the 

great potential for informative comparative research in this genus. The Facial Action Coding 

System, and its derivative system for macaques (MaqFACS), describes minimal observable facial 

movements (Action Units) in terms of the underlying muscle contractions, enabling more 

objective comparisons to be made. In this paper, we adapted MaqFACS to the crested macaque, 

which will 1) enable detailed analysis of expression form in this species, and 2) facilitate 

comparative study with other macaques through integration of methods. We observed video clips 

of around 200 crested macaque facial expressions, and based on these observations we made 

minor changes to the coding guidelines for two AUs, and also described several new Action 

Descriptors – used for ritualised complex movements with unknown muscular basis. The updated 

guidelines are provided in this chapter. Two coders then coded the same set of video clips, and 

reliability analysis demonstrated that the guidelines could be used to code crested macaque facial 

movements reliably. The validation of this method means that we can use MaqFACS to obtain 

detailed information about facial expressions of crested macaques in different situations, and will 

allow meaningful comparison to facial communication in other macaques, as well as other 

primates including humans, in the future; this will help researcher investigating prominent issues 

in the evolution of communication, whether broad e.g. tests of the social complexity hypothesis, 

or narrow e.g. the evolutionary history of smiles. 
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2.2 Introduction 

The Facial Action Coding System (FACS) is a tool designed to use anatomically-based criteria to 

quantify facial movements objectively and in a standard manner. The original, human, FACS dates 

from 1978 (Ekman et al., 2002; Ekman & Friesen, 1978), and identifies 33 contractions of facial 

muscles that produce distinctive appearance changes on the face (Action Units [AUs]), as well as 

25 more general movements of the head, eyes, or parts of the face, for which the muscular bases 

are unknown (Action Descriptors [ADs]). This bottom-up approach aims to avoid the potential for 

observer bias caused by our subjective impressions of facial expressions; by focusing on 

components of facial expressions rather than the whole, the use of FACS should make analysis of 

facial expressions more objective and reliable. 

Since its conception, FACS has been used to identify differences between human facial 

expressions, including more- and less-subtle variability (see chapter 1 for a thorough review. 

More recently, comparative psychologists have begun to adapt FACS for use with non-human 

primate species to facilitate meaningful cross-species comparisons of facial expressions (Waller et 

al., 2020); this process involves first conducting dissections to assess the facial musculature (e.g. 

Burrows et al., 2006, 2016), then using intramuscular stimulation of anaesthetised individuals to 

connect contractions of individual muscles to observable movements of the face (e.g. Waller et 

al., 2006, 2008). Thirdly the occurrence of muscle contractions is confirmed with observation of 

spontaneous behaviour, and finally the appearance changes are described and contrasted to 

equivalents in other species. This led to the publication of coding systems for chimpanzees (Parr 

et al., 2007), rhesus macaque (Parr et al., 2010), gibbons (Waller et al., 2012), and orangutan 

(Caeiro et al., 2013), as well as dogs (Waller et al., 2013), cats (Caeiro et al., 2017), and horses 

(Wathan et al., 2015). Additionally, it has been demonstrated that MaqFACS, developed for use 

with rhesus macaques, can be used to code facial movements of closely related Barbary 

macaques (Julle-Daniere et al. 2015) and Japanese macaques (Correia-Caeiro et al., 2021). 
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The social complexity hypothesis for the evolution of complex communication (SCH; Freeberg, 

Dunbar, & Ord, 2012) states that animals with greater social complexity are expected to exhibit 

more complex communication systems. It has been argued that the more flexible dominance style 

of certain macaque species (Thierry, Iwaniuk, et al., 2000) represents a higher level of social 

complexity in these species, including crested macaques, compared to less tolerant species, such 

as rhesus macaques. Given this higher level of social complexity, it might be expected under the 

SCH that crested macaque communication is more variable than that of other macaques. Dobson 

(2012) found that more socially-tolerant (sensu Thierry, 2007) macaque species tended to exhibit 

a broader range of affiliative facial expressions than less-tolerant species. However, the 

repertoires used by Dobson to reach this conclusion are subjective, and do not take into account 

any possibility of subtle variation within expressions that have been lumped together into a single 

category. 

Given 1) the implication of Dobson’s (2012) work that crested macaques could use facial 

expressions in more complex ways than rhesus or barbary macaques, and 2) that comparative 

work in this area depended to date upon subjective classification of facial expressions into one of 

a number of pigeonholes (see chapter 1), it is desirable to adapt the MaqFACS to crested 

macaques, in order to enable high-resolution, objective analysis of the individual movements 

involved in the production of facial expressions in this species. The aim of this study is to adapt 

MaqFACS to crested macaques, following the methodology of previous adaptations of MaqFACS 

to Barbary macaques (Julle-Daniere et al. 2015) and Japanese macaques (Correia-Caeiro et al. 

2021). 

The aims of the present study were 1) to assess whether MaqFACS could be used with crested 

macaques, and 2) to produce a set of coding guidelines that could be used to enable FACS coding 

of crested macaque facial expressions. These would not replace the main MaqFACS guidelines 

(Parr et al. 2010), but would rather be used as a supplementary resource to guide MaqFACS users 

who were attempting to code crested macaque expressions (similarly to Correia-Caeiro et al., 
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2021; Julle-Danière et al., 2015). This can be achieved by highlighting the Action Units or Action 

Descriptors for which the appearance changes in crested macaques differ from those in rhesus 

macaques and describing any new Action Units or Action Descriptors that appear necessary in 

crested macaques but were not described in MaqFACS, while also ensuring that the appearance 

changes for each AU were described in full. 

2.3 Adapting MaqFACS to crested macaques 

There are three stages to adapting FACS to a new species: firstly, dissections establish the 

musculature of the animal’s face, and enable comparison to species with existing FACS; secondly, 

intramuscular electrostimulation enables linkage of muscle movements to appearance changes; 

thirdly, observation of spontaneous facial movements enables documentation of the appearance 

changes as observed by a coder, which is confirmed by performing reliability analysis (Ekman et 

al., 2002). 

Anatomy 

It has been demonstrated through dissections (Burrows et al., 2016) that facial musculature is 

similar in rhesus and crested macaques, though some small differences have been noted between 

the two species. Two ear muscles (posterior auricularis and superior auricularis, involved in 

producing backward and upward movement of the ears respectively) were much less prominent 

in crested macaques than rhesus macaques. The levator labii superioris alaeque nasi muscle and 

the caninus muscle, both of which are involved in raising the upper lip, were each much larger in 

crested macaques than rhesus macaques. The shared facial anatomy means that the range of 

possible movements of crested macaque faces should be the same as that of rhesus macaques; 

this fundamental similarity should mean that crested macaque Action Units and Action 

Descriptors can be identified by reference to MaqFACS guidelines. 

Intramuscular electrostimulation 
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Ideally, intramuscular electrostimulation is included in adaptations of FACS to new species, as it 

enables confirmation of links between appearance changes and specific muscle contractions. This 

step is not essential (Waller et al., 2020), and is usually done with captive animals undergoing 

routine health checks. However, in contrast to rhesus macaques or chimpanzees, there are few 

crested macaques that undergo regular anaesthesia, and it is unlikely that capture of wild animals 

will be permitted given that crested macaques are categorised as ‘critically endangered’ by the 

IUCN (Lee et al., 2020). Therefore, electrostimulation has not been conducted in this species, as 

with several previous adaptations of FACS to new species, including orangutans (Caeiro et al., 

2013), Barbary macaques (Julle-Danière et al., 2015), and gibbons (Waller et al., 2012). While 

omitting this step removes our ability to observe a direct link between the observed appearance 

changes and the muscular basis of those movements, we can instead infer this link with a high 

degree of certainty through a combination of dissection and detailed observational study of facial 

movements, due to both the similarity of crested macaque facial anatomy and movements to 

those of rhesus macaques, and the relatively close evolutionary relationship between these 

congeneric species. 

Behavioural observation 

Behavioural observation is the final stage of FACS adaptations. Detailed observations of 

spontaneous facial movements are conducted, with the movements being ascribed to individual 

muscle action with reference to previous versions of FACS and the anatomical findings in stage 1 

above. 

 

In this study, we conducted this third stage of the adaptation of FACS to crested macaques, with 

the aim of 1) confirming whether MaqFACS can be used to document facial movements in the 

crested macaque; 2) producing guidelines for coding crested macaque facial movements with 
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MaqFACS; 3) identifying AUs and ADs that differed in appearance between crested macaques and 

rhesus macaques. 

2.4 Methods 

Wild crested macaques were followed by researchers at the Macaca Nigra Project (MNP) in 

Tangkoko-Batuangus Nature Reserve, North Sulawesi, Indonesia (see Palacios et al., 2012; 

Rosenbaum et al., 1998 for description), between September 2010 and April 2011. Video clips 

were obtained during 388 hours of focal follows of 37 adult females and 13 adult males across 

two social groups. On average, each animal was followed for 7.77 hours (SD = 0.38 hr), by an 

observer with a hand-held video camera (Panasonic HDC-SD700) which was kept traced on the 

focal animal’s face as much as possible. When the animal’s face changed from neutral, the 

observer activated the pre-record function on the video camera, which meant a video clip was 

recorded which started three seconds before the function was activated and lasted until the 

recording was stopped. Recordings were stopped when the social interaction ended, defined as 

when one or both animals left the scene or began engaging in non-communicative behaviour such 

as grooming, sitting, or foraging. Fieldwork protocols were developed with reference to the 

American Society of Primatologists Principles for the Ethical Treatment of Non-Human Primates 

(American Society of Primatologists, 2001), approved by the University of Portsmouth Animal 

Welfare Ethical Review Body and the Indonesia Ministry of Research and Technology (RISTEK), 

and work was conducted under the supervision of the MNP and following the laws of both the UK 

and Indonesia. 

Five certified MaqFACS coders (including myself) watched a total of 156 video clips where facial 

movements were observed. We documented the AUs that appeared to be present in each clip 

with reference to prior versions of MaqFACS (Julle-Danière et al., 2015; Parr et al., 2010) and 

discussing the muscular basis for each, leading to agreement on the descriptions of the 

appearance changes associated with each AU. During this process we also agreed on new Action 
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Descriptors that were present in crested macaques but not rhesus macaques. Once the coding 

guidelines were agreed, we undertook a reliability analysis where two observers including myself 

coded the same randomly-selected set of 13 videos. Following the standard method of reliability 

calculation used previously in FACS methodology (Ekman et al., 2002), we calculated Wexler’s 

ratio as a measure of inter-observer reliability: 

𝐴𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡 = 2
Number of AUs on which coders A & B agreed

Total number of AUs scored by the two coders
 

2.5 Results 

Despite the differences in musculature (Burrows et al., 2016) and the much darker and smoother 

skin of crested macaques, the coders agreed that the AUs in the MaqFACS were sufficient to code 

facial movements in this species, so it was not necessary to describe any new AUs. The coders 

agreed that two Action Units (AU9 and AU18; see table 2.1) produced sufficiently different 

appearance changes in crested macaques that it was necessary to amend the guidelines of 

MaqFACS. We also described five new Action Descriptors (table 2.1), which are ritualised 

movements, involving multiple unknown muscles, that could not be described using the 

guidelines in MaqFACS. The agreed descriptions of appearance changes for all Action Units, Ear 

Action Units, and Action Descriptors appear in full in section 2.5 below (also as ESM in Clark et al., 

2020), while brief descriptions of the main differences between the coding guidelines for crested 

macaques and those in the original MaqFACS are given in Table 2.1. 
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Table 2.1.  

Differences noted between crested macaque and rhesus macaque Action Units (AU) and Action 
Descriptors (AD) (from Clark et al. 2020) 

AU9 
Nose 
wrinkler 

Less clear in crested macaques compared to rhesus macaques, due to 
differences in skin texture and colour. The nose tip appears less mobile 
than in rhesus macaque, so AU9 doesn’t always cause shortening of the 
nose. As in rhesus macaques, AU9 does cause deepening of vertical 
wrinkles and emergence of oblique wrinkles on the nose. 

AU18ii 
Outer lip 
pucker 

This movement was not observed in crested macaques. Puckering 
similar to rhesus macaque Inner lip pucker (AU18i in MaqFACS) is 
present, and simply coded AU18. 

AD182 
Teeth 
chattering 

The jaws oscillate vertically, the lower jaw contacting regularly with the 
upper jaw but the lips remaining apart. Not described in rhesus 
macaque FACS. 

AD183 
Tongue 
chattering 

With lips and jaws parted and relatively static, the tongue flickers up 
and down between the jaws, contacting each in turn. Not described in 
rhesus macaque FACS. 

AD184 Jaw wobble 
With lips and jaws parted, the lower jaw moves up and down rapidly 
and regularly, with neither jaws nor lips ever meeting. Not described in 
rhesus macaque FACS. 

AD101 
Scalp 
retraction 

The hair on the top of the head, including the crest, flattens as the skin 
is pulled backwards. Skin on the forehead and temples appears 
stretched. Not described in rhesus macaque FACS. 

AD59 Head toss 
The head is tipped suddenly backwards so that the face is turned 
upwards. Not described in rhesus macaque FACS. 

2.6 Guidelines for coding crested macaque facial expressions with 
MaqFACS 

2.6.1. Action Units (AUs) 

In the following section AUs are described using the following format:  

A. Proposed muscular basis: describing underlying facial musculature  

B. Appearance changes: multiply cues supporting AU identification  

C. Subtle differences: Notes differences and similarities to other AUs  

D. Comparison: describing use, context, difficulties and also comparison to rhesus macaque 

movements described in MaqFACS (Parr et al., 2010) 
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Facial muscles are similar between the two species (crested and rhesus macaques), so the aim is 

to use the same AUs and criteria wherever possible, but to develop new AUs where the facial 

movement differs. Standardised terminology is used throughout these systems so that facial 

movement can be compared accurately between individuals. Definitions of terms are given in 

section 5 below. 

 

Upper face action units 

2.6.1.1. AU 1+2 Inner + Outer brow raiser 

Proposed 
muscular basis 

Frontalis 

Appearance 
change 

Raises the brow up, lifting the browline. The browline is relatively thick in 
crested macaques and this movement is easily spotted. The glabella moves 
upwards. 

Reveals greater surface area in the underbrow region, making the eyes and 
upper eyelid more visible.  

Changes curvature of browline. In the neutral state the browline is usually, 
but not always, straight and with AU1+2, the browline changes to a smooth 
arch. 

Subtle difference This AU is often linked to a head movement, and head direction and angle 
might also hinder the detection of a brow movement. 

Comparison This movement is highly similar to the one observed in rhesus macaques. 

2.6.1.2. AU 41 Glabella lowerer 

Proposed 
muscular basis 

Procerus 

Appearance 
change 

Pulls brow downward, lowering the browline and the glabella moves visibly 
downwards. 

Reduces visibility of the underbrow region, making the eyes less visible. 

Changes brow curvature. In the neutral state the browline is usually, but 
not always, straight and with AU41 a distinct ‘v’ shape appears.  

Sometimes, AU41 appears to push the very medial portion of the glabella 
forward, which may result in a bulge in the glabella region of the 
underbrow. 

Subtle difference Caution should be exercised when coding AU41 as the release of AU1+2 
can cause the appearance of brow lowering. 
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Comparison This movement is highly similar to the one observed in rhesus macaques. 

2.6.1.3. AU 5 Upper Lid Raiser 

Proposed 
muscular basis 

Orbicularis oculi 

Appearance 
Changes 

The upper eyelid is raised and pulled back into the eye socket, causing a 
larger portion of the eyeball to be exposed 

In extreme actions the eyelid disappears from view 

Subtle 
differences 

AU5 is hard to detect due to the fact that a brow raiser (AU1+2) combined 
with an upwards or sideways eye movement might be misleading observers 
to believe AU5 has acted. 

Comparison In MaqFACS, this action was not described but in crested macaque the 
action of AU5 leads to a “staring” expression, similar to the one described in 
the original (human) FACS. 

2.6.1.4. AU 7 Lids tight 

Proposed 
muscular basis 

Orbicularis oculi 

Appearance 
Changes 

The lower eyelid is raised and tightened, covering more of the eyeball 

The curvature of the lower eyelid is straightened 

The eye aperture is narrowed 

There is slight bulging below the eye 

Subtle 
differences 

This AU is more apparent in the lower than in the upper lid area. It is not 
easy to detect. The best cue to identify AU7 is the tension in the lower lid, 
tightened and drawn towards the inner corner of the eye. 

Comparison This movement was not described in MaqFACS. 

 

2.6.1.5. AU 43 Eyelid droop 

Proposed 
muscular basis 

Relaxation of the levator palpebrae superioris 

Appearance 
Changes 

The eyelid is relaxed, causing the eye aperture to narrow 

More of the upper eyelid surface is exposed 

To score AU43 the eyes must either: 

be closed for more than 1/2 second,  

close only partially and come to rest briefly, leading to a hanging 
appearance 
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Subtle differences The whole eye region should be relaxed and no tension of the skin in the 
lower lid region should be present, otherwise consider an additional AU7. 

Comparison No specific differences are found in this AU. 

2.6.1.6. AU 45 Blink 

Proposed 
muscular basis 

Relaxation of the levator palpebrae superioris but the orbicularis oculi, 
pars palpebralis also acts 

Appearance 
Changes 

More of upper eyelid is exposed for less than 1/2 second, if longer score 
AU43 (eye closure) 

May be linked with brow lowering 

Subtle differences The whole eye region should be relaxed and no tension of the skin in the 
lower lid region should be present, otherwise consider an additional AU7. 

Comparison No specific differences are found in this AU. 

 

Lower face action units 

2.6.1.7. AU 8 Lips toward each other 

Proposed 
muscular basis 

Orbicularis oris 

Appearance 
Changes 

Although the jaw is dropped, the teeth are not visible and the lips appear 
less widely parted given accompanying AUs 

The lips are towards one another without any evidence of puckering or 
funnelling, or movement of the mouth corners forward (if the latter occurs, 
then the movement is likely an AU18 and not AU8) 

This action is more apparent in the lower lip, which is visibly rolled in by this 
AU, while the upper lip only appears tense to a certain extent 

AU8 is always accompanied by AU25, because the lips need to be parted 
first to move towards each other and also the jaw is lowered with AU26. 

Subtle 
differences 

The lip corners are not drawn much medially, otherwise consider AU18. 

Comparison As in rhesus macaque, this movement is relatively subtle. 
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2.6.1.8. AU 9+10 Nose wrinkler and Upper lip raiser 

Proposed 
muscular 
basis 

Levator labii superioris alaeque nasii and Levator labii superioris 

Appearance 
Changes 

AU9 Nose wrinkle 

Appearance changes 1-2 refer specifically to AU9 actions 

Nose is pulled slightly upwards  

Vertical and oblique wrinkles emerge and deepen across the nasal groove 

 

AU 10 Upper lip raise 

Appearance changes 3-8 refer specifically to AU10 actions 

Raises the upper lip, exposing upper teeth, with extreme movements also 
revealing the upper gum. Very weak movements, or in combination with 
another AU, may not expose teeth. 

Horizontal wrinkles and furrows appear or deepen in the infraorbital triangle 
(but not to the extreme as when AU10 is seen acting in combination with 
AU12) 

Upper lip takes on bulging appearance and can look as though slightly inflated, 
especially in the central part of the upper lip. In extreme movements, the 
upper lip covers the tip of the nose, masking the nostrils. 

Upper lip does not evert but lip edge can appear to roll inwards 

Upper lip usually has a smooth curved shape (Fig. 2A below). The next section 
describes how AU12 may combine with AU10 to stretch upper lip further than 
bottom causing the mouth to trapezoid (Fig. 2B) 

Deepens subnasal furrow and may deepen the nasal groove 

Subtle 
differences 

AU9 was only observed in combination with AU10 but single occurrences of 
AU10 were noted. 

The nose wrinkle is very subtle and hard to spot due to the dark skin colour of 
crested macaques, making the presence of AU9 difficult to code. 

An upper lip raise can occur without combination with AU25, but this is very 
rare, as usually the lips part. Due to the prominent canines, even slight 
differences in tooth visibility can be detected and linked to changes in upper 
lip tension. In extreme actions the lip margin can appear to roll inwards. 

Comparison We observed very few AU9 in crested macaques. Crested macaque noses 
seem less mobile than those of rhesus macaques, and so the vertical 
shortening of the nose, characteristic of AU9 in rhesus macaques, isn’t always 
visible in crested macaques. The more common identifier is the deepening of 
vertical and emergence of oblique wrinkles on the nose, though this is also 
more difficult to see than in rhesus macaques due to the dark colour of the 
face in crested macaques. For the AU10, no specific differences are noted. 
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Figure 2.1. Shape of the open mouth showing the effect of AU10 with and without AU12. 

2.6.1.9. AU 12 Lip corner puller 

Proposed 
muscular basis 

Zygomaticus major 

Appearance 
Changes 

The lip corners are drawn horizontally backwards and slightly upward 
towards the ears, the shape of the mouth is slightly crescent-like in the 
corners  

The lips are stretched, become thinner, less inner lip margin is seen  

Creates horizontal/oblique wrinkles and deepens furrows in infraorbital 
triangle (especially when combined with AU10) 

When combined with AU10, mouth changes shape from oval (Fig. 2A) to 
trapezoid (Fig. 2B), leading to visibility of upper, but not lower, back teeth. 

Wrinkles in the lip corner may appear 

Subtle 
differences 

An AU12 was most often observed together with other action units such as 
AU10 and AU26. Additionally, the action of AU12 often causes AU25. 

Comparison No differences are observed. 

2.6.1.10. AU 16 Lower lip depressor 

Proposed 
muscular basis 

Depressor labii inferioris 

Appearance 
Changes 

Actively lowers the bottom lip to expose the lower teeth. Extreme actions 
may also reveal the lower gum 

Parts the lips (must be coded with AU25) 

Slight eversion of the lower lip, so that the inner portion of the lip edge 
appears to thicken slightly 

Increases curvature of the lower lip by pulling the medial section downwards 
towards the chin. This can help determine addition of AU16 with other 
actions, such as AU12, when the midpoint of the lower lip can arch upwards 
slightly 

Subtle 
differences 

Head movement and angle can make it hard to decide if an AU16 is present 
or not, particularly when the jaw is dropped and the lower teeth become 
visible. 

Comparison No major differences are observed. 
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2.6.1.11. AU 17 Chin raiser 

Proposed 
muscular basis 

Mentalis 

Appearance 
Changes 

Raises the skin of the chin-region upwards, pushing the mouth towards the 
nose 

Flattens the skin on the chin just under the lower lip 

The lip corners stay down, appearing angled downward relative to the rest of 
the mouth 

Subtle 
differences 

As in rhesus macaque, the absence of a bony chin boss and the presence of 
hair on the lower jaw can make this movement difficult to detect. An AU17 
seems to be present only as a slight movement in the middle part of the 
mental area; no strong upward movement was observed as it is in humans. 

There may be cases in which AU17 and a slight AU10 without mouth opening 
are hard to distinguish. In AU17 alone, there should be no signs of tension or 
thickening in the upper lip, while in AU10 alone, there should be no tension 
and/or wrinkling 

Comparison No specific differences are found. 

2.6.1.12. AU 18 Lip pucker 

Proposed 
muscular basis 

Orbicularis oris, incisivii labii superioris and incisivii labii inferioris. 

Appearance 
Changes 

Lips are pursed medially towards each other. This may cause the lips to 
protrude and reduces the mouth aperture both horizontally and vertically (if 
there is no accompanying mouth opening)  

Lip corners are drawn to the middle 

The medial portion of the upper lip becomes scallop-shaped on either side of 
the midline as lips are pursed, resembling a trapezoid mouth opening 

Slight curving of lower lip, so as to depress the medial portion of the lower 
lip 

AU18 is often, but not always, combined with AU25 & AU26 

Subtle 
differences 

If the lip corners are not drawn medially, consider AU8. AU18 should not be 
confused with AU17 (chin raiser), during which the lips are protruded and 
drawn medially.                          -  

Comparison No differentiation between an inner pucker (AU18i) and an outer pucker 
(AU18ii) as described in rhesus macaques could be made in crested 
macaques. 
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2.6.1.13. AU 25 Lips parted 

Proposed 
muscular basis 

Several. 

