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Thirty-five years ago, Gallup (1970) reported the existence of a surprising phylogenetic
difference in the capacity of organisms to recognize themselves in mirrors: the ability
appeared to be present in chimpanzees, but not in several species of monkeys that he tested.
After being exposed to mirrors, he observed chimpanzees apparently using their reflected
images to explore parts of themselves that they had never had the opportunity to see before
(their eyes, teeth, nose, and ano-genital area, for example). Figure 1 provides some
examples of these behaviors captured in our own laboratory. To confirm the interpretation
of these spontaneous reactions, the chimpanzees were anesthetized and surreptitiously

marked with a red dye on the upper portion of their eye brow ridge and ear (locations that



were only visible with the aid of a mirror). Upon recovery, the chimpanzees made no
attempt to touch these areas until they were again allowed to observe themselves in a
mirror, at which point they immediately began touching the marked regions of their faces
(see also Povinelli et al., 1997). Gallup concluded that the chimpanzees had learned to
recognize themselves in mirrors. Gallup (1970) also tested several species of Old World
monkeys using the same procedures. Surprisingly, the monkeys, although initially
interested in the mirror, neither exhibited the self-exploratory behavior, nor touched the red
spots on their faces during the mark test.

Reports from a number of laboratories replicated Gallup’s (1970) findings with
chimpanzees, and continued to fail to find evidence for mirror self-recognition in lesser
apes and a wide array of other non-human primates (review by Anderson & Gallup, 1999).
Other research extended the presence of the capacity for mirror self-recognition to another
great ape species, orangutans, but somewhat surprisingly, not gorillas (e.g., Suarez &
Gallup, 1981). More recently, the final species of great ape, bonobos (Pan paniscus) has
been tested and reported to exhibit evidence for mirror self-recognition, as well (although
these latter tests have lacked important controls; Hyatt & Hopkins, 1994;Walraven,
Elsacker & Verheyen, 1995).

The Body in the Mirror
As time passed, and evidence continued to suggest a robust difference in the capacity for
self-recognition in mirrors between chimpanzees, orangutans and humans, on the one hand,
and other primates on the other, Gallup (e.g., 1977) increasingly favored the provocative
conclusion that differences in the capacity of organisms to recognize themselves in mirrors

might reflect differences in the presence of self-awareness, what he defined as the ability to



become the object of one’s own attention. His common-sense interpretation of the results
was that it was impossible to know who it was you were seeing in a mirror unless you first
had a concept of self. Later, Gallup (1982) further speculated that if chimpanzees and
orangutans were self-aware in this sense, they might also have the capacity to reflect upon
their own experiences and, by inference, the experiences of others as well.

Gallup’s empirical findings concerning the phylogenetic distribution of the
phenomenon of mirror self-recognition have withstood the test of time (see below, and
recent review by Anderson & Gallup, 1999). However, until recently, the accounts of why
these kinds of reactions to seeing the self in a mirror were restricted to chimpanzees,
orangutans and humans were sparse (and troubling) — as were detailed theories of the
cognitive mechanisms supporting the ability. On the face of it, the fact that this ability was
limited to the great apes and humans seemed odd, especially given the difficulty of
imagining an ecological context in which evolution would have favored the ability to
recognize oneself in a mirror. Rather, self-recognition in mirrors was seen as a byproduct of
selection for some other, unspecified abilities (e.g., Humphrey, 1976). Reasoning in this
manner, some scholars attempted to link the phenomenon with a higher degree of social
intelligence, but this account left unexplained why the ability was not found in the dozens
of other highly social primates, but was present in highly solitary orangutans.

The first integrated evolutionary account of why the capacity for self-recognition in
mirrors was restricted to the great apes and humans was provided a decade ago by Povinelli
and Cant (1995). Their explanation took a surprising turn, essentially amounting to an
account (contra ideas by Gallup, 1982) of how the great apes evolved a more explicit

representation of their bodies, not their minds. Povinelli and Cant argued that the unique



aspects of the self-concept that evolved in the ancestor of the great apes and humans
(aspects that are reflected in the mirror test), were largely kinesthetic ones (see Gallup,
1970). They speculated that an explicit representation of some aspect of the kinesthetic
component of the self evolved as a result of a peculiar convergence of organismal and
ecological factors faced by the common ancestor of the great apes and humans. In
particular, they hypothesized that the four-fold difference in the body mass of the great apes
(chimpanzees, bonobos, orangutans, and gorillas) as compared to other highly arboreal
(tree-dwelling) primates, generated substantial challenges for these animals as they evolved
their larger body masses. Povinelli and Cant proposed that this evolutionary increase in
body mass rendered the habitat increasingly difficult to traverse, primarily because of the
severe deformation of supports (tree limbs) caused by this body mass. Using aspects of the
morphology and behavior of modern orangutans as a rough model of the common ancestor,
they highlighted how the orangutan’s extreme body mass forces it to spend a non-trivial
amount of time engaged in locomotor activities that appear to require a great deal of
flexibility and planning in the translocation of the body through the arboreal habitat in
which it travels. Finally, they speculated that this process of locomotion required the co-
evolution of a more elaborated representation of the body and its actions to assist in
planning and deploying its movements. For purposes of clarity, we shall hereafter refer to

