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In primates, including humans, scratching and other self-directed be-
haviors (SDBs) have recently been reported to be differentially displayed
as a function of social interactions, anxiety-related drugs, and response
outcomes during learning tasks. Yet few studies have focused on the fac-
tors influencing SDBs in our closest living relatives, the chimpanzees
(Pan troglodytes). Furthermore, no previous experimental study has ex-
amined handedness of SDBs as a function of changes in task difficulty.
Using matching-to-sample tasks of varying difficulty, the present study
examines the effect of manipulations of task difficulty on rates, handed-
ness, and type of SDBs in an experimental study of eight chimpanzees.
SDBs were categorized as rubs, gentle scratches, and rough scratches.
SDBs increased during difficult discriminations, but only for subjects who
started the experiment on an easy discrimination; subjects who started
on a difficult discrimination exhibited no differential rates of SDBs as a
function of task difficulty. There was a tendency to exhibit relatively more
SDBs with the right hand in the more difficult task. Rates of SDBs de-
creased after auditory feedback signals, suggesting a link between SDBs
and uncertainty. Rubs were directed more to the face (trigeminal), and
gentle and rough scratches more to the body (spinothalamic), suggesting
that face-directed SDBs may index a different motivational basis than
scratches. Taken together, these results extend previous research on SDBs
to the domain of cognitive stress in nonsocial contexts, demonstrating
that SDBs are sensitive to manipulations of task difficulty in chimpan-
zees. Am. J. Primatol. 55:1-14, 2001. © 2001 Wiley-Liss, Inc.
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INTRODUCTION

From the earliest extensive field observations of chimpanzees, scratching has
been associated with conflict, frustration, and anxiety [van Lawick-Goodall, 1972].
According to van Lawick-Goodall, “[t]he more intense the anxiety or conflict situ-
ation, the more vigorous the scratching becomes” [1972, p. 40]. More recently,
scratching and other self-directed behaviors (SDBs) have been associated with
frustration, uncertainty, and anxiety in social conflict situations in a variety of
primate species [reviewed by Maestripieri et al., 1992].

Scratching is differentially displayed in cercopithecines as a function of domi-
nance rank (Macaca fascicularis [Pavani et al., 1991], M. fuscata [Troisi et al.,
1991], M. mulatta [Diezinger & Anderson, 1986; Maestripieri, 19931, Papio cyno-
cephalus anubis [Easley et al., 1987], and Papio anubis [Castles et al., 1999]).
Although the majority of these studies have focused on Old World monkeys (es-
pecially Cercopithecinae), several studies have demonstrated increased SDBs un-
der differential social conditions by chimpanzees (Pan troglodytes [Aureli & de
Waal, 1997; Baker & Aureli, 1997]) and humans (Homo sapiens [Fairbanks et al.,
1982; Lantz, 1979; Troisi et al., 1998; Waxer, 1977]), although the proximate
mechanisms of these behaviors remain obscure. For example, Aureli and de Waal
[1997] found increased scratching by chimpanzees under crowded, compared to
less crowded, housing conditions. Baker and Aureli [1997] reported increased
scratching after loud vocalizations by neighboring groups of chimpanzees, which
are associated with increased risk of intragroup aggression. In humans, scratch-
ing was correlated with parental conflict in a 16-year-old patient who exhibited
pathological scratching [Lantz, 1979]. Importantly, human patients who report
feeling anxiety also exhibit high levels of SDBs [Fairbanks et al., 1982; Troisi et
al., 1998; Waxer, 1977].

Several studies of unrestrained, group-living monkeys have found that scratch-
ing and other SDBs are sensitive to pharmacological manipulation of mood through
anxiolytic (anxiety-reducing) and anxiogenic (anxiety-causing) substances.
Anxiogenic drugs increase SDBs, and anxiolytic drugs reduce SDBs [Maestripieri
et al., 1992; Schino et al., 1991, 1996]. Thus, ethopharmacological data suggest
that SDBs are indicators of anxiety-like emotions in nonhuman primates, which
is congruent with available data on humans.

