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Abstract

In a previous cross-sectional study of mirror self-recognition involving 92 chimpanzees, Povinelli et al. [Journal of Comparative

Psychology 107 (1993) 347] reported a peak in the proportion of animals exhibiting self-recognition in the adolescent/young adult
sample (8-15 years), with 75% being classified as positive. In contrast, only 26% of the older animals (16—39 years) were classified as
positive, suggesting a marked decline in self-recognition in middle to late adulthood. In the present study, all of the chimpanzees from the

8-15-year-old group in the Povinelli et al. study=£ 12) were again tested for self-recognition, 8 years later. Using the same criteria, 67%

of the animals were classified the same. Although a higher proportion of the adult animals in this study (50%) exhibited self-recognition
than would be inferred on the basis of the previous study (25%), all changes in self-recognition status were in the negative direction. These
results show that mirror self-recognition is a highly stable trait in many chimpanzees, but may be subject to decline with age. Connections

with human research are briefly discussed.
© 2002 Published by Elsevier Science Ltd.
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1. Introduction self-recognition typically emerges in young adolescenceg
relatively few animals younger than 8 years of age displayesl
Gallup [6] demonstrated that chimpanzeear( trog- compelling instances of self-exploratory behavior, whereas

lodytes) are capable of what has been termed self-recognition 75% of the subjects aged 8-15 yeans £ 12) did so. 45
in mirrors. Typically, chimpanzees initially react to their Povinelli et al. also reported the surprising finding that onlys
mirror image as if it were another chimpanzee, but after 26% of the older adults (16-39 yeans= 35) exhibited ev- 47
a period ranging from a few minutes to several days (seeidence of mirror-mediated patterns of self-exploration. Hus
[11]), they use the mirror to explore otherwise difficult to mans begin to show mirror self-recognition between 18 and
view parts of their bodies. To validate the impression of 24 months of age (e.g1]) and do not typically lose the ca-so
self-recognition that arose from observing the animals en- pacity until they enter the advanced stages of senility (fer
gaging in self-exploratory behaviors, Gallip] designed  a review seg7]). Thus, on the basis of the Povinelli et als2
a test where the animals were sedated and marked on théample, the onset of self-recognition in chimpanzees woudel
right eyebrow ridge and upper left ear. After recovery, the appear to be delayed relative to humans, and the losssef
chimpanzees showed clear and selective attempts to touctself-recognition in later life by chimpanzees may be acceds
and investigate these marks while in front of the mirror (for erated. 56
evidence of the specificity of these touches, [44). Povinelli et al.[11] also provided evidence for a dis-57
In a cross-sectional study involving a sample of 92 chim- sociation between the two primary measures of mirr@s
panzees, Povinelli et a[1(1], Exp. 1) obtained evidence that ~self-recognition: spontaneous self-exploratory behavioss
and the results of mark tests. Thirty-six subjects who had

~ Correspondi thor. Teli:1-337-482-0065: faxs. 1-337-373-0057 been coded as either self-recognition positive {SR = 1

orresponding autnor. led:1- E - , Taxt1- - - . . _ . _

E-mail address: ceg@Iouisiana.edu (D.J. Povinelli). 18)’ ”egat"’e (SR' n= 12) or amblguous (SR?’ - 6) On_ 62
1 Tel.: +31-302-53-4851: fax:31-302-53-7727. the basis of their spontaneous patterns of mirror-mediated
2 Tel.: 4+1-518-442-4852; fax:-1-518-442-4867. self-exploratory behavior, were administered mark tests.
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Positive results on the mark test came almost exclusively experiments of Povinelli et gl11]. At the time of the present 99
from animals that had been diagnosed ast3B2%, 9/11 tests, the subjects ranged in age from 16 to 23 years. 100
cases), and animals the were coded as SR? ef &Rib-
ited only rare instances of passing the mark test (11%, 2/182.2. Materials 101
cases). However, only half of the SRanimals passed the
mark test (50%, 9/18 cases). These data add confidence For testing, a one-way mirror (47cm 43cm) was 102
to the scheme developed by Povinelli et al. for coding the mounted in front of a window cut into the top half of ao3
spontaneous behavioral reactions of chimpanzees to theilwooden box. A video camera positioned on a tripod was
mirror images (se&ection 3, by showing that the coding placed directly behind the mirror inside the box. The cams
system does not lead to a substantial number of false negaera was covered by a cloth to prevent light from entering tte
tives (i.e. SR- diagnosis based on spontaneous behavioral box behind the mirror. This arrangement made it possitde
reactions to mirror, but SR diagnosis on mark test). to obtain high-quality video footage of the chimpanzees ias
The main purpose of the present study was to examinethey looked in the mirror. This procedure differed slighthos
the long-term stability of one of the measures of mirror from the study conducted by Povinelli et fil1] who used 110
self-recognition (self-exploratory behavior) in the adoles- trained observers to code the behaviors as they occurted.
cent subjects of Povinelli et a]11]. To do so, we used a  Methodological advances in the interim, however, suggested
longitudinal design and re-tested the 12 chimpanzees fromusing this more reliable method (s¢4). The apparatusiis
the 8-15-year-old group in the Povinelli et §l1] study was placed in front of the enclosure, as close to the mesh

