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Abstract

A comparative perspective has remained centréddstudy of human facial expressions since Darwin’s
(1872) insightful observations on the presencestgmificance of cross-species continuities andiggec
unique phenomena. However, cross-species compariseroften difficult to draw due to
methodological limitations. We report the applioatof a common methodology, the Facial Action
Coding System (FACS) to examine facial movememsstwo species of hominoids, namely humans
and chimpanzees. The Facial Action Coding SystehCS: Ekman & Friesen, 1978) has been
employed to identify the repertoire of human facmmivements. We demonstrate that FACS can be
applied to other species, but highlight that anyifiwations must be based on both underlying angtom
and detailed observational analysis of movemergse Me describe the ChimpFACS and use it to
compare the repertoire of facial movement in chinzegs and humans. While the underlying mimetic
musculature shows minimal differences, importafiecences in facial morphology impact upon the
identification and detection of related surfaceegypnce changes across these two species.
KEY WORDS: comparative anatomy; chimpanzees; Fa@agtbn Coding System (FACS); facial
morphology.

Introduction

Elaborate facial communication is a primate adaptaind a comparative approach has long
been integral to our understanding of facial exgices (Andrew, 1963; Chevalier-Skolnikoff, 1982;
Darwin, 1872;Redican, 1982; van Hooff, 1972; van Hooff, 197@&)isTevolutionary perspective on the
form and function of facial movements allows ug&in further insight into the pressures shaping
communicative capacities in primatéxafr, Waller, & Fugate, 200Schmidt & Cohn, 2001;

Sherwood et al, 2005Despite the literature describing facial disglay primates, including the study
of both captive and wild chimpanzees (Ladygina-kspti®37; Marler, 1976; Parr, Cohn, & de Waal,
2005; van Hooff, 1973; van Lawick-Goodall, 1968)r anderstanding of nonhuman primate facial
communication has been limited by the lack of gorapriate measurement tool for recording facial
behaviors and allowing meaningful cross-speciespasisons (Chevalier-Skolnikoff, 1982; Fridlund,
1994). To fully understand species-unique charesties of the human face, ideally the same
measurement tools should be used. Here we deshglievelopment and application of ChimpFACS to
examine the phylogeny of facial displays in terrhbath underlying functional anatomy and related
appearance changes.

In contrast to nonhuman primate research, the figa®n of many of the complexities of
human facial communication has been greatly fatdd by the development of the Facial Action Coding
System (FACS; Ekman & Friesen, 1978; Ekman, Frie&ddager, 2002); this method allows for the
objective and standardized measurement of faciaement based on the underlying mimetic
musculature. While many studies measure the infeemade by observers when viewing faces, some

guestions are better addressed by measuring wiéddh itself does (Ekman & Rosenberg, 2005).
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FACS is anatomically based and describes minimig wf facial movement called Action Units (AUs)
with detailed descriptions of the resulting chanigefacial appearanceln addition, the use of multiple
redundant cues addresses the often overlooke@atiem between underlying muscle movements and
the considerable individual variation in facial mpbology, which impacts the precise form of obselwab
appearance changes (Ekman & Friesen, 1978; Maddma, & Kleck, 2005; Schmidt & Cohn, 2001).
The development of such a comprehensive codingsysaiith the common language of Action Units
(AU’s), with numerical codes and neutral labellihgs enabled researchers across a wide varietipef s
disciplines, often with diverging theoretical pasits, to communicate and evaluate findings using a
common language (see Ekman & Rosenberg, 2005).

FACS identifies, describes and illustrates 32 Actilnits, in addition to codes for miscellaneous
facial movements (such as tongue showing), heagwymadnovements, and the visibility of each facial
area. Most AUs are the result of a single undeglyiruscle action (e.g. the zygomatic major muscle
underlies AU12: Lip Corner Puller), or of differgmbrtions of the same muscle (e.g., the frontalis
muscle underlies both AU1 and AU2, Inner Brow Raisd Outer Brow Raise, respectively). Some AUs
are caused by the synergistic action of more tm&nnouscle, which are rarely observed to move
independently (e.g., AU4: Brow Lowerer is the condal action of the corrugator supercilli, depressor
supercilli and procerus muscles). FACS is basenh tipe understanding of anatomy combined with the
analysis of visual appearance changes during famakement, which enables actions to be identifiedl a
described in detail. It is this relationship betw@esusculature and observable movement that makes th
FACS methodology such a valuable research tool. FA&s already been modified for human infants
with AUs being translated to accommodate the diffiees in facial morphology (BabyFACS: Oster &
Ekman, 1978; Oster, 1999). Thus, the FACS is a ouetlogy which is amenable to modification across
populations, and the anatomical basis suggestealild be robust enough to accommodate the greater
modifications required for cross-species applicatio

The FACS approach enables us to address queshonsthe mechanisms underlying the
production of primate facial displays. Indeedyiédue has been recognized in previous studiescadlfa
behavior in nonhuman primates; Preuschoft and varff{1995) addressed the issue of homology of
nonhuman primate bared teeth facial displays witmdin smiling, while Steiner et al. (2001) and Ueno,
Ueno, and Tomonaga (2004) described facial resgdog@ste in primates. These initial studies
highlight the usefulness and desirability of adagp®#ACS for cross-species application. However, no
studies to date have systematically modified FAQSuke with other species and in order to make
comparisons an equivalently comprehensive tootsrdble. For instance, in these studies wrinkling
beneath eyes is always identified as resulting fAdm Cheek Raise (Preuschoft & van Hooff, 1995;
Steiner et al., 2001; Ueno et al., 2004). In humammkling beneath the eyes can be caused by A6 a
well as several other actions, including some lofaee actions (Ekman, Hager, & Friesen, 2002). When

! All descriptions of human facial actions are sumizeal from the latest edition of the FACS manudr(&an, Friesen,
& Hager, 2002).
3



ChimpFACS

similarity is assessed using appearance rathemtiscle function (Preuschoft & van Hooff, 1995k th
AUs are no longer strictly comparable as the intgegf the FACS approach requires that the movement

be related to underlying structure.