The majority of this research has studied animals in social contexts. The
present study tested the generality of the ethological model described above by
investigating the influence of task difficulty on SDBs by chimpanzees, in a non-
social context. Research with humans has demonstrated that manipulations of
such factors as uncertainty and task difficulty increase sympathetic nervous sys-
tem (SNS) activation [Callister et al., 1992; Esler et al., 1989; Gotthardt et al.,
1995; Sausen et al., 1991]. Physiological measures such as plasma cortisol, plasma
ACTH, catechoamines, heart rate, and blood pressure have been demonstrated
to increase with increases in task difficulty. Thus, humans exhibit a well-docu-
mented SNS response to manipulations of task difficulty and other cognitive chal-
lenges. If SDBs, including scratching, index emotional arousal, then the effects
of manipulations of task difficulty in cognitive testing contexts should affect SDBs
in ways similar to those reported in social contexts [Maestripieri et al., 1992].
Itakura [1993], studying a 7-year-old female chimpanzee, found that self-
scratching and self-grooming were elicited almost exclusively by a conditioned
aversive stimulus (a buzzer), but not at all, or only rarely, by a secondary
positive reinforcer (a chime).

Observational studies have generally reported no population asymmetries in
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hand use for SDBs in great apes [Aruguete et al., 1992; Hopkins & de Waal,
1995; Marchant & McGrew, 1996]. However, Dimond and Harries [1984] observed
a left-hand bias for face-touching in orangutans (Pongo pygmaeus), gorillas (Go-
rilla gorilla), and chimpanzees (P. troglodytes), and Yanez-Gonzalez (2001, un-
published results), found a group-level right-hand bias for intense scratching in
a group of eight chimpanzees. Leavens et al. [1997] reported that a male chim-
panzee performing a match-to-sample (MTS) task exhibited relatively more SDBs
with his right hand when 1) performance was low, and 2) immediately after a
conditioned aversive stimulus (an auditory feedback signal heralding impending
lack of primary reinforcement after incorrect responses). SDBs under different
levels of task difficulty may, therefore, be subject to changes in laterality. Thus,
we recorded hand use during SDBs under different conditions of task difficulty
in chimpanzees.

Finally, because previous research had indicated that different types of self-
touching were differentially associated with the face compared with the rest of
the body [e.g., Leavens et al., 1997], we assessed target location of SDBs in a
vertical dimension; that is, we distinguished SDBs directed to the face from SDBs
directed elsewhere. The trigeminal system carries pain and itch information from
the face and anterior scalp, but not the rest of the head, and the spinothalamic
system carries pain and itch information from the rest of the body, including the
posterior scalp regions [e.g., Pansky et al., 1988].

We report the results of an experimental study of eight chimpanzees that
were exposed to two levels of task difficulty, in counterbalanced order. Rates and
types of SDBs, hand use during self-directed touching behaviors, target location
of touching (face or body), and performance measures were taken for each sub-
ject. We expected, based on previous findings [Itakura, 1993; Leavens et al., 1997],
that: 1) the rate of SDBs would be higher in conditions of poor performance (high
task difficulty); 2) the rate of SDBs would be higher after incorrect responses than
after correct responses; 3) relatively more SDBs would be exhibited with the right
hand in conditions of higher task difficulty; 4) relatively more SDBs would be exhib-
ited with the right hand after incorrect, compared to after correct, responses; and 5)
relatively more rubs would be directed to the face than the body and, conversely,
that relatively more scratches would be directed to the body.

METHOD
Subjects

The subjects were eight chimpanzees (P. troglodytes), nursery-reared and liv-
ing in small social groups at the Yerkes Regional Primate Research Center
(YRPRC), Emory University, Atlanta, Georgia (Table I) [see Bard & Gardner,

TABLE 1. Sample Characteristics

Subjects
Group A Sex Age Group B Sex Age
Kengee ? 7 Katrina ? 8
Carl 3 9 Jarred 3 7
Lamar 3 7 Winston 3 8
Scott 3 8 Columbus 3 18
Mean = 7.75 Mean = 10.25

Mean age is not significantly different across the two groups (£(6) = —0.95, ns).
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1996, for details of nursery-rearing]. Subjects were tested in their home cages,
and were neither food nor water deprived to elicit their participation in this
experiment.

