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SI1: Keywords hits in GoogleScholar

Table SI1: Approximate number of results for keywords featuring the great ape species/genus, and for the combination of each great ape species/genus and “facial expressions” (both keywords using quotations, retrieved on the 19th January 2025).
	Keywords
	Number of results

	Chimpanzee
	263.000

	Bonobo
	31.300

	   Western gorilla
	2.100

	   Eastern gorilla
	964

	Gorilla
	209.000

	   Sumatran orangutan
	4.070

	   Bornean orangutan
	2.840

	   Tapanuli orangutan
	443

	Orangutan
	68.600

	Chimpanzee facial expressions
	13.400

	Bonobo facial expressions
	2.160

	   Western gorilla facial expressions
	81

	   Eastern gorilla facial expressions
	44

	Gorilla facial expressions
	7.740

	   Sumatran orangutan facial expressions
	88

	   Bornean orangutan facial expressions
	82

	   Tapanuli orangutan facial expressions
	11

	Orangutan facial expressions
	2.740




SI2: Facial morphology in bonobos

The facial landmarks used in describing facial appearance changes of AUs are mostly the same in bonobos as in chimpanzees (Fig. S2). The most noticeable differences between these two species are the larger nasal shield in bonobos (Fig. S3, which resembles the shape of the nasal shield in gorillas, Correia-Caeiro et al., 2025), and upper eyelids and lips edge colouration (de Waal, 1988; Caldecott, 2005). These differences may increase visibility and/or detection rate of some movements in bonobos, since a larger nasal shield may increase visibility of nose AUs, and higher contrasting coloration may also increase visibility of mouth and eye AUs.‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬	Chimpanzees and bonobos show further statistically significant differences in some facial features (Horn, 1979). In comparison to chimpanzees, bonobos have more paedomorphic characteristics (Horn, 1979, Lieberman et al., 2007). For example, bonobos have higher and more rounded frontal regions, and smaller and narrower browridges, with 72.3% of supra-orbital torus length in relation to chimpanzees (Horn, 1979). Despite individual variation, the frontal hair in adult chimpanzees is usually shorter, and some individuals may be more prone to baldness, while the frontal hair in adult bonobos is often longer and parted in the middle with conspicuous tufts (“sideburns”) sticking out at the sides (Kuchenbuch, 2010). Significant species differences in mandibular shape are also present between chimpanzees (i.e., more squared and angular) and bonobos (i.e., more rounded and gently sloping jawline) (Boughner & Dean, 2008). Chimpanzees infantile facial colouration is usually of a light cream colour, whilst infant bonobos already show the adult dark/black colouration. On the other hand, adult chimpanzees tend to have overall dark faces (black, dark brown, greyish spots), whilst bonobos (both adults and infants) usually present some cream coloured patches on their eyelids and around the lip areas, creating some contrasting features (personal observations, Fig. S2 and Fig. S4). Traditionally, it was assumed that only humans had a conspicuous white sclera and that if some apes presented a sclera, this was a rare individual variation. Furthermore, in chimpanzees and bonobos it was deemed absent (Mearing & Koops, 2021). However, recent evidence has shown this assumption to be inaccurate (Clark et al., 2023; Kano, 2023). Whilst there seems to be large individual variation, some bonobos and chimpanzees present conspicuous white sclera, which contrasts with the dark iris and may aid in identification of eye movements (although see (Mearing et al., 2022) for the ongoing functionality debate). In addition, bonobo ears are smaller than those of chimpanzees and are often concealed by the longer hair of the head, which may make ear movements harder to detect.
	Facial morphological sex differences are not very conspicuous both in chimpanzees and bonobos, particularly when compared with the other great apes (e.g., orangutans, Pongo spp., gorillas, Gorilla spp.) that exhibit greater sexual dimorphism (Schaefer et al., 2004). Bonobos are indeed the least sexually dimorphic ape in terms of skull size and shape, even compared with humans (Schaefer et al., 2004). Nonetheless, male bonobos are slightly larger than females and present a larger facial width-to-height ratio (i.e., males have wider faces than females) (Martin et al., 2019).
SI3: List of facilities housing bonobos

Table SI2: List of facilities (e.g., zoos, sanctuaries, research institutions) housing bonobos from which videos were recorded and analysed for the development of the ChimpFACS Extension for bonobos. These videos were extracted from public sources (licensed as CC or with video owner permission) such as YouTube.com, Pixabay.com, etc., or belonged to private databases provided by the co-authors of this study.
	Facility Name
	Country
	Video database source

