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Abstract

Facial expressions are complex and subtle signals, central for communication and emotion

in social mammals. Traditionally, facial expressions have been classified as a whole, disre-

garding small but relevant differences in displays. Even with the same morphological config-

uration different information can be conveyed depending on the species. Due to a hardwired

processing of faces in the human brain, humans are quick to attribute emotion, but have dif-

ficulty in registering facial movement units. The well-known human FACS (Facial Action

Coding System) is the gold standard for objectively measuring facial expressions, and can

be adapted through anatomical investigation and functional homologies for cross-species

systematic comparisons. Here we aimed at developing a FACS for Japanese macaques,

following established FACS methodology: first, we considered the species’ muscular facial

plan; second, we ascertained functional homologies with other primate species; and finally,

we categorised each independent facial movement into Action Units (AUs). Due to similari-

ties in the rhesus and Japanese macaques’ facial musculature, the MaqFACS (previously

developed for rhesus macaques) was used as a basis to extend the FACS tool to Japanese

macaques, while highlighting the morphological and appearance changes differences

between the two species. We documented 19 AUs, 15 Action Descriptors (ADs) and 3 Ear

Action Units (EAUs) in Japanese macaques, with all movements of MaqFACS found in Jap-

anese macaques. New movements were also observed, indicating a slightly larger reper-

toire than in rhesus or Barbary macaques. Our work reported here of the MaqFACS

extension for Japanese macaques, when used together with the MaqFACS, comprises a

valuable objective tool for the systematic and standardised analysis of facial expressions in

Japanese macaques. The MaqFACS extension for Japanese macaques will now allow the

investigation of the evolution of communication and emotion in primates, as well as contrib-

ute to improving the welfare of individuals, particularly in captivity and laboratory settings.

Introduction

Facial expressions have been a topic of interest since Darwin’s [1] observations of emotional

continuity between species, but only in 1978 [2], a comprehensive and objective system was
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published to study human facial movement from an anatomical perspective. Using an objec-

tive coding system is particularly relevant since faces are processed in an automatic and holistic

way in the human brain [3], i.e., people perceive emotion and meaning easily on faces (both

human and non-human), but are not proficient when identifying the subtle and independent

behaviours of the face (e.g. brow raising). Seiler [4] summarised this problem a few years

before FACS (Facial Action Coding System, from here on, HumanFACS) was published: "The

human eye observing facial expressions in monkeys or apes is not trained to notice all the

movements and twitches (. . .) and the observer finds it difficult to objectify what he observes".

Furthermore, investigating facial expressions, particularly in animals, may be subject to a wide

range of serious issues that are common both in research and in human-animal interactions:

1) anthropomorphism, in which people naturally interpret animal behaviour as if the individu-

als were human (e.g. the misattribution of "guilt" to a dog facial expression when scolded,

instead of recognising the fear response [5]); 2) difficulty in inter-species comparison, both

due to using too broad concepts making comparisons difficult (e.g. "grimacing" [6]), but also

due to simplistically applying the same knowledge to different species (e.g. [6]); 3) subjective

assessments between coders (i.e. when behaviours are described with broad words, it is harder

for different coders to agree, for example coding "happy face" is very subjective and can be

affected by a range of factors [7]); 4) contextual a priori assumptions, where evaluators use

contextual cues to ascribe valence/emotion to a behaviour (e.g. the dog "feels guilty" because

they did something forbidden [5]); 5) appearance-biases (e.g. natural wrinkles perceived as

movement [8]), and morphology-meaning errors, when having the same basic facial configu-

ration (e.g. teeth exposed) in two different species (e.g. rhesus macaques vs. humans) is con-

flated with having the same meaning (when it actually doesn’t: in macaques signals submission

[9], in humans it conveys a greeting or a positive emotion [10], and is highly context-depen-

dent [9, 10]). The use of HumanFACS, the gold standard for the research of human facial

expressions, used for over 40 years, avoids all these problems by allowing: 1) objective quantifi-

cation of detailed and independent facial movements on any species where the musculature is

known; 2) systematic and standardised coding, 3) reliable coding through training and certifi-

cation of coders, and 4) cross-species comparison through muscular homologies. Due to all

the sources of biases mentioned above, FACS is considered the more objective, and is also the

more standardised method between species in comparison with alternative methods (e.g. cate-

gorisation- or emotion-based) to study facial behaviour [11].

In the last decade, researchers have been adapting FACS to several species, including non-

human primates: chimpanzees [12], orangutans [13], rhesus [14], Barbary [15] and crested

macaques [16], gibbons and siamangs [17], and domestic species: dogs [18], cats [19], and

horses [20]. The development of FACS for other species has, for example, revealed unique

aspects of cognition in orangutans using OrangFACS (i.e. play faces are intentional [21]) and

chimpanzees using ChimpFACS (i.e. facial expressions can be categorised [22]), as well as

functional aspects of communication (i.e. facial expression length is context-dependent [23]).

Researchers have also used the DogFACS alongside HumanFACS to investigate how these two

unrelated species that have lived together and are thought to have coevolved social cognition

[24], are able to influence [18] and perceive each other [25]. Furthermore, because animal

FACS are built within a comparative framework, it is possible to compare facial repertoires

across species; a comparison of EquiFACS and ChimpFACS demonstrated that horses have a

larger potentiality for movement than chimpanzees [20]. Similarly, a comparison of different

species of hylobatids concluded they have some degree of control over their facial expressions

and direct them mostly to social partners [23]. These studies demonstrate that only by using

FACS as a tool was it possible to investigate different species in parallel and a range of specific

questions in such an objective and systematic way. A review of multi-species FACS identified
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three main types of applications [11]: 1) building the phylogeny of facial behaviours between

humans and other animals in order to understand how they evolved, 2) understanding the

cognitive mechanisms within facial communication, and 3) socio-ecological factors that shape

facial behaviours. Other researchers [26–28] have suggested the use of facial expressions as an

indicator of welfare (positive and negative), pain, emotion and intent. In these contexts, where

biases are even harder to be avoided due to expectation biases in observers [29] or interpreta-

tive anthropomorphism [7], using an objective system like FACS is paramount.

Extending FACS to Japanese macaques will allow for expansion of research into this species’

expression and communicative abilities, as well as facilitating comparative studies within the

genus Macaca and other non-human primates. In particular, the genus Macaca has been

extensively studied due to their wide variation of morphology and behaviour between and

within the four monophyletic taxa [30, 31]. Other than sharing some basic features (e.g. semi-

terrestriality or multi-male multi-female grouping), the 23 species of macaques have been sug-

gested to present the greatest interspecies variation in primates within a single genus [31]. This

is particularly highlighted by the wide variation of patterns of behaviour in macaque species

(e.g. reconciliation, temperament) and gradation in social organisation (e.g. from very tolerant

to very nepotistic) [31]. This variation has also been reported for non-vocal communication in

macaques. Initial broad qualitative descriptions of facial expressions and gestures in macaques

[32, 33] reported lower interspecific variation in agonistic displays than in affiliative displays,

while more recent studies [11] have highlighted that the size and the characteristics of the non-

verbal cues, along with conciliatory and counter-aggression differences between phyletic

groups are important to consider in order to understand the evolution and function of the

Macaca communication.

Due to the wide morphological variation in the Macaca genus, it is important to consider

differences and similarities between species in order to create a new FACS, and in particular,

how the target species (Macaca fuscata) differs from the other species. A rhesus macaque-like

population ancestral to the Japanese macaque migrated between 0.43–0.63 Ma ago from the

Korean peninsula to the Japanese islands [34–36], adapting its ecological and life history pat-

terns to the new habitat. Differences in morphology have also been reported between extant

rhesus macaques and Japanese macaques, including on the face, with the latter presenting

higher and more prognathic faces, with lower intra-ocular distance. Morphological facial dif-

ferences may affect facial movement classification, particularly changes in facial landmarks

(Figs 1 and 2), so they must be investigated and incorporated into FACS development.

Despite their differences, rhesus and Japanese macaques display a similar group size [37,

38] and social style [39], both factors linked to communication facial patterns [40–42]. Both

species are more despotic than other macaques, with mainly unidirectional conflicts, reduced

conciliation (more often between kin), and a rigid dominance hierarchy, where social interac-

tions are kin-biased [39, 43, 44]. Due to the more despotic social style [39], Japanese macaques’

facial expressions are predicted to form a relatively small repertoire. However, the opposite

might also be true, since they still form large groups and are the largest macaque from the

genus with larger faces, which is linked to a larger facial repertoire and improved visual acuity

[41, 45]. Hence, developing FACS for this species will enable precise quantification of facial

expression repertoires in the Japanese macaque in future studies.