Procedure

The two female subjects were each assigned to one of two groups, and the six
males were randomly assigned to these groups. All tests were administered via
the Language Research Center Computerized Testing System (LRCCTS)
[Washburn et al., 1989]. In the simultaneous MTS procedure used here, a sample
stimulus appeared centered on the top half of the computer screen and the sub-
ject moved a cursor, via a joystick mounted on a plate affixed to the cage mesh,
into this sample stimulus (Fig. 1). When the cursor contacted the sample stimu-
lus, two comparison stimuli appeared in the bottom half of the screen. One of the
two comparison stimuli (the target) was identical in appearance to the sample
stimulus, whereas the other comparison stimulus (the foil) was discriminably
different. Group 1 was exposed first to an easy discrimination in an MTS task
(EASY condition), then to a difficult discrimination (HARD condition), and expo-
sure to these two conditions were alternated for a total of four EASY sessions
and four HARD sessions. Group 2 was exposed first to the HARD condition, then
to the EASY condition, and then experienced systematic alternation of the tasks,

EASY

Sample
Stimulus

) Comparison
o Stimuli
+

Sample
Stimulus

HARD

Comparison
Stimuli
+

Fig. 1. Examples of EASY and HARD discriminations generated by the LRCCTS. Pluses indicate the cor-
rect responses, minuses indicate the incorrect responses.
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again for a total of four EASY sessions and four HARD sessions. Thus, the order
of presentation of HARD and EASY sessions was a between-subjects variable. In
the EASY task, the foil (the nonrewarded stimulus) was easily discriminated
from the target stimulus (which matched the sample stimulus), whereas in the
HARD task, the foil differed only slightly from the target (Fig. 1). For three
subjects, a scheduling error occurred in the administration of the tasks, such
that the intended alternation between tasks was not achieved in some of the
later sessions (i.e., two EASY or two HARD sessions were administered succes-
sively); for this reason, data analyses include the first four sessions for each
subject (two EASY and two HARD), except where noted below.

Each correct joystick response was accompanied by a high-pitched chime (sec-
ondary positive reinforcer), and each incorrect response by a lower-pitched buzzer
(conditioned aversive stimulus). After each joystick-mediated selection of a com-
parison stimulus, the subjects experienced a 5-sec interval with no feedback (In-
terval 1) terminating in the delivery of a feedback signal (a high-pitched chime
for correct response, and a low-pitched buzzer for incorrect responses). This feed-
back tone marked the beginning of a second 5-sec interval (Interval 2), which
terminated in either delivery of reinforcement (juice) or no reinforcement. A
third 5-sec interval (Interval 3) served as the intertrial interval. Behavioral
observations were taken in each of three 5-sec intervals after the subjects’
joystick responses.

SDBs were recorded directly on data sheets by an experimenter using a one-
zero sampling technique [Altmann, 1974]. SDBs were categorized as: 1) rubs (self-
touches not involving the ends of the digits, presumably analogous to the
face-stroking reported by Itakura [1993]); 2) gentle scratches (GSs; self-touching
involving the ends of the digits, but no discernable movement of the shoulder
joint); and 3) rough scratches (RSs; self-touching involving the ends of the digits,
including movement of the shoulder joint) [cf., Baker & Aureli, 1997]. The hand
used by the subjects in self-touching was recorded. The target location of self-
touching in vertical dimension was the face or body. The face was defined as the
area bounded superiorly by the supraorbital torus (browridge), laterally by the
anteriormost portion of the ear, and inferiorly by the inferior margin of the man-
dibular corpus (i.e., the jawline); all other locations, including the scalp, were
coded as “body.” This parsing captures the division of cutaneous afferent trans-
mission of pain and itch into trigeminal (face) and spinothalamic (body) path-
ways [Pansky et al., 1988].