this particular body-image* and its attendant systems as ‘SELF’ (Self Evolved for

! We use the term ‘body image’ in connection with the conceptual system that evolved in response to
selection for a more explicit, conceptual representation of the body and its movements (i.e., the SELF system)
that evolved in the ancestor of the great apes and humans. In subsuming the SELF system under the umbrella
of the concept of the ‘body image’, we attempt to follow the standard convention in distinguishing between
the concepts of ‘body image’ and ‘body schema’ (see, for example, Gallagher, 1986). Although we are not
fully comfortable with that distinction as applied here, if one of the central distinctions between ‘body image’
and ‘body schema’ is that the former is a conceptual structure whereas the latter is not, then the SELF system,



Locomotor Flexibility in large-bodied arboreal primates in highly compliant environments;
or ‘SELF’ for short). Povinelli and Cant further speculated that this self-representational
system might have established a quite explicit self concept, one which allows for the
behaviors characteristic of mirror self-recognition, and one which may have served as the
point of departure for the more elaborate, psychological aspects of the self-concept so
characteristic of humans. In this chapter, we re-visit this model, and clarify and refine
certain of its features. We also offer suggestions for new research directions, along with
some preliminary investigations we have conducted to test certain ideas that can be derived
from our model.

We begin by reviewing the current evidence concerning species differences in
mirror self-recognition. We then provide a brief account of a class of causal models of the
phenomenon, and show why self-recognition in mirrors may depend, fundamentally, upon
an explicit, kinesthetic representation of the self (SELF) which initially evolved to subserve
behavioral solutions to the problems created by the large body mass that evolved in the
ancestor of the great apes and humans. Next, we explore the distribution of other abilities in
chimpanzees and the great apes which may also either depend upon or be greatly facilitated
by the SELF system purported to be uniquely present in these species. In doing so, we
describe a preliminary attempt to test the generality of one component of the model by

testing whether the SELF system of chimpanzees (and presumably orangutans, as well)

as we envision it, would fall under the rubric of ‘body image.” One of the only other axes of contrast between
‘body image’ and ‘body schema’ in the human literature is the ‘conscious versus subconscious’

distinction — a dichotomy of little practical use in dealing with non-human primates. A more interesting point
of theoretical difficulty is that ‘body schema’ is typically used when referring to unconscious systems that
play a dynamic role in monitoring and governing posture and movement (e.g., Head, 1920).



expresses itself in situations other than mirror self-recognition (in this case, a tool-using

situation).

A Short Course on Mirror Self-Recognition
in Primates and Other Animals

Three challenges have been raised in response to Gallup’s claim that mirror self-recognition
is restricted to the great apes and humans: (1) chimpanzees do not really display the
behaviors Gallup reported, (2) chimpanzees do exhibit these behaviors, but so do other
non-human primate species (including gorillas and certain species of monkeys), and (3)
regardless of whether other primates do or do not exhibit self-recognition, certain non-
primate taxa (such as dolphins) can do so. We briefly examine each of these claims in turn.
Do chimpanzees ‘recognize’ themselves in mirrors? Yes

Gallup's (1970) interpretation of the spontaneous self-exploratory behaviors
exhibited by chimpanzees (in conjunction with the subjects' responses to the marks tests)
was that chimpanzees were capable of using mirrors to explore parts of their bodies that
were not previously visible to them. In a widely circulated series of reports, Heyes (1994,
1995, 1998) challenged this (and other aspects) of Gallup's (1970) interpretation. She
hypothesized that the spontaneous self-exploratory behaviors reported by Gallup and others
were inherently ambiguous, and that the increase of mark-directed touches from the control
to the test period could be explained in other ways. In particular, she argued that
chimpanzees normally engage in a significant level of ambient face-touching behavior (e.g.
scratching and self-grooming), and therefore speculated that a likely effect of the anesthesia

used in the marking procedure would be to depress these baseline levels of face-touching



behaviors. She thus argued that the elevation in touches to the marked regions during the
test period that Gallup (1970) and others have reported, may have been due to a decline in
the effects of the anaesthetic agent across the control and test period. This amounted to a
claim that the entire phenomenon of self-recognition in chimpanzees was a methodological
artifact.