8 years after the original study. These data can help to de-as possible, but out of reach of the chimpanzees. 115
termine whether the apparent decline in mirror-mediated
self-exploratory behavior among adult chimpanzees indi- 2.3. Procedure 116

cated by the cross-sectional data of Povinelli et al. is a robust

phenomenon. A secondary objective was to re-examine data The 12 animals from the Povinelli et al. study were housed

from the original study to further explore the relationship with a variety of other animals in different enclosures. Eacis

between measures of spontaneous self-exploratory behavioof these groups were exposed to the mirror for 6 days. Each

(the measure used here) and the results of the mark tests. day, two groups were tested; one group was filmed twiceca
day for 2h (2 h in the morning and 2 h in the late afternoorzy
and one group was filmed once for 2 h in the early afternoas.

2. Method After filming, the apparatus was removed and another mirter
was placed at the same location and left there for the restoaf

2.1. Subjects the day. The order and time of testing was counterbalanced
across days. 126

Subjects were 12 chimpanzed® troglodytes) housed )

in social groups (range 6-9 animals) at the University of ~ 2-4. Videotape analysis 127

Louisiana (enclosure dimensions: exterior, 8 55 mx4 m; ] )

interior, 45m x 55m x 3m). Eight years earlier, when The videotapes were coded for the presence of mirrar

they were between 8 and 15 years of age (§eele ), proximity and self-exploratory behaviors using the published

these subjects had participated in the mirror self-recognition Protocols and criteria (see Table 1 [hl]). Briefly, mirror 130
proximity was scored when the subject was near the mirter

and mirror-mediated patterns of self-exploratory behavior

Table 1 ) were scored when the animal used the fingers or handssto
Subject information : . o .

manipulate parts of the body otherwise not visible (e.g. facia
Subject Gender  Age 1992 classification  areas and ano-genital region). To qualify as mirror-mediated,
1992 2000 the animal had to be looking at its own image in the mitss
- ror when the behavior occurred. Following Povinelli et ak?
g'::ﬁ’ema FF 89(2) 1f8(2) s;g [11], a distinction was made between weak and compellirg
Angela = 10 (1) 18 (11) SR instances of self-exploratory behaviors (Jedble 2. 139
Keetah F 10 (6) 18 (1) SR Videotape coding occurred after all groups had been
Misty F 10 (10) 18 (8) SR tested. To facilitate coding by a iva rater, a time stampi41
Christy F 10 (10)  18(8) SR was incorporated onto the video images, and each sub-
S!ia E E gég ;g E?; gﬁ ject was tagged by editing a colored dot onto their image

Schulman = 15 (4) 23 (1) SR whenever they appeared on screen. The tapes were scored
Liz F 15 (11) 23 (9) SR? by a person who was naive to the purpose of the studsy.
Abby F 10 (5) 18 (2) SR Inter-observer reliability was calculated by comparing the
Christine 11(1) 18 (11) SR coding of the naive rater and the principal investigator

The values in parentheses are number of animals. (MdV) at 1s intervals for 5min samples from five of thess
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Table 2 whether a substantially lower percentage of animals exhit-
Compelling vs. weak self-exploratory behaviors ited evidence of self-recognition from 1992 to 2000. 183
Compelling self-exploratory behaviors
Using hands or feet to groom/pick/inspect any part of the face 3.1. Trait stability 184

or teeth repetitively
Grooming neck, shoulder or back repetitively . . .
Manipulating ano-genital region - First, as can be S??ﬂT@ble 38/12 amlmals (6.7%) e_xh|b-185
ited the same classification at the two time-points. Six of thg

Weak self-exploratory behaviors . . . .
P y nine animals classified as $Rn 1992, still showed com- 157