Regarding facial expressions in Japanese macaques, only a limited number of studies have

been published. An experimental study [6] used only seven broad based categories (e.g. gri-

mace, gaze aversion) to test the influence of a variety of factors on facial expressions in Japanese

macaques. These categories were not specific to Japanese macaques, but were based on Redi-

can’s book [46] that discusses all primate species’ facial expressions as a whole, which might

have limited the conclusions achieved (e.g. most differences were seen in males). Before animal
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FACS were developed, Kanazawa [47] noted that FACS was the most standardised tool for

human facial expressions, but without knowing how FACS could be translated to macaques,

the author not only questioned previous results investigating facial expressions, but also stated

that it was very difficult to identify critical facial movements. This might be why studies of Japa-

nese macaque behaviour usually have very few facial behaviours included [48–50] even though

face-to-face engagement is important in Japanese macaque social interactions [51, 52].

Adapting FACS for Japanese macaques will not only allow a more detailed analysis of indi-

vidual facial movements, but will be particularly important for their welfare assessment (e.g.

through potential facial movements associated with fear or pain, see [26, 53] for reviews on the

topic of pain assessment through facial expression in animals) of captive and laboratory indi-

viduals. Although no studies have been published yet for Japanese macaque pain facial expres-

sions, two studies reported facial changes related to pain in other macaque species. One study

Fig 1. Facial landmarks in rhesus macaques (adapted from [15]). IOT—Infraorbital triangle, IOF—Infraorbital

furrow.

https://doi.org/10.1371/journal.pone.0245117.g001

Fig 2. Facial landmarks in Japanese macaques in frontal and profile view. The Japanese macaque has a longer and more

prognathic face than rhesus macaques, with lower intra-ocular distance. The ears tend to be more covered with hair. In some

individuals, the browridge may be more salient laterally.

https://doi.org/10.1371/journal.pone.0245117.g002
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observed "flinching" of eye and back of the head muscles when pain was induced in the crab-

eating macaque, and used these as a measure of pain [54, 55]. Another study reported lip tight-

ening and chewing in rhesus macaques after surgery [53]. The assessment of pain in Japanese

macaques might be particularly important, since this species is the third most used in labora-

tory research in Japan due to their reputation as more intelligent, gentle and trainable than

rhesus and crab-eating macaques, as well as due to their homogenous genetic background

[56]. In neuroscience targeting the higher brain functions, it is thought to be the preferred spe-

cies, typically using invasive procedures [56]. The human FACS has been used extensively to

study human facial expressions of pain (e.g. [57]), and when extended for Japanese macaques,

it will have the potential to be used to create a welfare tool to assess facial movement potentially

associated with pain in this species [26, 53].

The main goal of this study was to fill a gap in the literature by developing a new tool for

measuring facial behaviour in Japanese macaques, in an objective, standardised and systematic

way. Since FACS is the gold standard for objective measurement of facial behaviour, we fol-

lowed the same methodological steps that characterise the development of these tools and that

have served as basis for all previous animal FACS adaptations. We first considered the facial

musculature of Japanese macaques, then ascertained the function of each individual muscle,

and finally categorised and described each individual facial movement observed. As with all

previous FACS, the FACS for Japanese macaques will be a freely available tool with potential

applications in a variety of areas, ranging from fundamental questions within the evolution

and function of communication and emotion in primates and humans, to applied work on

animal welfare.

Methodology

Subjects and data collection

This study follows the Guideline of Care and Use of Nonhuman Primates, KUPRI and was

approved by the Animal Welfare and Care Committee of KUPRI (2019–165). All work under-

taken for this manuscript was purely observational.

For the purpose of adapting FACS for Japanese macaques, we recorded spontaneous behav-

iour from Japanese macaques (Macaca fuscata fuscata) at two locations in Japan: in two out-

door enclosures at the Primate Research Institute, Kyoto University (KUPRI), housing 89

Japanese macaques (54 females, age range: 1-22yo), and at Koshima deserted island, which is

inhabited by two troops of approximately 160 Japanese macaques. The individuals at the

KUPRI outdoor areas (729–960 m2) were grouped by their region of origin (37 from Wakasa

and 52 from Takahama). Each enclosure had access to indoor heated quarters, and featured

varied climbing structures and environmental enrichment objects, such as platforms, ropes,

swings, wooden toys, and feeders. Individuals had visual, olfactory and auditory contact

between the two groups, as well with other animal species from the surrounding area (e.g.

crows). Macaques were fed twice daily (once in the weekends) during the morning and after-

noon with monkey chow, wheat and sweet potatoes, and occasional fresh tree branches. Water

was supplied ad libitum. Please see [58] for more details on KUPRI individuals. The individu-

als at Koshima are free-ranging, were habituated to humans, and have been partly provisioned

and monitored by researchers since 1952 [59]. See [59, 60] for detailed information on

Koshima individuals.

We recorded approximately 7h of video at KUPRI and 13h at Koshima, including ad libi-

tum behaviour and opportunistic focals featuring any behaviour (including solitary, conspe-

cific, agonistic, affiliative, resting, grooming, foraging/feeding, sexual, play, and human

interaction behaviours, among others), and during varied observational field experiments (see
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S1 Text for more details). Additionally, approximately 1h of video clips were selected from

YouTube (marked as CC copyright or with author permission), mainly featuring individuals

from Jigokudani and Hagachizaki Monkey Parks in a few additional contexts (e.g. hot spring

bathing, snow foraging, etc.). The videos collected were comprised of close-up faces in a wide

variety of behaviours and contexts, in a large sample of individuals, in order to try to document

the full potential of facial movement in this species (as opposed to the typical movements of

the species, which can only be achieved once the FACS for Japanese macaques is published

and using a different sample). The collection of videos used here totalled 21h and over 250

individuals from five distinct populations, which was enough to identify at least two examples

of each facial movement (see next section for definition of facial movement) produced by each

muscle of the Japanese macaque face (see S1 Text for rational for target sample). It is still possi-

ble that rare movements might have not been observed (e.g. from contexts we did not sample,

such as chronic pain), but as with previous animal FACS, if additional movements are later

observed and published, it is possible to add them through the dedicated cross-species FACS

website (www.animalFACS.com).

Applying MaqFACS to Japanese macaques

Normally, in Step 1 of a FACS adaption, the anatomical plan for the species is built through

either performing dissections in individuals of the target species (e.g. [18]) and/or already pub-

lished dissections (e.g. [13]). This is accompanied by noting the differences in facial muscula-

ture and ascertaining functional homologies between the target species, humans and other

closely related species. However, the target species of the current FACS adaptation, Japanese

macaques, and rhesus macaques, are reported to have identical facial musculature (in regards

to presence of individual muscles and its relative position on the face) [61], which is not sur-

prising given that these are the most closely related of the genus Macaca. Seiler [4] noted only

one difference between M. mulatta and M. fuscata muscles in the temporal region, where in

the latter the fibres of the auricularis anterior are longer than in the former, running parallel to

the orbito-temporalis so that both muscles seem to be one. Even when comparing facial mus-

cles of Macaca nigra and M. mulatta, which are from different evolutionary lineages of

macaques [62], the former was only missing 4 out of 24 muscles present the latter [61], suggest-

ing facial musculature in the genus to be well conserved. Hence, given that Japanese and rhesus

macaques are reported to have high similarity in facial musculature, and rhesus macaques

have already a dedicated FACS (i.e. the MaqFACS [14]) developed based on information from

dissections of their facial musculature [63], we instead can test the application of the MaqFACS

[14] for Japanese macaques. As the FACS codes are based on the facial musculature of a spe-

cies, if two species have identical anatomical plans, then the same FACS can be applied to both

species. Nonetheless, these two species still have facial morphological differences, and there-

fore we need to verify if the MaqFACS can be applied to Japanese macaques (see Step 3 below).