Moreover, the utility of FACS resides in the charitf detailed descriptions. For example, Ueno,
Ueno, and Tomonga (2004) replicated Steiner et 2001) taste study with infant chimpanzees and
found that their observations differed to thoseadult chimpanzees found in the original studyndty
be that the facial repertoire expands as the iafdevelop, but the authors also concede that this
discrepancy could be due to differences in expertaig@rotocols. Any adaptations of FACS should
follow the process of its developers (Ekman & Feigesl978; Oster, 1999); underlying structure and
musculature must be integral to the developmentusaedf the system, which should then be carefully
documented to allow replication. The value of tR&CIS approach is that it provides a common language
for describing changes in facial appearance; adhimtifications and the use of FACS to support a

particular theoretical position is likely to redut utility as a research tool.

We developed a modification of the FACS for desoglzhimpanzee facial movement.
ChimpFACS is based upon the comparative anatomyeaeual morphology of chimpanzees. Although
the literature revealed some disagreement regatdengiuscle plan of the chimpanzee (Gibbs, Collard,
& Wood, 2002; Pellatt, 1979; Huber, 1931, Seil&61), many of these inconsistencies have been
resolved using a more refined facial mask dissectiethod (see Burrows, Waller, Parr, & Bonar, 2006)
Contrary to previous reports suggesting unique dexity and refinement of human facial musculature
(Huber, 1931), there is in fact a striking simitgtetween humans and chimpanzees. Moreover, the
study of functional anatomy also reveals comparahlecle movements in these species, with individual
facial movements recognizable during intramuscsti@anulation (see Waller et al., in press). Frons thi
starting point, we then undertook extensive obsema of chimpanzee facial movements and this paper
provides an overview of how these actions appedhemrchimpanzee face. Using this approach, we can
examine the underlying mechanism of facial expogsproduction in chimpanzees and subsequently,

use ChimpFACS to explore both perception and fonatising a truly comparative research tool.

The FACS method is particularly well suited to cargiive studies as it is provides clear
descriptions for the identification of each AU{ilng various appearance changes (movement of facial
landmarks, changes to shape of facial featurest#rabe directly compared. Thus, we can identfy h
and why a given facial movement may appear disamaitross species in terms of underlying facial
structure, musculature and surface coloration texigires. As noted above, facial expressions iotera
with the underlying facial morphology to creatdesat signals; in primates, coloration or shapeagfdl
features can emphasize or camouflage facial movengandrew, 1963; Kaplan & Rogers, 2002;
Kobayashi & Kohshima, 2001; Napier & Napier, 19B%uschoft, 2000). For example, pigmentation of
the upper eyelids in some species, or retentidrainy brows on hairless forehead in humans, may
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highlight actions of the brows (Campbell et al.929Ekman, 1979; Preuschoft, 2000). In additioareh
is much individual variation in both chimpanzee &unan faces which needs to be accommodated in

these descriptions of appearance changes (EkmareseR, 1978).

As with BabyFACS (Oster, 1999), it is apparent thamslating FACS for different facial
morphologies identifies the key commonalities arfféences in the basic repertoire of facial
movements and their associated changes in appearBime development of the ChimpFACS allows us
to address two central questions in a more systemmanner than previously. Firstly, what are the
underlying mechanisms of chimpanzee facial expoegsioduction? Secondly, how do these facial
movements compare with the human facial repertoiresrms of not only the number of identifiable
independent actions, but also in terms of theictfiomal movement and resulting appearance changes?
Here we describe the basic facial repertoire ottlimpanzee in terms of minimal independent
movements using ChimpFACS. For each Action Unihidied, basic appearance changes will be
outlined and compared to the equivalent AU as desdrby the human in FACS.

M ethod
Devel opment of ChimpFACS

Adapting the FACS for other primate species idlehging for a number of reasons. Due to the
anatomical basis of FACS, the first step must bereideration of facial musculature for the study
species. However, initial attempts to produce échasiscle plan of the chimpanzee face were hindered
by the inconsistencies in reported dissectionsréfbee, new dissections were conducted in order to
clarify our understanding of cross-species diffeemnin facial musculature, and these are described
elsewhere (see Burrows et al., 2006). As there werata available on facial muscle function in the
chimpanzee, a comparative study of muscle actichalso undertaken in order to ascertain whether
independence of facial movements was a commonrand also to document these actions in
isolation (Waller et al., in press). See Tablerlsiommary of muscle presence and action in
chimpanzees in relation to human AUs and their dyithg musculature.

In terms of observation of facial movements, mitial database of existing expression footage
and images (facial expressions) were insufficierdevelop the ChimpFACS. It was necessary to dollec
close-up footage of the chimpanzee face in orddesuribe appearance changes in detail; more subtle
and isolated facial movements (seen out-with exwas) were also studied and described using frame
by frame analysis. Thus, our aim was to detailnio@ements of the chimpanzee face rather than to
analyze facial expressions per se: this bottompmoaach in is central to the FACS methodology. It
should be noted that FACS was developed using pityraghly controlled observations of voluntarily
produced facial movements (Ekman et al., 2002¢réstingly, many of the AUs are difficult to proguc
on demand, at least without some training. So émehumans, obtaining clear facial actions is difft

and time consuming. However, this approach is @asible with other species; all our observatioms ar
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spontaneously produced facial movements and these&e us insight into the repertoire of facial
movements in the chimpanzee.

Our observations are based upon static and vidageas of around 150 chimpanzees; this
included an existing database of over 200 shoroidips (behavioral episodes containing a main
expression configuration) and over 100 static faaaression imagésin addition to around 40 hrs of
focal footage focusing closely upon the face. Videages and static images were examined by trained
FACS coders (SJV and BW) for potential signs thgiven AU had acted. These were then reviewed
until a catalogue of video and related still imagese available for the description of the appeagan
changes relating to the action. This collection staslied using frame-by frame analysis and common
features were detailed for each movement. As dthksr were developed, earlier AUs were modified in
light of any relevant new information. Some AUs wearely seen in isolation, but could also be
inferred by comparing combinations of movement axiapolating the minimal units. Using the above
method, we have been able to describe many ofafeeAlUs in the chimpanzee.