Povinelli et al. (1997) tested several competing predictions that can be derived from
Heyes’ model versus the self-recognition model, and in each case found clear and
unambiguous support for the predictions of the self-recognition model. Indeed, the results
were incompatible with every empirical prediction that can be derived from Heyes” model.
First, during the mark tests, the chimpanzees selectively touched the marked areas of the
face, as compared to the contralateral, unmarked areas (Figure 2). Second, unlike the
pattern predicted by a gradual recovery from anesthesia (a gradual increase in touches to
the marked areas of the face), there was a clear temporal spike in the chimpanzees’ touches
to the marked regions coincident with the uncovering of the mirror (see Figure 2). Finally,
after spiking, the number of touches to the marks declined across the test (as opposed to
increasing and stabilizing at some ambient level, as predicted by Heyes), presumably
because the animals discovered their inconsequential nature (see Figure 2).

Although the predictions of Heyes’ proposal have been empirically falsified, it
should be noted that investigations with larger numbers of chimpanzees of different ages
have suggested that certain qualifications of Gallup’s (1970) original conclusions are
nonetheless warranted. First, there is a much more rapid onset of self-recognition in mirror-
naive animals than reported by Gallup (Povinelli et al., 1993). Second, there are

developmental dissociations among some types of mirror-mediated, self-directed behaviors



and others (Povinelli et al., 1993; Eddy, Gallup, & Povinelli, 1996). Third, only certain
types of mirror-mediated behaviors (e.g. self-exploratory behaviors) are associated with
passing the mark test (Povinelli, Rulf, Landau, & Bierschwale, 1993; Eddy, Gallup, &
Povinelli, 1996). And finally, not all chimpanzees exhibit behaviors diagnostic of self-
recognition (Swartz & Evans, 1991; Povinelli et al., 1993; de Veer, van der Bos, Theall,
Gallup, & Povinelli, 2002). None of these facts, however, suggests that the general
phenomenon as reported by Gallup (1970) is not real. Indeed, test-retest measures have
suggested stability of this trait in many individual animals for up to eight years (de Veer et
al., 2002).
Is self-recognition absent in lesser apes and monkeys? Apparently so

Literally hundreds of monkeys, representing a wide array of species, have been
tested in the 35 years since Gallup’s (1970) original report (see Anderson & Gallup, 1999).
Furthermore, the range of techniques that have been employed to try to ‘pry’ this capacity
out of monkeys is impressive (see Anderson & Gallup, 1999), if for no other reason than
that these attempts stand as a constant reminder that the phylogenetic difference in the
capacity does not appear to be a trivial one. This is not to say that no one has claimed to
have found the capacity in species of non-human primates outside the great ape/human
group. Perhaps the most celebrated of these was a report by Hauser et al. (1995) who
reported to have demonstrated self-recognition in virtually every cotton-top tamarin that
they tested. However, after the original videotapes of this study were made available, and
the methodology and interpretation of this study were criticized (e.g., Anderson & Gallup,
1997), the authors later reported a series of failures to replicate their results (Hauser, Miller,

Liu, & Gupta, 2001).



Naturally, there are two ways of interpreting the inability to detect the capacity for
self-recognition in primates outside the great ape/human group. One approach is to try to
understand what this difference might mean about the self-representational systems of
species (or individual organisms) which do and do not exhibit evidence of self-recognition
in mirrors. The other approach is to assume that the differences that have been observed to
date do not reflect significant, underlying cognitive differences among species, but instead
are superficial artifacts of minor attentional, motivational, and/or perceptual differences.
With respect to the latter strategy, numerous methodological explanations have been
offered as possible reasons why monkeys do not display mirror-mediated self-exploratory
behaviors or pass the mark test. In our estimation, however, none of these possibilities has
survived empirical scrutiny (see Anderson & Gallup, 1999).

Let us briefly examine just two of the most frequently raised methodological
concerns surrounding the empirical findings with monkeys. First, it has been widely
suggested that because direct eye contact is typically a threatening signal in monkeys, they
avoid closely inspecting their mirror images, and hence fail to learn as much about their
mirror-image as do chimpanzees and orangutans (see, e.g., Gallup, Wallnau, & Suarez,
1980). A study by Anderson and Roeder (1989) examined this idea by confronting
capuchins monkeys with two mirrors placed at a 60° angle to each other, thus allowing
them to look at themselves without having to make direct eye contact. Despite extended
exposure, the capuchins showed no evidence for mirror self-recognition (see also Anderson
& Gallup, 1999, for other attempts to test this hypothesis).