In Step 2 of FACS adaptations, intra-muscular electrical stimulation is usually employed to

verify the link between muscle contractions and appearance changes [64, 65]. However, due to

anatomical similarity to M. mulatta, combined with ethical concerns, this step was not per-

formed for the Japanese macaque. The omission of this step has been done in most animal

FACS adaptations for similar reasons (e.g. [13, 15, 17]).

Step 3 usually comprises of frame-by-frame video observation of spontaneous facial behav-

iours to identify independent facial movements, along with a list of appearance changes based

on facial landmarks (Fig 2), and the minimum coding criteria for each movement. These

movements are then linked to the underlying musculature through functional homology. For

Japanese macaques, this step was performed using the MaqFACS to identify the movements
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already described for rhesus macaques, while simultaneously noting morphological differences

between the appearance changes of the two species. Additionally, we looked for possible move-

ments not included in the MaqFACS using the functional homologies of human facial muscles.

In the FACS manuals, each movement is linked to the contraction of a particular mimetic

muscle and is designated as Action Unit (AU) or Ear Action Unit (EAU), for face and ears

respectively, and given a numerical code with a descriptive designation, as per previous FACS

nomenclature (e.g. the lip corners are pulled backwards by the zygomaticus major muscle,

which is designated as AU12—Lip corner puller). Action Descriptors (ADs) produced by non-

mimetic muscles are also identified, since these can impact and modify appearance changes in

AUs. All movements are accompanied by video examples (see S1 Text), in real-time and in

slow-motion, whenever movements are too fast to be watched in real-time.

Importantly, the information here reported for Japanese macaques must be used as an addi-

tional resource to the MaqFACS, and does not replace training and certification in MaqFACS.

This work thus aims at being used as a MaqFACS Extension for Japanese macaques, supported

by video examples for this species. This approach was used before in two studies [15, 16],

where authors reported that the MaqFACS developed for rhesus macaques [14] could be used

with Barbary (Macaca sylvanus) and crested macaques (M. nigra), which are phylogenetically

more distant from rhesus macaques than Japanese macaques [30, 62].

Coding reliability

We tested inter-observer reliability (between CCC, certified in several FACS systems, includ-

ing MaqFACS and HumanFACS, and KH, certified in MaqFACS) by coding an additional

seven clips totalling 24min (x̄ = 3.43min) of pre-existent footage with different individuals

from the ones described in "Subjects and data collection". This footage had been collected

beforehand for another research project during feeding and training tasks, focusing on the

face of 21 Japanese macaques (14 females, age range: 7–22, x̄ = 11.5yo), living indoors in pairs/

trios at KUPRI. The inter-reliability coding had a three-fold aim: 1) to verify which MaqFACS

movements could be applied to Japanese macaques and if the new movements found in Japa-

nese macaques could be coded consistently; 2) to check if both coders were able to reliably

identify the MaqFACS movements in Japanese macaques while accounting for potential mor-

phological differences between rhesus and Japanese macaques, 3) if agreement was low for par-

ticular AUs, modify appearance changes descriptions to improve identification of AUs

between coders, followed by further rounds of coding, alternated with improvement in appear-

ance changes description.

The coder’s overall reliability (Wexler’s index [66], see Eq (1)) and the AUs independent

coding agreement (calculated through the average of each AU agreement) from a first round

of coding (Table 1) indicated a low overall agreement between coders of 53%. After comparing

both coders work, it was revealed that this low agreement stemmed mostly from minor differ-

ences in coding ADs due to coders technical assumptions (e.g. KH coded all individual masti-

catory movements such as AU25, AU26, etc., whilst CCC coded only AD81—Chewing during

mastication, as recommended for the HumanFACS, [67, 68], since these masticatory move-

ments are not produced by mimetic muscles). Hence, CCC recoded the mouth movements to

account for this, which increased the overall reliability to 81% (Table 1), which is considered a

good agreement [12, 68]. However, some AUs still had low independent agreement, particu-

larly in movements derived from mimetic muscles (e.g. AU1+2), which were discussed

between the coders to flag what lead to such differences. This was then followed by a third cod-

ing round by both coders, which helped clarify the description of appearance changes for

some movements and improved reliability. In this third round of coding, we obtained a mean
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of 89% overall agreement on Wexler’s index (1) [66], and also a good agreement on most AUs

(Table 1).

Wexler0s index ¼
ðNumber of AUs on which coder 1 and Coder 2 agreedÞ � 2

The total number of AUs scored by the two coders
ð1Þ

Table 1. Wexler’s index (1972) and independent coding agreement for each AU, AD and EAD in three coding

rounds.

Round 1 Round 2 Round 3

Wexler’s index 0.53 0.81 0.89

AU1+2 42.50 43.73 88.27

AU41 18.25 19.07 76.06

AU43 0.00 0.00 78.57

AU45 80.98 84.09 88.47

AU10 42.64 39.41 63.06

AU9+10 27.08 37.50 64.29

AU12 43.37 58.97 73.72

AU16 14.12 61.83 64.24

AU17 58.35 86.00 91.02

AU18i 0.00 13.33 65.82

AU18ii 22.22 10.00 76.19

AU24 32.02 64.58 69.84

AU25 28.97 87.06 86.99

AU26 53.60 73.13 75.43

AU27 17.68 67.70 73.12

AU8 2.82 78.36 78.52

AU38 25.00 25.00 50.00

AD181 25.00 16.67 83.27

AD19 88.75 96.92 92.15

AD119 4.17 73.61 70.24

AD29 0.00 37.50 45.92

AD30 24.00 64.00 77.38

AD32 0.00 0.00 42.86

AD33 0.00 50.00 85.71

AD34 0.00 0.00 71.43

AD35 0.00 18.75 52.04

AD36 0.00 23.33 63.10

AD80 0.00 60.00 76.67

AD81 39.71 51.99 73.54

AD86 8.33 16.67 85.03

AD160 33.33 33.33 90.48

AD100 0.00 18.69 80.84

EAD1 0.00 0.00 61.90

EAD2 0.00 0.00 57.14

EAD3 13.10 14.68 71.43

Note: AU6 was not observed in these videos, but both coders agreed in all rounds it was not present. We observed

AU6 in other videos without any difference to note from rhesus macaques (see Results).

https://doi.org/10.1371/journal.pone.0245117.t001
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Results and discussion

Since our results are to be used as an extension from the MaqFACS, we report here only differ-

ences in appearance changes between rhesus and Japanese macaques for each AU, as well as

new movements we observed in Japanese macaques, not described in the MaqFACS. There-

fore, we strongly recommend the MaqFACS extension to always be used in conjunction with

the original MaqFACS manual and only after certification in MaqFACS for rhesus macaques.

In Table 2, we compile the previously published information on the presence/absence of

Action Units and its underlying facial muscles for humans, rhesus macaques and Barbary

macaques in comparison with what we found for Japanese macaques. Both the information

from Table 2 and the AUs descriptions that follow, result from the following points: a) Appli-

cation of the MaqFACS to Japanese macaques footage to find examples of each AU, while not-

ing morphological differences in appearance changes; b) Identification of new movements in

Japanese macaques (not previously included in the MaqFACS); and c) Using MaqFACS

together with the MaqFACS extension for Japanese macaques, i.e., the information generated

by point a) and point b), verify if the AUs from MaqFACS and its extension can be reliably

coded in Japanese macaques, while improving the description of each AU for Japanese

macaques.

The following sections report the differences between what was described for rhesus

macaques in the MaqFACS and what we observed for Japanese macaques in each AU, and

may include the following points: 1) comparative muscular basis (for Japanese and rhesus

macaques this information is taken from the MaqFACS, but given in a comparative perspec-

tive); 2) main appearance changes description (for full list of appearance changes, please refer

to the MaqFACS manual), 3) important differences to consider during coding between Japa-

nese macaques and other primate species (mostly rhesus and Barbary macaques, and humans).

As such, this MaqFACS extension is to be used in addition to the MaqFACS manual. In some

cases, AUs subsections are preceded by a section noting the main morphological and anatomi-

cal differences on the static/neutral face (e.g. facial landmarks) for a particular region (e.g.

Upper face), as it can impact coding of the dynamic states of the face.