	Apenheul Zoo
	Netherlands
	Public

	Berlin Zoo
	Germany
	Private (PK)

	La Vallée des Singes
	France
	Public

	Leipzig Zoo
	Germany
	Public

	Lola Ya Bonobo sanctuary
	DRC
	Public

	Ouwehands Zoo
	Netherlands
	Public

	Planckendael Zoo
	Belgium
	Public

	San Diego Zoo
	USA
	Public

	Twycross Zoo
	UK
	Public

	Wilhelma Zoo
	Germany
	Public

	Wuppertal Zoo
	Germany
	Public

	Ape Initiative Research Centre
	USA
	Private (ML)



SI4: Video databases of wild sites with bonobos
[bookmark: _heading=h.30j0zll]Other than the captive populations mentioned above, two sources for video databases were used featuring wild bonobo populations to develop the ChimpFACS Extension for bonobos. One video of wild bonobos from the Bolobo territory was sourced from public databases (Mbou-Mon-Tour NGO, DRC). The second source for bonobo videos was from a large video database filmed by FW at the Kokolopori Bonobo Reserve (DRC). This database consisted of videos recorded with a Panasonic HC-VX11 4K camcorder during ad libitum and focal sampling. The videos were collected from May to October 2022 on habituated, wild bonobos belonging to four bonobo communities. FW adhered to the best practice guidelines for health monitoring and disease control in great ape populations (Gilardi et al., 2015): underwent quarantine, wore masks during data collection and maintained a 7m distance to the bonobos.

SI5: Video contexts

Table SI3: List of contexts annotated in the videos used in this work with a rough estimation of how many videos contained that context. Please note that we did not systematically categorised videos regarding contexts as this was beyond the scope of this work. Hence, these numbers are probably an under-estimation, as contexts were not always annotated. Also, the number of videos in the table does not reflect the total number of videos, as each video may contain several contexts.

	Contexts
	Number of videos

	Terrestrial behaviour
	234

	Arboreal behaviour
	95

	Aquatic behaviour
	14

	Resting
	84

	Grooming (allo- and self-)
	66

	Feeding
	59

	Play
	49

	Mother-infant interactions
	45

	Locomotion
	28

	Cognitive experiments
	21

	Sexual behaviour
	13

	Agonistic behaviour
	11

	Object manipulation
	8

	Nursing
	8

	Foraging
	7

	Human interactions (positive and negative)
	6

	Stressful situations
	4

	Other species interactions
	3

	Vocalisations
	3

	Termite fishing
	1

	Stereotypies
	1



SI6: Action Descriptors and Ear Action Descriptors

	Action Descriptors (ADs) identify and describe more broad muscular movements or movements from non-mimetic muscles. The muscles responsible for ADs are not innervated by the facial nerve (cranial nerve VII (Reighard, 1900)), and so usually are not considered “facial expression” movements. However, these movements are often observed in combination with AUs, altering their visual appearance. Hence, section “A. Proposed muscular basis” described in the main text, is omitted below for all ADs, as either no movements are related to facial musculature or the musculature has not been clearly identified. In addition, section “D. Subtle differences between AUs” is included below wherever necessary, to help distinguishing between similar ADs or AUs. 
	In ChimpFACS only two ADs were described along photographic examples: AD30 - Jaw Sideways and AD35 - Cheek Suck. A few other ADs are identified as present in chimpanzees, but without description or examples (AD19 - Tongue Show, AD29 - Jaw Thrust, AD32 - Bite, AD33 - Blow, and AD37 - Lip Wipe), hence it is assumed the appearance changes in chimpanzees are the same as described in humans. 
	In Kuchenbuch's work (2010), other than AD30, AD19 is also described with picture examples. In the current sample, we also observed AD19, AD30, and AD32, but no other ADs. Hence, here we provide examples of these ADs, and similarly to AUs, the ADs for bonobos are only described with A-D sections if these are not included in the ChimpFACS or if there are significant differences in the appearance changes between species. It is possible other ADs are present in bonobos, so if other movements not here described are observed, these should be coded accordingly to the appearance changes from the human FACS.

AD19 - Tongue Show

B. Appearance changes: 
1. The tongue is extended outwards and reaches at least the inner lower lip (e.g., Fig. SI1, S61 Videos).
2. The jaw must be lowered and the lips are separated. Therefore, this AD is always coded together with AU25+AU26 or AU25+AU27.