A bout of SDBs for any 5-sec interval of observation was defined as the oc-
currence of any of the three behaviors of interest. In rare cases (0.4% of inter-
vals), more than one type of SDB was exhibited in a 5-sec interval. For these few
observations, the data were scored in accordance with a hierarchy such that
RS > GS > Rubs; thus, if a GS and an RS occurred in the same interval, it was
scored as RS. This hierarchy is in the opposite direction from that of the ob-
served frequencies of these SDBs, so scoring in this fashion very slightly in-
creases the representation of the lower-frequency behaviors. Because one-zero
sampling differs little from frequency data when sampling intervals only rarely
encompass more than one behavioral event of interest [Bernstein, 1991], rates
were calculated for each level of each independent variable by dividing the sum
of SDBs of each type by the total number of trials in each condition. Because
each trial comprised 15 sec of observation, these rates were multiplied by 4 (there
were four trials per minute) to render rates per minute.

The absolute amount of primary positive reinforcement (juice) was equated
across EASY and HARD conditions by limiting each session (four EASY and four
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HARD sessions per subject) to 25 correct responses. Reinforcement was deliv-
ered to seven of the eight subjects using an automated liquid dispenser that
dispensed approximately 1 ml of juice for every correct response [Hyatt & Leav-
ens, 1997]. The delivery of juice to the subjects was via a surgical tube held near
their mouths by the experimenter after correct responses. A technical problem
with an early prototype of this dispenser resulted in the reinforcement of one
subject, Columbus, manually with a squeeze bottle filled with fruit juice, result-
ing in slightly less control of the volume of juice delivered for each correct re-
sponse, relative to the other subjects.

Analyses

Performance was calculated as the percent correct in each session for each
subject. In analyses of performance, data were included from all eight sessions.
Paired ¢-tests were used to compare performance measures within subjects, and
independent samples ¢-tests were used to compare performance across subjects.
Mixed and within-subjects analyses of variance (ANOVAs) were performed as
appropriate. Rates of SDBs served as dependent measures. Post hoc explorations
of main effects were performed with a Bonferroni-correction procedure applied to
main effects contrasts.

RESULTS
Performance

The performance by both groups was virtually identical within the EASY
and HARD conditions. In the EASY condition, Groups 1 and 2 exhibited mean
performances of 94.3% and 93.8%, respectively (#3) = .104, P > .05), whereas in
the HARD condition, Groups 1 and 2 exhibited mean performances of 61.8% and
65.5%, respectively (£(3) = —.330, P > .05). Performance by all subjects differed
significantly between the EASY and HARD conditions (paired #(7) = 9.359, P <
.001); thus, what was construed by the experimenters as a difference in task
difficulty was apparently perceived similarly by the chimpanzees.

Performance and Rates of SDBs

Homogeneity of variance between groups was assumed after administration
of the Brown-Forsythe test [Brown & Forsythe, 1974, as described in Keppel,
1991]: F(1,6) = 4.57, P = .410. A Group (two levels: EASY first and HARD first)
by Condition (two levels: EASY and HARD) by Hand (two levels: left and right)
by Type of SDB (three levels: rubs, GSs, and RSs) mixed ANOVA was performed
to examine the effects of task difficulty (condition) and order of presentation (group)
on hand use and SDB type. There was a main effect for type of SDB (F(2,12) = 7.41,
P = .008). Post hoc contrasts revealed that there were significantly more GSs than
RSs (P =.009) and a trend toward more rubs than RSs (P = .066).