Second, many skeptics have suggested that perhaps monkeys, lesser apes, and even

gorillas, are simply not as interested in their bodies as are chimpanzees and orangutans.



Thus, perhaps they do not pass the mark test simply because they do not care about the
appearance of these marks. Gallup, Wallnau, and Suarez (1980) tested this hypothesis by
marking monkeys on their abdomens, as well as on their ears and forehead. Upon recovery
from anesthesia, the monkeys exhibited an intense interest in touching and inspecting the
marks on their abdomens (the ones they could directly see), but not the ones they could
only observe through the mirror (the ones on their faces), thus ruling out the idea that they
were simply uninterested in such marks. A similar study by Suarez and Gallup (1981)
involving four gorillas exposed these animals to mirrors for a total of 80 hours. Despite this
extended interaction with mirrors, these gorillas did not attempt to touch the experimentally
applied marks on their faces during the mark test, even though they exhibited considerable
interest in marks that were placed on their wrists (see also Shillito, Gallup, & Beck, 1999).
This procedure has since emerged as an important motivational control for the mark test in
species (or individuals) which do not exhibit evidence of self-recognition (e.g., Povinelli et
al., 1993).
Are gorillas a puzzling case? Yes and no

Gallup’s (1970) initial assumption was that the ability for self-recognition might be
restricted to the great apes and humans. Extensive testing of gorillas, however, has revealed
that these great apes typically do not exhibit the kinds of spontaneous self-exploratory
behaviors in front of mirrors displayed by chimpanzees and orangutans, nor have they

exhibited evidence of passing properly controlled® mark tests (see Suarez & Gallup, 1981;

% Three properly controlled tests have not elicited any evidence of self-recognition in gorillas (Suarez &
Gallup, 1981; Ledbetter & Basen, 1982; Shillito, Gallup, & Beck, 1999), despite some rather extreme efforts
to rule out methodological artifacts (see especially the report by Shillito et al., 1999). Despite this, there have
been numerous claims for self-recognition in gorillas (see review by Swartz, Serauw, & Evans, 1999).
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Ledbetter & Basen, 1982; Shillito, Gallup, & Beck, 1999). On the face of it, this should be
puzzling, given the phylogenetic relationships of the great apes and humans (Figure 3). The
orangutan lineage diverged earliest from the last common ancestor of this group, whereas
chimpanzees, gorillas, and humans are more closely related. Given the presence of the
ability in most species of great apes, but its absence in all other primate species tested thus
far (see Figure 3), the most parsimonious analysis suggests that the capacity evolved in the
last common ancestor of the great-ape/human group, and that this capacity was
subsequently lost in the gorilla lineage (see Povinelli, 1994). Although the loss of this
ability in gorillas may at first seem odd, as we discuss below, this fact turns out to be
consistent with the evolutionary model offered by Povinelli and Cant (1995). In other
words, the absence of self-recognition in mirrors in gorillas may be understandable in the
context of the clambering hypothesis.
Can dolphins recognize themselves in mirrors? Maybe, maybe not

Numerous species outside the primate order have been assessed for their reactions to
their mirror images (see Gallup, 1968, for a review), but only a handful of them have
actually been tested using Gallup’s (1970) procedure. Furthermore, until recently, none had
been reported to exhibit patterns of behavior suggestive of self-recognition (e.g., elephants:
Povinelli, 1989). An exception may be dolphins. Reiss and Marino (2001) reported positive
evidence of ‘self-directed” mirror-mediated behavior in two bottle-nosed dolphins, where

‘self-directed’ referred to elevations in the amount of time dolphins spent looking at

However, data supporting the existence of mirror self-recognition in gorillas are derived from tests that have
not implemented key control procedures that are necessary in order to draw strong conclusions as to the
presence or absence of the capacity (see Gallup, 1994, for a detailed discussion of the logic of various
procedures). This is not to rule out the possibility that gorillas, under certain abnormal circumstances) could
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themselves in mirrors, and the adoption of certain postures while marked. It is important to
note, however, that the evidence for self-recognition in dolphins derives from
measurements that are not strictly comparable to those used with primates. Two dolphins
were repeatedly either marked or sham-marked (i.e., the experimenters merely pretended to
mark them) while fully conscious. Dolphins were then reported to swim to a pre-existing
mirror faster® when they were marked (or sham-marked) and were reported to spend more
time in front of a mirror when marked than when not marked. However, the fact that an
organism may increase the amount of time spent looking in a mirror after having been
marked does not necessarily indicate self-recognition. For example, over 20 years ago,
Gallup and his colleagues showed that rhesus monkeys will exhibit elevated levels of
looking at a mirror after having been marked without exhibiting spontaneous self-
exploratory behavior or attempting to touch the marks on their face (e.g., Gallup, Wallnau,
& Suarez, 1980). It is as if the monkey in the mirror has become interesting again because
of the novelty of its marked face! Nonetheless, despite the reservations we have expressed
here, if the findings of Reiss and Marino (2001) are replicated with a design that surmounts

the interpretative problems we have expressed, the capacity for self-recognition in dolphins

exhibit evidence of self-recognition (see Povinelli, 1994), but thus far the best evidence suggests that
normally-reared, socially housed gorillas do not.