Upper face Action Units

While the Japanese macaques’ browridge is not as pronounced as in apes (e.g. chimpanzee), it

is more salient than in humans, presenting cranio-caudal movement. The superior surface of

the browridge is usually covered in hair similar to the body and head hair, but slightly longer

(Fig 3b). In some individuals the hair covering the browridge may vary (Fig 3). The movement

of the hair in this region is important as appearance changes for the AUs that move the brows

(i.e. AU1+2 and AU41, see below), as the hair attached to the browridge moves independently

of the hair attached to the frontal region and aids in the AU identification. In some individuals,

a slight gap (Fig 3a) can be observed between the browridge hair and the frontal region hair. In

young infants, the browridge is not fully developed as in adults, being less salient and present-

ing two half browridges (Fig 3b–3d).

Brow movements have been reported to be associated to some extent to eye movements, as

when individuals look up, down or even left/right, the frontalis and depressor supercilii mus-

cles are often activated [4], raising or lowering the brow. This is what we observed here as well,

although eye movements were also recorded independently from the brow movements or with

a clear different temporal onset (e.g. Fig 4, S1a and S1b Video).

Individuals’ browridges were regularly moving, often coupled with eye movements, which

may make it challenging to determine the neutral position of the browridge for each individ-

ual, particularly due to individual variation in, for example, hair covering the skin or
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Table 2. Comparison between the Action Units (AUs) and Ear Action Units (EAUs) previously included in the FACS for humans [67], rhesus macaques [14], and

Barbary macaques [15] with what we identified here for Japanese macaques.

AU

code

AU name Underlying muscle Human Rhesus

macaque

Barbary

macaque

Japanese

macaque

AU1 Inner Brow Raiser Frontalis (medial) ✓ x x x

AU2 Outer Brow Raiser Frontalis (lateral) ✓ x x x

AU1+2 Brow Raiser Frontalis x ✓ ✓ ✓

+AU1+2

unilateral

+AU1+2

unilateral

AU4 Brow Lowerer Procerus, Depressor supercilii, Corrugator supercilii ✓ x x x

AU41 Glabella Lowerer Procerus ✓ ✓ ✓ ✓

AU5 Upper Lid Raiser Orbicularis oculi ✓ x x x

AU6 Cheek Raiser Orbicularis oculi, pars orbitalis ✓ ✓ ✓ ✓

AU7 Lid Tightener Orbicularis oculi, pars palpebralis ✓ x x x

AU43 Eye closure ✓ ✓ ✓ ✓

AU45 Blink ✓ ✓ ✓ ✓

AU8 Lips Towards Each Other Orbicularis oris ✓ ✓ ✓ ✓

AU9 Nose Wrinkler Levator labii superioris alaeque nasi ✓ x x ✓2

AU10 Upper Lip Raiser Levator labii superioris ✓ ✓ ✓ ✓

AU9

+10

Nose Wrinkler and Upper

Lip Raiser

LLSAN, LLS x ✓ ✓ ✓

AU11 Nasiolabial Furrow

Deepener

Zygomatic minor ✓ x x x

AU12 Lip Corner Puller Zygomatic major ✓ ✓ ✓ ✓

AU13 Cheek Puffer Caninus (= levator anguli oris) ✓ x x x

AU14 Dimpler Buccinatorius ✓ x x x

AU15 Lip Corner Depressor Depressor anguli oris ✓ x x x

AU16 Lower Lip Depressor Depressor labii ✓ ✓ ✓ ✓

AU17 Chin Raiser Mentalis ✓ ✓ ✓ ✓

AU18 Lip Pucker Incisivii labii (superioris and inf.) ✓ x x x

AU18i True Pucker Orbicularis oris, incisivii labii x ✓ ✓ ✓

AU18ii Outer Pucker Incisivii labii x ✓ ✓1 ✓

AU20 Lip Stretcher Risorius ✓ x x x

AU21 Neck Tightener Platysma myoides ✓ x x x

AU22 Lip Funneler Orbicularis oris ✓ x x x

AU23 Lip Tightener ✓ x x x

AU24 Lip Presser ✓ x x ✓

AU25 Lips Parted Orbicularis oris, levator labii superioris, depressor labii

inferioris, non-mimetic m.

✓ ✓ ✓ ✓

AU26 Jaw Drop ✓ ✓ ✓ ✓

AU27 Mouth Stretch ✓ ✓ ✓ ✓

AU28 Lip Suck Orbicularis oris ✓ x x ✓

AU38 Nostril Dilator Nasalis ✓ x x ✓

AU39 Nostril Compressor Nasalis, Depressor septi nasi ✓ x x x

EAU1 Ears Forward Anterior auricularis x ✓ ✓ ✓

EAU2 Ears Elevator Superior auricularis x ✓ ✓ ✓

EAU3 Ears Flattener Posterior auricularis x ✓ ✓ ✓

1Present, but appears to be rare in Barbary macaques.
2Only one observation in Japanese macaques.

https://doi.org/10.1371/journal.pone.0245117.t002
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protuberance of this region. The angle of recording or head movements can also influence

judgement on the position of the browridge, and therefore it is advisable to code these move-

ments in video only, after determining first the neutral brow position for each individual, and

account for the position of the camera relative to the individual’s face, while avoiding coding

stills on their own (except for higher intensity AU1+2 or AU41 where appearance changes are

easier to identify).

We identified 5 independent movements in the upper face of Japanese macaques, AU1+2,

AU41, AU43, AU45 and AU6, which are described below and differences noted with humans

and rhesus macaques.

Fig 3. Browridge shape and size diversity in Japanese macaques adults (a–c) and infants (d–f).

https://doi.org/10.1371/journal.pone.0245117.g003

Fig 4. a—Neutral face; b—AD60—Eyes up is acting, with the pupil moved upwards; c—In the next frame, AU1+2—Brow raiser is

added to AD60.

https://doi.org/10.1371/journal.pone.0245117.g004
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AU1+2—Brow raiser. 1) Comparative muscular basis: In humans, AU1 (Inner brow

raiser) and AU2 (Outer brow raiser) are independently produced by the contraction of the

medial frontalis and the lateral frontalis, respectively. In rhesus macaques, the medial and

lateral frontalis muscles also contract independently when stimulated [65].

2) Main appearance changes: despite independent muscle contraction in rhesus macaques,

AU1 and AU2 were not observed in isolation in spontaneous behaviour, and therefore AU1+2

is coded when the browridge is raised. In Japanese macaques, we found the same merged

movement, so AU1+2 is coded (S2a and S2b Video). In strong actions of the frontalis, Seiler

[4] observed that the ears are always pulled back (EAU3) before the brow is raised. However,

our observations of Japanese macaques’ spontaneous behaviour contradicts Seiler’s report,

since we documented strong actions of the brow without any ear movement (S3a, S3b and S4

Videos). This difference might be due to Seiler’s particular context of observation.

3) Differences: Additionally, we found a unilateral AU1+2 (AU1+2U), identical to what

Julle-Daniere et al. [15] described for Barbary macaques. In AU1+2U, the frontalis produces

movement in only one hemiface (S5a, S5b and S6 Videos), or of unequal intensities on each

hemiface, producing a slanted browridge. This lateralised contraction of the frontalis was not

described in the MaqFACS, but interestingly, it was observed in rhesus macaques during EMG

experiments [4] and during intra-muscular electrical stimulation [65].

AU41—Glabella lowerer. 1) Comparative muscular basis: In humans, the brows are low-

ered and brought together by the action of three muscles (procerus, depressor supercilii and

corrugator supercilii), resulting in the AU4—Brow lowerer. These muscles have also been

identified in all the other macaque species here referred.

2) Main appearance changes: Despite the presence of the necessary muscles for AU4 in

macaques, AU4 is not observed in Japanese macaques (nor in rhesus or Barbary macaques). In

Japanese macaques, only AU41 was observed, where the browridge is brought downwards by

the procerus muscle, but there is no corrugation on the glabella (S7a, S7b, S8 and S9 Videos).

3) Differences: Thus, AU4 seems to be observed exclusively in humans, since it brings the

eyebrows closer together through the corrugator supercilii m. action, while AU41 only lowers

the brows. This movement was described in Japanese macaques [4] to be frequent during doz-

ing, which means individuals may contract this muscle to sleep, to aid in maintaining the eyes

closed or to shield from light, which is not observed in humans. It might also be that brow

movements in Japanese macaques are part of the awake/attentive/neutral state of the individ-

ual, with almost constant low intensity movements both upwards and downwards. This is

what we observed in our videos, as it was rare to not see some brow movements in all the con-

texts observed.