There was no main effect for Group, but there was a main effect for Condi-
tion (F(1,6) = 8.31, P = .028); the HARD task elicited more SDBs (mean rate =
.604 SDBs/min, SE = .105) than did the EASY task (mean rate = .370 SDBs/min,
SE = .163). As shown in Fig. 2, a significant interaction between order of presen-
tation (Group) and task difficulty (Condition) was found (F(1,6) = 8.03, P = .030).
No other interaction effects involving order of presentation were found. Thus,
those subjects that experienced the EASY task first exhibited more SDBs in the
HARD, compared to the EASY condition, as predicted, but there was no appar-
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Fig. 2. Group 1 exhibited an increase in SDBs in the HARD task, compared to the EASY task, but Group 2
exhibited no difference in rates of SDBs across the two levels of task difficulty. Data are plotted by session,
for descriptive purposes. EHEH refers to the order of task presentation (EASY-HARD-EASY-HARD); HEHE

is the opposite order.

ent difference in rates of SDBs as a function of task difficulty for those subjects
who experienced the HARD task first. Hence, the order in which task difficulty
was presented was important in determining the subjects’ reactivity, as mea-
sured in SDBs, to these manipulations. That is, chimpanzees who were exposed
to the EASY task first exhibited a disproportionate increase in the rate of SDBs
when subsequently exposed to the HARD task, compared to those chimpanzees
who were exposed to the HARD task first. There was no interaction between
Condition (task difficulty) and type of SDB (F(2,12) = 1.35, P = .297).

Laterality

In the same ANOVA reported in the previous section, there was a trend to-
ward a task difficulty by hand interaction (F(1,6) = 5.54, P = .057; see Fig. 3),
such that there were relatively more right-handed SDBs when performance was
poor than when performance was high.

Effects of Primary Reinforcement and Feedback on SDBs

Because performance was very high in the EASY condition, there were few
incorrect trials of observation in this condition. Therefore, we assessed the ef-
fects of primary reinforcement and feedback on SDBs within the HARD condi-
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Fig. 3. Trend toward relatively more right-handed SDBs being displayed in the HARD condition, compared
to the EASY condition.

tion only. An Accuracy (two levels: correct or incorrect) by Interval (three levels
of 5 sec each: Intervals 1, 2, and 3) by type of SDB (three levels: rubs, GSs, and
RSs) ANOVA was performed to assess the temporal distributions of SDBs in re-
lation to primary reinforcement and in relation to the feedback signals. There
was a main effect for interval (F(2,14) = 10.18, P = .002) and no other main
effects or interactions (Fig. 4). Post hoc analysis revealed that SDBs were dis-
tributed in Intervals 1 and 3 at significantly higher rates than in Interval 2
(Interval 1 compared to Interval 2: P = .042; Interval 2 compared to Interval 3: P
= .013; and Interval 1 compared to Interval 3: ns). Thus, because the auditory
feedback signals were delivered at the beginning of Interval 2, the delivery of
information seemed to reduce the rate of SDBs, irrespective of whether that in-
formation signaled impending positive or negative reinforcement. This result did
not confirm the prediction that rates of SDBs would increase in intervals rela-
tively more after a conditioned aversive stimulus (the buzzer) compared to inter-
vals following secondary positive reinforcement (the chime).

Reinforcement Effects on Hand Use and Target Location of SDBs

To assess the spatial distribution of SDBs on the surface of the integument,
a Hand (two levels: left and right) by Location (two levels: face or body) by Accu-
racy (two levels: correct and incorrect) by Type (three levels: rubs, GSs, and RSs)
ANOVA was performed. There was a significant main effect for Hand (F(1,7) =
9.11, P = .019); there were significantly more SDBs exhibited with the right hand.
This is consistent with the trend toward greater use of the right hand in the
HARD condition reported above. There was a significant two-way interaction be-
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Fig. 4. Relatively fewer SDBs were emitted in the 5-sec interval (Interval 2) following the discriminative
tone than in Interval 1 or Interval 3, irrespective of whether the response was correct or incorrect. The
auditory feedback tone (chime or buzzer) is the secondary reinforcer. Primary reinforcement was approxi-
mately 1 ml of grape juice.

tween Location and Type (F(2,14) = 6.46, P = .010) and a significant three-way
interaction between Hand, Location, and Type (F(2,14) = 4.31, P = .035), and no
other main effects or interactions. Figure 5 depicts the pattern evident from the
three-way interaction between Hand, Location, and Type. Rubs were differen-
tially directed to the face, compared to both types of scratches (Fig. 5a). Scratches
directed to the face were exhibited without a lateral bias in hand use, whereas
scratches directed to the body were strongly lateralized to the right hand (Fig.
5b).