Appearance 
Changes 

The lips are parted 

The teeth, gums, and/or tongue may become visible 

Subtle 
differences 

AU25 is often combined with AU26 (jaw drop) or AU27 mouth stretch (see 
below), or with AUs 10, 12, or 16. AU25 can occur in isolation, though this 
is rare. 

Comparison AU25 tends to be very clear in crested macaques due to the contrast 
between the dark skin and the pale teeth. 

2.6.1.14. AU 26 Jaw drop 

Proposed muscular 
basis 

Relaxation of various muscles including orbicularis oris.  

Appearance 
Changes 

The muscles holding the jaw are relaxed, the jawline is visibly lowered 

The lips are usually parted (AU25) by this action, but is not necessary  

If the lips part (AU25), a gap between upper and lower teeth must be 
visible to score an additional jaw drop (AU26) 

Depending on intensity, the teeth and gums may become more or less 
visible 

Subtle differences AU26 is mostly observed in combination with AU25. AU26 and AU27 can 
be confused; see 1.15 below. 

Comparison No specific differences are observed. 
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2.6.1.15. AU 27 Mouth stretch 

Proposed 
muscular 
basis 

A series of actions, including the mylohyoid in the neck, depressor angulioris, 
levator labii inferioris, and maybe platysma. 

Appearance 
Changes 

The jaw is pulled downward so that the jawline is visibly lowered  

The lips are parted (AU25) and the jaw is not only lowered but actively pulled 
downwards, which causes the mouth to open widely 

The oral cavity becomes visible 

The upper and/or lower teeth and gums become visible 

The presence of AU27 can minimize the appearance of other more oblique 
movements, such as AU12 

Subtle 
differences 

AU27 is obvious as soon as the shape of the mouth appears more elongated 
vertically than just rounded. Depending on intensity the upper and lower lips 
are slightly pulled back, exposing more of the teeth, whereas the upper lip 
seems to be under higher tension than the lower lip.  It might be confused 
with AU26 in weaker actions, so assess carefully whether the jaw is pulled 
down actively (AU27) or simply allowed to fall by relaxation of the muscle 
(AU26). 

Comparison No specific differences are observed. 

2.6.2. Ear Action Units and Action Descriptors 

Three action units describe common movements of the ears, referred to as Ear Action Units, or 
EAUs 

2.6.2.1. EAU1 Ears forward 

Proposed muscular 
basis 

Auricularis anterior 

Appearance 
Changes 

The ears are pushed forward 

May increase the visibility of the ear if the subject is viewed from a 
frontal orientation 

May reduce the visibility of the inner ear if subject is viewed in profile 

Subtle differences EAU1 should not be confused with release of EAU3. 

Comparison No specific differences are observed. 
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2.6.2.2. EAU2 Ears elevator 

Proposed 
muscular basis 

Auricularis anterior 

Appearance 
Changes 

Raises the ear superiorly towards the top of the head 

From a frontal viewpoint, this may reduce the visibility of the ear 

Subtle 
differences 

This movement can only be coded if the neutral/resting state of the ear is 
known and the movement only occurs superiorly. It is very subtle and should 
not be confused with EAU1 as there could be an impression of movement 
forward, but the ears are not pulled away from the head. 

Comparison No specific differences are observed. 

2.6.2.3. EAU3 Ears flattener 

Proposed 
muscular basis 

Auricularis posterior 

Appearance 
Changes 

Flattens the ear posteriorly towards the back of the head 

Stretches the skin between the ear and the brow 

Can be in combination with scalp movement, but not necessarily 

This may reduce the visibility of the ear if the monkey is viewed in a frontal 
orientation 

This may increase the visibility of the inner ear if the monkey is viewed in 
profile 

Subtle 
differences 

This movement should not be confused with a release of EAU1. 

The movement of the scalp can mislead the coding of EAU3; when EAU3 is 
present with a scalp movement, the ears should be flattened visibly against 
the head. 

Comparison In crested macaques, this movement can be observed in combination with 
a marked scalp movement, which is not present in rhesus macaques.  

2.6.2.4. Note on ear movements 

Knowledge of the neutral, or resting, position of the ear is necessary before the quality of a 

movement can be determined. This information may not be available in the given situation or 

media. For example, whether to code EAU1 requires knowledge of when the ear is moving 

forward from neutral position versus being released from a flattened state. 

We propose the use of an Ear Action Descriptor (EAD) to code ear movements when the neutral 

state is unable to be determined. This way, a nonspecific movement can be noted and this 
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important information will not be lost. When coding EADs, use may your own specific coding 

guidelines, e.g., every occurrence, one-zero sampling, etc. 

2.6.3. Action Descriptors (ADs) 

2.6.3.1. AD 181 Lip smacking 

Proposed 
muscular basis 

Orbicularis oris and non-mimetic (masticatory) muscles 

Appearance 
Changes 

Lips and jaw move vertically in a rapid movement, pressed together and 
relaxed vertically in rapid motion 

Lips appear to curl inward, decreases their visibility 

Lips smack against each other, producing a typical sound 

Subtle 
differences 

The movement should not be confused with the teeth chattering nor the 
tongue chattering. In teeth chattering, the lips remained parted while the 
jaws chatter against each other; in tongue chattering, the tongue smacks 
against the palate while the jaw and lips remain parted. 

Comparison In contrast to the rhesus macaques, this movement is not mostly associated 
with AU18 (Lip pucker). 

2.6.3.2. AD 182 Teeth chattering 

Proposed 
muscular basis 

Several masticatory muscles 

Appearance 
Changes 

The jaws move vertically in rapid motion, the lower jaw chatters against the 
upper jaw 

The lips are parted by the action of various AUs (e.g. AU10+AU12+AU16) and 
appear rolled up/down 

Subtle 
differences 

The movement should not be confused with the lip smacking (AD181) nor the 
tongue chattering. In lip smacking, the lips smack against each other; in 
tongue chattering, the tongue smacks against the palate while the jaw and 
lips remain parted. 

Comparison This movement was not reported in rhesus macaques, but has been 
described as present in Barbary macaques (Thierry et al., 2000; van Hooff, 
1967). 
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2.6.3.3. AD 183 Tongue chattering 

Proposed 
muscular basis 

Tongue 

Appearance 
Changes 

The lips and jaw are parted, revealing the oral cavity 

The tongue flickers in the mouth 

The tongue smacks against the palate, producing a discreet sound 

Subtle 
differences 

The movement should not be confused with the lip smacking (AD181) nor 
the teeth chattering. In lip smacking, the lips smack against each other; in 
teeth chattering, the lips remained parted while the jaws chatter against 
each other. 

Comparison This movement was not reported in rhesus macaques. 

2.6.3.4. AD184 Jaw Wobble 

Proposed 
muscular basis 

Several masticatory muscles 

Appearance 
Changes 

The lips and jaw are parted, revealing the oral cavity 

The jaw moves up and down rapidly with the lips and jaw remaining open. 

Subtle 
differences 

The movement should not be confused with the lip smacking (AD181) nor the 
teeth chattering. In lip smacking, the lips smack against each other; in teeth 
chattering, the lips remained parted while the jaws chatter against each 
other, while in Jaw Wobble the teeth never meet, the mouth instead 
remaining open. 

Comparison This movement was not reported in rhesus macaques. 

2.6.3.5. AD 19 Tongue show 

Proposed 
muscular basis 

Tongue 

Appearance 
Changes 

The tongue is visible, not just lying relaxed in the mouth cavity, but 
protruding 

The tongue must be at least up to the middle of the lower lip 

Subtle 
differences 

No specific distinctions are made, as broad flexibility in tongue positions 
and movements are considered. AU19 is always combined with AU25 and 
26 or 27. 

Comparison No specific differences are found. 
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2.6.3.6. AD 37 Lip wipe 

Proposed 
muscular basis 

Tongue 

Appearance 
Changes 

The tongue is parting the lips, touching them either from side to side or in 
forward and backward movement 

Flickering movement of the tongue 

Subtle 
differences 

For this action, the lips must be parted (AU25) and the jaws opened (AU26). 
Be careful not to confuse this with AD19, where the tongue is not flickering. 

Comparison This action unit was not described for rhesus macaques. In human FACS this 
movement explains the tongue wiping from one mouth corner to the other, 
whereas in crested macaques, as in gibbons, it was found more as a back and 
forth movement. 

2.6.3.7. AD 81 Chewing 

Proposed 
muscular basis 

Non-mimetic (masticatory) muscles 

Appearance 
Changes 

Masticatory movements involving the jaw 

Always present with AU25 and 26 or 27 

Subtle 
differences 

This movement is coded when the jaw is involved in a succession of 
opening/closing sessions. Otherwise, code jaw dropped (AU26) or mouth 
stretch (AU27). 

Comparison No specific differences are found. 

2.6.3.9. AD101 Scalp retraction 

Proposed 
muscular basis 

Several 

Appearance 
Changes 

The skin covering the head from the forehead to the crest (included) moves 
backward 

The skin on the forehead and temples appears tensed 

The crest seems flatten against the back of the head 

Subtle 
differences 

The movement of the ears backward (EAU3) can mislead the coding of the 
scalp movement. Though these two movements often co-occur, the ears can 
move backward without a scalp movement and vice-versa. 

Comparison This movement was not described in rhesus macaques. 
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2.6.3.11. AD59 Head Toss 

Proposed muscular 
basis 

Several 

Appearance Changes The head is tipped suddenly backwards, and often slightly sideways 

The gaze is usually up toward the sky, but is sometimes directed along 
the nose instead. 

The throat becomes more visible and the nape of the neck becomes 
less visible 

Subtle differences This movement is easy to identify. 

Comparison This movement was not described in rhesus macaques. 

2.7. Reliability analysis 

In order to ensure that the coding system is appropriate for general use, and following standard 

practice for adaptations of FACS to new species (including Julle-Daniere et al., 2015; Caeiro et 

al.,2013; Correia-Caeiro et al., 2021; but not Parr et al., 2007), we performed a reliability analysis 

where two certified MaqFACS coders coded the same set of videos. There were 13 videos in total, 

each showing a single individual producing one or more facial expressions over a period of 6-22 

seconds. Following the usual methodology in FACS studies (Caeiro et al., 2013; Correia-Caeiro et 

al., 2021; Ekman et al., 2002; Julle-Danière et al., 2015), we calculated Wexler’s ratio: 

𝐴𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡 = 2
Number of AUs on which coders A & B agreed

Total number of AUs scored by the two coders
 

The calculated value of 0.72 is considered a good level of agreement for FACS reliability coding 

(Ekman et al., 2002). 

2.8. Discussion 

The good reliability score indicated that the adapted MaqFACS coding scheme could be used to 

code crested macaque facial expressions. In general, crested macaques were very similar to 

rhesus and Barbary macaques in terms of the number of facial movements (i.e. AUs) exhibited. 

This close correspondence, and the documented similarity of appearance changes caused by each 
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AU in rhesus and crested macaques, means that it should be relatively simple for a MaqFACS user 

to use the coding guidelines to code crested macaque facial expressions. 

There are minimal differences between macaque species in the appearance changes caused by 

facial action units, despite the clear differences in skin colour and texture. Muscle action appears 

to be almost identical between the species. The exception to this is AU18, which takes two 

distinct forms in rhesus macaques, called AU18i and AU18ii; in Barbary macaques AU18i is more 

common (Julle-Danière et al., 2015), and in crested macaques AU18ii was not observed, indicating 

greater similarity to Barbary macaques than rhesus macaques in this aspect. AU9 guidance is 

slightly different in crested macaques to other macaques due to the different colouration and 

texture of the skin. 

More Action Descriptors (ADs) are described for crested macaques than for either of the other 

macaque species. AD19 (tongue show), AD37 (lip wipe), and AD81 (chewing) are all present in the 

original FACS (Ekman & Friesen, 1978), though lip wipes in humans involve the lateral movement 

of the tongue along the lips whereas in crested macaques the movement is a longitudinal 

extension and retraction. While lipsmacking (AD181) is described similarly for rhesus, Barbary, 

and crested macaques, crested macaques also exhibited other ritualised dynamic facial 

movements that were described as Action Descriptors with new codes. These Action Descriptors 

are unlike anything described in rhesus macaques, but a movement similar to teeth chattering 

(AD182) occurs in Barbary macaques for which the coding scheme recommends coding AD181 

(lipsmack) along with codes of lip withdrawal such as AU10, AU12, and AU16 (Julle-Daniere et al., 

2017). In crested macaques the decision was taken to use AD182 instead, as the observed jaw 

movement differed in several ways from that observed in lipsmacking: the frequency of jaw 

oscillation appeared different, the jaw appeared to be opened to a greater degree, and the jaws 

met on a greater proportion of oscillations. AD183 (Tongue chattering) and AD184 (jaw wobble) 

were also described for crested macaques; these are not described for rhesus or Barbary 

macaques. Scalp retraction was assigned a new code AD101, as it was not described in MaqFACS 
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and has no equivalent in FACS. Head toss was given the code of AD59, described in humans as 

“moving the head up and down”.  

2.8.1 Conclusion 

The documentation of dynamic facial movements, especially the various jaw movements, could 

influence comparative work into the communicative systems of macaques, especially given the 

proposed link between dynamic facial expressions and human speech (Ghazanfar & Takahashi, 

2014). The use of FACS in crested macaques will enable detailed objective comparisons of facial 

expressions both between different contexts, and between species, enabling the study of broad 

hypotheses of the evolution of communicative signals, including the social complexity hypothesis. 
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Chapter 3. Morphological variants of silent bared-
teeth displays have different social interaction 
outcomes in crested macaques (Macaca nigra) 

3.1 Overview 
While it has been demonstrated that even subtle variation in human facial expressions can lead to 

significant changes in the meaning and function of expressions, relatively few studies have 

examined primate facial expressions using similarly objective and rigorous analysis. Construction 

of primate facial expression repertoires may, therefore, be over-simplified, with expressions often 

arbitrarily pooled and/or split into subjective pigeonholes. Our objective is to assess whether 

subtle variation in primate facial expressions is linked to variation in function, and hence to inform 

future attempts to quantify complexity of facial communication. We used MaqFACS (Macaque 

Facial Action Coding System), an anatomically based and hence more objective tool, to quantify 

“silent bared-teeth” expressions (SBT) produced by wild crested macaques engaging in 

spontaneous behaviour, and utilised discriminant analysis and bootstrapping analysis to look for 

morphological differences between SBT produced in four different contexts, defined by the 

outcome of interactions: Affiliation, Copulation, Play, and Submission. We found that SBT 

produced in these contexts could be distinguished at significantly above-chance rates, indicating 

that the expressions produced in these four contexts differ morphologically. We identified the 

specific facial movements that were typically used in each context, and found that the variability 

and intensity of facial movements also varied between contexts. These results indicate that non-

human primate facial expressions share the human characteristic of exhibiting meaningful subtle 

differences. Complexity of facial communication may not be accurately represented simply by 

building repertoires of distinct expressions, so further work should attempt to take this subtle 

variability into account. 
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3.2 Introduction 
It is widely believed that some human facial expressions are homologous to similar facial 

movement patterns in other primates, with a popular comparison being that of the human smile 

to the “silent bared-teeth” expression (hereafter, SBT; van Hooff, 1967) produced by most 

primates (Preuschoft, 1992, 2000; van Hooff, 1967, 1972). In humans, subtle morphological 

variants of smiles have been shown to carry different meanings, such as “reward”, “affiliation” 

and “dominance” (Martin et al., 2017; Rychlowska et al., 2017). While all smiles are defined by the 

retraction of the lip corners to show the teeth, other accompanying facial movements can change 

viewers’ perception of the facial expression, with “reward” smiles being accompanied by eyebrow 

raising, “affiliative” smiles by lip pressing, and “dominance” smiles by nose wrinkling and lip 

raising, amongst other differences (Martin et al., 2017; Rychlowska et al., 2017). This illustrates 

that these signals are not necessarily uniform and can be used in a complex manner (Ekman, 

1985; Frank et al., 1993; Martin et al., 2017; Rychlowska et al., 2017; Surakka & Hietanen, 1998).  

However, in contrast with the research on human facial expressions, little consideration has been 

given to the potential for subtle variation in primate facial expressions. SBT, for example, has 

been regarded as a single facial expression both in classic descriptive work (e.g. van Hooff, 1967) 

and several more recent ethological studies (e.g. Beisner & McCowan, 2014; Flack & de Waal, 

2007; Otovic et al., 2014). This assumption has then been carried forward into studies of the 

evolution of communication. For example, Dobson (2012) counted the number of affiliative facial 

expressions that different macaques produce, based on descriptions of facial expressions 

provided by other researchers. Dobson found that, in general, more “socially tolerant” macaques, 

meaning those with less rigid social structure (i.e. characterised by greater rates of reconciliations 

and counter-aggressions, lower kin bias among other characteristics) (Thierry, Iwaniuk, et al., 

2000), have larger repertoires of affiliative facial expressions. While a useful first step in testing 

the influence of social factors on the evolution of communication, with a specific focus on facial 

expressions, this approach is coarse and subjective, requiring pigeonholing facial communicative 

signals and displays into discrete categories. This is contrary to evidence, for example, that not all 
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primate SBT appear the same: the mandrill (Mandrillus sphinx) has a distinct morphological 

variant of the expression (van Hooff, 1967); whereas in Tonkean macaques (Macaca tonkeana), 

SBT and relaxed open-mouth (ROM; van Hooff, 1967) expressions appear to occur not as discrete 

signals but as a graded continuum (Thierry et al., 1989). This evidence of variability in SBT echoes 

that observed in human smiles; as stated above, it has been demonstrated that in humans the 

morphology of a smile is connected to function, implying that the same might be true in other 

primates. However, few such detailed studies of the connection of form to function of primate 

facial expressions have yet been undertaken, with some studies finding that SBT performs 

multiple functions but neglecting to examine the form of the expression in detail (Beisner & 

McCowan, 2014; Flack & de Waal, 2007), possibly due to a lack of suitable tools for measuring 

facial expressions objectively. While descriptive work (e.g. van Hooff, 1967, 1972; Preuschoft, 

1992) has always sought to connect form and function of expressions, identification of very subtle 

variability requires the use of detailed methods. 

Many insights into the variability of human facial expressions have been gained by the use of the 

Facial Action Coding System (FACS; Ekman & Friesen, 1978). This system measures facial 

expressions in terms of the underlying muscle movements, termed “Action Units” (AUs). A classic 

example, the felt smile of enjoyment, known as the “Duchenne” smile, involves raising the cheek 

through a contraction of the orbicularis oculi muscle (Ekman et al., 1990; Surakka & Hietanen, 

1998), which is absent in many forced “non-Duchenne” smiles (but see Krumhuber & Manstead, 

2009); the contraction of orbicularis oculi is AU6 in the FACS, while the raising of the lip corners is 

AU12 and parting of the lips is AU25, hence a Duchenne smile comprises AU6+12+25 and a non-

Duchenne smile involves AU12+25 only. Subsequently, FACS has been adapted for use in other 

primates including chimpanzees (Parr et al., 2007), macaques (Julle-Danière et al., 2015; Parr et 

al., 2010), gibbons (Waller et al., 2012), and orang-utan (Caeiro et al., 2013). This has greatly 

improved our ability to examine the facial expressions of non-human primates in the same terms 

as those of humans, enabling both within-species (e.g. Waller et al., 2015; Waller & Cherry, 2012) 
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and between-species (e.g. Waller, Misch, Whitehouse, & Hermann, 2014) comparisons of facial 

expression composition. 

SBT are produced by many primates. While, as with smiles, these expressions all involve the 

withdrawal of the upper lip (by AU10, AU12, or a combination of the two) creating parting of the 

lips (AU25), these can also vary in terms of the degree of withdrawal of the lips, the opening of 

the jaw, and the presence or absence of movements in other parts of the face. In macaques, SBT 

is used to signal short-term submission and long-term subordination in less socially-tolerant 

species such as rhesus macaques (Beisner & McCowan, 2014; de Waal & Luttrell, 1985) and pig-

tailed macaques (Flack & de Waal, 2007), and short-term submission in Barbary macaques 

(Preuschoft, 1992), yet is used more flexibly in more tolerant species including Tonkean macaques 

(Thierry et al., 1989) and moor macaques (Petit & Thierry, 1992; Thierry, 2000). Crested 

macaques, Macaca nigra, produce SBT in a wide range of contexts including play, affiliation, 

conflict, and mating, and there is some evidence that morphological variability corresponds to the 

different contexts. For example, bared teeth with a rhythmic jaw movement seems to be used by 

males soliciting copulations (Thierry, Bynum, et al., 2000); play may also be characterised by a 

pronounced stretch of the jaw, as seen in many primates (van Hooff, 1967; Preuschoft, 1992) and 

other mammals (e.g. canids, Bekoff, 1974; bears, Henry & Herrero, 1974; polecats, Poole, 1978). 

Dynamic features such as lip-smacking (Thierry, Bynum, et al., 2000; van Hooff, 1967) – the rapid, 

rhythmic, and repeated bringing together and pulling apart of the lips over a (relatively) closed 

mouth creating an audible smacking sound – are also common, and are accounted for in the FACS 

for macaques (MaqFACS; Parr et al., 2010).  

The present study aims to use MaqFACS to provide a rigorous quantitative characterisation of the 

morphology of the silent bared-teeth display in crested macaques at a high level of detail, and to 

assess whether morphological variation of SBT can be linked to specific behavioural outcomes. 

We expect that FACS will provide the means sufficient to identify different variants of crested 

macaque silent bared-teeth expressions, including both known – for example, the jaw movement 
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described as being used by males in sexual context (Thierry, Bynum, et al., 2000) – and unknown 

sources of variation, and connect the morphological variability to function of the signals. 

3.3 Materials and Methods 

3.3.1 Data collection  

We studied wild crested macaques in the Tangkoko-Batuangus Nature Reserve in North Sulawesi, 

Indonesia (1°33’N, 125°10’E). Habituation, long-term life-histories, and behavioural data are 

maintained at this site by the Macaca Nigra Project (MNP; www.macaca-nigra.org). Detailed 

descriptions of the field site are available elsewhere (Palacios et al., 2012; Rosenbaum et al., 

1998). Two groups, numbering 60 (including 21 adult females and 10 adult males) and 80 (20 

adult females, 8 adult males) individuals, were followed from dawn to dusk (c. 5:30am-6:00pm) 

between September 2010 and April 2011. In total, 37 adult females and 13 adult males were 

followed in a pseudo-random order using focal animal sampling (J. Altmann, 1974). 

Each observation of an individual lasted 30 minutes, excluding any time the animal spent out of 

sight; if animals were out of sight for up to 15 minutes the focal would be re-started, but if the 

period exceeded 15 minutes the focal would be abandoned and a new focal begun on a different 

individual. In total, focal animals were followed for 388 hours, with each being followed for at 

least 6 hours (mean = 7.77 ± SD 0.38 h). Animals were followed by two researchers: one recording 

the animal’s face with a video camera (Panasonic HDC-SD700, Bracknell, UK) and the other 

recording data on activity and social interactions. Every time a social behaviour occurred, the 

researcher without the camera recorded a timestamp, the identity of both parties in the 

interaction, and the type of behaviour observed, on a new line of the database. Social interactions 

often involved several different behaviours, which were each recorded individually. Therefore it 

was possible to look at any data file and trace the timing and nature of each social interaction an 

individual was involved in over a 30-minute focal. Whenever the focal animal called, made a facial 

expression, approached another individual or was itself approached, the researcher operating the 
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video camera activated the ‘pre-record’ setting, meaning that a clip was recorded beginning 3 

seconds before the interaction. Recording was stopped when the participants moved away from 

each other, began grooming, or engaged in non-social behaviour such as sitting or foraging. 

Behaviour was coded according to an ethogram based on existing descriptions of macaque 

behaviour (Thierry, Bynum, et al., 2000), on which all researchers were trained by the Macaca 

Nigra Project. Research protocols, developed in accordance with the American Society of 

Primatologists Principles for the Ethical Treatment of Non-Human Primates, were approved by 

both the Animal Welfare Ethical Review Body of the University of Portsmouth and the Indonesian 

State Ministry of Research and Technology (RISTEK), and followed in accordance with UK and 

Indonesian laws. 