Grooming or picking any part of the face (including teeth)

non-repetitively pelling evidence of self-recognition in 2000. Two subjectg;
Observing food or liquid in open mouth (Keetah and Lisa), who were SRin 1992 were diagnosed, gg
Positioning body to look at ano-genital region as SR? in 2000. Keetah showed three bouts of compellipg
Pulling hair on any part of the body repetitively self-exploratory behaviors for 22 s and Lisa engaged in thigge
Rubbing or wiping any part of the face repetitively bouts of compelling self-exploratory behaviors for 27 s. Opg
Touching ano-genital region . ’
Manipulating chewed food subject (Angela) who was coded as-Sit 1992, was SR 193
Manipulating lips in 2000 (although it may be important to note that she only,
Manipulating nipples had 4 min of mirror proximity). The two chimpanzees thajs

were SR- in 1992 (Christine and Abby), were still SRin g6
_ _ _ . 2000. Finally, one subject (Liz) who met the criterion fqg;
subjects. This analysis revealed an agreement in 93.6%being SR? in 1992, showed no mirror related behaviors, ig

of the intervals. To avoid artificially high levels of agree- 2000, and thus changed her status to-SR 199
ment due to the absence of behavior, the samples were
selected by the principal investigator from animals who 32 Aging effects 200

showed high levels of activity in front of the mirror. As an
additional check, a secondary inter-laboratory coding was  Another way of examining the data above is to aslg
conducted by having a third observer (naive to the purposewhether there was a decline with age in the percentagegf
of the study and situated in a different laboratory) code the subjects that exhibited evidence of self-recognition. Thg
same 5min samples. The agreement with the original raterpercentage of SR animals declined from 75% (9/12) iMboa
was 96.0%. 1992, to 50% (6/12) in 2000. Although the difference i
Following Povinelli et al.[11], animals that exhibited  the number of SR subjects was not statistically significaniyg
five or more compelling instances of self-exploratory be- (Fisher's exact testP > .05), all movement in status wasg;

havior, totaling at least 30s, were classified as+SR in the negative direction. 208
Animals that showed from one to four instances or in to-
tal less than 30s of compelling self-exploratory behavior 33, Relation between behavioral coding and mark test 209

were classified as SR?. Those that showed no compelling
instances of self-exploratory behavior were classified as  Although it was not possible to perform mark tests on thg
SR-. subjects during the present study, it is reasonable to explare
the exact relationship between being codedtSRing the ,;,
2.5. Archival analysis
. . . Table 3

To further examine the relationship between the behav- Results of behavioral measures and self-recognition status at 2000
ioral measures used in the present study, and the resultsime-point
of mark tests, we examined the archival records for all gpec SR status Behavioral measures
18 subjects from the Povinelli et gdll1] study who were
coded as SR using the behavioral criterion (see above) and

1992 2000  Proximity Weak Compelling

. - min SE (s SE (s
who had also received mark tests (this included 7/12 of the Schuman + N (277) 61( ) 241(3)
subjects in the longitudinal study). We then examined the . + N 226 157 160
relationship between the number of spontaneous bouts ofchyisty + + 140 172 249
self-exploratory behavior they exhibited and the number of Chakema + + 112 32 57
mark-directed touches they made during the testing phaseGilda + + a1 88 243
of the mark test. Cindy + + 36 19 100
Keetah + ? 71 16 22

Lisa + ? 32 9 27

Angela + — 4 0 0

3. Results Liz ? - 80 0 0
Christine - - 76 47 0

Abby - - 9 0 0

The central focus of this investigation was the stability
of the SR status of each animal from 1992 to 2000, and See text andrable 2for definitions of behavioral measures.
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Fig. 1. Linear correlation (plus 95% confidence intervals) between total number of spontaneous bouts of self-exploratory behavior during 5Srdays of mi
exposure, and total number of contacts to marked regions of the face during test phase of the mark test for 18 subjects who were classifiad as SR
who were given a mark test (data derived from Tables 4 and B 4fand archived records).

behavioral criterion used by Povinelli et L1] and also 4. Discussion 242
used here, and the results of mark tests. Although Povinelli

et al. reported mark tests for 36 $R SR—, and SR? Consistent with the possibility of an apparent decline withs
animals, and showed that positive mark test results cameage, all of the changes in self-recognition status from the
almost exclusively from the SRgroup (seeSection }, previous study11] were in the negative direction. Two ob4s
no further attempt was made to assess the relation be-the three chimpanzees that were{SR 1992 tested SR7?246
tween the amount of spontaneous self-exploratory behaviorin 2000, and the other tested SRAnother animal moved 247
and the results of the marks tests. Thus, using archivedfrom SR? to SR-. Finally, and of great interest concerningpe
data, we tabulated the total number of compelling bouts the stability of the trait, none of the animals that failed tas
of self-exploratory behavior that each $Rubject exhib- show evidence of self-recognition in 1992 testedHS& 250

ited and explored the relationship in question in several SR? in 2000. 251
ways. On the other hand, the apparent decline in self-recognitien
First, at-test (for unrelated samples) revealed that ani- as a function of age in the present sample was more modsst
mals who passed the mark test £ 9) exhibited signifi- than what might be inferred from the cross-sectional data
cantly higher number of self-exploratory bould & 26.22, collected by Povinelli et al11]. Whereas only 9/35 (26%)255
S.D. = 13.53) than thosen = 9) that failed the test = of the older animals tested SRn 1992, 6/12 (50%) of the 256