AU43/AU45—Eye closure/blink. 1) Comparative muscular basis and 2) Main appearance

changes: The eye closure and blink in Japanese macaques seems to recruit to some extent the

lower portion of the orbicularis oculi m. often, with the lower eyelid raising slightly or twitch-

ing, even in a low intensity blink, where the eyelid does not close completely (recruitment of

orbicularis oculi pars palpebralis m., as also described in the MaqFACS). Low intensity move-

ment is visible in the corner of the eyes as well, where the skin both superiorly and inferiorly is

slightly pulled towards the eye, and wrinkles slightly or deepens existing wrinkles. The pars

palpebralis portion of the orbicularis oculi m. thus must extend slightly outside the eyelids, but

this is not however enough to code an AU6—Cheek raiser (see below).

3) Differences: Unlike in humans, where the sclera is very visible and aids in these AUs

identification, the sclera in macaques is not visible in neutral forward eyeball position, but

when there are eyeball movements, a small portion of white sclera appears laterally. Japanese

macaques have a few short black eyelashes on both eyelids and the upper eyelid has a lighter

colour in some individuals, sometimes with a white/blue coloration, contrasting with the
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surrounding darker red/pink of the face. The iris is coloured brown and the pupil is black, visi-

ble at close range. There is some morphological variation around the lower eyelid furrow and

the infraorbital triangle, with some individuals presenting no wrinkles under the eye, while

others present some wrinkles in neutral face, particularly in infants (Fig 5). To note that in the

infant face, the facial skin is light pink or cream, with mouth and mental regions lighter, and

eyelids white/blue, changing the contrast of the facial skin and surrounding areas.

AU6—Cheek raiser (+AU43). 3) Differences: AU6 in humans is easily identified due to

the fat deposit on the cheek area. In Japanese macaques (S10a, S10b, S11a and S11b Videos),

there is no fat deposit, which changes greatly AU6 appearance changes. However, the AU6 in

Japanese macaques is identical to AU6 in rhesus macaques, and was also seen only with AU43.

Hence, the appearance changes are the same as per the MaqFACS. Infants have more wrinkles

in the IOT (infraorbital triangle) than adults in the neutral face (Fig 3), which can be a false

appearance change for AU6. Hence, comparison with infant neutral faces is essential.

Lower face Action Units

AU8—Lips towards each other (+AU18+AU26/AU27). 1) Comparative muscular basis:

This orbicularis oris m. movement is described in humans as the vertical movement of the

lips, with the upper lip being pulled towards the lower lip, and/or the lower lip pulled towards

the upper lip, after mouth/jaw opening (AU26 or AU27), and without any inwards curvature

of the lips.

3) Differences: While in humans, AU8 can happen with narrowing of the lips and together

with AU18—Lip pucker (see below), in rhesus macaques AU18 and AU8 are described as

mutually exclusive. However, in Japanese macaques, we observed AU8 on its own (S12a and

S12b Video), but also appearance changes for AU8 and AU18 simultaneously, i.e. lips stretch-

ing vertically from AU8, and lip corners brought medially with wrinkles from AU18, S13a and

S13b Video, Fig 6. Therefore, we suggest here a coding following the human FACS, allowing

the coding of AU8+AU18 for Japanese macaques. Finally, AU8 can be confused with the

Fig 5. Variation in eye region morphology, including upper eyelid coloration and wrinkling, bulging, bagging differences

around the eyes and nose ridge.

https://doi.org/10.1371/journal.pone.0245117.g005
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closing of the mouth (release of AU25/AU26/AU27 by the masticatory muscles), but in AU8

the lips stretch and reach beyond their neutral size/position, giving an appearance of a cranio-

caudally longer mouth.

AU9—Nose wrinkler and AU10—Upper lip raiser. 1) Comparative muscular basis: In

humans, AU9 and AU10 are observed clearly independently, with distinctive appearance

changes produced by distinct muscles (levator labii superioris alaeque nasi and levator labii

superioris, respectively). Despite the same independent muscles being identified in rhesus

macaques, AU9 has not been observed without AU10, and therefore AU9+10 is usually coded.

2) Main appearance changes: Nonetheless, appearance changes for AU9 and AU10 are

presented separately in the MaqFACS, and so AU10 can still be coded on its own. In Japanese

macaques, some of the appearance changes are similar to rhesus macaques, but we found

some differences as well (see below). Importantly, we observed AU9 and AU10 on its own a

few times in different individuals, although AU9+10 was more often observed. Both AU9 and

AU10 were observed unilaterally frequently (see examples below), but they can happen bilater-

ally as well.

AU9—Nose wrinkler. 2) Main appearance changes: During AU9 (S14a and S14b Video),

the main appearance change observed was an upwards movement towards the inner eye cor-

ner of the skin parallel to the nose creating oblique wrinkles along the nose on the IOT (Fig 7).

The infraorbital triangle is shortened as well. Upwards movement on the nose and nostrils

could also be seen during AU9, shortening the length of the nose and creating wrinkles on the

nasal grove. The upper lip may be pulled upwards if AU9 is very strong, but no change in

shape or size of the upper lip is observed.

AU10—Upper lip raiser. 2) Main appearance changes: In Japanese macaques, low or

medium intensity AU10 was often raising the upper lip unilaterally (S15a and S15b Video, Fig

8) or within just the medial portion (S16a and S16b Video). We also observed bilateral stronger

AU10 (S17a and S17b Video). This movement presents as either portions of the upper lip

being pulled upwards or the whole upper lip being raised. In either case, shortening of the lip

Fig 6. Left: Neutral lower face; Right: AU8 + AU18 +AU26, acting simultaneously with appearance changes from both AUs,

namely stretched lower lip (AU8) and wrinkling of lower lip (AU18).

https://doi.org/10.1371/journal.pone.0245117.g006
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length vertically (and of the IOT) in the area of the movement is seen and wrinkles form

immediately above the lip. The movement of the lip is more oblique than in 9+10, with wrin-

kles more perpendicular to the nose right above the lip (Fig 8). The shape of the upper lip may

Fig 8. Left: Neutral; Right: AU10 with low intensity (arrow indicates wrinkles perpendicular to the nose and shortening of

IOT).

https://doi.org/10.1371/journal.pone.0245117.g008

Fig 7. Left: Neutral; Right: AU9 (arrow indicates wrinkles oblique to the nose and shortening of IOT).

https://doi.org/10.1371/journal.pone.0245117.g007
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change, including the curvature of the lip and bulging may occur. Importantly, no movement

is seen on the nose grove or nostrils, otherwise consider coding AU9+10.

AU9+10—Nose wrinkler + upper lip raiser. 2) Main appearance changes: The main dif-

ferences between AU9 and AU10 are the position of wrinkles and direction of pulling move-

ment. While in AU9 the oblique wrinkles appear on the infraorbital triangle and sometimes

extend to the nose, with a pulling movement towards the inner eye corner, in AU10 the wrin-

kles are almost perpendicular to the nose and appear on the lower edge of the infraorbital

triangle, with a pulling movement more towards the outer corner of the eye (Fig 9). If appear-

ance changes are not enough to code AU9 or AU10 independently, then code AU9+AU10

(S18a, S18b, S19a and S19b Videos), which seems to be the more frequent movement pro-

duced by Japanese macaques.

AU38—Nostril dilator. 1) Comparative muscular basis: This movement was not

described in the MaqFACS nor for Barbary macaques, but the nasalis m. movement was

validated in rhesus macaques before (Waller et al 2008).

2) Main appearance changes: Here, we found an identical movement to what is seen in

Waller et al (2008), with both nostrils being pulled outwards, appearing inflated (S20a and

S20b Video).

AU12—Lip corner puller. 1) Comparative muscular basis: In humans, the zygomaticus

major m. pulls the corners of the lips back and upwards towards the ears, creating an upturned

half-circle shape to the mouth. In rhesus macaques, the zygomaticus major m. is interrupted

by the depressor anguli oris m., which is related to the opposite facial movement (i.e., lip cor-

ner depressor; Burrows et al. 2009; Parr et al. 2010).

2) Main appearance changes: Furthermore, in a neutral state, the lip corners of macaques

are straight or slightly downwards. Thus, when AU12 acts, no upwards movements are seen.