The original FACS, presents each AU in terms afartying musculature (location and direction
of action), appearance changes (multiple cuegdtmtifying AUs), reference for AUs (subtle
differences between AU combinations), how to doat#on unit (voluntary production of AU in
isolation), and intensity scoring for the actiont(ariteria for coding decisions). We only addréss
first three of these as; voluntary production wasapplicable and intensity coding will be addrelsise
later studies. Thus, we describe each AU in tertiseounderlying muscle action, the multiple
appearance changes that may be used to identifctian, in addition to any other information for
consideration when making coding decisions, sugch@gmpact of co-occurring actions upon facial
appearance. When translating a coding system agiftesent face types, some morphological features
can be misleading. Thefa#se indicators resemble the cues used to discriminate an AU drhaen
population (e.g. in BabyFACS; Oster, 1999). Amorigstseveral cues described to identify a given AU,
some are usually more discriminating for the ideration of an AU and thedaest cues (Oster, 1999)
are also described for each AU.

Chimpanzee and human faces differ in terms of thyidg anatomy; chimpanzees have more
prognathidaces with an elongated mouth, lower foreheads mibhe substantial brows, a flatter
nasal area, much less check fat, and no bony dsis. @he contrast visible on the face is also often
limited due to skin pigmentation, reduced outewomillion, and substantially different eye
morphology, which most notably lacks the white sxl@hich make human eye movements (and
changes in the surrounding area) more readily péhte (Kobayashi & Kohshima, 1997, 2001;
Ekman et al., 2002). While these features can ridEkifying facial movement more challenging,

the texture of the chimpanzee face (with many lesiines and wrinkles) can facilitate some AU

2 While FACS is designed for the coding of movinges, stills taken from video and photographs eanseful when
examining static cues that indicate an AU has aecur
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identifications. Importantly, chimpanzees show ed@sble individual variation in many of these
features, making the FACS approach of using meltgnid redundant cues to detect actions
extremely valuable for the usability of ChimpFAG%gure 1 identifies commonalities and
differences in facial landmarks across species.

It is important to note that there are still sormeasolved questions and practical restraints
upon the perception or reliable coding of theserofimall and subtle movements (in highly mobile
subjects). Several core facial movements are othisieme actions are either so uncommon, or
usually masked by co-occurring actions, that weenily lack good clear exemplars on which to
base our descriptions. Others are simply extremhfigult to detect upon the chimpanzee face, or
their precise anatomical basis has not been coadir®missions are identified along with an
explanation for their absence because, given thiasity in underlying musculature, these also
serve to inform our understanding of how facial pimogy and movements interact across species.

Results

We will follow the basic structure of the FACS mahand present core facial AUs with
clearly identified anatomical basis (not miscellaune movements) in the following groupings: A)
movements of the upper face (AU1 AU2 AU4 AU5 AU6 Aland movements of the lower face:,
B) up/down actions (AU9 AU10 AU16 AU1l5 AU17), C) fmontal actions (AU14 AU20), D)
oblique actions (AU11 AU12 AU13), and E) orbitatians (AU18 AU22; supplemented with a very
brief description of some additional movementsha mmouth). The functional appearance changes
caused by the action presence of an AU will be rigsd¢ and compared for humans and
chimpanzees. A briefer summary of omitted AUs saldiven for each facial movement grouping.
Table 2 summarizes the comparisons of appearanaegel for Action Units in humans and
chimpanzees.

A)  Movement and Morphology in the Upper Face

Brow raising (AU1 +2) and cheek raising (AU6) ah evident in the chimpanzee and
described in comparison to original FACS descripidOmissions include two subtle actions around the
eyes (AU5 Upper Lid Raise and AU7 Lids Tighten) e¥hare not reliably distinguished due to
differences in facial morphology, and AU4 Brow Lawe although the underlying reason for this
absence is less clear.

AU 1+ 2 Inner and Outer Brow Raiser. Humans are able to raise the inner and outeiopgrof
the brow (AU Inner Brow Raise and AU2 Outer Broai$®) independently, and also in combination
to lift the entire brow. The principle appearanbarmge for AU1 (Inner Brow Raise) is the pullingafp
the inner (or medial) portion of the brows. It casisvrinkling, usually only in the center of thedhead,
and gives the brows an oblique shape. AU2 (OutewBRaise) similarly raises the outer (or lateral)

section, which produces an arched shape to the dnocan raise the lateral eye-cover fold and leads

7
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wrinkles above the lateral brow. When AU1 and Ald2tagether, the entire brow is raised upwards,
there are wrinkles across the forehead, and chaodesh medial and lateral eye-cover fold as the s
beneath the brow is pulled upwards.

Unlike in humans, the medial (central) frontalesed not appear to act independently from the
lateral portion of the muscle in chimpanzees, sb U1 and AU2 are always expected to act in unison
Therefore, AU1 and AU2 are combined into AU1 + @tlbcomponents of the label are maintained so
that descriptions are contiguous with the equivadetion in humans. The horizontal forehead wriskle
which appear with the brow raising (described bylA® in humans) are less indicative of this action i
the chimpanzee. There are permanent wrinkles oohinepanzee forehead that will deepen with this
action, but these may also serve as a potentsd fatlicator of brow raising; in order to code AU2,
it is important that some deepening or movemetiede facial landmarks is observed. Moreover, while
the frontalis muscle is longer in chimpanzees coegbéo humans, in some chimpanzees the forehead is
almost entirely covered by hair, so that any wiimdgwill in most cases only be visible close to the
brows. In chimpanzees, this AU is more readily dieté by noting movement of or upon the brow itself.
In this case; the entire brow is raised and thiseneent is often observable, particularly in indivats
with large heavy brows or when viewing the chimpsenin profile. While chimpanzees do not have the
contrast of eyebrows on a hairless face, the texadtithe brow often changes as the skin is pulled
upwards over the brow ridge. Given the prominericghompanzee brows, perception of brow position
is easily influenced by both chimpanzee head mowsrend changes to the observer’s viewing angle.