3.3.2 Categorising behavioural contexts 

A total of 476 instances of “silent bared-teeth” occurred during data collection. However, not all 

these expressions were captured on camera, and some video clips were not useable due to 

problems with focus, distance, obstructions or angle preventing sufficient visibility of the subject’s 

face. In total, 118 expression sequences, i.e. clips showing non-neutral facial expressions, were 

recorded with sufficient quality for FACS coding. 

Each expression sequence was categorised for the context in which it was produced, based on the 

social behaviour which was recorded in the focal observation at the time. Video clips were 

checked again to ensure that there was no conflict between focal recording and behaviour visible 

on the clip, using the same ethogram. If no further social interaction was recorded in the focal 

observation, any behaviour that was visible in the video clip was used to classify interactions (this 

affected fewer than 5 expression sequences). Since it was very rare that expression sequences 

were preceded by other social interactions, they were categorised based on the behaviour of both 

the signaller and receiver immediately following the expression sequence, per Table 3.1 below. It 

should be noted that while ‘Play’ ‘Copulation’ and ‘Submission’ sequences were mutually 
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exclusive, each of these could also include affiliative behaviour. We used the rule that if any ‘Play’, 

‘Submission’, or ‘Copulation’ behaviour was present in an interaction we used those 

categorisations, and if no behaviour fitting these categories was present we considered whether 

‘Affiliation’ behaviours were present. All categorisation was done prior to FACS coding and data 

analysis; during FACS coding, coders were blind to the category assigned to expression sequences. 

In 42 of the expression sequences, no social interaction between the parties followed, and 

therefore the outcome of the interaction was “no interaction”. Since the lack of interaction could 

be due to several reasons, such as the receiver not seeing a signal, choosing to ignore a signal, or 

choosing to act on a signal meaning ‘no response necessary/desired’, it is impossible to tie the 

morphology of the signal to the behavioural outcome in these cases. Therefore these 42 

expression sequences have not been analysed. This left a total of 76 expression sequences, 

produced by 23 individuals (all adults), for which FACS data and behavioural data were available. 

These 76 sequences were then coded by certified MaqFACS coders. 

Table 3.1.  

Criteria for categorisation of expression sequences, number of videos recorded in each category, 
and demographic details of subjects 

Category Behaviour observed 
N 

sequences 
N 

individuals 

Affiliation groom, non-aggressive and non-sexual physical contact 
or vocalisations e.g. embrace, mutual soft grunt 40 

18 

(11♀, 7♂) 

Copulation female present, male inspection, mount, mating 25 
9 

(9♂) 

Play play, soft biting, wrestling, expressive run 5 
5 

(5♀) 

Submission displacement, flee, crouch, turn away, scream 6 
5 

(4♀, 1♂) 
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3.3.3 Facial movement coding 

Two certified MaqFACS coders coded facial expression sequences were coded using an adapted 

version of the Facial Action Coding System for rhesus macaques (MaqFACS; Parr et al., 2010). The 

AUs and ADs described in this version of MaqFACS are listed in Table 3.2, and described in detail 

in Chapter 2. During coding, expression sequences were defined as starting when the signaller’s 

face, directed at the recipient, exhibited a change away from neutral expression, and ended when 

the signaller looked away from the other animal for the final time, or the face returned to neutral 

for the final time. If the signaller looked away from the recipient temporarily (for less than 2 

seconds), before restarting the expression bout, we counted this as one sequence, and 

discounted the time spent looking away during analysis. Coding was also ended if physical contact 

such as grooming or mounting began, in order to concentrate on the facial expressions leading to 

these contacts rather than those produced during that contact. If animals were vocalising, only 

movements that persisted beyond the time required to produce a call were coded, per standard 

FACS methodology (Ekman & Friesen, 1978). Videos were coded every 0.1 seconds throughout 

the interaction, with any AUs or ADs present being recorded. Therefore, the final dataset included 

a calculation of the duration of each AU and AD’s presence in each interaction. 
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Table 3.2.  

Action Units and Action Descriptors coded for crested macaques in the current study. For 
descriptions of appearance changes and muscular basis see chapter 2. 

Action Unit/ 
Descriptor 

Description 
Intensity 
coded? 

AU1+2 Brow raiser - 

AU6 Cheek raiser - 

AU7 Eyelid tightener - 

AU8 Lips toward each other - 

AU9 Nose wrinkle - 

AU10 Upper lip raiser Yes 

AU12 Lip corner puller Yes 

AU16 Lower lip depressor Yes 

AU18 Lip pucker - 

AU25 Lips parted - 

AU26 Jaw drop - 

AU27 Jaw stretch - 

AU41 Glabella lowerer - 

EAU1 Ears forward - 

EAU2 Ear elevator - 

EAU3 Ear flattener Yes 

AD59 Head toss - 

AD101 Scalp retract - 

AD181 Lipsmack - 

AD182 Teeth chatter - 

AD183 Tongue chatter - 

AD184 Jaw wobble - 

 

The two coders each coded a subset of the 76 expression sequences using the programme BORIS 

(Friard & Gamba, 2016). To calculate reliability, we used the same formula used in other versions 

of FACS (human and non-human), per Ekman, Friesen and Hager (2002): 

𝐴𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡 =  
2 (𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐴𝑈𝑠 𝑜𝑛 𝑤ℎ𝑖𝑐ℎ 𝑐𝑜𝑑𝑒𝑟𝑠 𝐴 & 𝐵 𝑎𝑔𝑟𝑒𝑒𝑑

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐴𝑈𝑠 𝑠𝑐𝑜𝑟𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑡𝑤𝑜 𝑐𝑜𝑑𝑒𝑟𝑠
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Agreement between the two coders was 0.72, which is considered a good level of agreement for 

FACS reliability coding (Ekman et al., 2002).  

The intensity of certain AUs (AU10, AU12, AU26, EAU3) was coded, as it was possible to see a 

difference between minor and major movements, using a binary scale (weak vs strong actions). 

Using the standard calculation of FACS reliability (see above; Ekman et al., 2002), agreement on 

intensities between the coders was 0.75, which is a good level of agreement. All other AUs were 

coded simply as being present or absent, with it being too difficult to distinguish minor and major 

movements. 

For the AUs which had intensity coding, we calculated the overall intensity of each AU within each 

interaction using the equation  𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 =  
     

   
 

We also obtained a measure of variability of expression sequences by calculating the rate (per 10 

sec) at which the AU combination changed. This measure of variability was selected as it did not 

correlate with the duration of the interaction, and the values are in the same order of magnitude 

as those of other variables, making the output of subsequent analyses clearer.  

Therefore, for each expression sequence we obtained durations of each AU and AD’s presence, 

the intensity of certain AUs, the rate at which intensity changes occurred, and the overall 

variability of expressions. 

3.3.4 Statistical analysis 

3.3.4.1 Linear Discriminant Analysis (LDA) 

We ran cross-validated linear discriminant analysis (LDA) using the ‘lda’ function in R (package 

“MASS”, W. N. Venables & Ripley, 2002), with the outcome of the interaction (Affiliation, 

Copulation, Submission, Play) as the category and including as predictor variables the duration of 

AUs (corrected for duration of interaction), the variability of expressions produced in an 
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expression sequence, and the intensity of AU10, AU12 and AU26. We restricted the number of 

predictor variables in the analysis in order to better fit the assumptions of the LDA, which works 

best with sample sizes larger than the number of variables. To reduce the number of variables, we 

excluded those AUs that were found at similar, low frequencies in all contexts, and used only one 

of collinear pairs of variables, leaving a total of 16 possible predictor variables. 

Due to the use of multiple video clips per individual, the skewed sex ratios, and the small sample 

size, assessing the output of the discriminant analysis required comparison to the distribution of 

outputs obtained by applying the same model to 1000 randomised datasets (per Mundry & 

Sommer, 2007), with the randomisation restricted to maintain each individual’s contribution to 

each context, in order to reflect the restricted and asymmetrical nature of the sample, and allow 

for the disproportionate influence of single individuals who contributed multiple examples of 

facial expressions in certain contexts. Comparison of the output of the LDA on the observed data 

to these 1000 permuted analyses enables greater confidence in the result. 

By analysing the contributions of each variable to the discriminant functions, it is possible to 

identify where the differences between SBT produced in different contexts lie. 

3.3.4.2 Reduced LDA 

We performed a second discriminant analysis using the same methods as the first, but with 

expressions produced in Play (n=5) and Submission (n=6) contexts removed. Having again 

excluded those AUs that occurred at similar, low frequencies in both contexts, and removed 

variables to reduce collinearity, the remaining variables were the same as the original 

discriminant analysis, except that AD182 (Teeth chatter) was also removed; this AD was absent in 

both Affiliative and Copulation expression sequences, meaning the model is based on 15 variables 

in total. We compared the output of the model to the outputs of 1000 models based on 

randomised permutations of the dataset, as before. 
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3.3.4.3 Bootstrapping analysis 

We also conducted a bootstrapping analysis to assess whether any Action Units (AUs) or Action 

Descriptors (ADs) were stereotypical of expressions produced in a particular context. This method 

is less capable of identifying associations between variables, but very capable of identifying AUs 

or ADs that appear in one context far more (or less) than other contexts. We compared the 

frequency of occurrence of each action unit in each context with the frequency of that action unit 

in the other three contexts. In order to generate a probability distribution of the occurrence of 

each AU or AD, we utilised randomised sampling with replacement (Sneijders & Borgatti, 1999) to 

produce 10000 randomised samples of the database against which to compare our observed data. 

We varied the size of the randomised samples to match the actual samples against which we were 

comparing them, so that when analysing rates of AU27 in expressions for Play context (N=5) we 

produced 10000 randomised samples with N=5 to generate the probability distribution. 

Comparing the mean and standard deviation of the probability distribution to the mean of the 

observed sample yielded a z value, and examining the number of randomised samples with rates 

of AU27 greater than or equal to the rate observed in the Play context yielded a p-value, 𝑝 =

   where 𝑥 is the number of randomised samples having rate of AU27 > observed rate of 

AU27. We did this for 10 AUs, 6 ADs, one measure of rate of change, 3 measures of AU intensity, 

and 3 measures of AU intensity rate of change, for each of the four contexts, giving a total of 92 

comparisons (Table 1). Due to the high number of comparisons, we assessed significance using 

false discovery rate adjustment of p-values (Benjamini & Hochberg, 1995), to reduce the effect of 

performing multiple comparisons while maintaining a reasonable level of power in the analysis. 

3.4 Results 
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3.4.1. Discriminant analysis  

The discriminant analysis correctly classified facial expressions by context significantly above 

chance level (Table 3.3, 3.4). Figure 3.1 shows example expressions from each of the four 

contexts.  

 

Figure 3.1. Examples of silent bared-teeth expressions produced in the four contexts. Clockwise from 
top-left: affiliation, play, submission, copulation [picture credits: Jerome Micheletta]. 

 

Expression sequences produced in copulation and affiliation contexts were relatively similar, yet 

affiliation expressions were categorised correctly 75% of the time, and copulation expressions 

were categorised correctly 52% of the time (Table 3.3). Expression sequences in the copulation 

context generally show higher loadings in LD2 and, particularly, in LD3 (Figure 3.3). AD184 (jaw 

wobble) has a strong positive influence on these two LDs (Figure 3.2) and was found almost 

exclusively in copulation context. Higher rates of AU26 (jaw drop) and AU43 (eye closure), and 

greater variability in intensity of AU12 (lip corner puller) may also have led to higher values of LD3 

in the copulation context. Since AU9 contributes positively to LD2 and LD3 (Figure 3.2), and this 
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action unit occurred in 6 of 25 expressions (24%) in copulation context but only 4 of 40 

expressions (10%) in affiliative context, this may also have had an impact on the successful 

classification of these expressions. 

Affiliation expressions have lower values of LD3 (Figure 3.3), which may be due to the effects of 

higher variability (Expression changes per 10 sec) of affiliative expressions, and the relatively 

lower rates of EAU3, AU43, AU26, and AD184 observed in this context, on this linear discriminant 

(Figure 3.2). 

Expression sequences produced in play contexts were correctly categorised 60% of the time 

(Table 3.3). Play expressions have low values of LD1, produced by high rates of AU27 (jaw stretch) 

– every SBT produced in this context (n=5) incorporated this AU, which was only involved in 5 of 

71 expressions produced in non-play contexts. Values of LD2 are average to high (Figure 3.3), due 

to lower expression variability (expression changes per 10 sec), the absence of teeth-chattering, 

and higher rates of AU10 (upper lip raiser; Figure 3.2). 

Expression sequences produced during submission were correctly categorised 50% of the time 

(Table 2). Submission expressions have lower values of LD1 and LD2 (Figure 3.3), predominantly 

caused by the frequent presence of AD182 (Teeth chattering) in this context (Figure 3.2). 

Relatively low rates of EAU3 (ears flattened), high intensities of AU10 (upper lip raise) and AU26 

(jaw drop), and a lack of variation in intensity of AU10, AU12 (lip corner puller) and AU26 also 

contribute to this categorisation (Figure 3.2). 
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Table 3.3.  

Confusion matrix of linear discriminant analysis of bared-teeth expressions, with overall accuracy 
rate 

Actual 
context 

Discriminant analysis output % 
correct Affiliation Copulation Play Submission 

Affiliation 30 7 2 1 75.0% 

Copulation 12 13 0 0 52.0% 

Play 1 1 3 0 60.0% 

Submission 2 1 0 3 50.0% 

Overall     64.5% 

 

Table 3.4.  

Results of permutation analysis to significance-test output of the linear discriminant analysis 

Sample size 76 

expected correct* 30.83 +/- 4.403 

actual correct 49 

p <0.001 

* mean +/- sd of 1000 analyses of randomised weighted permutations of the dataset 

 
Figure 3.2. Relative contributions of variables to linear discriminants LD1, LD2, and LD3 
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Figure 3.3. Values of linear discriminant functions (LD1, LD2, LD3) for every expression sequence, by 
context.  = Affiliation context,  = Copulation,  = Play,  = Submission. 

3.4.2 Reduced LDA 

The second discriminant analysis, including only expression sequences produced in Affiliation and 

Copulation contexts, also categorised expression sequences at above-chance accuracy, with 

overall accuracy of 70.8% (Table 3.5). As with the output of the first discriminant analysis, it is 

again apparent (Figure 3.5) that AD184 (Jaw wobble, present in 12 expressions) and AU9 (Nose 

wrinkle, present in 5 expressions) were strong contributors to the classification of Copulation 

expressions; AU27 (Jaw stretch, present in 5 expressions) and high overall variability were the 

strongest contributors to the classification of Affiliation expressions (Figures 3.4 & 3.5). 

Table 3.5.  

Confusion matrix of linear discriminant analysis of copulation and affiliation expressions,  

Actual context 
Discriminant analysis 

classification % correct 
Affiliation Copulation 

Affiliation 32 8 80.0% 

Copulation 11 14 56.0% 

Total  70.8% 



Chapter 3: Silent bared-teeth 

 

  
60 

 
Figure 3.4. Values of Linear Discriminant 1 (LD1) for expressions preceding Affiliation and 
Copulation.  

 

 
Figure 3.5. Contributions of variables to linear discriminant 1 (LD1). 

3.4.3 Bootstrapping analysis 

The bootstrapping analysis (see Table 3.6) identified that rates of AD184 (Jaw wobble) were 

higher in copulation context than expected by chance (z = 3.12, p < 0.0001). In play context, rates 

of AU27 (Jaw stretch) were higher than expected (z = 3.80, p < 0.0001), as were rates of EAU3 (ear 

flattener; z = 1.17, p = 0.036). AD182 (Teeth chatter) only occurred in submission context (p < 
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0.0001). In this context, intensity of AU12 (Lip corner puller) was higher than chance level (z = 

1.11, p = 0.036), and intensities of AU10 (Upper lip raiser; z = 1.12, p = 0.058) and AU26 (Jaw drop; 

z = 1.25, p = 0.084) were also high, though not sufficiently to achieve statistical significance once 

p-values were corrected for multiple comparisons. In affiliation context, no AUs or ADs occurred 

at above-chance rates. Table 3.6 shows a subset of the results of the bootstrapping analysis 

(those cases where corrected p<0.1); full results are available in Appendix 1. 

Table 3.6.  
Results of bootstrapping analysis to identify significant Action Unit-Context combinations with 
above-chance occurrence rates (only cases with adjusted p<0.1 are shown; full results for all AU-
Context combinations shown in Appendix 1) 

Context Variable name FACS code 
Observed 
occurrence 

(mean ±SD) 

Expected 
occurrence 

(mean ±SD) 
Z adjusted 

p † 

Copulation Jaw wobble AD184 0.07 ±0.13 0 ±0.02 3.12 <0.001* 

Play Jaw stretch AU27 0.38 ±0.11 0.02 ±0.09 3.8 <0.001* 

Ears flat EAU3 0.9 ±0.14 0.51 ±0.33 1.17 0.036* 

Submission Lip raiser 
Intensity 

AU10 (Int) 0.89 ±0.17 0.5 ±0.35 1.12 0.058 

Lip corner puller 
Intensity 

AU12 (Int) 0.94 ±0.14 0.53 ±0.38 1.11 0.036* 

Jaw drop 
Intensity 

AU26 (Int) 0.63 ±0.2 0.22 ±0.33 1.25 0.084 

Teeth chatter AD182 0.15 ±0.21 0 ±0 na‡ <0.001* 

† adjusted p-values based on the false discovery rate calculation (Benjamini & Hochberg, 1995). 
‡ z cannot be calculated as the mean and standard deviation of the comparison sample are both zero.     
* significant at 0.05 significance level. 

3.5 Discussion 

We found that silent bared-teeth expressions (SBT) produced in different contexts were 

discriminated successfully above chance level, using a robust randomisation procedure. Thus, 

facial expressions that differ subtly in appearance also differed in social outcomes. Expressions 
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produced in some contexts were characterised by particular Action Units (AUs) or Action 

Descriptors (ADs), while other distinctions were made using measurements of the intensity of 

action units, and the overall variability of expression sequences. The results also demonstrate the 

ability of MaqFACS to produce data that can be used to assess the differences between facial 

expressions reliably and objectively.  

Play expressions were characterised by jaw stretching (AU27) – every example of play involved 

this action unit. This fits with existing descriptions of “play face”, which is an exaggerated jaw 

stretch exhibited by many carnivores (e.g. canids, Bekoff, 1974; bears, Henry & Herrero, 1974; 

polecats, Poole, 1978) and primates (e.g. Tonkean macaques, Thierry et al., 1989; gorillas, Waller 

& Cherry, 2012) before and during play. Yet these expressions were only categorised successfully 

60% of the time. This may be because 5 other (i.e. not preceding play) expressions also involved 

AU27, meaning that the analysis would risk miscategorising all of those if it depended more fully 

on the single action unit to categorise play expressions. It is important to note that it is not 

possible to know the animal’s intention in producing an expression (see Townsend et al., 2017 for 

a review of intentionality in animal signalling), only to document the behaviour preceding and 

following the expression; all instances of AU27 may have been produced with the intention of 

play, and the invitation rejected in those 5 other instances. 

Submissive context was characterised by the presence of teeth-chatter (AD182), and by a high 

level of intensity of lip movements (AU10 and AU12). Teeth-chatter, described by van Hooff 

(1967) as similar to lipsmacking but with lips retracted, and by Thierry et al. (Thierry, Bynum, et 

al., 2000) as a rapid alternation between SBT and lipsmacking, has previously been identified as 

being used in submission contexts in other macaques, but not crested macaques (Thierry, Bynum, 

et al., 2000). 

Copulation expressions involved above-average rates of AD184 (jaw wobble), which has 

previously been described as part of sexual signalling in this species. These expressions were also 
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more likely to involve AU9 (nose wrinkle), but this AU only occurred in 10 of 76 interactions; this 

AU is difficult to detect due to the dark, smooth skin of crested macaques (see chapter 2), and 

may only be detectable in certain individuals or intense actions. Affiliative SBT were identified 

partly due to their higher variability, while expressions that preceded copulation tended to have 

relatively high intensity of action units, and low overall variability.  

Increases in variability and intensity of facial movements would both be expected to cause 

increased conspicuousness of the expression. In potentially costly situations increased intensity 

may be favoured as a means of avoiding ambiguity: confusing aggression with playfulness, or 

miscommunication of submission, could be very harmful to an animal’s health, while expressions 

indicating intention to copulate could also be under similar selection for clarity to avoid 

ambiguity. Usage of intense facial movements, including jaw stretch (AU27), in play may prevent 

confusion for the partner, as is suggested for the more exaggerated play face displayed by gorillas 

engaged in intense rather than gentle play (Waller & Cherry, 2012). For affiliative interactions, 

confusion should not be so costly, and so more subtle signals, with a commensurate reduction in 

measurable intensity, may be expected. Thus, expressions produced in affiliative contexts may be 

under less severe pressure to conform to a stereotype, leading to the more variable and less 

intense forms detected by this study. However, it could also be argued that variability itself can be 

conspicuous and may be favoured in more serious situations: facial expressions produced in 

copulation and submission context each contained a dynamic element (jaw-wobble and teeth-

chatter, respectively) at above-average rates, which could serve to make these displays more 

conspicuous to a potential partner or an approaching dominant individual. The lipsmacking 

display, produced in a range of mainly affiliative contexts (Micheletta et al., 2013; van Hooff, 

1967), is also dynamic but presumably less conspicuous than teeth-chatter, in which the teeth are 

bared. Comparison of the visibility of facial expressions formed of different AU combinations 

could give useful insights into this aspect of facial communication. 



Chapter 3: Silent bared-teeth 

 

  
64 

3.5.1 Limitations 

Since the intention of signallers is difficult to infer from observing behavioural outcomes (but see 

Townsend et al., 2017), it is possible that in some cases where affiliation is the recorded outcome 

of the interaction, the signaller’s intention was play or copulation. While AU27 was used in all 

expressions preceding play, it also occurred in 7% of other interactions – it is arguable that in 

these examples the signaller may have intended to play with the recipient but was refused. 

Similarly, in interactions where a male directed an expression towards a female, it is possible that 

he intended to copulate with her, but she proceeded only to groom him, leading to the 

categorisation of affiliation. Using preceding behaviour to categorise interactions was impossible, 

since SBT appeared to begin encounters rather than ending them – very few interactions involved 

any preceding behaviour apart from an approach by either party. Furthermore, a potential issue 

with categorisation was that the categories are broad, and not strictly mutually exclusive. For 

example, hip-holding (Affiliative) might occur after backing away into a crouch (Submission), 

embracing (Affiliative) during a pause in wrestling (Play), and grooming (Affiliative) after 

inspecting a presenting female (Copulation). However, these affiliative behaviours usually 

occurred after one or more of the stereotypical behaviours listed in Table 3.1, and in each the 

interaction was categorised under the appropriate non-affiliative context. In future it might be 

possible to compare subcategories such as “submission with affiliation” and “submission with no 

affiliation”. The categories themselves are subjective, as it is possible that “Affiliative” expressions 

could be broken down further into “Grooming” expressions and others. Indeed, with sufficient 

data it might be possible to categorise the data to this level, though the presence in many 

affiliative interactions of multiple behaviours, often with alternation between them over 

extended time periods, would make this process difficult. 

Another potential source of uncertainty in our data is that since unimodal communication is 

uncommon (Partan & Marler, 1999; Slocombe et al., 2011) other communication modes, such as 
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body posture and gesture, are also likely to have had an impact on the observed outcomes of 

social interactions. However, vocalisations were not detected during the expression sequences. 

The small sample sizes of Play and Submission contexts are a concern. However, the 

bootstrapping analysis showed that these two contexts differ starkly in the rates of certain 

AU/ADs: AU27 (jaw stretch) for Play, AD182 (teeth chatter) for Submission. Likewise, the second 

LDA, conducted using data from only Affiliation and Copulation contexts, was still capable of 

distinguishing these contexts at above-chance rates. While there was significant sex skew 

between the different contexts, notably with Copulation expressions only produced by males, and 

Play expressions only produced by females, this is allowed for by the permutation analysis. Since 

the sex skews of the 1000 randomised datasets mirror those of the original dataset, neither this 

skew, nor any other characteristics of the individuals producing the expressions, can explain the 

good performance of the discriminant analysis in categorising expressions by context. It should 

also be noted that while a perfect discriminant analysis would enable identification of 

stereotypical AU combinations for each context, these expressions – particularly those produced 

in affiliation and copulation contexts – are too similar to enable such a neat outcome. They share 

the dominant features of lip withdrawal (AU10 and AU12) and mouth open (AU25), and other AUs 

are not exclusive to either context, and so the differences between them are tendencies rather 

than characteristics. 