This anatomical feature was suggested to be shared by Japanese macaques [69]. And indeed, in

Fig 9. Left: AU10 with perpendicular wrinkles to the nose. Right: AU9+10 with wrinkles oblique to the nose (angle of wrinkles

indicated by yellow dashed lines).

https://doi.org/10.1371/journal.pone.0245117.g009
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Japanese macaques, we observed similar appearance changes (S21a, S21b, S22a and S22b Vid-

eos) to rhesus macaques. AU12 has been described before in neonatal Japanese macaques [69]

as a feature of sleep. We also observed quick AU12 in adults while sleeping/dozing (S23a and

S23b Video), which might indicate that this behaviour is not a feature of sleep in infants only,

and thus quantification of AU12 in sleeping adults is needed in future studies for further

comparisons.

AU16—Lower lip depressor. 1) Comparative muscular basis: In humans and macaques,

this movement is caused by the depressor labii inferioris m.

2) Main appearance changes: In the MaqFACS, AU16 is identified mainly by a change in

the curvature of the lower lip, accompanied by a decrease in the distance between lower lip

and mental region edge, and increase in lower teeth exposure. These appearance changes are

also found in Japanese macaques (S24a and S24b Video).

3) Differences: However, in Japanese macaques we also observed some frequent orbital

action added, with the lower lip being pushed away from the teeth protruding forward, form-

ing a "V" shape in frontal view, like if it was inflated (Fig 10, S25a and S25b Video). In humans,

AU16 has more marked appearance changes due to the chin. The chin is a unique anatomical

feature in humans impacting appearance changes for AU16, but because macaques lack a chin

bone and boss, appearance changes are more subtle.

AU17—Lower lip raiser (Chin raiser). 1) Comparative muscular basis: In humans, the

chin raiser is produced by the action of the mentalis m. that pushes the lower lip upwards, pro-

trudes the chin boss and wrinkles the chin. The bony chin boss is an anatomical feature unique

to humans and its function is still highly debated [70]. Therefore, even though the muscular

basis is the same, AU17 in other species is sometimes designated as Lower lip raiser (e.g. [19]).

Fig 10. Left: Neutral; Right: AU16 with lower teeth exposure and orbital action moving the lower lip away from

the teeth.

https://doi.org/10.1371/journal.pone.0245117.g010
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2) Main appearance changes: The lack of chin boss impacts the appearance changes of

AU17 in macaques, making it harder to detect. In the MaqFACS, it was only observed with

other movements, but we observed it in isolation in Japanese macaques (S26a and S26b Video,

Fig 11). The appearance changes for the Japanese macaques include: the lower lip is pushed

upwards, the mental region skin is stretched, and the apparent size of the lower lip is increased.

The upper lip might be pushed upwards by the lower lip if the mouth is closed and bulge, but

the philtral region remains visible. If the philtral region is smoothed, AU24 might be acting as

well (see below).

AU18i—True pucker and AU18ii—Outer pucker. 1) Comparative muscular basis: In

humans, AU18 brings the lip corners medially, creating wrinkles and protrusion of the everted

lips. In rhesus macaques, due to differences in the protrusion of the lips and action of the orbi-

cularis oris and incisivii labii muscles, two movements were described AU18i - True Pucker,

equivalent to the human AU18, and AU18ii—Outer Pucker.

2) Main appearance changes: Similarly to rhesus macaques, Japanese macaques produce

both AU18i (S27a and S27b Video, Figs 12–14) and AU18ii (S28 Video, Fig 15 Right).

3) Differences: For AU18i in Japanese macaques, we observed one difference to rhesus

macaques: AU18i was both observed with and without protrusion/inflation of the lips. When

there was no protrusion/inflation of the lips, the appearance changes were: 1) lip corners

drawn medially, and/or 2) vertical wrinkles formed on both/either lips (Figs 12–14); therefore,

in Japanese macaques these two appearance changes are enough to code AU18i. This AU18i

without inflation or protrusion of the lips was observed often during not only vocalisations

(Fig 15 Centre) and grooming (Fig 13), but also in nursing infants (Fig 14).

AU24—Lip presser. 1) Comparative muscular basis: In humans, the orbicularis oris m.

pushes the upper and lower lip against each other when the mouth is closed, creating wrinkles.

2) Main appearance changes: This movement was not described for rhesus or Barbary

macaques, but it was observed for Japanese macaques (Fig 16, S29a and S29b Video). Here, the

lips bulge, and appear narrower and tightened as they are pressed against each other, i.e. the

Fig 11. Left: Neutral; Right: AU17, slightly pushing the upper lip.

https://doi.org/10.1371/journal.pone.0245117.g011
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distance between nose and upper lip, and lower lip to mental region edge decrease. The philtral

region is less distinctive and smoother, the nose appears flattened against the face and the nos-

trils may decrease in size. Wrinkles may appear during this movement, but check the move-

ment of the lip corners to see if the wrinkles are due to AU18 or AU24. If the lip corners are

drawn medially during Lip Presser, then code AU18+AU24. Unlike AU18, this movement

requires action of both lips, so only code AU24 if there is no AU25 and both lips are involved.

AU28—Lips suck and AD32—Bite. 1) Comparative muscular basis: Due to the eversion

and contrasting coloration of the lips in humans, AU28 is easier to identify, where in the main

appearance change, the lip(s) are sucked or introduced into the mouth by the orbicularis oris

m., after mouth opening (AU26).

2) Main appearance changes: This movement is not mentioned in the MaqFACS, but we

observed it for Japanese macaques. Thus, the lips are introduced into the mouth folding

around the teeth, stretching the skin above and below the lips (S30a and S30b Video). It can be

observed in one lip only or lateralized as well (i.e. T28, B28, L28, R28). We also observed this

movement followed by AD32—Lip Bite (S30a and S30b Video), where the individual then

closes the jaw and bites the lip(s) holding them inside the mouth. The distinction between

Fig 12. Left: Neutral; Right: AU18i.

https://doi.org/10.1371/journal.pone.0245117.g012

Fig 13. Left: Neutral; Right: AU18i during grooming.

https://doi.org/10.1371/journal.pone.0245117.g013
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AU28 and AD32 depends on the orbicularis oris m. action: if the lip is placed inside the mouth

by the orbicularis oris m. without any teeth aid, code AU28; if the teeth are pulling the lip and

holding it inside the mouth, code AU32. Depending on the situation, the appearance changes

may overlap or may be sequential. If clear distinction cannot be made, the human FACS

advises coding AD32 only.

Fig 14. AU18i during nursing.

https://doi.org/10.1371/journal.pone.0245117.g014
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Ear Action Units

EAU1—Ears forward, EAU2—Ears elevator, and EAU3—Ears flattener. 1) Compara-

tive muscular basis: Humans and macaques have three identical extrinsic ear muscles (ante-

rior, superior and posterior auricularis m.). The ear movements in humans are very limited or

non-existent [71], while in macaques these are an important part of the behavioural repertoire

[65].

2) Main appearance changes: The ear movements observed in Japanese macaques were the

same as in rhesus macaques, EAU1—Ears forward, EAU2—Ears elevator, and EAU3—Ears

flattener (see MaqFACS for list of appearance changes).

3) Differences: Ear visibility is more limited in Japanese macaques in frontal view, which

might also vary depending on the length and density of the individual’s hair. The ears might be

more visible from a 3/4, side or back view, and even when the hair is covering the ears, EAUs

can be ascertained by movement of the hair attached to the pinna, which in some individuals

is of a lighter coloration than the rest of the head hair. Movement of the hair surrounding the

Fig 15. Left: Neutral; Centre: AU18i during vocalization (+AU16); Right: AU18ii.

https://doi.org/10.1371/journal.pone.0245117.g015

Fig 16. Left: Neutral; Right: AU24.

https://doi.org/10.1371/journal.pone.0245117.g016
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ears is part of the appearance changes to code ear movements in rhesus macaques, and is even

more important in Japanese macaques (S31 Video, where the ear is completely hidden, but the

hair moves due to release of EAU3 and then activation of an EAU3). It is important to note

that ear movements seem often coupled with head movement that may mask ear movement,

so close attention to the position of the ear before and after head movements will aid in coding

EAUs (e.g. EAU1 + AD51—Head turn left in S32a and S32b Video).

Action descriptors

We observed several ADs (broader movements or movements from non-mimetic muscles) in

Japanese macaques (Table 3). We briefly describe here these ADs and provide examples, as the

co-occurrence of AUs and ADs can alter the appearance of the former, and some AUs seem to

be often linked with some ADs (e.g. AU18 in Lipsmacking).