C. Minimum criteria: The tip of the tongue reaches at least the lower lip.
[image: R:\CCC\6.ULeipzig_Jan2023\3. BonoboFACS\BonoboFACS Manual\Pictures for Manual\AD19_PK42.tif]
Figure SI1: AD19 - Tongue Show. Other AUs present. Still frames from video by PK.

AD30 - Jaw Sideways

B. Appearance changes: 
1. The jaw is moved laterally to one side in relation to the midline (e.g., S62-S63 Videos).
2. If the mouth is open, the lower teeth are seen moving to one side.

C. Minimum criteria to code AD30: The jaw is moved to one side of the face.

AD32 - Bite

B. Appearance changes: 
1. One of the lips is introduced in the mouth and held between the teeth, biting the lip (e.g., S64 Videos).

C. Minimum criteria to code AD32: A lip is held between the teeth.

D. Subtle differences between AUs/ADs: AD32 may be confused with AU28, but in the latter the lip is not held by the teeth, and is instead rolled over the teeth or sucked inside. In certain movements it may be hard to distinguish these two Actions, so when in doubt if the lip is being bitten, code AU28.
 
	In addition to ADs, bonobos displayed ear movements, but no ear movements were included in the human nor the ChimpFACS. The ear musculature is present in humans only vestigially (with individual variation), but has been described for chimpanzees and bonobos in detail and comparisons revealed mostly similarities between these two species (Diogo et al., 2017). Three muscles seem to act to pull the ears in three directions: Auricularis superior, which pulls the ears up, Auricularis inferior, which pulls the ears downwards, and Auricularis posterior, which flattens the ears against the head. However, ear movements in bonobos were hard to pinpoint exactly when they were returning to neutral or being activated, and because of this, they are classified as ADs instead of AUs, i.e., Ear Action Descriptors (EADs).
	Ear movements were also not included in Kuchenbuch's work (2010), but EADs have been included in FACS of other species (e.g., MaqFACS (Parr et al., 2010)). In the current work, we observed several examples of ear movements that resemble the appearance changes described in the MaqFACS, so we include EADs here for bonobos.
	Ear visibility presents extensive variation in bonobos due to the longer hair parted to the sides, and are likely less visible in bonobos than in chimpanzees. Nonetheless, in the individuals in which the ears are visible, EADs can be coded. Caution is needed when coding EADs, as in some bonobos, during mastication, the ears might move frequently, giving the false appearance changes for EADs. However, these should not be coded as EADs, as they don't seem to be movements derived from the ear musculature, but perhaps more global movement from jaw and mastication muscles, as in e.g., S65 Videos.

EAD1 - Ears Forward

B. Appearance changes: 
1. Pulls ears forward (e.g., S66 Videos).
2. Ears may become more visible and appear larger in frontal view or back view.
3. Conversely, ears may become less visible and appear smaller in side view.

C. Minimum criteria: Ears are clearly seen moving forward, away from the head.

EAD2 - Ears Elevator

B. Appearance changes: 
1. Raises the ear upwards towards the top of the head (e.g., S67 Videos).

C. Minimum criteria: Ears are clearly seen moving upwards.

EAD3 - Ears Flattener

B. Appearance changes: 
1. Pulls ears backwards, flattening them against the head (e.g., S68 Videos).
2. Ears may become less visible and appear smaller in frontal view. In back view, they may disappear against the head/hair.
3. Conversely, ears may become more visible and appear larger in side view.

C. Minimum criteria: Ears are clearly seen being pulled backwards or flattened against the head.

D. Subtle differences between EADs: EAD1 and EAD3 are mutually exclusive. However, it might be difficult to determine the position of the neutral, since these two movements happen in a continuum. EAD2 is easier to identify as there is no opposite movement, but it appears to be a subtler movement than the other two. The neutral position of the ears may present individual variation, so unless the coder is highly familiar with the individual to determine this position, these movements will always be coded as each individual movement independently of where is the actual neutral position (unless the ear is seen moving twice forward without moving back consecutively).

Other Action Descriptors

Other miscellaneous movements classified as ADs including head (e.g., S69 Video) and eye direction (e.g., Fig. SI2, S70 Videos), gross behaviours, and visibility status are briefly described next.

Head and Eye Action Descriptors

	Head movements recorded in video are possible to code based on the movement itself, or due to changes in the relative position of the head and body, usually from a neutral position (or anatomical standard position, where head and eyes are facing forward, head at a 90º angle).