DISCUSSION

The rates of SDBs increased in conditions of high-task difficulty, relative to
conditions of low-task difficulty, but only for subjects initially exposed to an easy
discrimination (Fig. 2). All types of SDBs exhibited increases in rates with in-
creases in task difficulty. Thus, the level of task difficulty on initial exposure to a
task seems to determine the reactivity of chimpanzee subjects, as measured in
SDBs. As would be predicted from existing ethological and ethopharmacological
models of SDBs as indicators of emotional arousal [Baker & Aureli, 1997;
Maestripieri et al., 1992; Schino et al., 1996], rates of SDBs are sensitive to ma-
nipulations of cognitive challenge in nonsocial contexts. The level of task diffi-
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Fig. 5. The three-way interaction between hand use, target location of SDBs (face or body), and type of
SDB. a: Difference in the mean rate of SDBs directed to the face and body. Rubs were directed primarily to
the face; GSs and RSs were directed primarily to the body. b: Difference in the mean rate of SDBs exhibited
with the right and left hands. That all bars are positive reflects the right-hand bias for SDBs in the HARD
condition. Rubs were exhibited predominantly with the right hand whether directed to the face or body. In
contrast, GSs and RSs were not strongly lateralized when directed to the face, but were exhibited over-
whelmingly with the right hand when directed to the body.
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culty on initial exposure to a task seems to have a strong influence on reactivity
to subsequent manipulations of task difficulty. Assuming a common underlying
physiological basis for scratching in social and nonsocial contexts, we would ten-
tatively predict that SDBs in social contexts may be differentially sensitive to
baseline rates of behavioral measures of social tension in social groups of chim-
panzees, and perhaps more widely among anthropoids and other mammals.

There was a tendency for an increase in right-handed SDBs in conditions of
high-task relative to low-task difficulty (Fig. 3), which was confirmed by the main
effect for hand use in a subsequent analysis within the HARD condition only.
Interpretation of this behavioral asymmetry in SDBs is hampered by, among
other things, our lack of data on 1) to which side of the body the SDBs were
directed, and 2) which hands the subjects used to manipulate the joysticks. Thus,
in addition to the need for replication of this finding, there are a number of
possible explanations for this asymmetry, among which future research should
distinguish. With respect to the replicability of an asymmetrical response in SDBs,
we note that in three separate studies in our laboratory we have seen a bias
toward increasing use of the right hand during conditions of poor performance,
relative to conditions of high performance [Leavens et al., 1997] (Hopkins et al.,
1998, unpublished results).

As to why there might be an asymmetrical behavioral response to cognitive
challenge, there are two basic possibilities. There may be endogenous processing
asymmetries; that is, the lateralized SDBs may be exhibited in response to asym-
metries in emotional processing, with consequences for either asymmetries in
cutaneous sensation or behavioral reactivity. Alternatively, there may be asym-
metries in exogenous factors; that is, the SDBs may be exhibited in response to
uncontrolled asymmetries in task factors, such as the preferred hand used to
manipulate the joystick. For example, if one hand is preferred to manipulate the
joystick, that may leave the other hand free to exhibit SDBs, or the hand pre-
ferred for manipulating the joystick may exhibit a propensity for motor activity,
which is manifested in SDBs when the hand is not using the joystick. Diezinger
and Anderson [1986] failed to find any evidence for a lateral bias in scratching
by 14 rhesus macaques. Dimond and Harries [1984] reported no asymmetries in
SDBs (face-touching) by monkeys, but strong asymmetries in great apes and hu-
mans (an overall bias towared the left hand in face-touching). Dimond and Har-
ries [1984] suggested that the laterality bias of SDBs reflected underlying
functional cerebral asymmetries present in apes and humans, but not in mon-
keys. There is a paucity of information in this area, and future research should
investigate the phylogenetic distribution of both individual and population-level
hand preferences in SDBs.