AD101—Scalp retraction. 1) Comparative muscular basis: The occipitalis m., one of the

scalp muscles, is located between the galea aponeurotica (connective tissue covering top of the

cranium) and the nuchal region, although in humans, it presents some variation between indi-

viduals regarding its length and insertion [72]. Functionally, it can accompany the contraction

of another scalp muscle, the frontalis (during brow raiser), or the zygomaticus major (during

lip corner puller), but it is generally activated independently, drawing back the galea aponeuro-

tica only [73, 74] and moving the posterior part of the scalp superiorly [63]. Posterior scalp

movements have not been reported as significant in human communication or emotional

expression, although the occipitalis has been reported to be active during stressful tasks [75].

Table 3. Comparison between the Action Descriptors (ADs) previously included in the FACS developed for humans [67], rhesus [14] and Barbary [15] macaques,

to what was here identified for Japanese macaques.

AD code AD name Human Rhesus macaque1 Barbary macaque1 Japanese macaque

AD101 Scalp Retraction x x x ✓

AD181 Lip Smacking x ✓ ✓ ✓

+AU18i +bared-teeth display

AD19 Tongue Show ✓ x x ✓

AD119 Lick ✓ x x ✓

AD29 Jaw Thrust ✓ ✓ x ✓

AD30 Jaw Sideways ✓ ✓ x ✓

AD31 Jaw Clencher ✓ x x x

AD32 Bite ✓ x x ✓

AD33 Blow ✓ x x ✓

AD34 Puff ✓ x x ✓

AD35 Suck ✓ x x ✓

AD36 Bulge ✓ x x ✓

AD37 Lip Wipe ✓ x x x

AD40 Sniff ✓ x x x

AD50 Vocalizations ✓ x x ✓

AD80 Swallow ✓ x x ✓

AD81 Chewing ✓ x x ✓

AD86 Cheek Pouch Compressor2 x x x ✓

AD160 Body Shake x x x ✓

1Although these ADs are not described for rhesus or Barbary macaques, it is likely/possible some of these are present (e.g. Sniff) but have not been described by the

authors.
2Cheek pouches are surrounded by the platysma (Burrows et al 2009, Burrows et al 2016).

https://doi.org/10.1371/journal.pone.0245117.t003
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In macaques, the occipitalis m. is well-defined and fully independent from all surrounding

muscles, functionally similar to the human muscle, pulling the scalp posteriorly [61, 63, 76].

However, in M. fuscata (but not in M. mulatta), the occipitalis m. can be added to the frontalis

action [4] to pull the scalp after lifting the browridge.

2) Main appearance changes: In Japanese macaques, we observed AD101—Scalp retrac-

tion frequently, but not independently from ear (EAU3) or brow (AU1+2) movements.

Individuals might not be able or have difficulty in using these muscles independently in nat-

uralistic behaviour (similar to what is seen in the human glabella muscles [68]) or it might

not be part of their behavioural repertoire. It is also possible our footage did not capture this

AD101 on its own due to perhaps being displayed in low intensity or particular contexts. Sei-

ler [4] observed that M. fuscata pulled back the ears before lifting the browridge and ears

strongly, which indicates that at least in high intensities, these movements might tend to act

simultaneously. However, we did observe independent movements of brow raising (AU1+2)

and ears (EAU3), and so the muscular activity reported in Seiler [4] might not necessarily

translate as observable movement, as tensing a muscle might not produce visible movement

of the skin or facial features. The appearance changes we observed in Japanese macaques

during AD101 included posterior movement of the skin of the head, hair movement towards

the nuchal region and subsequent flattening against the head, with AU1+2 and/or EAU3 act-

ing simultaneously. When both these movements are added to AD101, the whole facial hair,

including lateral facial crest, is pulled backwards and flattened, making the facial skin

stretched and more exposed, with the face appearing larger (S33 and S34 Videos). It is possi-

ble that muscles such as the platysma are causing this more global head movement, likely

causing the facial crest hair flattening and the stretching of the facial skin, similar to what

happens in the lower face and neck of humans when the platysma is contracted (leading to

AU21—Neck Tightener [67]).

3) Differences: Scalp retraction was not described in the MaqFACS nor in other detailed

studies of rhesus macaques’ facial expressions (e.g. [77]). However, it has been included as a

frequent behavioural category in ethograms of other macaque species (e.g. M. nigra: [78] and

M. tonkeana: [79]) with very conspicuous appearance changes, such as posterior movement of

the skin of the head, wrinkle formation on the occipital region, movement of the crest hair,

ears flattening, and possibly brow movement. Very recently, scalp retraction has been included

in a FACS adaptation for M. nigra with the code AD101, with the following description: "The

hair on the top of the head, including the crest, flattens as the skin is pulled backward. Skin on

the forehead and temples appears stretched.’ [16]. Despite the muscular basis being well stud-

ied in M. fuscata, we here apply this code for Japanese macaques as well since the movement

does not appear to be an independent action (i.e. likely not an AU for M. fuscata).

Several macaque species display Lipsmacking—AD181 in varied contexts [16, 77, 78, 80],

and with variable presentation, where visual and auditory cues are combined. For example, in

rhesus macaques [14], main appearance changes included lips being rapidly pressed together

and relaxed. Lip curling, smack sounds, and a strong association with True pucker (AU18i)

were also present. Since it was unclear if this succession of movements included a Lip presser

(AU24) and/or a Lip tightener (AU23 [67]), it was instead combined into AD181. Another

study [81] distinguished between open and closed-mouth lipsmacking in order to measure the

rhythmic frequency of movement. In Barbary macaques [15], lipsmacking was described as

having the same main appearance changes as in rhesus macaques, but with the addition of a

bared-teeth/teeth chattering display, where the teeth are visible and accompany the lip move-

ment, producing a sound. For the crested macaque [16], additional ADs for teeth chattering

(AD182) and tongue chattering (AD183) help distinguishing these from lipsmacking

(AD181). In Japanese macaques, we observed lipsmacking with and without AU18 and AU25,
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but further comprehensive studies on the combination and presentation of these movements

and sounds are needed to fully characterise lipsmacking in macaques.

AD19—Tongue Show, was often seen in Japanese macaques, either on its own or accompa-

nying other movements. This movement is coded whenever the tongue is shown beyond the

teeth, where the mouth is open (AU26) and the lips parted (AU25). Another movement we

observed with the tongue was AD36—Bulge, where the tongue is pushed against the cheek or

lip, causing the skin to stretch on that area and to bulge.

Two jaw movements described for humans were also observed in Japanese macaques:

AD29—Jaw Thrust and AD30—Jaw Sideways, where AD29 codes a forward displacement of

the jaw protruding the mental region and lower lip, while AD30 codes the displacement of the

jaw to one side of the face, creating a misaligned lower face with the upper face.

The expansion or deflation of the cheeks are described in human FACS as AD34—Puff

and AD35—Suck, and identical movements were found in Japanese macaques, with AD34

expanding the cheek skin as air is forced into the mouth with the lips closed, and AD35 sucks

the cheeks into the mouth producing a depression anterior and caudally to the lip corners. We

also observed individuals compressing the cheek pouches, raising the skin of the cheek and

neck area by the contraction of the platysma m. [61, 63], and pushing the lip corners and

upper lip cranially and medially, which may impact lower face AUs (e.g. AU18). While com-

pressing the cheeks, the lip corners may be pushed forward, but there are no wrinkles on the

lips; the upper lip may be pushed cranially, but the movement is seen from coming from the

neck/cheek area, instead of the IOT. Hence, we created the AD86—Cheek Pouch Compressor

to code this movement. We observed movement of food from the cheek pouches to the cheeks

and then disappearing caudally (i.e. by being swollen), which sometimes was accompanied by

facial movements, such as AU18 (S35 and S36 Videos). Japanese macaques would sometimes

push food with their hands from the pouches to the mouth, together with AD86.

Finally, we mention here AD50—Vocalizations, as Japanese macaques were observed to

produce varied facial movements during vocalizations, modifying slightly the appearance

changes of the corresponding AUs. For example, AU18ii was observed together with AU16 in

the lower lip, pushing the lip away from the teeth, which was not observed without the vocali-

zation (e.g. Fig 17, S37 Video).