3.5.2 Implications 

These results indicate a level of subtle variability in primate SBT that has not previously been 

quantified, and indicate that SBT should not necessarily be treated as a single expression either 

with a single fixed function (as in rhesus macaques, per de Waal & Luttrell, 1985) or with the 

function being decided by context (per Beisner & McCowan, 2014; Flack & de Waal, 2007). Since 

tests of the social complexity hypothesis (SCH; Freeberg, Dunbar, & Ord, 2012) involve 

quantification of communicative complexity, these findings have profound implications on the use 
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of simple repertoires of facial expressions as measures of complexity in these tests. Categorising 

facial expressions into simple repertoires (e.g. Dobson, 2012) is a useful first step to quantify facial 

expression complexity, but this approach ignores any variation within facial expressions; this extra 

variability could have a huge impact on the actual complexity of communication without being 

sufficient to be picked up in the repertoire. The finding that crested macaque SBT vary subtly 

according to the context begs the question of whether this is also the case for other facial 

expressions, and/or for other species. If it was found that other tolerant (Thierry et al., 2008) 

macaque species show similar variation in SBT, but less-tolerant species do not, this would 

constitute evidence to support the SCH. Finding variability in the SBT of less-tolerant species could 

also yield great insights into the relative importance of the form and context of signals. In studies 

of rhesus macaques (Beisner & McCowan, 2014) and pig-tailed macaques (Flack & de Waal, 2007), 

the authors presented evidence that SBT carried different meaning, shown by different 

behavioural outcomes, according to whether they were produced in a “peaceful” or “conflict” 

context. The demonstration in the current paper of the importance of subtle morphological 

variation, which was not considered in the previous studies, indicates that it may not only be the 

context only that affects the function of these signals, but rather the morphology of the 

expression itself that facilitates the different function. Detailed study of the morphology of SBT in 

rhesus and pigtailed macaques would help to answer this question. 

Primate SBT is purportedly homologous to the human smile (Preuschoft, 1992; van Hooff, 1972). 

Smiles used in different contexts have been shown to differ morphologically, with “reward”, 

“affiliative”, and “dominant” smiles being produced through different action unit (AU) 

combinations (Rychlowska et al., 2017). Other non-human primates, including the gorilla (Waller 

& Cherry, 2012) and chimpanzee (Parr et al., 2005; Vick & Paukner, 2010), also display meaningful 

subtle variability in certain facial expressions. The findings of the current study appear to reflect a 

similar characteristic of variability in crested macaque SBT. This variability could indicate greater 

complexity in crested macaque facial communication than has been assumed previously, and 
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casts doubt on the validity of using rigid, subjective repertoires as a proxy for the complexity of 

facial communication in tests of the social complexity hypothesis (e.g. Dobson, 2012). 

We have demonstrated that FACS can be used to classify crested macaque SBT according to 

behavioural context, at above-chance levels. By identifying the physical characteristics of 

expressions that underlie these distinctions, we have confirmed some pre-existing ideas about 

crested macaque facial expressions as well as gaining some new insight. This finding illustrates the 

potential for FACS to provide new understanding of the connection between form and function of 

facial expressions in non-human primates, and the potential importance of subtle variation to this 

field of study. The results call into question the classification of silent bared-teeth as a single static 

signal, imply that subtle variability in facial movements may play an important role in facial 

communication, and support a reassessment of the methods used to quantify complexity of facial 

communication in comparative studies. 
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Chapter 4: Assessing usefulness of facial 
expression appearance for predicting outcomes of 
agonistic interactions 

4.1. Overview 
Conflict is common in group-living animals. The frequency of costly physical aggression is reduced 

by the presence of dominance hierarchies and by the use of threat and dominance signals, which 

are often produced in the absence of any immediate source of conflict. For macaques, facial 

expressions of threat can take several different forms, and occurrences of threat can lead to 

diverse social outcomes from submission and affiliation to physical fights. In this study, we 

examined whether there is any link between the appearance of the facial expression and the 

interaction outcome. We examined 85 facial threats, analysing facial movements with the Facial 

Action Coding System for macaques (MaqFACS) and categorising interactions by behavioural 

outcome – no response, affiliative/submissive response, and escalation. Simple comparison 

showed that lip withdrawal movements were slightly more common and more intense in 

expressions used in escalated conflicts, but a Bayesian multilevel model demonstrated that these 

differences did not give the power required to predict outcomes of interactions based on the 

facial expression of the aggressor. This indicates that the information contained in crested 

macaque threat expressions does not directly communicate the future behaviour of the signaller, 

with the actual outcome of interactions being affected by factors that were not examined in this 

study, such as the distance between signaller and receiver, the immediate social context, and 

historical social relationship between the two individuals. Additionally, the unpredictability of 

crested macaque interactions, and of agonistic interactions in general, has been reinforced in this 

study. 
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4.2. Introduction 
Conflict is ubiquitous in animal societies, occurring whenever a resource is finite (Krause & 

Ruxton, 2002). This can include external conflicts such as a social group encountering a rival group 

in their territory, or internal conflicts like those between social group members attempting to 

climb the dominance hierarchy. Since physical fights can be hugely detrimental to the 

participants, with even a minor injury potentially affecting their ability to move, forage, or hunt 

effectively, natural selection should favour avoidance of physical conflict whenever possible 

(Aureli & de Waal, 2000). Instead, many conflicts of interest are decided using non-physical means 

of contest. Inter-group conflict is avoided using signals of presence, both chemical (e.g. ‘pasting’ 

by brown hyena, Mills et al., 1980; scent marking by wolves, Zub et al., 2003) and vocal (e.g. songs 

of gibbons, Cowlishaw, 1992; howling in wolves, Harrington & Mech, 1979, 1983), and even when 

groups see each other it is common for one group to retreat from the other, perhaps after a 

period of display. For example, 91% of intergroup encounters (IGEs) in meerkats (Suricata 

suricatta) end without physical contact, with one group instead retreating, often after both sides 

display a “war-dance” toward each other (Dyble et al., 2019). Likewise, 71% of IGEs (102 of 143) in 

crested macaques (Macaca nigra) ended without aggressive physical contact (Martínez Iñigo, 

2018). However, severe and even fatal injuries were recorded in 3% of IGEs in meerkats (Dyble et 

al., 2019), and 5% of IGEs (7 of 143) in crested macaques, occurring when individuals were 

isolated among rivals (Martínez Iñigo, 2018), illustrating the cost of physical altercations. Threats 

take many forms, with changes in body posture, facial expressions, gestures, and vocalizations all 

used by different animals. The vigour of a display (e.g. cichlid tail-beating, Enquist & Jakobsson, 

1986) or the loudness of a vocalisation (e.g. red deer roars, Clutton-Brock & Albon, 1979) can be 

seen as an honest signal of the animal’s fighting ability, with differences used to settle conflicts 

without the need for physical confrontation. However, threat displays can also signal the 

motivation of the signaller. In songbirds, while many male displays are indicators of quality, in 

some cases specific displays appear to act as indicators of subsequent attack as well (Searcy & 

Beecher, 2009). It has been suggested that the response to threats is innate, since lone-reared 
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infant rhesus macaques (Macaca mulatta) who were shown photographs of a threat signal 

exhibited stereotypies including rocking, huddling, and withdrawal (Sackett, 1966). In humans, 

men exhibiting components of angry facial expressions are perceived as being stronger (Sell et al., 

2014), and these expressions increase the credibility of threats (Reed et al., 2014).  

While animals may employ costly energetic displays to deter challenges for a resource such as 

food or mates (e.g. McCarty, 1996; Vehrencamp et al., 1989), and some researchers have linked 

threats to these resource competition scenarios in non-human primates (e.g. Maestripieri, 1997), 

costly intra-group conflicts are mostly avoided through the maintenance of a dominance 

hierarchy and the use of signals, including facial expressions, to maintain this status quo (de Waal 

& Luttrell, 1985; Maestripieri, 1996; Preuschoft & van Schaik, 2000). 

In non-human primates, early descriptions of “threat faces” included “staring open-mouth face” 

(van Hooff, 1967, p. 19) This display was described by van Hooff as taking three distinct 

appearances depending on the species producing it; while staring eyes and open mouth (of 

various degree) were common features, the positioning of the eyebrows and ears was said to 

differ, with macaques and baboons raising the eyebrows and drawing back the ears, with 

chimpanzees lowering the brow and not moving the ears. Van Hooff (1967) commented that it 

was unknown whether the variability in mouth opening reflected tendency toward a certain 

motivation or behavioural outcome. A rounded-mouth expression was found to be a 

unidirectional signal of dominance in geladas, and was one of three facial expressions that 

sometimes precede physical aggression or elicit submissive behaviour in recipients (Reichler et al., 

1998).  

While rhesus macaque threats were described early on (e.g. Hinde & Rowell, 1962), and there 

appears to be a relatively high degree of consistency in the appearance of threat expressions 

across the genus Macaca (Maestripieri, 1997), more recent studies have described a number of 

different facial expressions that seem to be associated with agonistic interactions. Four such 

expressions have been described for Sulawesi macaques (including the crested macaque M. 
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nigra): “staring”, “half-open mouth”, “open mouth bared-teeth scream”, and “jaw movement” 

(Thierry, Bynum, et al., 2000; see Table 4.1). One feature of Hinde and Rowell’s (1962) 

descriptions that is missing from van Hooff’s (1967) is the changeable nature of both the 

expression and the context (as read by the wider behaviour of the animals involved). Maestripieri 

(1997) claimed that more intense threats were communicated by the use of more components, 

with “simple staring” being the lowest intensity and with the eyebrows, ears, and mouth being 

used in threats of higher intensity, although no evidence is given for this apart from the relative 

invariability of the eyes compared to the other aspects of the face. Partan (2002) conducted a 

principal components analysis (PCA) on rhesus macaque threat expressions and found that the 

combination of staring, head lowering, ears forward, teeth covered, and silence was a principal 

component, corresponding to descriptions of silent threat in other species (e.g. Thierry, Bynum, et 

al., 2000). However, Partan didn’t find comparable evidence for a single “staring open-mouth 

face” akin to that described by van Hooff (1967), potentially because the variability of additional 

components preclude a single stereotyped expression (Maestripieri, 1997). Threat vocalisations 

were associated with fewer visual components, and the facial configuration was different for 

different vocalisations. This could have been because calls provide information, reducing the need 

to communicate visually, or because producing a call restricts the range of facial expressions that 

can be produced. The presence of multiple signals of threat implies a different meaning for each, 

as is the case with variants of the bared-teeth expression (Chapter 3; Clark et al., 2020). However, 

this is not necessarily the case, given the difficulties associated with the evolution of honest 

signals of threat (Maynard Smith & Harper, 1988). 
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Table 4.1.  

Descriptions of four facial expressions associated with conflict in macaques (Thierry et al., 2000, p. 
8) 

Expression Description 

Staring “visual fixation on another individual. The scalp may be retracted or not. The 
head may be thrust forward. The performer is tense. This expression acts as a 
low-level threat aimed at warning or stopping the addressed individual.” 

Half-open 
mouth 

“The mouth is slightly open with corners drawn back, the lower lip may be 
retracted and the teeth are partly visible. This display is accompanied by 
staring. It is occasionally silent but is most often accompanied by the rattle 
vocalization. This expression is associated with aggression and acts as a mild 
threat.” 

Open mouth 
bared-teeth 
scream 

“Open mouth bared-teeth scream “The mouth is open wide with corners 
retracted, exposing the teeth and sometimes the gums. This facial expression 
is accompanied by staring and screaming vocalizations (screams, screeches, 
chuckles, geckers). The display occurs in agonistic contexts. Depending on the 
vocalization emitted, it may act as a threat or a protest, and may be 
associated with an attack or a counter-attack.” 

Jaw 
movement 

“The head is thrust forward and the lower jaw is moved up and down rapidly 
and rhythmically. The mouth is closed or slightly open and the lips slightly 
protrude. The teeth may be knocked together and the scalp may be retracted 
and ears flattened. This expression is accompanied by staring, and may be 
silent or associated with the hard grunt. It is seen in individuals about to 
attack. This is a threat usually given at a distance.” 

 

The fact that facial expressions of threat and submission are used to maintain dominance 

hierarchies (de Waal & Luttrell, 1985; Preuschoft & van Schaik, 2000) means that the signals are 

not always linked to obvious competition, meaning that these interactions are subtle, and that it 

is difficult to draw direct lines from threat signals to the observed outcomes of the interactions. 

One important yet intangible confounding factor is the receiver’s own motivation to engage with 

a threatening individual, either positively or negatively, or to move away. To illustrate the 

difficulties of generating predictions of agonistic interactions, in songbirds, researchers argue that 

either intense responses, weak responses, or both of these, indicate that a signal is a strong 

threat (Searcy & Beecher, 2009), since the receiver may have to produce a stronger threat than 

the opponent, or alternatively give up.  Given that primate social structure, communication, and 

behaviour in general, appears to be more complex than that of songbirds, it is perhaps even more 

difficult to predict the outcomes of interactions. 
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Crested macaques exhibit high rates of intra-group aggression, but for adult females around two 

thirds involve only threat signals, while only around 1 in 8 involve any physical contact (Duboscq 

et al., 2013); it should be noted that rates and intensity of physical aggression are likely different 

for male crested macaques, for whom reproductive success is skewed toward the dominant male 

(Engelhardt et al., 2017; Higham et al., 2021). In contrast with less-tolerant species such as rhesus 

macaques, reconciliation and bidirectional aggression are more common in crested macaques 

(Petit et al., 1997; Thierry et al., 2008), meaning that social interactions are generally less 

predictable than in other macaques. Crested macaques exhibit the four types of aggressive facial 

expressions detailed above (Table 4.1; Thierry, Bynum, et al., 2000), meaning that there is 

variation in threat expressions. This study aims to ascertain whether the broad outcome of an 

agonistic interaction links with the appearance of the facial expression of the aggressor. We will 

examine all instances of one of the four listed facial expressions (Table 4.1) being recorded, and 

any occurrence of facial expressions produced prior to a lunge or physical contact. 

Communication of intention could be a useful function of threat signals, and has been shown to 

be so in birds and humans (Searcy & Beecher, 2009; J. Zhang, 2018), but such a signal is only 

useful if it is honest. The terms “high threat” and “low threat” are used in the ethogram of the 

Macaca Nigra Project, and similar terms are used in descriptions of facial expressions (Thierry, 

Bynum, et al., 2000; van Hooff, 1967), and these are presumably based on the observed meaning 

of the expressions rather than being the product of subjective assessments of the signals 

themselves. Therefore we expect to find a link between facial expression appearance and the 

outcome of the interaction, as was the case for SBT (Chapter 3; Clark et al., 2020). 

4.3. Methods 

4.3.1 Field site and study population 

We followed wild crested macaques at the Tangkoko-Batuangus Nature Reserve, North Sulawesi, 

Indonesia as part of the Macaca Nigra Project (MNP; www.macaca-nigra.org); the MNP has 
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maintained habituation at the site since 2006 and now has extensive records of life histories and 

behavioural data. The field site has been described in detail in previous papers (Palacios et al., 

2012; Rosenbaum et al., 1998). Groups are followed from dawn to dusk by one or more 

observers, and individuals are individually identified by their natural markings. Between 

December 2018 and April 2019 we followed two groups (for details of the groups see Table 4.2), 

conducting focal observations of individuals in a pseudo-random order. To avoid wasting time 

searching for a single individual we generated a choice of two potential subjects for each focal 

and followed the first that we saw. We followed all available adults (i.e. those habituated to being 

followed by multiple observers), in group PB1b, and all adult and subadult males in group R2 – the 

latter was to increase the number of males in the sample given the smaller number of males in 

PB1b.  

Table 4.2.  
Characteristics of the groups followed during data collection. 

 Group 

 R2 PB1b 

Adult males 
Individuals present 6 4 

Individuals followed * 5 4 

Adult females 
Individuals present 14 20 

Individuals followed * 0 17 

Subadult males 
Individuals present 4 3 

Individuals followed * 1 1 

Juveniles + infants present c.15 c.25 

Total group size c.41 c.52 

* Individuals followed = number of individuals followed for at least 5hr 

4.3.2 Data collection protocol 

Focal follows lasted for 30 minutes, during which two observers followed the animal. A summary 

of the number of follows conducted in each group is shown in Table 4.2. We aimed to collect 5 

hours of focal data for each animal, and overall, for well-habituated animals that were reliably 

present in the group we achieved this target (M = 5.07hr, SD = 0.68hr, n = 28). We also collected 

ad lib videos in the periods in between focal follows. 
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During a focal, one observer kept a video camera (Panasonic HDC-SD700, Bracknell, UK) trained 

on the animal’s face, and activated the pre-record button when a change from neutral expression 

was observed – this recorded a video clip beginning three seconds prior to the activation of the 

button. Recording ended when the interaction was over, i.e. when the animals moved apart, 

stopped looking at each other, and engaged in non-social behaviour such as foraging. The second 

observer recorded continuous data on social interactions as well as conducting activity and 

nearest-neighbour scans every five minutes. This behavioural coding was conducted using a 

bespoke Microsoft Excel file utilising macros, and using an ethogram based on previous 

descriptions of the crested macaque behavioural repertoire (Thierry, Bynum, et al., 2000). 

4.3.3 Selection of videos for coding 
At the end of each day, video clips were uploaded onto a computer, watched, categorised for 

quality, and matched to the focal file to establish the general behaviour that preceded and 

followed the video clip. Clips selected for this study either 1) accompanied a code of ‘threat face’, 

which included “staring” and “half-open mouth” behaviour (per Thierry, Bynum et al., 2000), or 2) 

preceded an aggressive lunge, chase, or fight. All clips involved some facial movement. Clips were 

excluded if they were judged (by an experienced FACS coder of crested macaque expressions) to 

be of insufficient quality for FACS coding (due to distance, lighting, lack of focus, presence of 

obstruction), if they followed unknown interactions between the two parties, if they were 

directed at infants or unseen individuals, or if the response of the receiver was unknown (due to 

the receiver being out of sight). We excluded clips showing expressions aimed at infants because 

infants do not respond to threats with the same types of behaviour as adults; infants do not 

exhibit counter-aggression or affiliative behaviour towards an aggressor, and interactions were 

likely to involve the infant’s mother to a variable extent, which could affect our findings. As these 

issues are not present for juveniles, we did not exclude clips showing expressions directed toward 

juveniles. This yielded a total of 70 suitable expression sequences (summarised in Table 4.3), 

which were clipped using video editing software (Adobe Premiere Pro) to show only the period 
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when facial movements occurred, blinding the FACS coder as much as possible to the social 

contexts in which facial displays were produced. Some longer clips showed two or more distinct 

expression sequences, which were delineated by an intervening period of another behaviour; in 

these cases the two or more expression sequences were analysed separately in order to prevent 

confusion, since it might be possible for an initial low-intensity threat to be followed by a second 

higher-intensity threat. 

Table 4.3.  

Demographic information of subjects included in final analysis of threat expressions. Note that 
males produced 47 of the 70 expressions in the dataset despite comprising only 11 of 28 followed 
individuals. 

Group 

 

Number of clips from each source 

Adult males Adult females Subadult males Total 

PB1b 22 23 6 51 

R2 17 0 2 19 

 

We categorised interaction outcomes based on the subsequent behaviour. If the signaller lunged 

towards, chased, bit, hit, or made other aggressive physical contact with the receiver, the 

interaction was categorised as “escalation”. If the interaction was not escalated, and the receiver 

either affiliated with the signaller via friendly physical contact or mutual lipsmacking, submitted, 

or fled, the interaction was categorised as “affiliative/submissive response”. If there was no such 

response from the receiver nor further escalation from the signaller, the interaction was 

categorised as “no response, no escalation”. 

4.3.4 Video Coding 
Video clips were coded, using the behavioural coding software BORIS (Friard & Gamba, 2016), 

according to the Facial Action Coding System for macaques (MaqFACS; Parr et al., 2010), which 

can be used to code crested macaque facial movements with certain adjustments to coding 

guidelines (Chapter 2; Clark et al., 2020). A single coder (PC) coded all the video clips, and a 
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second certified MaqFACS coder coded a random subset of these (n=10, 14.7% of clips). Following 

standard FACS protocols (Ekman et al., 2002), we calculated Wexler’s ratio,  

𝐴𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡 = 2
Number of AUs on which coders A & B agreed

Total number of AUs scored by the two coders
 

The reliability score was 70.8%, which is good agreement per FACS methodology (Ekman et al., 

2002). Data obtained were the duration of activation for each AU and AD, intensity of AU10, 

AU12, AU26, and EAU3, number of different AU combinations produced in each expression 

sequence, and rate of change of the expression. 

4.3.5 Measures of social relationships 

We measured social relationships using Elo ratings (Elo, 1978; Neumann et al., 2011). We 

examined data on social interactions for the period April 2018-April 2019, and documented all 

incidences of displacement, unidirectional aggression, and submission. Each interaction was 

assigned a winner and loser: for displacement, displaced individuals were the loser; for 

unidirectional aggression, the aggressor was the winner; for submission, the submissive individual 

was the loser. Elo ratings were calculated for every interaction, with a k-value of 50 and uniform 

starting values of 1000; our data were sufficient that larger k-values and informed starting values 

were not necessary (Neumann & Kulik, 2020), and ensured that individuals who consistently won 

interactions with closely-ranked rivals would be ranked above these rivals even if direct 

interactions were infrequent – dominant males had relatively few clear dominance interactions 

whereas second-ranked males had many more. We only used final ratings in our analysis; since 

the data collection period was relatively short we felt that the individual ratings for each day 

would be too noisy a data source. We set ratings for females to be lower than those for males in 

the same group (following Micheletta et al., 2013), using the formula  

𝐸 =
 ( 𝑚𝑖𝑛 )
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where Eold is the raw Elo rating of an individual, Enew is the recalibrated rating, Mmin is the rating 

of the lowest ranked male, and Fmax the rating of the highest ranked female. Ratings of unknown 

females were set to be the average of females in their group. As juveniles in the study population 

are not individually known, ratings of any juveniles were set to be one less than the rating of the 

lowest-ranked female in the group. The Elo rating difference for individuals in each interaction 

was calculated using the formula 

𝐸𝑙𝑜 𝑟𝑎𝑡𝑖𝑛𝑔 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = 𝐸𝑙𝑜(𝑠𝑖𝑔𝑛𝑎𝑙𝑙𝑒𝑟) − 𝐸𝑙𝑜(𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑟) 

We did not include a measure of social relationship closeness in this study. Since a significant 

proportion of interactions involved individuals which were not individually recognised – juveniles 

were unidentifiable in general, and several adult individuals fled from a threat before we could 

identify them – we had no means of quantifying social relationships. Elo ratings were still 

calculated because we knew the demographic group of these individuals, so could estimate 

dominance rank utilising the average ratings of cohorts. 

4.3.6 Statistical analysis 
To investigate whether it is possible to predict the outcome of agonistic interactions based on the 

form of the facial expression produced by an aggressor, we utilised the rates of action units 

produced during these expressions, along with the intensity and variability of facial movements, 

the rate of calls, and the existing relationship between the two individuals.  

From a starting point of all AUs and ADs, we first eliminated variables concerning EAU2 (ear raise), 

AD183 (tongue chatter), and AD182 (teeth chatter) were removed as these action units were not 

observed in the dataset. To reduce collinearity of the dataset, we kept only one exemplar of 

collinear pairs/triples (see Table 4.4). The variable with the lower correlation with other variables 

was retained. Variables concerning EAU2 (ear raise), AD183 (tongue chatter), and AD182 (teeth 

chatter) were removed as these action units were not observed in the dataset. 
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Table 4.4.  

Variable retention decisions: sets of collinear variables with r > .6. 