AUG6 Cheek Raiser and Lid Compressor. AU6 Cheek Raiser is described as an orbital actio
which pulls skin around the eyes inwards towardeyw from the temple and the cheeks. The action is
the result of the contraction of the Orbicularisilggars orbitalis, which circles the eyes anccexts
into the brow and below the lower eyelid furrow.himmans, AU6 Cheek Raiser draws in the skin
around the eyes and narrows the eye aperturea€han raises the infraorbital triangle as it pustie
cheek upwards and leads to bagging and wrinkliograd the eyes; the lower eyelid furrow is deepened
and crow’s feet, which extend radially from theeyutye corner, may appear. This action may also
lower the lateral brow and stronger actions maydaehe nasiolabial and infraorbital furrows andrev
cause the lateral portions of the upper lip toergigyhtly.

In chimpanzees, AUG is clearly recognizable asskie around the eyes is drawn inwards
with similar increases in bagging and wrinklingle eye area and narrowing of eye aperture
apparent. However, the distinctive crow’s feethat ¢ye corner are absent. Rather than oblique lines
radiating from lateral eye corner, the chimpanzeakies seem to be parallel to each other and
more horizontal. In addition, the lack of contragtsclera means that the reduced aperture and its
direction are not as perceptible as in humansddfitian, AU6 in chimpanzees seems to cause more
change in the entire eye region, for example, lovgelboth medial and lateral brow, than is typically

seen in humans. That is, the action seems to be ambital and less localized in the chimpanzee.

8
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The nasiolabial furrow, which deepens in humanspispresent to be used as a cue to this action in
the chimpanzee. In both humans and chimpanzeesme causing increased wrinkling in eye
area must be seen to pull medially inwards fromtéineple, not only to be pushed upwards as this
can be result of other AUs (e.g., AU9 Nose Wrinklgch also pushes upwards on the medial eye
region). Chimpanzees generally have more baggidgnaumkling around the eye area in the neutral
face and these false indicators should not be asedbasis for coding AUG6; there has to be
movement towards the eye and an increase in baggipguching and a deepening of wrinkles and
furrows.

Omission of AU4 Brow Lowerer, AU5S Upper Lid Raiser and AU7 Lid Tightener. There are
obvious morphological differences between the huarahchimpanzee upper face, which have led to
the omission of three upper face AUs. Most notatblg,heavier brows and reduced contrast in terms of
eye morphology (Kobayashi & Kohshima, 1997, 200akensmall movements around the eyes difficult
to detect. In humans, AU5 Upper Lid Raiser and Alitls Tightener both depend upon detecting
changes to extent of visible sclera. These two Atdstherefore not described for the chimpanzees&he
are subtle actions which may be masked by co-oogumovements, such as head and brow
movements, and eye movements visible beneath thiceyself. The AU4 Brow Lowerer is also
omitted despite recent confirmation regarding tfesence of the requisite musculature (Burrows.get al
2006). This AU is the result of combined corrugaprocerus and depressor supercilli action in hiaman
which acts to lower and knit the brows togethelisTistinct drawing together of the brows has resrb
identified in the chimpanzee. Possible explanatamesthat the morphology of the chimpanzee brow
may hinder the actions of the muscles in the madaeumented for humans, or the action may be either
entirely absent from repertoire (Darwin, 1872)ustjuncommon (Parr, Preuschoft, & de Waal, 2002).
Despite this, frowns have been reported in infithpanzee (Bard, personal observation) and bonobos
(Gaspard, personal communication) where there &baance of the developed brow ridge.

B) Up/ Down Actions of the Lower Face

These AUs describe actions which pull the faceicaty either towards the brows or chin. AU9
Nose Wrinkle, AU10 Upper Lip Raise, AU16 Lower Lipepress and AU17 Chin Raiser are described,
with AU15 Lip Corner Depressor being the only onaasn this grouping.

AU9 Nose Wrinkle. AU9 Nose Wrinkle describes the appearance chaceyesed by action of the
Levator labii aleque nasi muscle; this attachesecto the nostril wings and when contracted pulls
upwards towards the root of the nose. As the sitjacant to the nose is pulled, it causes distinct
wrinkling along the sides and at the root of theend'he infraorbital triangle is also raised, deamp
the infraorbital furrow, and causing changes ardinedeyes, namely reducing eye aperture and causing
bagging or pouching of the skin beneath the eyeadtition, the inner corners of the brow are also
drawn downwards towards the nasal root, as a restdicruitment of the procerus, and the medial

section of the lips are also pulled upwards slightihile stronger actions may part the lips (AU2pd

9
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Part). Due to presence of the procerus muscletimdxtions, AU4 Brow Lowerer cannot be scored with
AU9 Nose Wrinkle as brow lowering cannot be relaidientified (unless these actions have clearly

asynchronous onsets).

AU9 Nose Wrinkle is readily identifiable in chimpaees; it pulls the nostril wing area medially
upwards towards the root of the nose and drawmttex brows downwards. As in humans, this action
causes distinctive wrinkling at the root of the edsagging and wrinkling beneath the eyes, lowesing
the inner brow and stronger actions may similaalge the upper lip. The deepening of the nasidlabia
furrow is not available as a cue to this actiort,thare are other cues which indicate AU9 Nose Win
in chimpanzees that are not noted for humans. ®ke oan be seen to move upwards a little, which
results in the vertical groove down the centrehef¢himpanzee nose visibly deepening, and also
deepening of the subnasal furrow, particularlyl#teral portions. There are permanent lines atdbe
of the nose in chimpanzees which are potentialglse indicator of this action, so movement shdagd
seen before this action is coded.

AU10 Upper Lip Raise. The levator labi superior muscle which underdies AU10 Upper Lip
Raise is a little lateral to that underlying AU9$¢dWrinkle. When this muscle contracts, it pulls th
upper lip upwards, with the center of the lip beiaged slightly more than lateral sections, so it
lip has a squarish, angular shape. The infraortiitaigle is pushed upwards so that the infradrbita
furrow becomes more evident, the nasiolabial furpmuches distinctively and the nostril wings are
raised and widened. Stronger actions part the dipiess another AU is acting to close the lips, and
AU25 Lips Part should be noted.