Information, in the form of auditory feedback signals (secondary positive re-
inforcers and conditioned aversive stimuli) seemed to cause a reduction in the
rate of SDBs (Fig. 4), irrespective of whether the signal heralded the delivery or
nondelivery of juice. That we did not find an interaction between Hand (left,
right) and Accuracy (correct, incorrect) constitutes a failure to replicate the pat-
tern exhibited by the male chimpanzee in the case study by Leavens et al. [1997].
We had anticipated that the conditioned aversive stimulus (the buzzer) would
lead to increases in rates of SDBs. However, the introduction into the present
experimental design of a 5-sec delay between response and secondary feedback
may have elicited an emotional response characterized by uncertainty, whereas
in the study by Leavens et al. [1997] auditory feedback was presented immedi-
ately upon the subject’s response. Hence, it may be that the subject in the study
by Leavens et al. [1997] was exhibiting an emotional response characterized more
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by frustration than by uncertainty. Thus, it would appear that information, per
se, caused a reduction in the rates of SDBs, suggesting that a component in the
emotional reactions of these subjects under conditions of varying task difficulty
is related to uncertainty about response outcomes. If this is true, then uncer-
tainty about response outcome may have consequences for cutaneous sensation
in both social and nonsocial contexts [e.g., Aureli, 1997; Castles et al., 1999;
Maestripieri et al., 1992]. However, it remains possible that reductions in SDBs
in Interval 2 would have been obtained had we delivered no feedback to the
subjects (i.e., SDBs might have been under the control of elapsed time and
not the feedback signal). This possibility was not tested in the present re-
search design.

Rubs were directed primarily to the face, and GSs and RSs to the body (Fig.
5a), which replicates a finding reported by Leavens et al. [1997]. Furthermore,
rubs were differentiated from scratches by a different pattern of hand use with
respect to the vertical dimension of the body surface; to wit, rubs directed at the
face were mostly exhibited with the right hand, whereas both GSs and RSs di-
rected to the face were not strongly lateralized to either hand (Fig. 5b). Rubs
directed to the body were also more likely to be exhibited with the right hand
(though to a lesser extent than those directed to the face), whereas both GSs and
RSs directed to the body were strongly lateralized to the right hand. That rubs
were differentiated from both GSs and RSs is consistent with other studies that
have shown scratching, particularly rough scratching, to be uniquely associ-
ated with changes in the social environments of chimpanzees that predict
negative consequences [Aureli & de Waal, 1997; Baker & Aureli, 1997]. How-
ever, few previous studies have isolated rubs (or face stroking [Itakura, 1993]
or face touching [Dimond & Harries, 1984]) as an analytical unit. The present
pattern of results is in direct contrast to that reported by Dimond and Har-
ries [1984]; whereas they reported a left-hand bias for face-touching in oran-
gutans, gorillas, chimpanzees, and humans, we report a right-hand bias for
SDBs of all types, including face-directed rubs. This suggests that face-touch-
ing in these experimental contexts may be subject to a different pattern of
cerebral dominance than the spontaneous face-touching behaviors of apes in
social contexts.

The results reported here are consistent with ethological and ethophar-
macological models of displacement activities as measures of emotional reactiv-
ity [Diezinger & Anderson, 1986; Itakura, 1993; Maestripieri et al., 1992; Schino
et al., 1996]. SDBs appear to be sensitive indicators of emotional reactivity in
chimpanzees [Baker & Aureli, 1997], as has been suggested for humans
[Fairbanks et al., 1982; Troisi et al., 1998; Waxer, 1977]. A potentially fruitful
line of future inquiry would explore the interrelationships between measures
of temperament and SDBs in chimpanzees and other organisms [cf., Davidson
et al., 1993].
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