1456, SD. = 6.23),1(16) = 2.35, P < 0.032). Second, a  chimpanzees that were re-tested were+SRurther, of the 257
point biserial correlation between the total number of bouts animals that tested positive in 1992, 6/9 (67%) continued
of self-exploratory behavior and success or failure on the to test positive in 2000. Thus, two-thirds of the adolesss
mark test revealed a significant positive correlatigg, & cent chimpanzees that showed self-recognition in 1982
0.506,d.f = 16, P < 0.05), indicating that the number of continued to show robust evidence for self-recognition &s
bouts of self-exploratory behavior accounted for approxi- adults 8 years later, despite the fact that they received dit-
mately 25% of the variance in the pass/fail mark test results. tle or no mirror exposure during the interim. This extends
Furthermore, as shown ifig. 1, there was a highly signifi-  a previous account of retention of self-recognition by 2es
cant linear correlation between the total number of contacts chimpanzee for 1 yedB] to a retention interval that spansss

to the marked regions of the face (data derived fid11, almost a decade. In the majority of instances, therefars,
Tables 4 and 5) and the total number of spontaneous boutsself-recognition in chimpanzees appears to be a persis-
of self-exploration, Pearson’s = 0.749,d.f = 16, P < tent, highly reliable trait—at least from adolescence ies

0.0004. mid-adulthood. It is equally important to emphasize thab
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no animals (0/3) changed from SRor SR? status, to  of self-exploratory behavior can be used to predict success
SR+. or failure on the mark test. Particularly striking is that the7
Although the present results suggest that if animals changeamount of self-exploratory behavior was correlated witizg
their self-recognition status from adolescence/young adult- and was able to explain a significant amount of the variatiea
hood to mid- to late-adulthood, it will be in the negative di- in, the results the mark tests. Indeed, advances in the bebav-
rection, it should also be emphasized that the present longitu-ioral coding system, which take into account the particukat
dinal design yielded a much higher level of self-recognition kind of self-exploratory behaviors exhibited (teeth-pickings2
in older animals than the previous cross-sectional designano-genital explorations, etc.), when combined with exists
(50% versus 26%, respectively). The original sample used bying advances in mark test techniques (§£2]), may al- 334
Povinelli et al. included some chimpanzees that were muchlow for an even better ability to reliably infer mark testss
older (25-39 years of age), but they found no correlation be- results solely from the animals’ spontaneous reactions:ie
tween self-recognition and age in adults (>16 years of age). mirrors. 337
However, in the Povinelli et a[11] study, 33/35 (94%) of The most conservative conclusions from the current dada
the animals aged 16—39 years were wild-born, while all 12 are that the behavioral indicators of self-recognition in chinse
of the chimpanzees in the present study were captive-born.panzees are (a) stable across time (although, as in hunmans,
Although the samples are not strictly comparable, it is of exhibit some decline with age), and (b) suggest greateran-
interest to note that 1/2 (50%) of the captive-born adults dividual variation in this species than in humans. Given ttsat
from the original study were SR which is the same pro-  a variety of lines of evidence now indicate that in humass
portion as the current sample. Thus, although this study can-information processing about certain aspects of the self ex-
not directly address the effects of early experience on the hibits a right hemisphere bias, and in particular, a biassia
expression of self-recognition, contrary to the notion that the right prefrontal cortex (e.¢2,5,8-10), future researchzss
being born in captivity negatively affects the expression of should seek to clarify whether the kind of self-informaticsaz
this trait due to purported impoverished or restricted rear- that supports self-recognition in chimpanzees exhibits @as
ing conditions (e.g[13]), in this instance, being reared in homologous form of neural localization. Other researeh
captivity was associated with a positive classification for should explore where the development of the brain regiass
self-recognition. Although this may be due to the effects of is correlated with the developmental onset of self-mirres
prior exposure to mirrors (which the current captive-born self-recognition in both human infants and chimpanzeesss2
subjects received, but not the wild-born subjects tested by
Povinelli et al., it would nonetheless be of great interest to
follow these captive-born subjects into their late adulthood. Acknowledgements 353
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