AU10 is readily recognizable in the chimpanzee;ttgelip is pulled upwards, shortening the
distance between nose and upper lip and usualiingahe lips, revealing the upper teeth and guwres t
varying extent. However, retraction does not cabisaupper lip to appear square (as in humans), but
rather raises the lip in a smoother, ellipticaMeurThe upper lip thickens along its edge aspuited
upwards and more of the inner lip usually becomgble. Stronger actions of AU10 deepen the
subnasal furrow and in profile views, the lip m@ypeaar to be bulging slightly. These appearance
changes are dependent upon the presence of oteecadng AUs, for example, AU12 Lip Corner
Puller may act to pull and stretch the upper liphsd the thickening of the lip due to AU10 is less
evident. The distinctive shape of the nasiolahialdw used to discriminate this action from similar
movements in humans, is not available as a cugeichimpanzee.

AU16 Lower Lip Depressor. This action pulls the lower lip downwards towatls chin,
changing the appearance of the lower lip as itredched and pulled laterally so that it may either
protrude or flatten. This action usually partslips (AU25 Lips Part) and exposes the lower teetil|e
lower gums may become visible with stronger actiéattening and wrinkling of the chin can also be

seen, and a wrinkle may appear directly belowithe |
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In chimpanzees, retraction of the lower lip is itkable; the lower lip is pulled down and the
lips are parted, so as to reveal lower teeth amasgand the lower lip may be seen to protrude. &\ié
skin may be seen to move downwards over the dmnabsence of a defined chin boss means that the
flattening and wrinkling of the chin are much lessdent in chimpanzees. Other actions, such as AU12
Lip Corner Puller, may serve to flatten the liptlsat protrusion of the lip is no longer availabtesacue
for presence of AU16 Lower Lip Depressor. Cautieerds to be taken to ensure that appearance changes
are due to lip retraction and not to other factangch may impact upon the visibility of lower teethd
gums, such as viewing angle or, jaw dropping (AU2% Drop) or jaw stretching (AU27 Jaw stretch).
Moreover, in chimpanzees, relaxation of the lowgrcauses it to droop away from the face and
ChimpFACS draws a distinction between lower liprésgion AU16 and relaxation of the lip, which is
denoted as AD160 Lower Lip Relax. It may be th& dould be best described by coding AU16 an
extreme intensity AU25 Lips Part, but the result@ppearance changes in chimpanzees are not
comparable those listed in FACS for AU16 (the pneseof a bony chin boss in humans may limit how
much the lip droops). AU16 and AD160 can be distisiged by tension in the lower lip. While AU16
Lower Lip Depressor pulls the lower lips downwatolwards the chin, AD160 Lower Lip Relax results
in the lip drooping away from the face.

AU17 Chin Raiser

AU17 describes the appearance changes caused bgritiaction of the mentalis muscle which
pushes the chin and lower lip upwards, often causito protrude. As the skin on the chin boss is
stretched it may wrinkle and sometimes a depressienmident below the center of lip. As the cemter
the lip is pushed upwards, the mouth corners appdae pulled downwards.

Chimpanzees lack a defined boss, so that the &xtbanges on the chin used to identify AU17
Chin Raiser are less evident on the chimpanzee f&cs humans, the chin is pushed upwards, wigh th
action causing the lower lip to rise and protrudérgt the mouth corners may appear to be lowered.
However, viewing angle influences the perceptiothefdistance between jaw-line and lower lip, which
is the best indicator of this action in chimpanzeshat a clear upwards movement needs to bevauaser
before AU17 Chin Raiser should be coded.

Omissions of AU15 Lip Corner Depressor

AU15 Lip Corner Depressor results from contractbthe triangularus muscle which, pulls the
mouth corners obliquely downwards and usually apptastretch the lower lip horizontally. Although
chimpanzees have the muscle underlying this move(Bemrows et al., 2006), and we know that the
muscle functions in a comparable manner in botlkispgWaller et al., in press), we have not yehsee
any clear examples of AU15 Lip Corner DepressorcWhivould allow us to extract cues for identifying
lip corner depression. There are movements whichapgear to pull the mouth corners down, namely
AU17 Chin Raiser which pushes the medial portiotheflower lip upwards, and it is likely that soofe

our examples of stronger AU17 Chin Raiser inclugiaes degree of lip corner depression. Appearance
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changes used to identify this action in humansioheldeepening of the lower portion of the nasialabi
furrow and flattening or bulging of the chin bolsth features are absent as cues on the chimp&acee
and perhaps hinder detection of the this action.

C) Horizontal Actions of the Lower Face

There are only 2 horizontal actions of the loweefand neither of these, AU14 Dimpler nor
AU20 Lip Stretcher, is described for the chimpanzemortant differences in lower face morphology
means that some features which are used to det®et actions on human faces are not available to aid
identification of these movements in chimpanzeas)ely the absence of cheek fat and distinctive
nasiolabial furrow. It may also be the case that tuthe prognathic lower face, horizontal actiares
simply less perceptible in chimpanzees, howevelyars of profile footage has also failed to idBnti
these actions.

Ommision of AU14 Dimpler and AU20 Lip Stretcher. AU14 Dimpler (buccinator action) causes
tightening at the lip corners and leads to distwectimpling. The lip corners may be raised or lozee
slightly be this action, and it may also deepenrthgiolabial furrow and cause changes to the abss.b
We have no evidence for independent action of ADdpler in chimpanzees. Although they have the
buccinator muscle which may be used during masticathey lack the substantial cheek fat found in
humans so it is not clear how this action wouldngjeathe appearance of the face. While AU14 als® act
to tighten the mouth corners, other actions cam @sso, such as AU22 Lip Funneler, so this alone
cannot be used to detect this action.

In humans, AU20 Lip Stretcher pulls the lip cornlaterally backwards towards the ears as the
risorious muscle contracts. This horizontal acgtongates the mouth and the lips can become fedten
and stretched as the corners are pulled. AU20ratgdts in a lateral pull on the nasiolabial furrow
wrinkling and flattening on the lower cheek, flatitey or wrinkling on the chin, and a lateral putl the
nostril wings. Although there has been some dedmte whether chimpanzees have the risorious muscle
that underlies this action (Waller et al., in pjesge now have confirmation that it is indeed prtse
the chimpanzee (Burrows et al., 2006). We havéaeh able to isolate and or describe any actidn tha
resembles risorious action in the chimpanzee, afthat is highly probable that such action occuithw
extreme vocalizations, such as during screamingslperhaps masked by the jaw lowering which also
occurs.