Collinear variable sets r Retained variable note 

Rates AU10, AU12, AU16 .87 to .93 AU12  .87 < r < .93 in each correlation 

Rates EAU3, Scalp .90 EAU3   

Rates AU25, AU26 .79 AU26   

Intensities AU10 & AU12 .78 IntAU10  

Intensities AU26 & Jaw .98 Jaw Intensity   

Intensity change AU10, AU12  .60 Int Change AU10   

Int change EAU3, Rate EAU3 .71 Rate EAU3   

AUCombs/sec, Variability/sec .74 AU Combs / sec r = .19 for these 2 measures of 
variability AUCombs /√𝑠𝑒𝑐, Variability/√𝑠𝑒𝑐 .69 Variability / √sec 

 

All analyses were conducted in R (version 4.0.3: R Core Team, 2020). The data were analysed with 

a cross-validated linear discriminant analysis (LDA) using the “lda” function in R (package “MASS”, 

Venables & Ripley, 2002), in order to compare to our previous findings for bared-teeth 

expressions (Chapter 3; Clark et al., 2020). We also combined the data in a Bayesian multilevel 

model (BMM) with logit link function, using the “brms” package (Bürkner, 2017), in order to 

facilitate interpretation of the trends identified in the LDA, and to provide more clear insight into 

whether individual variables of facial expressions are predictive of interaction outcome.  

4.4. Results 
Overall categorisation accuracy of the LDA was 50%, with accuracy for “no response” and 

“escalation” being very low indeed (Table 4.5). The LDA was unable to distinguish the facial 

expressions produced in the three categories, instead the most common category was the most 

identified for each actual category. In fact, the LDA categorised 62.7% of expressions as belonging 

to “affiliative/submissive response”, including over half of the expressions in each actual context. 
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Table 4.5.  

Confusion matrix for linear discriminant analysis of threat expressions. “Aff/Sub response” coded 
when receiver responded with an affiliative or submissive behaviour. 

Actual context 
Discriminant analysis output 

 % correct 
 No response Aff/Sub response  Escalation 

 No response 1 7 0 12.5% 

 Aff/Sub response 2 26 12 65% 

 Escalation 0 13 7 35% 

 Overall    50% 

 

These results were echoed by a multilevel Bayesian model (BMM) with logit link, which showed 

minimal predictive value of any predictor variables (Table 4.6), with zero effect being in the 95% 

CI for each variable. The BMM output showed that “affiliative/submissive response” is the most 

likely outcome regardless of the values of any input variables, and the probability distribution of 

the categories is not significantly affected by any variable (8 variables with highest effects shown 

in Figure 4.1). 

Based on the BMM output, the five rate/intensity variables with highest effect magnitude 

estimates are rate of AU12, intensity of AU10, rate of EAU3, rate of pant calls, and rate of bark 

calls (Table 4.6). For pant calls, the effect on the chance of escalation was negative, while for each 

of the other four variables mentioned the direction was positive. The measures of variability, 

“Rate of change of expression” and “Rate of change of AU10”, and dominance relationship as 

measured by “Elo rating difference” are also among the highest effect magnitudes allowing for 

differences in variable scales. However, none of these variables had any significant effect on the 

posterior probability distribution; the broad 95% CIs for each variable preclude any real predictive 

value of any variable (Table 4.6; Figure 4.1). 
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Table 4.6.  

Output of Bayesian multilevel model of threat expressions. Effect size estimates, standard errors, 
and 95% confidence intervals are given for each predictor variable in each of the two comparisons 
carried out. No effects are statistically significant – 95% CI for each effect includes zero. 

Comparison Variable 
Effect estimate 

 ± 1 S.E.    Effect 95% CI    

"no response, no escalation" 
vs 

"aff/sub response" 

Intercept 0.751 ± 0.806 [-0.775, 2.358] 

Rate AU1+2 -0.103 ± 0.502 [-1.101, 0.897] 

Rate AU12 -0.045 ± 0.493 [-0.995, 0.925] 

Rate AU26 0.049 ± 0.477 [-0.882, 0.975] 

Rate EAU1 0.085 ± 0.478 [-0.876, 0.993] 

Rate EAU3 -0.109 ± 0.490 [-1.068, 0.847] 

Rate of change expression 0.458 ± 0.356 [-0.255, 1.144] 

Intensity AU10 -0.095 ± 0.477 [-1.041, 0.848] 

Intensity AU26 & 27 -0.007 ± 0.480 [-0.934, 0.933] 

Rate of change AU10 0.141 ± 0.473 [-0.789, 1.059] 

Rate of change AU26 0.002 ± 0.451 [-0.857, 0.913] 

Elo rating difference 0.008 ± 0.012 [-0.009, 0.036] 

Rate Pant 0.043 ± 0.420 [-0.764, 0.869] 

Rate Bark 0.089 ± 0.409 [-0.707, 0.905] 

"no response, no escalation" 
vs 

"escalation" 

Intercept 0.193 ± 0.838 [-1.425, 1.871] 

Rate AU1+2 0.084 ± 0.497 [-0.870, 1.058] 

Rate AU12 0.351 ± 0.487 [-0.593, 1.319] 

Rate AU26 0.051 ± 0.469 [-0.862, 0.960] 

Rate EAU1 -0.069 ± 0.487 [-1.041, 0.863] 

Rate EAU3 0.128 ± 0.494 [-0.842, 1.089] 

Rate of change expression 0.212 ± 0.357 [-0.509, 0.910] 

Intensity AU10 0.433 ± 0.489 [-0.518, 1.392] 

Intensity AU26 & 27 -0.030 ± 0.476 [-0.958, 0.898] 

Rate of change AU10 0.122 ± 0.482 [-0.825, 1.067] 

Rate of change AU26 0.030 ± 0.451 [-0.858, 0.925] 

Elo rating difference -0.005 ± 0.008 [-0.021, 0.008] 

Rate Pant -0.216 ± 0.424 [-1.046, 0.600] 

Rate Bark -0.057 ± 0.417 [-0.882, 0.775] 
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Figure 4.1. Prior and posterior distributions for 8 variables in the three-outcome Bayesian multilevel 
model. Prior distributions are in purple and blue, and often overlap. Posterior distributions are in 
pink ("no response, no escalation" vs "aff/sub response") and green ("no response, no escalation" vs 
"escalation").  

While Figure 4.1 illustrates the small impacts of some variables on certain distinctions (“Intensity 

10” and “rate 12” for "no response, no escalation" vs "escalation"; “rate of change” for "no 

response, no escalation" vs "aff/sub response"), these effects are not significantly different from 

zero, which is overlapped by over 5% of the posterior probability distribution for each variable. 

The relatively wide peaks of the probability distributions show that there is too much uncertainty 

in the data to make reliable predictions based on facial expression data.  

Due to the collinearity of AU10, AU12, and AU16, we can project our findings onto all lip 

movements. This means that the three lip withdrawal movements AU10, AU12, and AU16 are all 
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potentially both more common and more intense in threats that led to escalation than those that 

didn’t lead. However, the predictive value of these AUs is minimal. 

4.5. Discussion 
While yielding some indication of marginally higher rates and intensities of lip withdrawal 

movements (Rate of AU12 - lip corner puller; intensity of AU10 - upper lip raiser) in escalated 

interactions than in the other interactions, the Bayesian multilevel model (BMM) showed that this 

was a superficial effect, and not indicative of any predictive power of these variables. In general, 

there was too much uncertainty in the data for clear predictions to be made with either the BMM 

or the linear discriminant analysis (LDA). This lack of a clear effect mirrors the general consensus 

about the unpredictability of agonistic encounters, where it is difficult to quantify the various 

factors that may affect the outcome of an interaction. 

The BMM showed no significant predictive value of facial expression data, and this reflects the 

findings of the LDA, which tended to categorise all expressions as “Affiliative/submissive 

response”, meaning that it had good accuracy for this category but very poor accuracy for the 

other categories. This finding indicates that there is no difference in general configuration 

between threat faces that lead to the three different social outcomes, which contrasts with the 

findings of a similar analysis on bared-teeth expressions (Chapter 3; Clark et al., 2020). 

The rates of lip retraction action units (AU10 upper lip raised, AU12 lip corner puller, AU16 lower 

lip depressor) are strongly correlated (r > .8; see Table 4.4); a similar correlation was observed for 

the intensities of AU10 and AU12 (r = .79, Table 4.4; intensity of AU16 was not measured). 

Therefore our findings for any of AU10, AU12, and AU16 can likely be generalised to the other lip 

withdrawal movements. 

The results of the BMM indicate a tendency of escalated threats to involve higher rates and 

intensities of lip withdrawal movements, but demonstrate that the facial expression has little 

value in predicting outcomes of agonistic interactions. Given the lack of reliable impact of 
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dominance status on the outcome of interactions, there are likely to be circumstantial and 

transient factors at play, affecting one or both of 1) the facial expression produced by the 

signaller, and 2) the response produced by the receiver. In particular, in this interaction type the 

response of the receiver is more important than for silent bared-teeth expressions (SBT; Chapter 

3; Clark et al., 2020), which were predictive of interaction outcome. It is possible that threats 

serve as an invitation for receivers to submit to signallers, and so the outcome depends more on 

the internal factors of the receiver than on any characteristic of the facial expression used by the 

signaller. These factors can include unknown previous interactions between the two individuals 

on the day in question or in more distant timeframes, since the Elo rating, though reliable even 

with limited data (Neumann et al., 2011), is not a perfect measure of two individuals’ social 

history.  

The distance between signalling dyads was unknown; prior work has demonstrated effects of 

proximity on non-human primate vocalisations (e.g. Hedwig et al., 2015; Ordóñez-Gómez et al., 

2018; Sugiura, 2007), though this is likely due to environmental constraints rather than receiver 

effects. It seems likely that proximity may play a role in both the choice of signal and the outcome 

of aggressive interactions; perhaps the demands of communicating over greater distances would 

lead the signaller to produce a more intense expression, but the reduced risk to the receiver may 

lead to a less intense response. This would confound any general effect of increased intensity of 

signal leading to increased intensity of response. 

The presence of other group members in the vicinity might also affect both the expression and 

the response produced; for example, chimpanzees have been shown to produce different calls in 

agonistic settings depending on whether more dominant individuals were nearby (Slocombe & 

Zuberbühler, 2007), and rhesus macaques also use different screams in different social contexts 

(Gouzoules et al., 1984). Again, the presence and attention of more dominant individuals might 

cause an aggressor to avoid escalating a conflict, since although third-party intervention in 

conflicts is more common in single-male primate groups, it has also been documented in both 
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tolerant and despotic (sensu Thierry, 2000) macaque species (rhesus macaque, Beisner et al., 

2016; pigtailed macaque, Flack et al., 2005; Tonkean macaque, Petit & Thierry, 1994) as well as 

other non-human primate species such as chimpanzees (de Waal, 1982). Interventions can be 

peaceful or aggressive, and avoiding aggressive intervention by a third party would be especially 

desirable for any individual. In addition, previous interactions with third parties on the day in 

question might affect the willingness of either individual to engage in affiliation or aggression, in 

ways that are unknown and difficult to measure. 

Another limitation of this study is that the threat’s receiver was not the focal animal, and so our 

record of their behaviour is limited. This means that they may have altered their behaviour 

somehow without the observer being aware. This is especially true of the possibility that the 

receiver may utilise a brief facial expression or alter its body posture in order to communicate its 

intentions to the focal animal. 

In early descriptions, threat expressions were deemed to be associated with both attacking and 

fleeing (e.g. Hinde & Rowell, 1962; van Hooff, 1967), though van Hooff (1967) stated that it was 

more common for staring open-mouth faces to be produced by dominant animals. This appears to 

be the case for Barbary macaques, as staring open-mouth face is associated with attack by the 

signaller and submission by the receiver, and is used unidirectionally by dominant animals (Deag, 

1974; Preuschoft et al., 1998), leading Preuschoft and van Schaik (2000) to declare this a formal 

signal of dominance in this species. However, in crested macaques there is no such clear 

directionality of either the threat signal or aggression in general; crested macaques have one of 

the highest rates of bidirectionality in their conflicts (Dobson, 2012; Thierry, 2000). The lack of 

clarity in crested macaque conflicts may be being reflected in the lack of a clear link between 

facial expressions and behavioural outcomes. 

Our study demonstrated no predictive value of facial expression characteristics on the 

behavioural outcome of agonistic interactions, despite indicating the potential for some 

superficial differences in rate and intensity of lip movements between the three outcome 
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categories. Though it is possible that unmeasured confounding factors may have produced this 

unpredictability, arguably the outcome of any conflict is inherently difficult to predict, and this is 

especially true of species with complex long-term social relationships and unpredictable 

interactions such as the crested macaque. 
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Chapter 5. Factors affecting intensity and 
variability of facial expressions in crested 
macaques (Macaca nigra) 

5.1 Overview 
Ambiguity in communicative signals can lead to misunderstandings and thus be detrimental to 

efficient and effective communication. These misunderstandings are more likely in unpredictable 

interactions, such as between closely-matched rivals or between individuals with a weak social 

bond, and can be costly if they occur in important or risky situations such as in dominance 

interactions. In order to avoid this issue, we would expect signals that are used in these 

circumstances to be more stereotyped, exhibiting greater intensity and reduced variability, as a 

means of reducing ambiguity. To test this prediction, we studied the facial expressions of crested 

macaques (Macaca nigra) during spontaneous social interaction, measuring the intensity of 

individual facial movements and the variability of expressions, using the facial action coding 

system for macaques (MaqFACS). We categorised the 364 expressions according to the 

behavioural outcomes, and calculated Elo ratings and a composite sociality index for each dyad of 

signaller and receiver. We used generalised linear mixed models to assess whether intensity and 

variability varied according to the behavioural outcome, the sex combination of the animals 

involved, their dominance relationship and the strength of their social bond. We found that 

expressions had lower intensity and higher variability in affiliative contexts, and that intensity was 

elevated in interactions between individuals who were closely-matched in terms of dominance 

ranking. We found no effect of relationship strength on intensity or variability of expressions, 

indicating that signals are not adapted to reduce ambiguity of signals for receivers who may be 

more likely to misunderstand intentions. Our findings provide evidence for a reduction in 

ambiguity in signals in the expected social situations, but do not demonstrate any mitigating 

effect of social relationship quality. 
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5.2 Introduction 
Communication is vital to our society, and failure to communicate effectively is a scourge of 

human relationships, business dealings, and international diplomacy. While no communicative 

signal is assured of perfect transmission through the environment and comprehension by the 

receiver, failures in communication can reduce an individual’s ability to respond correctly to the 

physical and social environment, and hence be costly to the signaller and/or receiver. This is also 

the case in animal communication, where costs to both parties manifest in reductions in fitness. 

The potential for fitness costs mean that there is some selective pressure on all communicative 

signals (Bradbury & Vehrencamp, 1998). Signals that are used for different functions, by different 

animals, and in different environments are under different levels of evolutionary pressure; 

misunderstanding an alarm call could end up with fatal results, but misunderstanding a contact 

call probably won’t.  

Given the possibility of costly communication failures, signals should be less ambiguous in 

situations where environmental or social factors mean that there is a high chance of 

misunderstandings, or if misunderstandings could lead to a high cost. The likelihood of 

misunderstandings is higher in environments where the signal does not pass easily through the 

environment; for example, female great tits respond more slowly to their mates’ calls in noisier 

environments (Halfwerk et al., 2012). Misunderstandings are also potentially more likely in 

situations where the individuals involved are unfamiliar with each other, as has been 

demonstrated in human studies of interactions with friends and strangers (e.g. Fussell & Krauss, 

1989; Stinson & Ickes, 1992). Ambiguity should also be reduced where misunderstandings would 

be very costly, such as in the case of predator alarms, aggressive interactions, and mating calls. 

There are many examples of reductions in ambiguity of signals in these situations, with signals 

tending to be characterised by exaggeration, meaning that they have become more intense, more 

ritualised, and more specific to their function (Krebs & Davies, 1997). For example, in noisy 
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environments many birds, including male great tits, increase the volume and pitch of their songs, 

making the signals more intense (Brumm & Slabbekoorn, 2005; Halfwerk et al., 2012). North 

American wren species inhabiting areas of dense conspecific population and sparse heterospecific 

population, i.e. areas where the probability of encountering a conspecific is greater than that of 

encountering a different species, have more diverse song repertoires than species inhabiting 

areas with sparse conspecific population and dense heterospecific population (Kroodsma, 1977). 

In the latter species, song variability is constrained by the need to reliably identify members of the 

same species in the more demanding social landscape. In these circumstances an individual song 

might contain fewer sequences, be more repetitive, and be louder. Alarm calls of many species 

reduce ambiguity with specificity and intensity. Meerkats and prairie dogs each have complex 

alarm call repertoires where calls are tailored to a specific threat, encoding information about the 

type of predator, how far away it is, and whether it is moving (Frederiksen & Slobodchikoff, 2007; 

Manser, 2001; Slobodchikoff et al., 1991). Courtship rituals often involve intense energetic 

displays and combinations of multiple signal modalities (e.g. widowbirds, Euplectes jacksoni, 

Andersson, 1989; sage grouse, Vehrencamp et al., 1989), and male-male competition often 

involves intense displays (e.g. red deer roars, Clutton-Brock & Albon, 1979).  

In sum, there is a great deal of evidence for increased intensity and specificity of communicative 

signals that are used 1) for important functions, and 2) in environmental conditions that are 

susceptible to uncertainty and high costs of failure. However, much of this evidence concerns 

vocal communication, especially in birds. Non-human primates also exhibit specificity in alarm 

calls; for example, vervet monkeys (Chlorocebus pygerythrus) exhibit distinct calls when they spot 

a leopard, eagle, or snake (Seyfarth et al., 1980). However, non-human primates can also use 

signals flexibly; for example, great apes with small vocal repertoires use calls in a variety of 

contexts, with outcomes less tightly tied to the signals themselves but rather to the context, in 

terms of both the immediate behaviour accompanying the signal and the pre-existing relationship 

between the signaller and receiver (Cheney & Seyfarth, 2018). In this example, it could be argued 
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that the signal is under less constraint because the pre-existing relationship between the two 

individuals, and the cognitive ability of each individual, is strong enough for misunderstandings to 

be less likely (and potentially less costly). 

In contrast to the widespread work done on vocalisations, facial expressions of non-human 

primates have attracted relatively little attention. Facial expressions are used in many social 

interactions of non-human primates (e.g. Partan, 2002), and descriptive work has identified some 

common facial configurations that persist across many species (e.g. van Hooff, 1967). However, 

while this presentation of facial expressions implies discrete, static configurations, and facial 

expressions have been treated as such in many studies, this does not reflect the reality of facial 

displays in many species (e.g. crested macaque, Chapter 3; Clark et al., 2020; Tonkean macaque, 

Thierry et al., 1989). While some descriptions of facial displays document the presence of 

ritualised dynamic displays (Thierry, Bynum, et al., 2000), these are also defined by their rigidity; 

deviation from a ritualised template is an argument for not considering a display to be part of the 

repertoire. For example, it is for this reason that some researchers do not consider teeth-

chattering a separate display, instead describing it “rapid alternation between silent bared-teeth 

and lipsmack” (Thierry, Bynum, et al., 2000, p. 8). 

Facial expressions often differ in general features such as duration, intensity, and variability, as 

well as in specific identifying features such as the presence of a characteristic movement or 

combination of movements. Individuals presenting reliable differences in general features of 

expressions may be said to exhibit differences in expressivity. Inter- and intra-individual 

differences in facial expressivity have not been studied in detail in non-human animals; 

behavioural ecologists focus instead on repertoires exhibited by species as a whole (e.g. Dobson, 

2009b, 2012; Scheider et al., 2014). In human studies expressivity is generally analysed as a single 

measure comparable to a personality trait, rather than a dynamic feature that differs according to 

the social context. Historically, much of the work on expressivity has been conducted in the area 

of health psychology, with reduced facial expressivity being classified as a symptom of certain 
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conditions, including depression, schizophrenia, autism, and Parkinson’s disease (Aghevli et al., 

2003; Gaebel & Wölwer, 1992; Renneberg et al., 2005; Tickle-Degnen & Doyle Lyons, 2004; 

Trevisan et al., 2018; Wu et al., 2014). Expressivity is often assessed subjectively through the use 

of Likert scales, as used in the Berkeley Expressivity Questionnaire (Gross & John, 1995, 1997), the 

Emotional Expressivity Scale (Kring et al., 1994) and the Interpersonal Communication Rating 

Protocol (Tickle-Degnen, 2010). 

Relatively little attention has been paid to natural variation in expressivity, with the reliance on 

self-reported measures of expressivity casting doubt on correlations with demographic or 

personality measures (e.g. Gross & John, 1995). Assessing the use of expressivity in response to 

different social contexts requires more objective measures. Coding using the Facial Expression 

Coding System1 (FACES; Kring & Sloan, 1991, 2007) involves subjective assessment by an observer, 

who rates the valence (positive or negative) and intensity of the expression. Several studies have 

utilised FACES in comparing rates of positive and negative expressions according to underlying 

psychological traits (e.g. Aghevli et al., 2003; Heisel & Mongrain, 2004; Wagner et al., 2003). While 

an improvement on self-reports and granting the possibility of comparing expressivity within 

subjects, FACES still relies heavily on subjective judgements, though some useful insights have 

been obtained through this method (see Kring & Sloan, 2007). 

Facial electromyography (EMG) has been used to quantify facial movements more objectively. 

EMG data by definition produce measurements of intensity of muscle action, and have been used 

to compare the intensity of facial movements produced in different contexts (e.g. Hess et al., 

1995). However, there are obvious limitations to using EMG in human studies, where introduction 

of the electrodes to the skin of the participant reduces the ability to generate ecologically-valid 

data. The use of EMG in non-human studies is precluded, on both practical and ethical bases, by 

the necessity of the apparatus contacting the skin at all times. 

                                                           
1 FACES, the Facial Expression Coding System, should not be confused with FACS, the Facial Action Coding 
System (Ekman & Friesen, 1978) which is used throughout this thesis. 



Chapter 5: Intensity and variability 

 

  
92 

The Facial Action Coding System (FACS; Ekman & Friesen, 1978; see chapter 1 for overview) is 

another method enabling more objective measurement of facial movements, with the Emotional 

Facial Action Coding System (EMFACS; Friesen & Ekman, 1984) being a subsystem concentrating 

only on the aspects of facial movement believed to be associated with emotional expressions. 

EMFACS was used to demonstrate reductions in expressivity in depressive and borderline-

personality patients (Renneberg et al., 2005), while FACS is more often used to produce stimuli in 

classification paradigms (e.g. staged photographs, Keltner, 1996; computer-generated avatars, 

Rychlowska et al., 2017) than in observational study of expressivity. Perhaps due to the time-

consuming nature of FACS coding (Waller et al., in review), coding of spontaneous expressions in 

humans and non-humans tends to focus on only the “peak” expression (e.g. Julle-Danière et al., 

2020; Parr et al., 2007), so that measures of expressivity obtained from FACS coding will 

concentrate on intensity of movements and the number of action units present at this peak, 

rather than on variability of movements produced in an expression (but see Wu et al., 2014). 

Adaptations of FACS to nonhuman primates (e.g. ChimpFACS, Parr et al., 2007, MaqFACS, 2010, 

etc.) do not generally include guidance for coding intensity of action units (AUs), and studies 

utilising FACS in non-humans tend to concentrate on comparison of AU combinations between 

contexts and/or species rather than on the variability or intensity of expressions. In non-human 

primates, only one study has so far examined the intensity of AUs (Chapter 3; Clark et al., 2020), 

finding that intensity of AUs involved in bared-teeth expressions produced immediately prior to 

affiliative contact was different to the intensity of AUs in bared-teeth expressions associated with 

copulation and submission. Variability of AUs produced has been quantified mostly by building 

repertoires of AUs for entire species (e.g. Dobson, 2009a, 2009b; Scheider et al., 2014), rather 

than examining the variability of single expressions in high temporal resolution. In crested 

macaques, bared-teeth expressions used in affiliative contexts are more variable than those 

produced in play, submission, and copulation contexts (Chapter 3; Clark et al., 2020). 
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In general, more objective measures of expressivity have included measures of the duration, 

intensity, and variability of movements, sometimes integrating these into a single measure of 

expressivity (e.g. Wu et al., 2014). With FACS, variability of movements can be quantified in 

various ways, including the repertoire of AUs (e.g. Dobson, 2009b), the diversity of AUs produced 

(e.g. Scheider et al., 2014), the repertoire of AU combinations (e.g. Scheider et al., 2014), and the 

rate of change of AU combination (e.g. Chapter 3; Clark et al., 2020; Wu et al., 2014). Each of 

these measures may give subtly different insight into the facial expressivity of the subject. 