AD51 - Head Turn Left: The head moves to the left along a vertical axis.
AD52 - Head Turn Right: The head moves to the right along a vertical axis.
AD53 - Head Up: The head moves upwards.
AD54 - Head Down: The head moves downwards.
AD55 - Head Tilt Left: The head rotates tilting to the left side (e.g., S69 Video).
AD56 - Head Tilt Right: The head rotates tilting to the right side.
AD57 - Head Forward: The head moves forward and away from the body. In a neutral position, the neck is not well-defined, but with AD57, the neck elongates forward and becomes visible.
AD58 - Head Back: The head moves back and towards the body.
	
	In humans, eye movements are easy to detect as the coloured iris is surrounded by a large white sclera. In bonobos, like other non-human primates, eye movements can be more difficult to detect, since the eyes usually have a dark brown iris without any sclera visible in the neutral position. Bonobo eyes have a black round pupil that reacts to light, although in most lighting conditions the pupil is hard to distinguish from the iris. A more or less portion of white sclera can become visible on the outer eye corner when the eyeball moves laterally (e.g., Fig. SI2, S70 Videos), aiding the detection of some eye movements. How much sclera is visible during eye movements seems to present variation between individuals.
	Head and eye positions tend to influence how each are perceived by humans (Otsuka & Clifford, 2018), so it is important to look for cues other than position alone, such as sclera visibility or clear movement.

AD61 - Eyes Turn Left: The eyes move to the left. In large movements the sclera may show on the right side of the eye (e.g., Fig. SI2).
AD62 - Eyes Turn Right: The eyes move to the right. In large movements the sclera may show on the left side of the eye (e.g., S70 Videos).
AD63 - Eyes Up: The eyes move upwards.
AD64 - Eyes Down: The eyes move downwards.

[image: ] [image: ][image: T:\CCC\6.ULeipzig_Jan2023\3. BonoboFACS\Pictures Franziska\D10BB70F-8540-45D8-884D-70FCD3CCCD7E_1_105_c.jpeg]
Figure SI2: AD61 – Eyes Turn Left, with sclera exposure on the right corner of the eyes. Left and centre: still frames from video by PK, right: picture by FW/Kokolopori Bonobo Research Project.

 
Gross behaviour codes

	Gross behaviour codes are more general categories of behaviour that are not based on facial actions and may or may not involve the face. These codes are useful to score alongside AUs and other ADs as they can impact on or modify appearance changes.

AD40 - Sniff: This AD refers to the act of smelling, where global movement with varied intensity is observed around the nose and nostrils. It can be accompanied by nostril AUs, although these movements can also occur independently.

AD50 - Vocalisations: Bonobos display a range of vocalisations and most of them change the movement of the mouth and nose. This should be accounted for when coding facial behaviour.

AD80 - Swallow: Passing food, water or saliva from the mouth to the oesophagus through the action of a range of non-mimetic muscles. In bonobos, swallowing can produce movement on the hair on the anterior side of the neck and just below the neck.

AD81 - Chewing: Feeding-related behaviour when food is introduced into the mouth and the jaws are moved repeatedly to break down the food, involves several AUs and ADs described above and in the main text (e.g., AU25+AU26+AU30). However, AD81 should be coded instead of these mastication AUs and ADs whenever mouth movements are primarily due to feeding-related behaviours, as these movements are not considered related to communication or emotion.

Visibility codes

AD 70 - Frontal Region Not Visible: When the browridge and frontal region cannot be clearly seen and coded.
AD 71 - Eyes Not Visible: When the eyes cannot be clearly seen and coded.
AD 72 - Lower Face Not Visible: When the lower face cannot be clearly seen and coded.
AD 73 - Entire Face Not Visible: When the entire face is out of view and cannot be clearly seen and coded.