D) Oblique Actions of the Lower Face

There are 3 oblique lower face Action Units: AU1p Corner Puller, AU13 Sharp Lip Corner
Puller, and AU11 Nasiolabial Furrow Deepener. OXlYL2 Lip Corner Puller is described in the
chimpanzee. While chimpanzees have the muscleslymgeboth AU11 Nasiolabial Furrow Deepener
(putatively the zygomatic minor, though the undeidgymusculature remains uncertain, Ekman et al.,
2002, p. 176) and AU13 Sharp Lip Corner Puller (mas), we have no examples of these movements in

the chimpanzee. It may be that the cues to idengjfihese actions are absent, making detection
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problematic or that these are rare actions in chimpes, as indeed they are in humans (Ekman et al.,
2002).

AU12 Lip Corner Puller. This action is the result of the contraction af #ygomatic major
muscle which pulls the lip corners obliquely upwsatowards the ears. The nasiolabial furrow is
deepened by the action and the infraorbital triemghy raise and deepen the infraorbital furrow.
Stronger actions can cause appearance changestbtieeayes, namely, bagging in the lower eyelid,
narrowing of the eye aperture, and the appeardno®w’s feet. Given the theoretical significande o
distinguishing whether AU12 Lip Corner Puller is@ocuring with AU6 Cheek Raise (to produce a
Duchenne or felt smile, as opposed to AU12 alonehwis termed non-Duchenne or social smile) it is
important to distinguish between changes aroun@yeecaused by stronger actions of AU12 which may
also mask those indicative of AU6 (see RosenbeEkan, 2005). The best cues that AU6 is also
acting are the slight lowering of the lateral bramd the slight raise of the medial cheek; thesagis
are not seen when AU12 occurs independently.

The chimpanzee mouth often shows some degree dtcue, which may be mistaken for subtle
AU12 action, especially when seen in static imabkemetheless, the oblique action of AU12 Lip Corner
Puller is readily recognizable on the chimpanzee .f& causes the overall shape of the lower face t
alter; the entire lower face has an oval shape vgken en face but this is pulled into a more diaion
like shape as the mouth is elongated into a créstha lips are tightened by this action, but duéhe
differing lip morphology this is identified by tHessening of any existing visible lip lines andigrgly
fuller appearance of the lips in chimpanzees. Fusrat the mouth corners deepen into wrinkles (these
are better observed in profile views, as are mob#le actions of AU12) and in stronger actionslipe
will retract to reveal the teeth or gums. Similadyhumans, changes to the upper face are alsoeappa
in AU12 actions in the chimpanzee with pouching badging of the infra-orbital triangle evident. &th
actions may co-occur to retract the lips more fullgmely AU10 Upper Lip Raiser and AU16 Lower Lip
Depressor, these can be identified by the greateuat of retraction, or by asynchrony in onsets or
offsets of these actions. The distinctive deepenfrihe nasiolabial furrow is not evident when AU12
acts in chimpanzees, but several cheek furrowsrbecenore evident with stronger actions.

Omission of AU11 Nasiolabial Furrow Deepener and AU13 Cheek Puffer. AU11 Nasiolabial
Furrow Deepener is an oblique lower face movemehich causes the upper lip to be pulled
slightly upwards and laterally deepens the uppdrramdle portion on the nasiolabial furrow as it
does so. The upper medial portion of the infraathiriangle is subtly raised and may seem to puff a
little. This is an uncommon action in humans ardeed there is considerable individual variation in
the presence of zygomatic minor which underlies #tition (Pessa, Zadoo, Adrian, Yuan, & Garza,
1998, but see also Sato, 1968).

The difficulty translating this AU for chimpanzeesy be due to the absence of check fat

and distinctive nasiolabial furrow, as observalilanges in this feature indicates AU11 has acted.
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AU13 Cheek Puffer pulls the mouth corners sharplyards (at a sharper angle than AU12 Lip
Corner Puller) and puffs the cheeks up as theonlfital triangle is raised upwards. It should be
noted that AU13 Cheek Puffer is an extremely ratea in humans, and to date we have no
evidence of this movement as an independent oldderaation in the chimpanzees.

E) Orbital actions of the lower face

Several actions are the result of the action ofQHacularis Oris, a large band of muscle which
encircles the mouth. These orbital actions desdhibse actions that change the appearance of ththmo
in terms of aperture and appearance of the lipgueier, lip morphology differs across the two spgcie
humans have considerable lip eversion so thanther ivermilion of the lip is highly salient andradtigh
chimpanzees have slightly everted lips (Duckwdt827), both the contrast and definition of the pute
lip is far less evident so that these cues are rfesshreadily detected in chimpanzees. We onlysoc
here on two distinct actions of the orbicularison humans, a puckering action (AU18 Lip Pucker
which also uses the incisivor muscles), and a fllingeaction (AU22 Lip Funneler). In the chimpanzee
we have identified and described only the lattentlling action. Other orbital actions are noteiéfty
in addition to some miscellaneous orbital actia®ntified in the chimpanzee

AU22 Lip Funneler. In humans, AU22 is caused by the contractiomefduter bands of the
orbicularis oris muscle so that skin surroundingltps is tightened, the lip corners are drawn @igdi
inwards and the lips are funnelled outwards. Thiga causes the lips to part so that AU25 Lipd Bar
also coded unless some other action such as AUILVRGise causes the lips to remain closed. Thé teet
and gums are visible and the vermillion part oflthes more exposed. These cues are usually more
evident in the lower lip and should not be confusgti AU16 Lower Lip Depressor. The chin boss may
be flattened or wrinkled by this action. It is unakto see this action in a single lip.

In chimpanzees, AU22 is readily recognizable asatit®n pushes the lips forwards so that they
flare outwards into a funnel shape; the lip corra@espulled forwards and the medial section ofifheis
pushed forwards into a diamond shape. The lipsisually parted to some extent (AU25) but the
drawing in of the mouth corners means that thetapers small and round, unless another AU acts to
retract the lip corners, such as AU12 Lip CorndtdPLiThe vertical wrinkles of the upper lip cand®en
to deepen as they are pulled obliquely inwards tdsvehe center of the lip. The inner vermilliontioé
lips is more visible (usually more evident in thatbm lip). The chin is pulled slightly upwardstas
lower lip is pushed outwards. This action can Istimtjuished from other AUs by the distinctive shape
the lip which appears to be pulled outwards inpeak from the centre, contrasting with the more
squarish appearance of this action in humans (seA&10 Upper Lip Raise). Most notably, this antio
is seen relatively frequently in only one lip iretbhimpanzee, primarily the upper lip.

