
ical pathway in the regulation of IL-1 activ- 
ity in myelomonocytic cells that can be 
subverted by pathogens and may provide a 
target for pharmacological intervention. 

The existence of multiple pathways of 
regulation, including a polypeptide receptor 
antagonist (I) and the decoy target for IL-1 
binding, emphasizes the need for tight regula- 
tion of IL-1 activity. We suggest that the term 
"receptor" may be an inappropriate designa- 
tion, at least until evidence is obtained that 
IL-1R I1 binding protein is indeed a signaling 
receptor, and propose to refer to this acceptor 
molecule as a "decoy receptor." 
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Right Hemisphere Dominance for the Production of 
Facial Expression in Monkeys 

Marc D. Hauser 
In humans, the left side of the face (right hemisphere of the brain) is dominant in emotional 
expression. In rhesus monkeys, the left side of the face begins to display facial expression 
earlier than the right side and is more expressive. Humans perceive rhesus chimeras 
created by pairing the left half of the face with its mirror-reversed duplicate as more 
expressive than chimeras created by right-right pairings. That the right hemisphere de- 
termines facial expression, and the left hemisphere processes species-typical vocal sig- 
nals, suggests that human and nonhuman primates exhibit the same pattern of brain 
asymmetry for communication. 

I n  humans, neuroanatomical differences 
between the right and left hemispheres of 
the brain are associated with differences in 
the production and perception of behavior 
(1-3). Although nonhuman animals show 
both neuroanatomical and behavioral 
asymmetries (2, 4-6), humans show stron- 
ger and more varied asymmetries (1, 2). In 
general, the left hemisphere dominates in 
linguistic function and manual control, 
whereas the right hemisphere dominates in 
spatial reasoning, emotional perception, 
and face recognition. 

Studies of some nonhuman primate 
populations have provided evidence that 
hand preference is nonrandom during 
both unimanual and bimanual motor tasks 
(4). Evidence of lateralization for auditory 
and visual perception is, however, more 
ambiguous. In the Japanese macaque, the 
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left hemisphere is dominant with regard 
to the perception of species-typical vocal 
signals (7, 8). Thus, both human and 
nonhuman nrimates exhibit left hemi- 
sphere dominance for referentially rele- 
vant stimuli. An assumption underlying 
this claim, however, is that the vocaliza- 
tions used in these experiments provide 
referentiallv salient information rather 
than affective information. The relative 
contribution of referential and affective 
information to signal structure is currently 
unclear (9, 10). Experiments on face rec- 
ognition in monkeys and apes sometimes 
show a strong right hemisphere bias (1 1, 
12) but may also show more symmetric 
contributions of left and right hemispheres 
(13). To my knowledge, no study has 
examined hemispheric asymmetries in the 
production of vocal signals in nonhuman 
primates (14). However, a study demon- 
strated that, when split brain rhesus 
macaques were presented with videotaped 
sequences of human and nonhuman pri- 
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mate scenes to the right hemisphere, they 
showed significantly more facial expres- 
sions, both submissive and aggressive, 
than when sequences were presented to 
the left hemisphere (15). 

Video records of free-ranging rhesus 
monkeys living on the island of Cayo 
Santiago, Puerto Rico, were analyzed to 
assess hemispheric asymmetries in the pro- 
duction of facial expressions (1 6).  All data 
were collected from individually recogniz- 
able animals from one social group. Most 
individuals from the sample were geneti- 
cally unrelated males. Frame-by-frame 
(one frame = 33 ms) analyses (16) were 
carried out for all expressions for which 
the subject's entire face was oriented to- 
ward the video camera. 

Four facial exnressions were evaluated. 
representing three different emotional 
states. The fear grimace (Fig. I ) ,  which is 
produced by retracting the lips, is given by 
a subordinate individual being attacked or 
intimidated by a higher ranking group 
member. The copulation grimace, which 
is also produced by retracting the lips but 
which is not held in position as long as the 
fear grimace, is given by adult males dur- 
ing copulation. The open mouth threat, 
which is produced by slightly protruding 
the lips and placing them into an 
0-shaped configuration, is given by a 
dominant individual attacking or intimi- u 

dating a subordinate. The ear flap threat, 
which is produced by retracting the ears 
back against the head, is also given by a 
dominant individual attacking or intimi- 
dating a subordinate. 

I calculated asymmetries in the tempo- 
ral emergence of an expression by compar- 
ing the onset of facial movement on the 
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right and left sides. Timing was considered 
asymmetric if the gesture on one side of 
the face started moving into the expres- 
sion at least one frame before the other 
side of the face. For fear and co~ulation 
grimaces, it was also possible to measure 
the asymmetry in the form of the expres- 
sion. Two quantifiable aspects were the 
number of skin folds between eye and the 
cheekbone and the height of the corner of 
the mouth during lip retraction. Higher 
retraction of the corner of the mouth and 
greater number of skin folds were consid- 
ered more ex~ressive. In this context. 
expressiveness is considered from the hu- 
man observer's perspective rather than 
from the monkey's. Statistical analyses 
were carried out on the proportion of 
individuals showing lateral asymmetries in 
expression. 