In chapter 3, variability was measured as the number of changes in AU combinations per second. 

This measure reflects less-predictable facial movements, but crested macaques also produce 

several dynamic ritualised facial displays (Chapter 2; Clark et al., 2020; Micheletta et al., 2013; 

Thierry, Bynum, et al., 2000) where the appearance of the face is constantly changing. Both these 

types of variability could impact the conspicuousness of a display, but the clarity of signal meaning 

might be more predictable for a predictable ritualised signal than an unpredictable unritualised 

one. 

In this study we investigated whether general trends exist between social relationships and the 

characteristics of communication styles. Firstly, we expected that higher intensity and lower 

variability are used in more risky situations such as aggression and submission, with lower 

intensity and greater variability in affiliative contexts. This has already been demonstrated to an 

extent with silent bared-teeth expressions (Chapter 3; Clark et al., 2020), and would be expected 

to continue for all expressions. 

Secondly, we expected that expressions would be more intense when 1) directed up the 

dominance hierarchy, 2) used between individuals who are close in dominance rank, and 3) used 

between individuals sharing a weak social bond. It is less clear what relationship should exist for 

variability. Since expressions used within a strong social bond are under less constraint than 

between individuals sharing a weak social bond, due to the reduced chance of misunderstandings 

and reduced costs of any misunderstandings that arise, expressions may be more variable in this 



Chapter 5: Intensity and variability 

 

  
94 

circumstance. However, the fact that variability may make expressions more conspicuous could 

mean that greater variability follows the same pattern as greater intensity. It is possible that the 

variability generated may be similar in quantity but differ in type, with close relationships 

accommodating less predictable expressions and distant relationships favouring more 

predictable, ritualised movements. 

5.3 Methods 

5.3.1 Data collection 

Data collection was conducted between December 2018 and April 2019 at the Tangkoko-

Batuangus Nature Reserve, North Sulawesi, Indonesia. At that site, which is administered by the 

Macaca Nigra Project (MNP; www.macaca-nigra.org), we followed members of two different 

social groups, conducting focal follows of known individuals (J. Altmann, 1974; see Table 5.1 for 

details of individuals followed). During these focals, two observers followed the focal individual at 

a distance of 3-20m, depending on terrain, vegetation, and the location of the individual within 

the group. One observer kept a video camera (Panasonic HDC-SD700, Bracknell, UK) trained on 

the animal’s face, and activated the pre-record function on the camera whenever a facial 

expression was produced and whenever another individual approached or was approached. The 

other observer used a tablet computer with a purpose-built macro in Microsoft Excel to collected 

continuous behavioural data, including general activity (move, rest, forage etc.) and detailed 

records of social interactions, and scan data (every five minutes) including identity of any other 

individuals within 1 metre and 5 metres. Since both camera and tablet recorded timestamps of 

recordings, it was possible to match video clips with social interactions recorded in the focal files. 
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Table 5.1.  

Characteristics of the groups followed during data collection (reproduced from chapter 4 Table 
4.2). 

 Group 

 R2 PB1b 

Adult males 
Individuals present 6 4 

Individuals followed * 5 4 

Adult females 
Individuals present 14 20 

Individuals followed * 0 17 

Subadult males 
Individuals present 4 3 

Individuals followed * 1 1 

Juveniles + infants present c.15 c.25 

Total group size c.41 c.52 

* number of individuals for which we had at least 5hr of focal follows. 

5.3.2 Coding behavioural outcome 
We categorised video clips based on the focal data that was recorded at the time, supplemented 

by anything we observed in the video clips themselves. Generally, clips were categorised 

according to the behaviour that immediately followed the production of a facial expression, which 

was one of affiliation, copulation, submission, and aggression. In some cases, expressions were 

produced while social behaviour was ongoing, e.g. during affiliative embrace, or during submissive 

body posture. In these cases we categorised the expressions based on the accompanying 

behaviour, as long as the behaviour did not stop when the facial expression was produced. Some 

video clips showed interactions that included distinct phases, such as aggression followed by 

reconciliation; in these cases we split the clips so that facial expressions produced before 

aggressive acts were analysed separately from expressions that preceded affiliative behaviours. 

When using terms such as “Affiliation” to describe expression categories, this categorisation is 

based on the behaviour that followed the expression, rather than any subjective judgement of 

function based on the appearance of the expression. 
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During data cleansing, we adjudged whether clips were of sufficient quality to enable FACS 

coding, discarding clips where visibility of the face was inadequate, for example due to distance, 

poor focus, or presence of obstructions. This yielded a total of 364 expressions that were coded, 

for which the identities of both signaller and receiver were known; for each of these expressions 

both signaller and receiver were individually recognisable adults or subadults. However, we do 

assume that focussing on behavioural outcome is a better means of classifying function of 

expressions than any subjective categorisation. 

5.3.3 FACS coding 

Video clips were coded using BORIS (Friard & Gamba, 2016) by a certified MaqFACS coder (PC) 

following the guidelines of MaqFACS (Parr et al, 2005), which have been shown to be applicable to 

crested macaques with minor alterations (Chapter 2; Clark et al., 2020). To minimise the coder’s 

knowledge of the context of each expression, the videos were clipped to the length of the facial 

expression in question. We coded whether the focal animal was looking at the target individual – 

this was usually subjective based on the direction of the face during the majority of facial 

expressions – and analysed only the movements produced when either a) the animal was looking 

at the target individual, or b) the animal was in body contact with the target individual and not 

looking at a second individual. This rule was devised to distinguish those cases where an individual 

looked away from the original target in order to direct expressions to a second individual from 

those where the change in gaze direction was irrelevant to the continuation of the communicative 

bout. 

5.3.4 Calculating expression characteristics 

For each expression, we calculated the overall intensity. This was based on only the AUs for which 

we were able to code intensities: AU10 (upper lip raiser), AU12 (lip corner puller), AU26 (jaw 

drop), and EAU3 (ear flattener). This is because these movements were conspicuous enough that 

we could tell the difference between major and minor movements, and coding of intensities has 
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been shown to be reliable before (Clark et al. 2020; Chapter 3). Overall intensity of an expression 

was calculated for each video using the following formula 

𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 =
𝐻10 + 𝐻12 + 𝐻26 + 𝐻𝐸𝐴𝑈3 + 𝑇27

𝑇10 + 𝑇12 + 𝑇26 + 𝑇𝐸𝐴𝑈3 + 𝑇27

 

where 𝐻  is the duration of time that action unit n was produced at high intensity, and 𝑇  is the 

total duration of action unit n. This yielded a value between 0 and 1 for each expression. Every 

expression involved at least one of these five action units in question, so we had a valid measure 

of intensity for each. Because of the complexity of the predictions, we analysed two measures of 

variability. The variability of the expression was calculated as the number of changes in AU 

combination, plus the number of changes in intensity of AU10, AU12, AU26, and EAU3, plus the 

number of frames for which a repetitive dynamic action descriptor (RDAD) – AD181 (lipsmack), 

AD182 (teeth chatter), AD183 (tongue chatter), AD184 (jaw wobble) – was active, divided by the 

duration of the expression in frames, and multiplied by 2 to account for the fact that the 

movements involved occur at roughly 2 hz. 

We also calculated the rate of RDADs for each expression, given the prediction that there may be 

a difference in the use of predictably variable RDADs compared to unpredictable variability 

caused by less ritualised facial movements. 

5.3.5 Measuring social relationships 
We used data on social interactions between April 2018 and April 2019 – from eight months 

before video collection started until the end of video clip collection – to construct a dominance 

hierarchy for each group (males and females in PB1B, males only in R2). The types of interaction 

used were displacement, unidirectional aggression, and submission. Each interaction was 

assigned a winner and a loser: for displacement, the displaced individual was the loser, for 

unidirectional aggression the aggressive individual was the winner, and for submission the 

submissive individual was the loser. Using social interaction data from before the video data 
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collection period increased the sample size of these interactions from 178 to 252, an increase of 

42% which enabled us to have more confidence in the data. We used this data to calculate Elo 

ratings (Elo, 1978; Neumann et al., 2011), with initial ratings set at 1000 with a k-value of 50, and 

only involving interactions between individuals of the same sex (n=182). Elo ratings are relatively 

robust even with relatively small sample sizes (Neumann et al., 2011), and we found that these 

parameters were sufficient to yield clear, stable hierarchies that reflected the observations of 

experienced field assistants regarding dominance within the groups. Elo ratings of females were 

recalibrated so that the rating of the dominant female was lower than that of the lowest-ranked 

male (following Micheletta et al., 2013; see Chapter 4), using the formula 

𝐸 =
 ( 𝑚𝑖𝑛 )

   

where Eold is the raw Elo rating of an individual, Enew is the recalibrated rating, Mmin is the rating 

of the lowest ranked male, and Fmax the rating of the highest ranked female. We calculated the 

difference in dominance ranking as  

𝐸𝑙𝑜 𝑟𝑎𝑡𝑖𝑛𝑔 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = 𝐸𝑙𝑜(𝑠𝑖𝑔𝑛𝑎𝑙𝑙𝑒𝑟) − 𝐸𝑙𝑜(𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑟) 

meaning that expressions directed down the dominance hierarchy have positive values for Elo 

rating difference and expressions directed up the hierarchy have negative values. Large 

magnitudes of Elo rating difference reflect distant rankings, and small magnitudes reflect close 

rankings. 

Using the same dataset of social interactions, we also calculated a composite sociality index (CSI), 

using both focal and scan data, giving an estimate of the strength of social bond between two 

individuals. The formula used (following Micheletta et al., 2013) was based on grooming 

frequency and duration, time spent in proximity (<1m), and frequency of affiliative contact 

(touching, embracing, etc.). Time in proximity was recorded in scans, while the other components 

were recorded in all-occurrence sampling. We calculated the CSI using the equation  
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𝐶𝑆𝐼 =  

𝐺
𝐺

+
𝐷
𝐷

+
𝑃
𝑃

+
𝐴
𝐴

4
 

where Gab is the frequency of grooms between individual a and b, Dab is the duration of grooms 

between a and b, Pab is the rate of proximity within 1m, and Aab is the frequency of affiliative 

contact. The denominators Gx Dx Px and Ax are the overall rates of these in group x to which a and 

b belong. Each of these eight terms were corrected for sampling effort. This CSI correlated 

strongly (r=.848) with a similar measure used by previous researchers (Silk et al., 2006), which 

only took into account frequencies of grooming and proximity. The two grooming components of 

the CSI (grooming frequency, G, and grooming duration, D) are strongly correlated with each 

other (r = .837), and with time in proximity (P; G x P, r = .446; D x P, r = .456). Frequency of 

affiliative contact (A) is less strongly correlated with the other components (A x G, r = .311; A x D, r 

= .183; A x P, r = .229). Though adding less-well correlated terms can be detrimental at higher 

sample sizes (Mielke & Samuni, 2021), the moderate correlation of affiliative contact with 

grooming frequency, and the low overall number of interactions per dyad (3132 total interactions 

among 729 dyads = 4.30 interactions per dyad), mean that the inclusion of this term is likely 

beneficial. 

5.3.6 Statistical analyses  

We used the “lme4” package (version 1.1-26; Bates et al., 2015) in R (version 4.0.3; R Core Team, 

2020) to fit generalised linear mixed-effects models for each dependent variable using maximum-

likelihood, with signaller ID as a random effect and outcome category, sex combination, sociality 

index, and Elo rating difference as fixed effects. Elo rating difference was included as both linear 

and quadratic terms, as our predictions allow for greater intensity at zero values of this variable 

than at extreme negative or positive values. 

We built 41 models for each DV, each of which included all four main explanatory variables, and 

some combination of interaction terms. Including the interaction of sex combination and 
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behavioural outcome, both categorical variables, would have created very uneven sample sizes 

for these interactions, we excluded the interaction of these variables from our models. We 

selected the most parsimonious of the 41 models for each DV, using corrected Akaike’s 

Information Criterion (AICc; Sugiura, 1978), and compared the parsimonious model to the null 

model using the “anova” function in the “lmerTest” package (version 3.1-3; Kuznetsova et al., 

2017). Likelihood ratio tests to assess significance of effects used Satterthwaite’s method for 

approximating degrees of freedom (Satterthwaite, 1941), which has been shown to be a reliable 

method for significance testing in generalised linear models, achieving low rates of type I error 

even at low sample sizes (Luke, 2017). We used “code_control” contrast matrices to compare 

factor levels (package “codingMatrices”; Venables, 2021). This zero-sum method sets one factor 

as a baseline and compares the other levels to that; we used as a baseline the level which 

occurred most frequently: Affiliation for behavioural outcome, and Female-Female for sex 

combination. Since we predict that intensity of expressions will be lower in Affiliation expressions 

than other categories, this also makes Affiliation a good baseline to work from. 

5.4 Results 

5.4.1 Intensity 

The most parsimonious model by AICc included no interaction terms, and was a significantly 

better fit for the data than the null model (likelihood-ratio test, χ2 =130.7, d.f. = 31, p < .001).  

There was a significant main effect of behavioural context: expressions produced in 

affiliative context exhibited lower intensity than expressions which had aggressive, copulation or 

submission outcomes (Table 5.2, Fig. 5.1). A significant main effect of Elo rating difference 

demonstrated a negative quadratic relationship: when animals had similar Elo ratings they tended 

to use more intense facial movements than when they were less closely-ranked (Figure 5.2). 

There was no significant linear component to the effect of Elo rating difference; this relationship 
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was marginally non-significant. CSI and sex combination also had no significant effect on 

expression intensity (Table 5.2) 
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Table 5.2.  

Output of linear mixed model for intensity of expressions (categorical variables split by level) 

Predictor  Estimate  SE  df  t  p    

(Intercept)  0.406 0.030 96.9  13.50 <.001 ***  

CSI  -0.012 0.008 363.2  -1.58 .116   

Elo rating difference  -0.854 0.496 145.5  -1.72 .087 .  

Elo rating difference2  -0.864 0.352 229.8  -2.46 .015 *  

Behavioural outcome (baseline is Affiliation)    

Aggression  0.243 0.058 361.5  4.21 <.001 ***  

Copulation  0.168 0.050 361.8  3.33 <.001 ***  

Submission  0.365 0.055 361.7  6.70 <.001 ***  

Unknown  0.022 0.041 359.7  0.55 .584   

Sex combination (signaller first, baseline is ♀♀)    

♀♂  -0.078 0.076 343.4  -1.02 .311   

♂♀  0.085 0.061 80.4  1.41 .163   

♂♂  -0.064 0.053 103.4  -1.19 .236   

*** p < .001;  ** p <.01;  * p<.05;  . p < .1  
Elo rating difference2 = quadratic effect of Elo rating difference. 

Figure 5.1. Intensity of expressions associated with different behavioural categories, for a) all 
expressions in the dataset, and b) expressions produced in same-sex dyads. ‘Unk’ indicates that the 
interaction did not clearly belong to any defined category. 
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Figure 5.2. Effect of Elo rating difference on intensity of expressions. a) shows the overall trend 
across all behavioural outcome categories. b) shows the effect for each behavioural outcome 
category separately. Overall best fit lines based on predicted values from the overall model. Grey 
shading shows 95% CI for the model. 
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Figure 5.3. Effect of composite sociality index (CSI) on intensity of expressions. a) shows the overall 
trend across all behavioural outcome categories. b) shows the effect for each behavioural outcome 
category separately. Overall best fit lines based on predicted values from the overall model. Grey 
shading shows 95% CI for model. 
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Figure 5.4. Effect of sex combination on intensity of expressions. Sex combination signaller -> 
receiver. M = male, F = female. All individuals were adults. 

 

5.4.2 Within-expression variability 
The most parsimonious model fit the data significantly better than the null model (LRT, χ2 = 69.1, 

d.f. = 10, p < .001). Effects identified in this model are shown in Table 5.3. 

Affiliation expressions were the most variable overall, with significantly more variability than 

Aggression expressions and expressions with unknown outcomes (Table 5.3, Figure 5.5). Elo rating 

difference had a significant effect on variability, with expressions directed up the hierarchy having 

greater variability (Figure 5.6). The quadratic term for difference in Elo rating had a significant 

positive effect, but the effect size was small in comparison to the effect on intensity in section 

5.4.1 above (Table 5.2; Figure 5.2), and the best fit lines appear to be reasonably approximated as 

linear (Figure 5.6). Sex combination had a significant effect on variability, with expressions 

produced in same-sex interactions being generally more variable than those involving individuals 

of different sexes. Expressions in Female-female interactions were significantly more variable than 

male-female and female-male expressions, but not significantly different from male-male 

expressions (Table 5.3; Figure 5.7). CSI had no effect on variability of facial movements (Table 5.3; 

Figure 5.8). 
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Table 5.3.  

Output of full linear mixed model of variability. 

Predictor  Estimate  SE  df  t  p    

(Intercept) 0.621 0.032 364 19.42 <.001 *** 

CSI -0.014 0.009 364 -1.49 .138  

Elo rating difference -1.560 0.527 364 -2.96 .003 ** 

Elo rating difference2 0.882 0.391 364 2.25 .025 * 

Behavioural outcome (baseline is Affiliation) 

Aggression -0.212 0.071 364 -2.98 .003 ** 

Copulation -0.021 0.061 364 -0.35 .726  

Submission -0.073 0.067 364 -1.09 .279  

Unknown -0.172 0.050 364 -3.43 <.001 *** 

Sex combination (signaller first, baseline is ♀♀)  

♀♂ -0.396 0.091 364 -4.36 <.001 *** 

♂♀ -0.170 0.062 364 -2.74 .006 ** 

♂♂ -0.080 0.058 364 -1.37 .170  
*** p < .001;  ** p <.01;  * p<.05;  . p < .1 
Elo rating difference2 = quadratic effect of Elo rating difference. 
 

  
Figure 5.5. Boxplot showing differences in variability between expressions preceding different 
behavioural categories for a) all interactions, b) same-sex interactions. 

 



Chapter 5: Intensity and variability 

 

  
107 

 

Figure 5.6. Effect of difference in Elo rating on the variability of expressions produced, from all 
interactions. a) shows the overall trend across all behavioural outcome categories. b) shows the 
effect for each behavioural outcome category. Best fit lines based on predicted values from the 
overall model. Grey shading shows 95% CI for model. 

 

 



Chapter 5: Intensity and variability 

 

  
108 

 
Figure 5.7. Boxplot showing variability of all expressions by sex combination (Signaller-Receiver). 
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Figure 5.8. Effect of CSI on the variability of expressions produced. a) shows the overall trend across 
all behavioural outcome categories, b) shows the effect for each behavioural outcome category. 
Best fit lines based on predicted values from the overall model. Grey shading shows 95% CI for 
model. 

5.4.3 Repetitive dynamic ADs (RDADs) 

Given the interesting trends in the variability analyses above, we decided to examine a specific 

component of variability: the presence of repetitive dynamic action descriptors (RDADs). These 

movements consist of regular oscillation of the jaw and/or lips and/or tongue in ritualised displays 

(Chapter 2; Clark et al., 2020; see also Thierry, Bynum, et al., 2000) which could provide a 

different type of variability to unritualised movements. By definition, RDADs are more predictable 

and potentially more conspicuous than unritualised variation in facial expressions. 
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The most parsimonious model for RDADs comprised of only the four main terms (Table 5.4); this 

model was significantly better fit for the data than the null model (LRT, χ2 = 102.5, d.f. = 10, p < 

.001). There was a significant main effect of behavioural category (Table 5.4; Figure 5.9), with 

affiliation expressions having the highest rate of RDADs, significantly higher than submission and 

aggression expressions; copulation expressions did not differ significantly from affiliation 

expressions in RDAD rate.  

Elo rating difference had a large negative effect on RDAD rate, and the quadratic term was also 

significant (Table 5.4). Looking at the overall trend, the negative linear effect is more clear than 

the quadratic, which seems to manifest as a levelling off of the RDAD rate at high values of Elo 

rating difference (Figure 5.10). The low RDAD rates in aggression (Figure 5.9, Figure 5.11b) may 

have helped to generate the general trend of reduction in RDAD rates with increased Elo 

difference because aggression is much more common at positive values of Elo difference (i.e. 

when the signaller ranks higher than receiver).  

CSI had no effect on rates of RDADs (Table 5.4; Figure 5.11), but interactions between same-sex 

individuals tended to have higher rates of RDADs than those involving individuals of different 

sexes. Expressions between females also tended to be have higher rates of RDADs than those 

used between males, though this was a marginal result (Table 5.4; Figure 5.10b). 
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Table 5.4.  

Output of full linear mixed model for rate of Repetitive Dynamic Action Descriptors 

 
Predictor  Estimate  SE  df  t  p    

(Intercept) 0.243 0.030 364.0 8.07 <.001 *** 

CSI -0.005 0.009 364.0 -0.61 .541 
 

Elo rating difference -1.802 0.495 364.0 -3.64 <.001 *** 

Elo rating difference2 0.968 0.368 364.0 2.63 .009 ** 

Behavioural outcome (baseline is affiliation) 

Aggression -0.341 0.067 364.0 -5.09 <.001 *** 

Copulation -0.101 0.057 364.0 -1.77 .078 . 

Submission -0.228 0.063 364.0 -3.61 <.001 *** 

Unknown -0.266 0.047 364.0 -5.64 <.001 *** 

Sex combination (signaller first, baseline is ♀♀) 

♀♂ -0.316 0.085 364.0 -3.71 <.001 *** 

♂♀ -0.171 0.058 364.0 -2.94 .003 ** 

♂♂ -0.110 0.055 364.0 -2.01 .046 * 

*** p < .001;  ** p <.01;  * p<.05;  . p < .1 
Elo rating difference2 = quadratic effect of Elo rating difference. 
 

 
Figure 5.9. Boxplot showing rates of Repetitive Dynamic Action Descriptors (RDAD) by behavioural 
outcome category for a) all interactions and b) same-sex interactions. 
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Figure 5.10. Effect of Elo rating difference on the rate of repetitive dynamic action descriptors 
(RDADs), by sex combination. Best fit lines show: a) predicted values from model over all categories, 
b) predicted values for each sex combination (signaller first,  F = female, M = male). Best fit lines 
show predicted values from model, grey shading shows 95% CI for model. 
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Figure 5.11. Effect of CSI on Repetitive Dynamic Action Descriptor (RDAD) rate, by behavioural 
outcome category. Best fit lines based on predicted values from the model. Grey shading shows 95% 
CI for the model. 
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5.5 Discussion 
Our main findings were 1) that intensity and variability of expressions differed according to the 

type of behavioural interaction they were involved in, with affiliation expressions exhibiting the 

lowest intensity and highest variability, 2) that dominance interactions had some effect on these 

characteristics of expressions, with higher-intensity facial expressions being directed to more 

closely-ranked individuals, and more variable expressions being directed to higher-ranked 

individuals, 3) that the observed effect on variability held for the ‘predictable’ variability 

component provided by ritualised movements, 4) that sex combination had no effect on intensity, 

but that expressions used within sexes had greater variability than expressions used between 

sexes, 5) that relationship closeness had no discernible effect on intensity or variability of 

expressions. 

5.5.1 Effects of behavioural context 

Theoretically, potentially more valuable or costly interactions should involve more exaggerated 

signals to reduce ambiguity. This should mean that intensity of expressions is higher in aggressive 

and submissive contexts, and potentially in copulation contexts as well, since these situations 

have relatively high evolutionary stakes. We also expected reduced variability in these contexts, 

since variability can lead to ambiguity of signals (although see section 5.5.4 below). Our results 

support these predictions, with expressions that were associated with affiliative behaviour being 

the least intense and most variable. Submission, copulation, and aggression expressions were 

significantly more intense than affiliation expressions; while differences in variability were less 

pronounced, variability was significantly reduced in aggression expressions. 