Omission of AU18 Lip Pucker. In humans, AU18 Lip Pucker is thought to descthiee
contraction of the small insisivor muscles, whichwd the lips medially inwards and de-elongates the

mouth, making the mouth opening smaller and rou@if puckering up for a kiss). Short wrinkles
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may appear above or below the lips or on the hpsiselves, and the chin boss may also appear
wrinkled or flattened. The insisivor muscles arédiecussed in any of the chimpanzee anatomy
literature. Moreover, the elongated mouth and Eakversion in chimpanzee lips means that thioacti
would appear quite dissimilar on the chimpanzeanycase, for chimpanzees we have not observed an
action which is comparable to AU18 Lip Pucker asnsim humans (actions which draw the lips inwards
all contain the flaring of the lips described by 22J)Lip Funneler).

Other Movements of the Mouth

Other mouth movements have been identified in biv@pganzee in addition to the core facial
movements; for example, AU25 Lips Part, AU26 Jaw®and AU27 Jaw Stretch describe how the lips
and jaws are parted. Although not described inilde¢ae, we have also identified AU24 Lip Press and
AU28 Lip Suck. We have not described AU23 Lipshien due to the difficulty in detecting such a
movement given reduction in visible outer lip i tthimpanzee. Other miscellaneous mouth movements
are readily identifiable in the chimpanzee, inchgdAU32 Lip Bite, AU36 Tongue Bulge, AU19 Tongue
Show, and AU30 Jaw Sideways. It is noteworthy tatnpanzees do seem to be capable of much more

independence of movement in the upper and lowsrclipnpared to humans.
Discussion

We have demonstrated that the FACS approach isasteeto modification for use with other
species of primate and that this common methodavallas to compare facial repertoires across species.
The process of developing a Facial Action Codingt&y for chimpanzees allows us to understand how
and why chimpanzee and human facial movements diffierms of underlying musculature, facial
morphology, and the interaction between theseerims of the overall repertoire, we have successfull
isolated and described nine of the most commorén sere facial actions, and several other
miscellaneous movements. In many cases, faciarectire quite readily identifiable once differenices
underlying morphology have been taken into accdurttfor other AUs there are clear differences in
appearance across species. While there are seweisgions, with the notable exceptions of AU4 Brow
Lowerer and AU5 Upper Lid Raiser, the omitted AWs also less crucial to expression production in
humans. For example, some of these are describegirmgrarely seen in humans (AU13 Cheek Puffer
and AU11 Nasiolabial Furrow Deepener: Ekman ef8l02), so that it may be that we have simply yet
to see clearly identifiable actions to form theipad their description and illustration. Othetians we
think are likely to be present but are not yet diei@entified due to lack of independent actiond(s as
AU20 Mouth Stretch and AU15 Lip Corner Depressbonlike the original FACS, we cannot
differentiate such rare actions by training theefeperform these movements in isolation (Ekman &
Friesen, 1978), or even by having more stringentrobover observations in terms of lightening,
viewing angles, and so on, so that these maskezhaatan be more readily extracted from any co-

occurring movements. In some cases it is uncleatlveln omissions are due to these being extremely
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uncommon movements in the chimpanzee facial reipeo due to the absence of salient cues for
detecting these actions. However, due to the dws#arities in muscle plans between these species
(Burrows et al., 2006) it is clear that this is tie¢ cause of divergence, for example, as had been
suggested as an explanation for the absence ofiingyin nonhuman primates (Fridlund, 1994).

The chimpanzee face lacks the various sourcesmifasi seen in humans; for examples, white
sclera and everted lips. The most striking aspkttteotranslation process is the importance of remtt
for the detection of facial movement; even wherséhfacial movements are carefully studied, the &dck
contrast makes the movement less salient in thepdmzee. It has already been suggested that human
eyes have more signal value than those of othargbeis (Kobayashi & Kohshima, 2001), but only gaze
direction detection was considered and it is appgahat lack of scleral contrast also impedes the
detection of facial actions in the eye region. Wlhimpanzees have larger more prominent brows than
humans, movements of the brow are also enhandadhirans with the contrast against the hairless
forehead (Campbell et al., 1999). Likewise, ournracelips with the visible vermillion make subtler
movements which change the shape of the lips fae meadily detectable. It would be interesting to
explore the psychophysics of facial movement acspssies in order to assess the contribution of
contrast to expression recognition. However, nadiferences are simply a matter of contrast itida
features. Notably, the lack of cheek fat meansttt@hasiolabial furrow, which is used to help idfgn
several AUs in humans and is also important foresgion recognition (Ruben et al., 1999), is absent
the chimpanzee and thus discriminating these mortsng challenging.

It is obviously difficult to speculate why humarcia morphology takes the specific form that it
does. Some features may be related to functiom, asimasal structure, while other may be primarily
sexually selected, such as the retention of nea®features into adulthood (Morris, 1967). It hasrb
noted that primates often have distinctive facialphology and coloration in infancy (Kuze, Malim, &
Kohshima, 2005; Preuschoft, 2000), and it may betthis signal of immaturity aids their interactson
with other group members. However, as we have testrfacial morphology may also impact upon
expression recognition in important ways and timdsrit facial morphology may also serve some
specific communicative function. In any case, hordaial morphology is particularly well suited to
producing highly salient changes in facial appeegamith even the subtlest movement. In addition,
several facial expressions have been shown todi@eviat some distance, with the smile being most
salient and identifiable at up to 100m (Hager & Bkm1979). Chimpanzees have both a similar facial
muscle plan and a wide repertoire of independentements, but their facial morphology generally does
not seem to enhance the visual impact of facialenmnts in the same manner as in humans. However,
chimpanzee facial expressions can also result &éxinemely salient appearance changes, such as
retraction of the lips to reveal inner lips and gumhwould thus be of interest to measure expo@ssi
recognition distances in chimpanzees to assessdeily these signals are perceived by others gpsrh

in relation to their social function (e.g., WalmDunbar, 2005). While the uniqueness of humanafaci
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morphology is by no means a novel observationapproach has allowed us to identify exactly which
factors impact upon the detection of facial movetsi@aeross species, in terms of the specific cued us

to identify each action.