The largest sample size was obtained for 
fear grimaces (Table 1); of the 19 individ- 
uals analvzed. one to seven fear grimaces , . - 
were produced per individual. Frame-by- 
frame analysis (Fig. 1) of the onset and 
termination of an adult male's fear grimace 
reveals that the left side of the face begins 
moving into the retracted position (see 
frame 2 and especially frame 3) earlier 
than the right side. This pattern was 
robust within the sample of 19 individuals 
(Table 1). Over 75% of the individuals 
were asymmetric with regard to the timing 
of the expression. Of those showing such 
asymmetries, the left side started moving 
first in over 90% of the individuals. On 
average, the left side of the face started 
moving 1.4 frames (SD = 0.42 frame, 
range = 1 to 3 frames) before the right 
side. 

The form of the expression was also 
asymmetric. For most of the 19 individuals, 
there were more folds on the left side of the 
face than on the rieht. and the left corner " ,  

of the mouth attained a higher position 
than the rieht. - 

For all of the other expressions analyzed 
(Table I) ,  the proportion of subjects 
showing asymmetry in timing or form of 
expression ranged from 50 to 100%. In a 
maioritv of cases in which an individual , , 
exhibited an asymmetry in facial affect, 
however. the left side was consistentlv 
more expressive than the right. Thus, for 
example, during the let-down phase of the 
fear and copulation grimaces, the left side 
typically maintained the expression longer 
than the right. This timing bias was sta- 
tistically significant only for the copula- 
tion grimace. For open mouth threats, the 
left side of the mouth opened up earlier 
than the right, and for the ear flap gesture 
the left ear moved before the right. 

Visual chimeras of human faces formed 
by pairing each side of the face with a 
mirror-reversed duplicate show that hu- 

Fig. 1. Frame-by-frame i~lustratio~of the fear grimace of a rhesus monkey, produced in the context 
of submission. In frame 2 the left side of the face has begun moving into the fear grimace position 
whereas the right side only begins moving in frame 4. 

mans perceive left-left chimeras as more 
expressive than right-right chimeras (Fig. 
2) (1 7). Chimeras of three different rhesus 
monkey faces were created (1 8). Human 
adults (28 females, 15 males; age range, 19 
to 38 years) were then asked to report 
which chimera appeared to express a more 
intense state of fear. All human subjects 
were naive with regard to research on 
hemispheric specialization. Out of 43 sub- 
jects, 41 reported that the left-left chime- 
ra appeared to be in a relatively height- 
ened state of fear compared with the 
right-right chimera. 

These results reveal that in rhesus mon- 
keys, as in humans, rats, and chickens (2), 
the right hemisphere of the brain is dom- 
inant with regard to emotional expression. 

However, in some electroencephalogram 
studies of humans (1 9), the right hemi- 
sphere appears dominant for negative- 
withdrawal emotion whereas the left 
hemisphere is dominant for positive-ap- 
proach emotion. Although current obser- 
vations limit our ability to dichotomize 
the emotions of nonhuman ~rimates. most 
of the facial expressions in these rhesus 
monkeys are associated with agonistic in- 
teractions and thus are likely to represent 
negative emotion; one possible excep- 
tion is the copulation grimace. Of the 
nonhuman primates, only chimpanzees 
and bonobos appear to use facial expres- 
sions that are clearly associated with pos- 
itive emotions and a tendency to approach 
(20, 21). 
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Fig. 2. Three examples of an original fear grimace and two chimeras produced by pairing one-half 
of the face with its mirror-reversed duplicate. Each example is from a different adult male. 

Table 1. Asymmetries in rhesus facial expression. Sign tests were conducted on the proportion of 
individuals exhibiting asymmetries. 

Number of Asym- Left- 
metric biased 

Expression Variable expres- expres- 
Indi- Expres- sions sions 

viduals sions (%) (%) 

Fear grimace 
Fear grimace 
Fear grimace 
Fear grimace to 

resting position 
~ o p u l a t h n  grimace 
Co~ulation arimace 
~ o ' ~ u l a t i o n  grimace 
Copulation grimace 

to resting position 
Open mouth threat 
Ear flap threat 

*P < 0.05. **P < 0.01. 

Timing 
Number of folds 
Lip retraction 
Timing 

Timing 
Number of folds 
Lip retraction 
Timing 

Timing 
Timing 

Evidence in monkeys o f  a r ight  hemi- 
sphere bias for the product ion o f  facial 
emotion, together w i t h  observations o f  a 
left  hemisphere bias for the perception o f  
species-typical vocal signals (7, 8), sug- 
gests that  human and nonhuman primates 
show the same patterns o f  hemispheric 
differentiation for communicat ion (2, 3). 
T w o  points must be borne in mind, how- 
ever, in evaluating this conclusion. First, 
other nonprimate species such as rats and 
chicks evidence similar patterns of asym- 
metry for communicat ion (2). At present, 

i t  is unclear whether such similarities are 
due t o  convergent evolut ion o r  whether 
the hemispheric differentiation of the 
bra in i s  an  evolutionarily ancient trait, 
common t o  most vertebrates. Second, the 
left  hemisphere bias for the perception of 
vocalizations in nonhuman primates only  
supports the human pattern if the signals 
tested convey referential information. T h e  
signals may, however, convey relatively 
more information about the individual's 
emotional state (22), in wh ich  case the 
bias is opposite that observed in humans. 
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