Our findings reinforce those of our earlier study of bared-teeth expressions (Chapter 3; Clark et 

al., 2020) that found higher rates of variability in affiliative expressions than copulation, play and 

submission expressions. It should be noted that the present study measured variability 

differently: dynamic expressions such as teeth chattering, lipsmacking, and jaw wobbling are 

counted towards variability in this study but were not in the previous study. Since lipsmacking is 
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generally an affiliative signal in crested macaques (Micheletta et al., 2013; Thierry, Bynum, et al., 

2000), teeth chattering is submissive (Chapter 3; Clark et al., 2020), and jaw wobbling is used by 

males to solicit mating (Chapter 3; Clark et al., 2020; Thierry, Bynum, et al., 2000), this new 

measure of variability will have produced elevated values in these behavioural categories. 

Increased variability of expressions may be produced either by repetitive dynamic expressions or 

by unpredictable, unritualised movements. While each of these aspects of expression variability 

may act to increase conspicuousness, arguably the presence of repetitive dynamic displays could 

reduce uncertainty whereas unpredictable, unritualised movements may increase uncertainty as 

to the information content of the signal. However, in submissive and aggressive contexts, where 

we might – following the argument above – expect higher rates of repetitive dynamic action 

descriptors (RDADs) to decrease ambiguity and uncertainty, we actually observed that a relatively 

small proportion of overall variability was provided by RDADs. 

5.5.2 Effects of dominance relationship 

Our measure of dominance relationships was the difference in Elo rating between the signaller 

and the receiver, meaning that positive scores correspond to expressions directed by the 

dominant individuals in the dyad, and negative scores to expressions produced by the subordinate 

individual, while greater magnitudes reflect greater disparity in this relationship.  

Greater intensity of expressions occurred when individuals were closely ranked, while there was 

no trend of more intense expressions being directed up or down the hierarchy. Crested macaque 

social interactions are characterised by moderately skewed dominance relationships and 

frequent, low level conflict that is often bidirectional (Balasubramaniam et al., 2012; Duboscq et 

al., 2013), indicating that social interactions are less predictable. Given this lack of predictability, it 

is understandable that closely-matched crested macaques utilise more intense expressions to 

reduce the potential for ambiguity and misunderstandings. This trend was less pronounced in 

affiliative interactions than aggressive and submissive interactions, with aggression between 

closely-matched pairs involving the most intense facial expressions. The highest likelihood of 
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misunderstanding is in closely-matched pairs, and the highest potential cost is in submissive or 

aggressive contexts, so these findings fit with the idea that intense signals are selected to reduce 

ambiguity. 

Elo rating difference did have a significant effect on the variability of facial expressions, with lower 

rank difference – that is, the signaller being ranked relatively lower compared to the receiver – 

being associated with increased variability of expressions. This may indicate that affiliative 

interactions are not symmetrical in crested macaques, with different types of expression being 

utilised for appeasement by lower-ranked individuals and reassurance by higher-ranked 

individuals. Since the silent bared-teeth, a relatively static expression, has been purported to be a 

signal of benign intent in other species (e.g. mandrills, Bout & Thierry, 2005; moor macaques, 

Petit & Thierry, 1992), this may be an example of a relatively static reassurance signal, whereas 

dynamic expressions may be more often utilised by subordinate animals seeking to appease 

dominant ones. Prior studies of crested macaques support this idea to some extent, since 

lipsmacking is an often-used signal in reconciliation in this species (Duboscq et al., 2014) and 

teeth-chattering is linked with submission (Chapter 3; Clark et al., 2020). Lipsmacking is also used 

in general to start affiliative interactions (Micheletta et al., 2013), and though it is often 

reciprocated during social interactions, subordinates are more likely to reciprocate lipsmacks of 

dominants than vice versa (P. Clark, unpublished data). This fits with the observed tendency for 

RDADs to be directed up the hierarchy more often than down. 

5.5.3 Relationship quality 

We predicted that increased social bond strength, measured by a composite sociality index (CSI), 

would reduce the intensity and increase the variability of facial expressions, since ambiguity 

should be less confusing and perhaps less costly between animals with a closer social relationship. 

However, we found no evidence for any significant overall effect of CSI on intensity or variability 

of expressions. It appears that having a stronger social bond does not affect the need for 

increased intensity of expression in certain contexts, nor liberate facial expressions into greater 
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overall variability. This finding that individuals don’t change their communication style based on 

social bond strength is particularly interesting in light of the contrast with the effect of dominance 

relationship contrasts, indicating that dominance, rather than friendship, appears to drive the 

flexible use of facial communication in crested macaques. 

5.5.4 Limitations 
While the measure of total variability used in this analysis is logical and reliable, variability still 

poses a problem for this type of study. There are a huge number of ways to define variability. We 

have treated variability as a composite of changes in AU combination, changes in AU intensity, 

and an estimate of the frequency of appearance changes visible during dynamic ritualised facial 

displays. Arguably this lumping strategy is an oversimplification, and I have indicated some areas 

where the lack of nuance in the analysis has reduced our ability to draw conclusions. It could be 

argued that the presence of repetitive dynamic action descriptors (RDADs) reduces rather than 

increases unpredictability, as the expression oscillates between two configurations rather than 

any possible configuration being possible, as is the case with unritualised movement. Therefore, 

one could argue that variability provided by RDADs should not be counted alongside that 

produced by unritualised movements. It is possible that variability provided by RDADs plays a 

similar role to intensity, being conspicuous and exaggerated in order to avoid ambiguity. This type 

of variability would not be expected between individuals in a close social relationship. The 

measure of variability in this study, however, has been chosen because it requires less subjective 

decisions on the researcher’s part: we have simply attempted to approximate the rate at which 

the appearance of the face changes, without assigning any value in terms of the meaning that a 

receiver can obtain. 

Measures of expressivity sometimes include the duration of facial expressions. Since longer 

expressions obviously give more opportunity for facial movements to occur, we decided to 

calculate variability of expressions per unit time. Affiliative expressions were longer on average 

than other expressions, which may have some significance, but we did not investigate this further. 
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5.5.5 Conclusion 

This study has demonstrated differences in intensity and variability between facial expressions 

used in different contexts. We found that dominance ranking differences have some effect on 

these characteristics of expressions, but no evidence for any impact of social relationship quality. 

Our findings support the concept that a function of intensity in communicative signals is to reduce 

ambiguity in situations where confusion is more likely and potentially more costly, both in terms 

of the immediate context of behaviour and the broader context of a dominance relationship. We 

found no mitigating effect of social relationship closeness, contrary to our predictions, indicating 

that dominance, rather than the strength of a social bond, has the greatest impact on 

communication style. 
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Chapter 6. General Discussion 

6.1 Main findings 
In chapter 2, we documented the process of adapting MaqFACS for crested macaques, and found 

that the existing descriptions of Action Units (AUs - the minimal observable movements of the 

face) in MaqFACS generally described the appearance changes for corresponding AUs observed in 

crested macaques, with some minor exceptions - AU18 (lip pucker) occurs as a single movement 

in crested macaques, where in rhesus macaques there are two variants, and AU9 (nose wrinkler) 

is more difficult to detect in crested macaques due to the darker skin and less mobile nose. We 

described several Action Descriptors (ADs - ritualised movements involving more than one muscle 

group) for crested macaques, which were not described in previous versions of MaqFACS 

(Correia-Caeiro et al., 2021; Julle-Danière et al., 2015; Parr et al., 2010). With these few changes 

to the guidelines, MaqFACS can be used to code the facial expressions of crested macaques with a 

good level of reliability; this enabled the studies in chapters 3-5 to be carried out. 

In chapter 3, we used MaqFACS to compare the appearance of silent bared-teeth expressions 

(SBT) that were produced in social interactions with different outcomes. While we found that play 

and submission outcomes were associated with characteristic movements that have been 

described previously (AU27: jaw stretch, and AD182: teeth chatter, respectively), we also found 

that expressions produced before copulation and affiliation outcomes could also be differentiated 

based on their morphology with greater than expected accuracy. These differences involved some 

specific movements that were more common in copulation context (AD184: jaw wobble; AU9: 

nose wrinkler), but the results also showed that variability tended to be higher in affiliative 

context and intensity tended to be higher in copulation context. No specific AUs or ADs were 

characteristic of affiliative expressions. 

In chapter 4, we assessed whether the morphological appearance of expressions used by 

aggressors in agonistic encounters could be used to predict the outcome of a conflict. We found 
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that conflicts were not predicted by any measure of facial expressions, nor the dominance 

relationship between the two individuals in the dyad, indicating that facial expressions of threat 

are not used to directly signal future behaviour of a signaller. 

In chapter 5, we assessed the effects of social factors (interaction type, relationship closeness, 

and dominance) on the variability and intensity of facial expressions. We found effects of social 

interaction type and dominance relationships on the intensity of expressions, and an effect of 

interaction type on the variability of expressions. The findings that intensity was higher for 

aggressive and submissive expressions, and in interactions between individuals who had similar 

dominance rankings, reflect theoretical predictions based on the need to reduce ambiguity in 

interactions between closely-matched individuals and in potentially costly interactions. Variability 

was higher for affiliative expressions and lower for aggressive expressions, which partially reflect 

the results for SBT, where affiliative expressions had the highest variability, and our expectations 

based on the need to reduce signal ambiguity in potentially costly situations such as conflicts. 

However, the closeness of an existing relationship had no effect on the intensity or variability of 

facial expressions used, which conflicted with our expectations. Indeed, we had expected that 

close individuals, being less likely to misunderstand each other, would exhibit more ambiguous 

expressions, manifesting in reduced intensity and increased variability. 

6.2 Discussion 

6.2.1 Functional variation in facial expressions 

One of the main aims of the thesis was to examine the function of subtle variability in 

expressions. While our findings regarding SBT suggest that subtle morphological variability can 

predict outcomes of social interactions (Chapter 3; Clark et al., 2020), our investigation of threat 

expressions did not find any predictive value of subtle variation in agonistic contexts (Chapter 4).  

The findings for SBT indicate that in this expression, subtle variability is important, yielding 

different variants of the expression with different consequences on the outcome of social 
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interactions. These findings incorporated some specific movements that have been tied to the 

observed functions in different animals. For example, jaw stretching has been associated with 

play contexts in carnivores (e.g. Bekoff, 1974; Henry & Herrero, 1974; Poole, 1978) and primates 

(e.g. Thierry et al., 1989; Waller & Cherry, 2012), but this association has been downplayed in the 

Sulawesi macaques (e.g. Thierry, Bynum, et al., 2000). Likewise, the description of teeth-

chattering (Chapter 2) is significant, since there has been debate over whether teeth-chattering is 

a ritualised display in its own right (van Hooff, 1967) or if it is better described as alternation 

between lipsmacking and SBT (Thierry, Bynum, et al., 2000). Similarly, given that teeth-chattering 

has been described as performing affiliative and submissive functions (Thierry, Bynum, et al., 

2000), the finding that teeth-chattering is tightly associated with submission in crested macaques 

(Chapter 3; Clark et al., 2020) is significant, and calls into question its function in other macaque 

species. These opposing views of teeth-chattering illustrate the issue faced by researchers using 

repertoire size as a proxy for communicative complexity – teeth-chattering was included as a 

single component of Dobson’s (2012) repertoires despite the dual assertions 1) that this display 

does not constitute a separate display to SBT and lipsmacking, and 2) that it is submissive as well 

as affiliative in nature (Thierry, Bynum, et al., 2000). Our findings confirm the submissive nature of 

teeth-chattering in crested macaques, and removal of this expression from the affiliative 

repertoire calculation used by Dobson (2012) would potentially alter the conclusions of that 

study. 

Findings from Chapter 4 suggest that facial expressions of threat do not encode information about 

the tendency to attack, and that agonistic encounters are inherently unpredictable. It is still 

possible that facial expressions provide some information as to the likely behaviour of the 

individuals involved, and thus the potential outcome of the interaction, and that additional 

information such as the existing relationship between individuals, and external factors such as the 

distance between parties, which other group members are nearby, etc., are also able to increase 

or decrease the risk of escalation. Rather than directly communicating the future behaviour of the 
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signaller, communicating the willingness to escalate and the invitation to affiliate or submit would 

mean that the outcome of the interaction depends more on the choices of the signal receiver 

than the signaller. This contrasted with the finding for SBT (Chapter 3; Clark et al., 2020), where 

the expression appeared to communicate the future behaviour of the signaller, with less regard to 

the intent of the receiver. 

Blending and grading pose a problem for categorisation of facial expressions. Blending involves 

the production of facial expressions that don’t correspond exactly to either one of two 

stereotypical expressions, but rather occupy a place on a spectrum between the two. Grading 

indicates that it is possible to produce low- and high-level versions of a single expression (Parr et 

al., 2005). High- and low-grade expressions may perform the same function or different functions. 

Expressions that are a blend of expression A and expression B may perform function A, function B, 

aspects of functions A and B, or an unrelated function C. In chimpanzees, blended signals appear 

to indicate conflicting motivations of signallers (Parr et al., 2005). While in most macaques, the 

affiliative signals of SBT and relaxed open-mouth are described as distinct signals with different 

functions, in Tonkean macaques these expressions occur as a continuum with function being only 

weakly linked to the precise appearance of the expression (Thierry et al., 1989).  

Generally we would expect that expressions that perform important functions would be 

conserved, with variation between displays kept to a minimum. However, this is not the same as 

asserting that variability within individual displays should also be eliminated.  

 

6.2.2 Facial expression repertoires 

Part of the motivation for this research was the use of simple repertoires treating facial signals as 

discrete, static expressions rather than complex, interrelated, dynamic displays (e.g. Dobson, 

2012; Thierry, Bynum, et al., 2000; van Hooff, 1967). While it is of course often deemed practical 

to lump facial expressions together according to their appearance and/or function, especially 

when recording these interactions as part of broader social behaviour, building repertoires of 
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facial expressions to answer general questions about the evolution of behaviour should be done 

with caution. In tests of the social complexity hypothesis, lumping facial expressions into 

categories ignores much of the variability documented in this thesis, meaning that relative 

complexity of communication in different species is approximated less accurately. For example, 

Dobson’s comparison of social complexity in macaques (Dobson, 2012), using repertoires of 

affiliative expressions, ignores the possibility that bared-teeth in crested macaques and bared-

teeth in rhesus macaques encompass vastly different arrays of facial movements, in spite of the 

superficial similarity of all bared-teeth expressions. We have demonstrated that intensity and 

variability of single expressions and expression bouts has functional significance within crested 

macaques, and it is possible that this carries over into different species and will have significance 

in comparisons between macaque species. Given that others have described multiple functions 

for SBT in other macaques, with the function of the expression modulated by the context (Beisner 

& McCowan, 2014; Flack & de Waal, 2007), it would be useful to assess the appearance of the 

expressions used in these different contexts in order to assess whether the signals themselves 

differ in appearance. 

Given that variation in threat expression morphology does not appear to be directly linked to 

behavioural outcomes in crested macaques, there is clearly a need for more investigation of this 

variation in this species, for example whether there really are several different kinds of discrete 

threat expressions, or whether expressions are blended and/or graded. While staring and half-

open mouth are presented as two separate expressions (Thierry, Bynum, et al., 2000), it would be 

interesting to see how often they co-occur. Staring and half-open mouth faces are sometimes 

called “low threat” or “mild threat” (Thierry, Bynum, et al., 2000), but the finding that 

morphology of facial expressions does not predict outcomes of agonistic interactions raises 

questions about these characterisations. Such classifications should be based on systematic 

observation utilising a detailed, objective measure of facial expressions and independent 

classification of behavioural outcome. 
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6.2.3 Importance of intensity 

The importance of intensity in crested macaque communication appears clear, with more intense 

SBT being used in submission and copulation context than in affiliative context (Chapter 3; Clark 

et al., 2020), and with intensity generally being higher for interactions between closely-ranked 

individuals, and in aggressive and submissive expressions (Chapter 5). In this thesis, increased 

intensity takes the form of more pronounced lip retraction, jaw opening, and ear flattening. In 

general we would expect to see greater intensity of signals, whether audible, visual, chemical, or 

tactile, in more urgent situations. This can be seen with alarm calls, in which louder, more 

frequent signals indicate greater urgency of the situation (e.g. Manser, 2001). More conspicuous 

facial movements – specifically the withdrawal of the teeth during open-mouth displays – are 

used in gorillas during rough play, to indicate that despite the boisterousness of the interaction, 

there is no aggressive intent (Waller & Cherry, 2012). In many animals, play faces involve 

exaggerated openings of the jaw (e.g. Bekoff, 1974; Henry & Herrero, 1974; Poole, 1978; Thierry 

et al., 1989). Intense, exaggerated communicative signals are seen when people interact with 

infants, one function of which appears to be holding the infant’s attention (Ferguson, 1964; 

Masataka, 1992).  In conversation, a speaker will use additional signals (such as gestures with 

facial expressions), repetition, and increased pitch and/or volume to ensure that their meaning is 

interpreted accurately by a listener (e.g. Flecha-García, 2010; Krahmer & Swerts, 2007). 

One aspect of intensity is conspicuousness, with more intense movements or sounds leading to a 

greater chance that the signal is detected; in visual signals this manifests as moving faster and 

further, or exhibiting bright colours (e.g. Fleishman, 1988, 1992). In audible signals, this intensity 

manifests as increased volume or pitch of vocalisations (e.g. Arak, 1983; Brumm & Slabbekoorn, 

2005). This goes alongside reducing ambiguity – the more exaggerated the signal, the less likely it 

is to be mistaken for another signal with a different meaning. As mentioned above, meerkat alarm 

calls are more intense - louder and more frequent - in more urgent situations, reflecting the need 



Chapter 6: General discussion 

 

  
125 

to be detected and understood quickly in a situation where ambiguity could be fatal (Manser, 

2001). 

6.2.4 Importance of variability 

Variability could also contribute to conspicuousness. An expression that changes more frequently 

will be more easily detected than one which is static. Individual facial expressions tend to be very 

short-lived – smiles are some of our more static expressions, and they last at most a few seconds 

(Frank et al., 1993), but expressions are often produced in sequences - expressive “bouts” or 

“displays” - and often combined with vocalisations (Partan, 2002). Attracting and holding 

attention through facial expressions can potentially be achieved with the use of variability; while 

static signals are less ambiguous, highly variable signals are more conspicuous, so there is a 

potential trade-off between these two desirable characteristics. 

However, it should be pointed out that variability can manifest in different ways. On the one hand 

is “predictable variability”, such as that provided by Repetitive Dynamic Action Descriptors 

(RDADs; Chapter 5) – in crested macaques these include predictable oscillations of the jaw, lips, 

and/or tongue. In contrast stands “unpredictable variability”, which is provided by unritualised 

movements. Predictable variability is used by crested macaques in prolonged interactions 

including affiliation (Lipsmacking - Micheletta et al., 2013; Thierry et al., 2000), submission (Teeth-

chattering - Chapter 3; Clark et al., 2020), and courtship (jaw wobble, Chapter 3; Clark et al., 2020; 

silent bared-teeth jaw movement, Thierry, Bynum, et al., 2000). The variability of these displays 

makes them highly conspicuous, but the ritualised, exaggerated nature of the movements also 

means that they are unambiguous, satisfying two needs of signals that fulfil important functions. 

Unpredictable variability, being rather ambiguous, might be more indicative of a lack of constraint 

on the facial movements that can be produced in a situation. Non-facial ritualised movements are 

used by many animals in courtship and territorial displays (e.g. fiddler crabs, Crane, 1966; anolid 

lizards, Fleishman, 1988, 1992; sage grouse, Wiley, 1973), and some bird songs are comparable in 
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terms of their predictability and repetitive nature as well as their function, such as the territorial 

yodel of the common loon, Gavia immer (Mager et al., 2012). It has been argued that exaggerated 

repetitive elements act to obtain and hold the attention of receivers; grass anole head-bobbing 

displays have greater amplitude and frequency at the beginning of the display, making them more 

conspicuous (Fleishman, 1992); the stereotyped movements should be easier for signallers to 

recognise and produce the appropriate response (Cullen, 1966). 

The importance of this kind of temporal variation within facial expression bouts has rarely been 

examined in any species; many researchers treat expressions as discrete, static, stereotypical 

entities, sometimes only describing the judged “apex” of the expression. This approach eliminates 

the possibility of detecting, for example, a subtle facial movement that is superseded by a more 

comprehensive expression; that small movement could have significant meaning. There are now 

some examples of observational studies of human facial expressions that have considered time 

period during expressions (e.g. Cohn & Schmidt, 2004; Julle-Danière et al., 2020), meaning that 

there is now more chance of detecting significant transitions between expressions as well as 

documenting apices. Experimental presentation of expressions to human participants has also 

now begun to move away from static photographs towards dynamic expressions (e.g. Roy et al., 

2007; van der Schalk et al., 2011; Zhang et al., 2014). It seems logical to accommodate temporal 

variability into the study of non-human primate facial expressions as well, given the importance of 

the variability within crested macaque expressions in this thesis (Chapter 5), and the prevalence 

of dynamic expressions such as lipsmacking, teeth-chattering, and threat displays in macaques 

(e.g. Chapter 2; Chapter 3; Clark et al., 2020; Micheletta et al., 2013; Thierry, Bynum, et al., 2000; 

van Hooff, 1967; Wiper & Semple, 2007)  and other non-human primates (e.g. Lazow & Bergman, 

2020; Pereira et al., 2020; van Hooff, 1967, 1972). 
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6.3 Future directions 

6.3.1 Use of Facial Action Coding Systems in non-human primates 

The development of FACS for non-human animals has generated great potential for comparative 

study of facial expressions, and MaqFACS, which was developed for rhesus macaques (Parr et al., 

2010), has been shown to be usable in coding facial expressions of Japanese, Barbary, and crested 

macaques with minimal modifications (crested macaque, Chapter 2; Clark et al., 2020; Japanese 

macaque, Correia-Caeiro et al., 2021; Barbary macaque, Julle-Danière et al., 2015). However, so 

far almost no studies have utilised MaqFACS to quantify facial movements and relate them to 

social functions, though some have made reference to FACS AUs in an anecdotal fashion (e.g. 

Preuschoft & van Hooff, 1995), or estimated the AU repertoires of different species (Dobson, 

2009b). Considering the large-scale literature on facial expressions in macaques, and the fact that 

the genus is often used for comparative study of communication (e.g. Dobson, 2012; Maestripieri, 

2005; Rebout et al., 2020), this means that what we know about macaque facial expressions – and 

by extension, primate facial expressions – is based on relatively subjective classifications of facial 

movements into discrete categories, rather than more objective analysis. In order to truly assess 

the evolution of complex communication, or specific questions such as the evolution of laughter 

and smiling, FACS data would give invaluable objective insight. 

In addition to utilising the existing MaqFACS, it would be beneficial to adapt MaqFACS to more 

macaque species in order to conduct comparative work. Macaques are often categorised into four 

grades based on their social behaviour, in particular patterns of agonistic behaviour (Thierry, 

2000); several studies use these “social style” gradings as the basis of comparisons (e.g. Joly et al., 

2017; Zannella et al., 2017), although the variation in social style is perhaps better described as a 

continuum (Balasubramaniam et al., 2012). With the adaptation of MaqFACS to Japanese 

macaques (Correia-Caeiro et al., 2021) and Barbary macaques (Julle-Daniere et al., 2015), FACS 

guidelines exist for two of the most despotic (Grade 1) macaques (rhesus and Japanese; Thierry 

2000, 2007), and one Grade 3 macaque (Barbary; Thierry 2000, 2007). Following our adaptation of 
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MaqFACS to crested macaques (Chapter 2; Clark et al., 2020), a Grade 4 species (Thierry, 2000, 

2007), comparative study of macaque facial expressions would greatly benefit from adapting 

MaqFACS to a second Grade 4 species, a second Grade 3 species, and to two Grade 2 species; this 

step would enable greater reliability of studies, and certainty that findings reflect differences 

between tolerant and despotic macaques, rather than the idiosyncrasies of individual species or 

social groups of rhesus or crested macaques. This could have great implications for the study of 

general trends the evolution of communication. 