SI7: Application of ChimpFACS to bonobos: inter-rater coding reliability
We tested inter-rater reliability between three coders (CCC, PK, and LO) by coding 28 clips of bonobo videos (not used for AUs examples described in the results section). CCC is certified in HumanFACS (Ekman, Friesen & Hager, 2002a) and in all the AnimalFACS developed to date (Parr et al., 2010; Waller et al., 2012, 2013; Correia-Caeiro et al., 2013, 2022; Wathan et al., 2015; Correia-Caeiro, Burrows & Waller, 2017; Correia-Caeiro, Holmes & Miyabe-Nishiwaki, 2021), including ChimpFACS (Vick et al., 2007); PK is certified in ChimpFACS (Vick et al., 2007); LO is certified in HumanFACS (Ekman, Friesen & Hager, 2002a), GibbonFACS (Waller et al., 2012), and DogFACS (Waller et al., 2013).
	The inter-rater reliability aimed to: 1) verify that the AUs from ChimpFACS could be coded in bonobos; 2) assess whether any movements in bonobos, can be reliably coded; and 3) ensure that all coders can reliably identify ChimpFACS movements in bonobos, accounting for morphological differences between chimpanzees and bonobos. The low agreement for particular AUs was then addressed by revising appearance changes descriptions to enhance AU identification and conducting a subsequent round of coding. If agreement remained low after a second round, the challenging AUs were discussed regarding the underlying issues affecting their coding. From one coding round to another, two of the coders (PK and LO) were blind to each other’s and the third coder’s (CCC) scores.

The overall reliability between coders (Wexler’s index (Wexler, 1972), see Eq. (1)) and the AUs independent coding agreement (calculated through the average of each AU agreement) in a first round of coding (Table S3) indicated a good overall agreement between coders of 77% (CCC-PK) and 74% (CCC-LO) (Ekman, Friesen & Hager, 2002b; Parr et al., 2007). However, some AUs still had low independent agreement, which were discussed between the coders to flag what led to such differences. A second coding round by both pairs of coders helped clarify the description of appearance changes for some movements and improved reliability. In this round of coding, we obtained a mean of 81% overall agreement on Wexler’s index (1) (Wexler, 1972) for both coder pairs (CCC-PK and CCC-LO), and also a good agreement on most AUs (Table S3). Further discussion of the few AUs with lower final average agreement (below 70%, i.e., AU41, AU6, AU18, AU28, EAD2) can be found in each respective AU section. These AUs are likely the most challenging to detect and be reliably coded, by what caution is recommended when including these AUs in the coding of bonobos. Additional video examples were also added to SI to aid in the coding of these AUs.


(1)

SI8: AnimalFACS and species
Table SI4: Overview of the AnimalFACS developed till date, the respective extensions, and which and how many species each system has been developed for or tested for application.
	FACS
	Targeted species
	Extensions
	Number of species 

	ChimpFACS
	Chimpanzees 
(Pan troglodytes) 
(Vick et al., 2007)
	Bonobos 
(P. paniscus) 
(current work)
	2

	OrangFACS1
	Bornean orangutans 
(Pongo pygmaeus)
Sumatran orangutan 
(P. abelii) 
(Correia-Caeiro et al., 2013)
	
	2

	GorillaFACS
	Eastern gorilla 
(Gorilla beringei)
Western gorilla 
(G. gorilla) 
(Correia-Caeiro et al., 2025)‬‬‬‬‬‬
	
	2

	GibbonFACS
	Siamangs 
(Symphalangus syndactylus)
Pileated gibbon
(Hylobates pileatus)
Silvery gibbon
(H. moloch)
Muelleri gibbon
(H. muelleri)
Yellow-cheeked gibbon 
(Nomascus gabriellae)
Northern white-cheeked gibbon
(N. leucogenys)
Southern white-cheeked gibbon 
(N. siki) (Waller et al., 2012)
	
	7

	MaqFACS
	Rhesus macaques 
(Macaca mulatta) 
(Parr et al., 2010)
	Barbary macaques 
(M. sylvanus) 
(Julle-Danière et al., 2015) 
Japanese macaques 
(M. fuscata) 
(Correia-Caeiro, Holmes & Miyabe-Nishiwaki, 2021) 
Crested macaques 
(M. nigra) 
(Clark et al., 2020)
	4

	CalliFACS
	Common marmosets
(Callithrix jacchus) 
(Correia-Caeiro et al., 2022)
	
	1

	DogFACS
	Domestic dogs 
(Canis familiaris) 
(Waller et al., 2013)
	
	1

	CatFACS
	Domestic cats 
(Felis catus) 
(Correia-Caeiro, Burrows & Waller, 2017)
	
	1

	EquiFACS
	Domestic horses 
(Equus ferus caballus) 
(Wathan et al., 2015)
	
	1

	Total
	21


1Tapanuli orangutans are not included in OrangFACS as they were only identified as a new species in 2017 (Nater et al., 2017).
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