In total, we identified 19 AUs, 16 ADs and 3 EAUs in Japanese macaques (Tables 2 and 3),

which indicates a similar or slightly higher facial mobility than what was described for rhesus and

Barbary macaques (15 AUs, 1–3 ADs, 3 EAUs), but lower than in humans (30 AUs, 25 ADs, no

EAU). Although the ADs described here for Japanese macaques is considerably higher than for

rhesus or Barbary macaques, it is possible that some of the AUs described for Japanese macaques

are also present in the other species (e.g. Sniff) but have not been described by the authors.

Fig 17. Left: Neutral; Centre and Right: varied AUs during AD50—Vocalization.

https://doi.org/10.1371/journal.pone.0245117.g017
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General discussion

Our current work aimed at developing a new FACS tool to objectively measure facial expres-

sions in Japanese macaques, following FACS methodology previously used since the original

HumanFACS [67] to the latest FACS published for non-human species [19]. In the first step

of investigating the muscular anatomical plan of Japanese macaques, the dissection-literature

available indicated that rhesus and Japanese macaques have identical facial musculature. Since

rhesus macaques had a FACS developed already (MaqFACS [14]), and each new FACS is

rooted on the anatomical plan of the species, it rendered it unnecessary to create a new FACS

for Japanese macaques. However, morphologically, rhesus and Japanese macaques are still

considerably different, and so we still needed to check the application of MaqFACS to Japanese

macaques, note differences between what was reported in MaqFACS and what we observed

in Japanese macaques, and finally add new movements if observed. All movements from the

MaqFACS were observed and we were able to code all of them in Japanese macaques, with

differences in appearance changes and morphology noted, as well as some new movements

documented, not present in the MaqFACS. Hence, our work here resulted in the MaqFACS
Extension for Japanese macaques (similar to the work developed before for Barbary macaques

[15]), which is recommended to be used as an additional resource to the MaqFACS manual

for rhesus macaques. Only if coders are certified in MaqFACS and use its MaqFACS Extension

when coding Japanese macaques, can the robustness of the system be maintained.

The number of AUs described for Japanese macaques was similar to what was described

for other macaques (rhesus and Barbary) as well as other primates (chimpanzees: 15 AUs,

orangutans: 17 AUs and gibbons: 20 AUs), suggesting that Japanese macaques, as other pri-

mate species, have a wide range of facial movements that can potentially be used to com-

pose a variety of facial expressions. However, it is important to note that our study did not

measure the actual use or co-occurrence of these movements in this species, but by applying

the MaqFACS Extension for Japanese macaques, future research can now objectively mea-

sure this species’ facial movements.

For example, in future studies accounting for the socio-ecological factors of Japanese

macaques and other macaque species, it might be interesting to look at the relationship

between facial movement complexity (i.e. with more AUs/higher co-occurrence of AUs) and

social styles (i.e. despotic-tolerant), as well as other factors (e.g. group size, habitat variety)

in order to understand how evolutionary pressures might have shaped communication in

each species. All mammals have well conserved facial musculature [82] and therefore, even

though the potential for facial movement is similar across mammals, the use of these muscles

varies from species to species [83]. Additionally, the sole presence of a particular muscle

does not necessarily translate into: a) a functional independent movement (e.g. due to phylo-

genetic inertia), and/or b) the same appearance changes (e.g. due to facial morphological

differences). This was observed during the current work, for example for the AU4/AU41—

Brow/Glabella lowerer, where all macaques have the same muscles as in humans, but the

observable movement is distinct (no corrugation is observed). In Japanese macaques, the

isolation in Japanese islands, the variety of environment they adapted to, the large face/body

(with low sexual dimorphism), and their large social groups might have diversified both the

facial morphology and the facial movements in this species more than predicted by other

factors.

Hence, although Darwin’s initial idea of emotional continuity between species [1] is fitting

regarding the anatomical basis, it does not seem to completely explain facial expression diver-

sity, particularly if we analyse the use of facial movements, since facial movements seem highly

flexible and adaptative depending on the species. Interestingly, facial expressions might be
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classed as highly specialised behaviours, and thus, a product of evolutionary pressures from

varied socio-ecological factors that set species apart. Even if movements are morphologically

similar, their meaning will likely not be the same, resembling the extensive variation and isola-

tion seen in human languages [84]. These outstanding questions further demonstrate the need

for objective and detailed tools like MaqFACS to accurately and systematically measure facial

movements in different species in order to understand how the facial movements translate

into meaningful visual information.

Another explanation for this diversity of facial movements, might be that in Japanese

macaques (as with probably other macaques), facial expressions are not exclusively used for

communicative (i.e. intentionally sensu [85]) purposes, but also used in emotional (i.e. linked

to neural primary systems sensu [86]) expression (notwithstanding that these are not necessar-

ily mutually exclusive, but for more on this debate see [87]). Japanese macaques are the third

most used macaque species for laboratory work, and one of the most used for painful biomedi-

cal experiments, due to their reputation as similar to humans in their neurobiology as well as

cognition [56]. For example, in crab-eating macaques [54, 55] facial movements have been

used as a marker of pain, therefore focus on such emotional expressions using FACS might

reveal more about Japanese macaques’ diversity of facial behaviours as well as potentially aid

in pain assessment in captive individuals. However, given the reduced literature on Japanese

macaques’ facial expressions in general (i.e. the few studies published assume no differences

from other species of Macaca), it is more likely that this species’ facial expressions are simply

poorly studied, and so the MaqFACS Extension will be a valuable resource from now on.

Although this has not yet been measured with FACS in primates, the human FACS has

been used to code asymmetric AUs that might potentially be associated with emotional states

due to the lateralised brain processes (see [88] for a review). Asymmetry in animal facial

expression has also been documented [89], but might be difficult to quantify without FACS.

Both Japanese and Barbary macaques display asymmetrical AUs, with the most obvious one

being AU1+2U that is coded when the browridge is raised more or only on one hemiface.

Future research can elucidate how common these asymmetrical AUs are, when they occur or

if they are indeed associated with emotional contexts.

Although we did not systematically quantify durations, we noticed that some facial move-

ments in Japanese macaques were extremely quick and short (e.g. under 9 frames or 0.15 sec).

This was noted before for other species (e.g. [13]), where slow motion clips are required to

actually see the movements. This is especially interesting when compared with human facial

movements, which under 200-500ms are considered micro-expressions and usually require

training to be identified accurately [90, 91]. Human micro-expressions are also of particular

interest as it has been suggested these are related to leakage of concealed emotions (Ekman

2003). On the other hand, the human visual conscious perception limit is between 20 to 40ms,

depending on task and individual variation [92, 93]; Consequently, some (if not many) of the

facial movements in non-human animals might need additional training for detection (if

<500ms) or might not even be detectable at all by humans in real time (if <40ms). If this is

the case, studies looking into macaques’ facial expressions likely require video recordings, with

high-frame rate for slow motion options and more detailed analysis, as well as FACS training

coders that are able to detect subtle facial motion.

Animal FACS have been used to investigate a range of both applied and fundamental ques-

tions, ranging from applying DogFACS to investigate emotion in dogs [83, 94] as well as to

control the content of facial visual stimuli in cognition experiments [25], to applying Orang-

FACS to determine intentionality of communication in orangutans’ play [21]. With the Maq-
FACS Extension for Japanese macaques, it is now possible to objectively and systematically

quantify a variety of facial behaviour variables (e.g. frequency, duration co-occurrence and
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lateralisation of each AU) in order to better understand Japanese macaques’ expressions as a

species. Furthermore, it is a powerful comparative tool that will allow comparisons to other

species using the same tools, in order to further explore the evolutionary pathways of commu-

nication and emotion processes in animals and humans.
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S33 Video. a. Video example of AU100 during a yawn in real time. b. Video example of

AU100 during a yawn in slow motion.

(ZIP)

S34 Video. a. Video example of AU100 accompanied by AU1+2 and EAU3 from back view in

real time. b. Video example of AU100 accompanied by AU1+2 and EAU3 from back view in

slow motion.

(ZIP)

S35 Video. a. Video example of AD86 in real time. b. Video example of AD86 in slow motion.

(ZIP)

S36 Video. a. Video example of AD86 in real time. b. Video example of AD86 in slow motion.

(ZIP)

S37 Video. Video example of AD50 accompanied by several other AUs in real time.

(MP4)
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