In addition to employing existing FACS systems more widely, there would also be benefits to 

creating FACS for other taxa. For example, while baboons (Papio spp.) and the gelada 

(Theropithecus gelada) have had their facial movements assessed using human FACS (e.g. Dobson, 

2009b; Lazow & Bergman, 2020), the coding system is tailored to human facial anatomy and 

hence is not optimal for the purpose. It would be beneficial to develop a FACS for baboons that 

utilises our knowledge of the facial architecture and musculature of these species in order to gain 

a better idea of the range of facial movements that they exhibit. The baboon genus is a good 

candidate for testing the social complexity hypothesis (SCH) due to the differences in social 

structure between species. While most baboons live in multi-male, multi-female groups (Altmann 

& Altmann, 1970; Silk et al., 2006), hamadryas baboons (P. hamadryas) exhibit multilevel social 

organisation (Abegglen, 1984; Kummer, 1968; Schreier & Swedell, 2009), and chacma baboons (P. 

ursinus) vary in social organisation according to the habitat: mountainous habitat supports the 

formation of single-male harems (Byrne et al., 1990), while in lowland populations multi-male 

multi-female groups predominate (Hall, 1962). Likewise, groups of olive baboons (P. anubis) also 

vary in their degree of fission-fusion dynamics according to habitat and season (Alberts, 2013). 

Thus, as is the case with macaques, a social complexity gradient appears to be present in 

baboons, although we should be careful to ensure that differences in social structure are properly 

linked to differences in complexity (Bergman & Beehner, 2015; Ramos-Fernandez et al., 2018). 

Testing for differences in the complexity of facial communication between baboon species (and 
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populations within species) could therefore yield similar insights to comparative studies of 

macaques. While the exact degree of relatedness between baboons and the gelada is still under 

debate (see Bergman et al., 2018), the two genera are similar in anatomy, hence the previous 

classification of gelada within the baboons; geladas are also similar to hamadryas baboons in their 

extreme multilevel society with fission-fusion dynamics (Snyder-Mackler et al., 2012). Therefore 

gelada communication can be studied alongside that of baboons in order to test hypotheses 

about the evolution of communication, including the SCH (e.g. Gustison et al., 2012). Gelada facial 

expressions have previously been assessed using the human version of FACS (Lazow & Bergman, 

2020), but it would be more appropriate to develop a FACS for baboons which might be expected 

to be usable in geladas given the superficial similarities in facial appearance (Collard & O’Higgins, 

2001); this could lead to a situation similar to that in macaques, where MaqFACS was developed 

for rhesus macaques (Parr et al., 2010) and adapted for Barbary, crested, and Japanese macaques 

(Chapter 2; Clark et al., 2020; Correia-Caeiro et al., 2021; Julle-Danière et al., 2015). While 

Dobson’s (2009b) comparison of many different non-human primates is useful, and the use of 

more objective tools to measure repertoires is admirable, the use of specially-adapted systems 

for each species, based on the same framework and enabling specific comparisons of AUs 

between species, would be greatly advantageous for answering broad questions such as the SCH, 

and specific questions such as the development of individual facial displays. Baboons are 

predominantly terrestrial and can be found in relatively open habitat, which makes them suitable 

for facial expression analysis; it is more difficult to obtain good-quality video clips of facial 

expressions in arboreal, forest-dwelling species, which may hold back any attempts to develop 

FACS for many new-world monkeys and colobines, for example. Of course, studies of captive 

animals could prove a useful resource for development of FACS systems in any species, but 

particularly those with more challenging ecology. Insights into the facial expressions of these 

other taxa would be very valuable in elucidating the evolution of facial movements in the primate 

order. 
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6.3.2 Comparative work 

While we found no predictive value of facial expression in agonistic encounters in crested 

macaques (Chapter 4), repeating the study in a more despotic macaque, such as the rhesus 

macaque (Thierry, 2000, 2007), might give a different result. In more despotic macaques, 

outcomes of fights are usually more predictable (Balasubramaniam et al., 2012; Thierry et al., 

2008). Therefore, the production of different facial expressions might be more tightly linked to 

behavioural outcomes, since from the receiver’s point of view the outcome is relatively fixed. This 

would contrast to what happens in more tolerant species, where the action of the receiver 

potentially has more effect on the outcome of the interaction. Since fights in despotic species can 

be intense and potentially very costly, intensity of signals should be higher to try to avoid this. 

However, given the predictability of the interaction, since there is less risk of misunderstandings, 

this effect may be restricted to individuals who are closely-matched in dominance rank. 

Likewise, while we found clear effects of context and dominance on the intensity of expressions 

(Chapter 5), this intraspecific finding would be more influential if it was replicated and extended 

in interspecific studies. Utilising the standard methodology of MaqFACS would enable direct 

comparison of intensity of facial movements between different macaque species. We would be 

able to assess, for example, whether the intensity of facial expressions of other macaques follows 

the same trends as were found for crested macaques (Chapter 5), whether these trends are 

augmented or diminished, and whether intensity of facial movements is generally greater or less 

in a despotic species compared to the tolerant crested macaques. 

Where SBT performs different functions in different contexts, as described in rhesus (Beisner & 

McCowan, 2014) and pigtailed macaques (Flack & de Waal, 2007), we might expect that the 

signals used in different contexts would diverge in appearance. The use of MaqFACS to compare 

the morphology of SBT in peaceful and conflict contexts in these two species would yield a useful 

insight. 
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Since the social style of macaques is deemed to be a proxy for social complexity (Dobson, 2012), 

macaques, like baboons, are a good candidate genus for tests of the SCH. In order to test the SCH, 

we need to compare communicative complexity between species that vary in social complexity. 

With social style providing the measure of social complexity, FACS can provide an objective 

measure of communicative complexity, where previously analyses have used repertoire size, such 

as the number of affiliative facial expressions (Dobson, 2012). Having demonstrated in this thesis 

that some complexity has been overlooked, the lack of research utilising MaqFACS means we are 

as yet unable to perform a similar comparison using a better measure. Better measures could 

involve the intensity and within-expression variability of expressions used by different species, 

although this would cause a problem of intensity being species-specific (i.e. what is coded intense 

for a crested macaque might not be coded intense if it occurred in a rhesus macaque). Another 

alternative is to measure the variability between expressions, for which Dobson (2009b) used AU 

repertoire; AU combination repertoire or AU combination diversity would be a more valid 

measure (e.g. Scheider et al., 2014).  

The measures above centre around repertoire size as a proxy for complexity, but it could be 

argued that the better approximation of complexity is the predictability of facial expressions used 

in different behavioural contexts. Social complexity measures already use predictability as part of 

their framework (e.g. Bergman & Beehner, 2015). In fact, unpredictability of social interactions is 

the basis of tolerance grading in macaques (Thierry, 2000, 2007), which is purported to 

correspond to social complexity. In an attempt to quantify the predictability of links between 

facial movements and behavioural outcomes, NetFACS (Mielke et al., 2020) uses social network 

analysis to assess the links between individual action units and social contexts. This will allow us 

“to move away from studying facial signals as stereotyped expressions, and towards a dynamic 

and differentiated approach to facial communication” (Mielke et al., 2020, p. 2). However, as yet 

NetFACS only deals with expressions as a whole, utilising presence and absence of AUs within the 
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expression rather than taking into account any variability present within a single expression, 

which has been shown to be significant in this thesis. 

6.3.3 Experimental approaches 

While investigations of the functions of audible signals often utilise playback experiments to 

confirm the findings of observational studies, experimental methods are rare in the study of visual 

signals. Some early work by ethologists included inducing facial expression responses from non-

human primates; Darwin (1890/2009) caressed, tickled, and “insulted” monkeys and recorded 

their facial expressions, but of course we cannot be sure whether the animals were feeling the 

pleasure, affection, or rage that Darwin saw, nor whether they were attempting to communicate 

with him to continue or desist in his behaviour toward them. Though there have been examples 

of studies documenting the response of infant non-human primates to photographs (e.g. Sackett, 

1966) and animations (e.g. Paukner et al., 2018) of facial expressions, it is difficult to justify taking 

strong conclusions from this given the lack of ecological validity, and these methods have not 

generally been employed with adult animals. Similar validity issues prevent playbacks of facial 

expressions of conspecifics, since it is assumed that subjects may not respond to a video of 

another animal in the same way as if that animal was physically present (Fagot et al., 2010). 

However, one avenue that could potentially lead to useful insights is in matching paradigms. In 

one study (Waller et al., 2016), a touchscreen-trained crested macaque was shown a video clip of 

a social interaction, with facial expression of a subject manipulated, and chose one of two 

outcomes, “positive” (grooming) or “negative” (injury). The subject was significantly more likely to 

choose the positive outcome when a facial expression was present, regardless of the expression 

(scream, threat, or SBT) compared to when the face was neutral.  Similar work could give further 

insight into morphological variants of facial expressions such as SBT (Chapter 3; Clark et al., 2020). 

Categorisation of expressions could also be done using non-human primate judges in 

discrimination tasks, for example picking the odd one out from a set of four (e.g. Pokorny & de 

Waal, 2009) – this could be used to demonstrate the level of detail at which non-human primates 
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can distinguish facial expressions, and therefore whether the variability that can be demonstrated 

through FACS methodologies is truly meaningful to the animals themselves. However, these 

paradigms take a lot of time to train animals to conduct the tasks, and generally still result in 

small sample sizes. It might be preferable to utilise a simpler paradigm such as violation of 

expectation, where “expected” outcomes are attended to for less time than “unexpected” 

outcomes. This paradigm has been used previously to examine facial signals of sexual status 

(Higham et al., 2011), so it would be feasible to conduct similar studies using facial expression 

stimuli. 

6.3.4 A multimodal approach 

One further issue with assessment of facial expressions is that these signals comprise only a part 

of the communicative repertoire of animals. While a great deal is known about vocalisations of 

many animals, including non-human primates, few studies have integrated visual and audible 

signals into one framework, and very few have included facial expressions (Liebal et al., 2014; 

Slocombe et al., 2011; Waller et al., in review). Given that facial expressions are very common in 

many primates (e.g. macaques, Partan, 2002), and with researchers approaching these different 

forms of communication from different approaches (especially regarding intentional control, 

Townsend et al., 2017), integration of approaches is a necessity for the progress of the field. 

Studies of the combination of facial expressions with signals in other modalities has shown 

multimodal signals to be more effective (e.g. Micheletta et al., 2013; Partan & Marler, 1999), or to 

have different meaning altogether (e.g. Davila-Ross et al., 2015). Knowing that the configuration 

of muscle involved, the intensity, and the variability of expressions differs between contexts 

(Chapter 3; Chapter 5; Clark et al., 2020) indicates that subtle variability in facial expressions, and 

also in other signal modalities, should be taken into account in assessments of multimodal signals 

(Waller et al., in review). 
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6.3.5 Methodological advances 

While currently FACS coding involves watching each video clip multiple times, often at slower 

than normal speed, and sometimes examining each frame individually to assess AU presence and 

absence, there are moves afoot to greatly increase our ability to code large numbers of facial 

expression videos by automating FACS coding. Machine learning has enabled automatic 

recognition of AUs in humans, with Noldus FaceReader achieving a 69% level of accuracy in one 

study (Skiendziel et al., 2019), meaning that collection of FACS data may soon be no longer 

prohibitively time-consuming. However, most of the benefits of automated facial expression 

recognition is currently achieved without generating full FACS data – when software is sufficient 

to ascertain the desired outputs, such as identifying emotions (Skiendziel et al., 2019) or pain 

(Chen et al., 2018), there is no need to extract all the individual AUs that are present. Given that 

achievements so far have been based on relatively homogeneous videos of (mostly) Caucasian 

adults, and that accuracy of AU identification is still relatively low, FACS coders are still vital for 

coding clips. This is especially the case where either the subject or the camera is moving, if the 

face is not directly facing the camera, or if the video clip is in any other way suboptimal. Video 

clips of wild primates can never be optimal for automated coding; primates rarely face the 

camera, and clips often involve a moving subject or camera, changes in body position, etc. While 

it may be more possible to automate coding for captive animals, FACS coding for wild primates is 

likely to be a time-consuming exercise for the foreseeable future. 

6.4 General conclusions 

I believe that this thesis demonstrates the value of a more objective view of facial expressions. 

There is a lot of scope to assess the function of specific facial expressions in more detail and to 

utilise our knowledge of facial expressions in assessments of broader questions in the evolution of 

communication. In order to do this, more detailed, objective studies of facial communication are 

necessary, including intra- and inter-specific comparisons of the use of facial expressions. I have 
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shown that intensity and variability of facial expressions need to be taken into consideration, and 

advocate the analysis of facial expressions as dynamic, continuous signals rather than static, 

discrete ones. It is encouraging to see the development of new methods for collecting and 

analysing FACS data, since FACS has the potential to yield great insights into the complexity of 

communication. Adapting FACS to more species, genera, and families of primates and other 

animals will help improve our understanding of the evolution of specific facial expressions and of 

general attributes of communication systems, such as flexibility, complexity, and intensity. 
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Appendix 1 – Full results of bootstrapping analysis 
Table S1.  

Action unit-context combinations occurring at above-chance rates. 

Context Variable name 
FACS 
code 

Observed 
occurrence 

Expected 
occurrence 

Z 
unadjusted 

p  
adjusted  

p † 

Affiliation 

Rate of change   3.25 ±1.36 3.00 ±1.43 0.17 0.34 0.87 

Lip raiser 
Intensity 

AU10 Int 0.50 ±0.36 0.57 ±0.35 -0.18 0.67 1.00 

Lip corner 
puller Intensity 

AU12 Int 0.50 ±0.39 0.62 ±0.36 -0.35 0.78 1.00 

Jaw drop 
Intensity 

AU26 Int 0.17 ±0.29 0.34 ±0.37 -0.44 0.84 1.00 

Variability of 
AU10 Intensity  

Var AU10 
Int 

0.37 ±0.73 0.26 ±0.34 0.32 0.23 0.87 

Variability of 
AU12 Intensity  

Var AU12 
Int 

0.14 ±0.25 0.23 ±0.34 -0.27 0.68 1.00 

Variability of 
AU26 Intensity  

Var AU26 
Int 

0.08 ±0.20 0.07 ±0.11 0.14 0.35 0.87 

Nose wrinkler AU9 0.03 ±0.08 0.03 ±0.08 0.00 0.30 0.87 

Upper lip raiser AU10 0.46 ±0.28 0.47 ±0.27 -0.04 0.53 0.97 

Lip corner 
puller 

AU12 0.42 ±0.32 0.45 ±0.28 -0.11 0.59 0.97 

Lower lip 
depressor 

AU16 0.25 ±0.32 0.28 ±0.29 -0.08 0.54 0.97 

Lips apart AU25 0.68 ±0.24 0.82 ±0.19 -0.75 0.94 1.00 

Jaw drop AU26 0.50 ±0.28 0.66 ±0.23 -0.68 0.93 1.00 

Jaw stretch AU27 0.03 ±0.13 0.05 ±0.14 -0.15 0.53 0.97 

Eyelid droop AU43 0.19 ±0.31 0.32 ±0.37 -0.35 0.77 1.00 

Ears forward EAU1 0.00 ±0.01 0.01 ±0.02 -0.21 0.35 0.87 

Ears flat EAU3 0.49 ±0.34 0.60 ±0.33 -0.33 0.77 1.00 

Scalp lift AD101 0.41 ±0.35 0.48 ±0.39 -0.17 0.63 0.97 

Head toss AD59 0.01 ±0.02 0.01 ±0.04 -0.18 0.46 0.94 

Lipsmack AD181 0.07 ±0.18 0.16 ±0.25 -0.37 0.79 1.00 

Jaw wobble AD184 0.01 ±0.02 0.05 ±0.11 -0.40 0.87 1.00 

Tongue chatter AD183 0.01 ±0.04 0.01 ±0.02 0.16 0.25 0.87 

Teeth chatter AD182 0.00 ±0.00 0.03 ±0.10 -0.26 1.00 1.00 

Copulation 

Rate of change   2.99 ±1.51 3.20 ±1.34 -0.16 0.64 0.97 

Lip raiser 
Intensity 

AU10 Int 0.50 ±0.36 0.55 ±0.36 -0.15 0.63 0.97 
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Lip corner 
puller Intensity 

AU12 Int 0.61 ±0.33 0.53 ±0.40 0.19 0.34 0.87 

Jaw drop 
Intensity 

AU26 Int 0.27 ±0.37 0.24 ±0.32 0.08 0.40 0.91 

Variability of 
AU10 Intensity  

Var AU10 
Int 

0.26 ±0.35 0.34 ±0.66 -0.12 0.49 0.97 

Variability of 
AU12 Intensity  

Var AU12 
Int 

0.26 ±0.35 0.15 ±0.28 0.39 0.18 0.87 

Variability of 
AU26 Intensity  

Var AU26 
Int 

0.07 ±0.12 0.08 ±0.18 -0.06 0.45 0.94 

Nose wrinkler AU9 0.03 ±0.09 0.02 ±0.07 0.16 0.29 0.87 

Upper lip raiser AU10 0.44 ±0.26 0.48 ±0.28 -0.14 0.62 0.97 

Lip corner 
puller 

AU12 0.44 ±0.28 0.43 ±0.31 0.04 0.45 0.94 

Lower lip 
depressor 

AU16 0.27 ±0.30 0.26 ±0.32 0.01 0.46 0.94 

Lips apart AU25 0.80 ±0.20 0.72 ±0.23 0.36 0.22 0.87 

Jaw drop AU26 0.66 ±0.25 0.53 ±0.27 0.45 0.16 0.87 

Jaw stretch AU27 0.00 ±0.00 0.06 ±0.16 -0.40 1.00 1.00 

Eyelid droop AU43 0.33 ±0.36 0.21 ±0.33 0.36 0.22 0.87 

Ears forward EAU1 0.01 ±0.02 0.00 ±0.01 0.97 0.09 0.64 

Ears flat EAU3 0.61 ±0.32 0.51 ±0.35 0.30 0.27 0.87 

Scalp lift AD101 0.47 ±0.39 0.43 ±0.36 0.13 0.39 0.91 

Head toss AD59 0.02 ±0.05 0.01 ±0.02 0.72 0.12 0.72 

Lipsmack AD181 0.16 ±0.26 0.09 ±0.19 0.36 0.22 0.87 

Jaw wobble AD184 0.07 ±0.13 0.00 ±0.02 3.12 0.00 * 0.00 

Tongue chatter AD183 0.01 ±0.03 0.01 ±0.04 0.03 0.19 0.87 

Teeth chatter AD182 0.00 ±0.00 0.02 ±0.08 -0.22 1.00 1.00 

Play 

Rate of change   2.71 ±0.56 3.17 ±1.43 -0.32 0.76 1.00 

Lip raiser 
Intensity 

AU10 Int 0.50 ±0.32 0.53 ±0.36 -0.09 0.58 0.97 

Lip corner 
puller Intensity AU12 Int 0.31 ±0.42 0.58 ±0.37 -0.71 0.94 1.00 

Jaw drop 
Intensity 

AU26 Int 0.30 ±0.41 0.25 ±0.33 0.16 0.35 0.87 

Variability of 
AU10 Intensity  

Var AU10 
Int 

0.40 ±0.37 0.31 ±0.59 0.15 0.26 0.87 

Variability of 
AU12 Intensity  

Var AU12 
Int 

0.36 ±0.50 0.17 ±0.29 0.66 0.09 0.64 

Variability of 
AU26 Intensity  

Var AU26 
Int 

0.11 ±0.16 0.07 ±0.16 0.26 0.22 0.87 

Nose wrinkler AU9 0.02 ±0.05 0.03 ±0.08 -0.08 0.39 0.91 
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Upper lip raiser AU10 0.67 ±0.33 0.45 ±0.26 0.82 0.04 0.30 

Lip corner 
puller 

AU12 0.52 ±0.36 0.43 ±0.30 0.29 0.25 0.87 

Lower lip 
depressor 

AU16 0.27 ±0.25 0.26 ±0.31 0.01 0.46 0.94 

Lips apart AU25 0.93 ±0.09 0.73 ±0.23 0.85 0.01 0.14 

Jaw drop AU26 0.48 ±0.16 0.58 ±0.27 -0.35 0.78 1.00 

Jaw stretch AU27 0.38 ±0.11 0.02 ±0.09 3.80 0.00 * 0.00 

Eyelid droop AU43 0.20 ±0.45 0.26 ±0.34 -0.17 0.63 0.97 

Ears forward EAU1 0.00 ±0.00 0.00 ±0.01 -0.23 1.00 1.00 

Ears flat EAU3 0.90 ±0.14 0.51 ±0.33 1.17 0.00 * 0.04 

Scalp lift AD101 0.77 ±0.43 0.42 ±0.36 0.97 0.02 0.14 

Head toss AD59 0.00 ±0.00 0.01 ±0.03 -0.34 1.00 1.00 

Lipsmack AD181 0.10 ±0.22 0.12 ±0.22 -0.07 0.53 0.97 

Jaw wobble AD184 0.00 ±0.00 0.03 ±0.08 -0.34 1.00 1.00 

Tongue chatter AD183 0.00 ±0.00 0.01 ±0.03 -0.24 1.00 1.00 

Teeth chatter AD182 0.00 ±0.00 0.01 ±0.07 -0.18 1.00 1.00 

Submission 

Rate of change   3.33 ±1.81 3.12 ±1.37 0.15 0.35 0.87 

Lip raiser 
Intensity 

AU10 Int 0.89 ±0.17 0.50 ±0.35 1.12 0.00 0.06 

Lip corner 
puller Intensity AU12 Int 0.94 ±0.14 0.53 ±0.38 1.11 0.00 * 0.04 

Jaw drop 
Intensity 

AU26 Int 0.63 ±0.20 0.22 ±0.33 1.25 0.01 0.08 

Variability of 
AU10 Intensity  

Var AU10 
Int 

0.12 ±0.25 0.33 ±0.59 -0.35 0.82 1.00 

Variability of 
AU12 Intensity  

Var AU12 
Int 

0.02 ±0.05 0.19 ±0.31 -0.56 0.92 1.00 

Variability of 
AU26 Intensity  

Var AU26 
Int 

0.02 ±0.06 0.08 ±0.17 -0.33 0.74 1.00 

Nose wrinkler AU9 0.00 ±0.00 0.03 ±0.08 -0.34 0.62 0.97 

Upper lip raiser AU10 0.44 ±0.28 0.47 ±0.27 -0.10 0.59 0.97 

Lip corner 
puller 

AU12 0.43 ±0.29 0.44 ±0.30 -0.01 0.50 0.97 

Lower lip 
depressor 

AU16 0.33 ±0.37 0.26 ±0.31 0.23 0.28 0.87 

Lips apart AU25 0.79 ±0.19 0.74 ±0.23 0.21 0.35 0.87 

Jaw drop AU26 0.79 ±0.19 0.56 ±0.27 0.88 0.02 0.19 

Jaw stretch AU27 0.00 ±0.00 0.04 ±0.13 -0.34 1.00 1.00 

Eyelid droop AU43 0.39 ±0.46 0.25 ±0.34 0.42 0.17 0.87 

Ears forward EAU1 0.00 ±0.00 0.00 ±0.02 -0.23 1.00 1.00 
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Ears flat EAU3 0.29 ±0.27 0.56 ±0.34 -0.81 0.96 1.00 

Scalp lift AD101 0.24 ±0.31 0.46 ±0.37 -0.57 0.90 1.00 

Head toss AD59 0.00 ±0.00 0.01 ±0.03 -0.34 1.00 1.00 

Lipsmack AD181 0.22 ±0.25 0.11 ±0.21 0.54 0.12 0.72 

Jaw wobble AD184 0.00 ±0.00 0.03 ±0.08 -0.34 1.00 1.00 

Tongue chatter AD183 0.00 ±0.00 0.01 ±0.03 -0.24 1.00 1.00 

Teeth chatter AD182 0.15 ±0.21 0.00 ±0.00 Na ‡ 0.00 * 0.00 

† adjusted p-values based on the false discovery rate calculation (Benjamini & Hochberg, 1995). 

‡ z cannot be calculated when the mean and standard deviation of the comparison sample are both 
zero. 

* adjusted p-value is significant at 0.05 significance level 

 