Interestingly, people show high agreement wheibating personality and other attributes based
solely on facial morphology (e.g., Zebrowitz & Go#, 1997). Conversely, expressions can also change
the facial features to give the impression of &edént facial morphology. For example, fear expess
may serve to make the face appear more neotonads €yed) while anger expressions may enhance
the perceived maturity of facial features (by lowgrthe brow and narrowing the lips, Marsh, Ada&s,
Kleck 2005). It remains unclear whether other flaeiaressions will yield so easily to this form of
analysis, but it is clearly important to conside tnteractions between morphology and movemeant, an
their subsequent interpretation by others. Suctofaenay be particularly influential when consideri
perception of facial displays in other species.(&\gller et al., submitted).

Finally, the success of the FACS itself meansttiate are many paradigms developed for
studies with humans, some of which may be suitigvlenodification for studies with chimpanzees (see
Ekman & Rosenberg, 2005). That is, the developraE@himpFACS allows for directly comparable
methods to be employed in cross species reseadctoatribute to the questions surrounding both
chimpanzee communication and the evolution of hufaeaial expressions. As Oster and Ekman (1978)
state in relation to the FACS method, “a similasteyn for different nonhuman primate species woeld b
valuable in attempts to establish homologies batvieenan and nonhuman primate expressions”
(p.245). To date, questions of homology have priilsnaeen answered on the basis of similarity in
appearance of expressions (Preuschoft & van H26€5) and a more detailed and anatomically based
means of comparison is long overdue (Fridlund, )994s only by making detailed cross-species
comparisons with the same measurement tool thatilivgain a true understanding of what is and what

is not uniquely human.
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Footnotes
! All descriptions of human facial actions are sunimeal from the latest edition of the FACS
manual (Ekman, Friesen, & Hager, 2002).
ZWhile FACS is designed for the coding of moving @es, stills taken from video and photographs
can be useful when examining static cues that ateian AU has occurred.
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Table 1 : Facial Musculature Underlying AUs in Humans (from Ekman et al., 2002) Identifying their presence (from Burrows et al., 2006) and Comparable

Muscle Movement When Stimulated in Chimpanzees (from Waller et al., in press).

FACS Chimpanzee
AU Name Underlying Musculature Presence M ovement
AU1 Inner Brow Raise Frontalis (medial) % %
AU2  Outer Brow Raise Frontalis (lateral)
AU4 Brow Lowerer Procerus; v v

Depressor supercilli, v v

Corrugator v X
AU5 Upper Lid Raise Orbicularis oculi v .
AUG6 Cheek Raise Orbicularis oculi, pars orbitalis v v
AU7 Lid Tightener Orbicularis oculi, pars palebralis v -
AU9 Nose Wrinkle Levator labii superioris alaeque nasi v v
AU10  Upper Lip raiser Levator labii superioris v v
AU11 Nasiolabial Furrow Deepener ~Zygomatic minor v -
AU12  Lip Corner Puller Zygomatic major v v
AU13  Cheek Puffer Caninus v x
AU14 Dimpler Buccinator v X
AU15 Lip Corner Depressor Triangularis v v
AU16  Lower Lip Depressor Depressor labii v v
AU17  Chin Raise Mentalis v v
AU18 Lip Pucker Incisivii labii (superioris and inferioris) X X
AU20  Lip Stretch Risorius v x
AU22 Lip Funnel Orbicularis oris v v
AU23  Lip Tighten Orbicularis oris v x
AU24  Lip Press Orbicularis oris v -
v' = muscle present/comparable muscle action, % not identified/contracted, -- = not tested.

Table2: Summary of AUs and Comparison with Appearance Changes in Chimpanzees
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ChimpFACS

nd

11

AU Name Comparison with original FACS

AUl Inner Brow Raise These are not seen to act independently in thepanzee but entire brow raises are common 3

AU2 Outer Brow Raise readily identifiable

AU4 Brow Lowerer This action has not been ideadfin the chimpanzee despite presence of musce)atarhaps du
to difference in brow morphology

AUS Upper Lid Raise Muscle present, difficult terdify given eye morphology

AUG6 Cheek Raise This action is readily identifialiehe chimpanzee, but seems to be less locadimddnore
orbital in action

AU7 Lid Tightener Muscle present, difficult to idégy given eye morphology

AU9 Nose Wrinkle Present and recognizable duegdbrditive wrinkling at nasal root in both species

AU10 Upper Lip raiser Present but distinctive siglashape to upper lip not seen as lip has smdigttical shape when
raised in chimpanzees

AU11 Nasiolabial Furrow Deepener Muscle presentlbeitabsence of cheek fat may mean that this aistiondetectable in
chimpanzees

AU12 Lip Corner Puller Present and readily recogdiacross species

AU13 Cheek Puffer Action not seen in chimpanze&geaxely uncommon in humans

AU14 Dimpler Buccinator muscle present but abseriaheek fat may make this action undetectable in
chimpanzee

AU15 Lip Corner Depressor Not seen to act indepetiglanay co-occur with AU17 chin raise

AU16 Lower Lip Depressor Present in chimpanzee AutL60 lower lip relax also added as new codeetscdbe related
movement in chimpanzees

AU17 Chin Raise Present in chimpanzee, though &eseibony chin boss means that cues differ

AU18 Lip Pucker Unclear whether proposed muscudapuesent: AU not described in the chimpanzee

AU20 Lip Stretch Musculature confirmed but not geen to act independently

AU22 Lip Funnel Present in chimpanzees, thouglpdipks in center and does not have characteristaregess
seen in humans

AU23 Lip Tighten Not clearly identifiable due tcclaof everted lips in chimpanzees

AU24 Lip Press Present and readily recognized impanzees
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Figure 1. Facial morphology in humans and chimpanzees

ChimpFACS
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