® One dolphin was also reported to expose the part of its body that had been marked as the first behavior when
it reached the mirror, but this was only true in 6/8 cases, with 2 cases excluded because they were ambiguous.
If the 2 ambiguous cases are included as negative instances, this would constitute only 6/10 cases. Because no
data concerning how unmarked dolphins typically present their body to a mirror was provided, it is not clear
how to compare these data to a baseline performance. The authors also stress the fact that the same dolphin
exhibited no social behavior to the mirrors. However, as the authors themselves note, the subjects were
thoroughly habituated to the mirrored surfaces in their tanks. Finally, the authors also report that no social
behavior was observed when mirrors were reintroduced. Unfortunately, no systematic data appears to have
been collected to support this point. In any event, although the presence or absence of social behavior to
mirrors has been speculated to be related to self-exploratory behaviors (e.g., Suarez & Gallup, 1986),
empirical data suggests that this measure does not predict whether chimpanzees exhibit evidence of self-
recognition (see Povinelli, Rulf, Bierschwale, & Landau, 1993).
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would constitute a remarkable case of convergent evolution, and could point to an
alternative evolutionary route for evolving a SELF system.
Body Mass, Habitat Deformation, and the Evolution of SELF

With respect to the phylogenetic distribution of the capacity for self-recognition in mirrors,
the evidence just reviewed continues to point in the direction suggested by Gallup over
three decades ago: spontaneous, mirror-mediated, self-exploratory patterns of behavior, and
positive results using the mark test, appear to be limited to the great apes and humans (with
the caveats concerning gorillas and dolphins described above). This means that 15-20
million years ago, some ability evolved in the common ancestor of the great apes and
humans that now manifests itself as the capacity for self-recognition in mirrors. But what
exactly was this ability, and what was the evolutionary context that produced it? Any
attempt to answer this question must begin by providing a clearer specification of what the
task is measuring in the first place.
Theory of the mirror self-recognition task

As his thinking about the task developed, Gallup (e.g., 1977) increasingly assumed
that the patterns of behavior exhibited by chimpanzees in front of mirrors are generated by
an inference of the sort, “That’s me!” But what dimensions of ‘me” must necessarily be
represented in order to respond to mirrors in this way? Gallup (1982, 1985, 1998) has
emphasized the role of reflecting on one’s own mental states. Further, he and others have
suggested that the capacity for self-recognition in mirrors in both human infants and
chimpanzees may be connected with the emergence of an objective perspective on the
self’s past and future, by attempting to link the onset of self-recognition in human toddlers

(occurring at around 18-24 months of age) with the emergence of autobiographical memory
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(see Brooks-Gunn & Lewis, 1984; Gallup, 1982, 1998; Howe & Courage, 1993, 1997;
Howe, this volume).

But do the behaviors exhibited by chimpanzees and young children in front of
mirrors really depend upon representing these psychological and temporal dimensions of
the self? Both Mitchell (1993) and Povinelli (1995) have each offered alternatives to these
views, and have provided detailed analyses of the mirror task which suggest that mirror-
mediated self-exploratory behavior (including passing the mark test) may most directly
depend on an explicit representation of one’s kinesthetic states — one’s body image. Indeed,
this general idea seems consistent with Gallup’s (1970) original view of the task:

“. .. self-directed and mark-directed behaviors would seem to require the ability to project,
as it were, proprioceptive information and kinesthetic feedback onto the reflected visual
image so as to coordinate the appropriate visually guided movements via the mirror” (p.
87). However, the exact mechanisms by which infants (and chimpanzees) come to
understand the explicit connection between their body and their mirror image has been a
matter of some debate, with several theories currently on the table for consideration. In
order to gain some insight into the nature of the self-representation that may have evolved
in the last common ancestor of the great apes and humans, it is necessary to briefly explore
causal theories of the phenomenon of mirror self-recognition in humans.

Mitchell (1993) has argued that the young child (or chimpanzee, for that matter)
must first learn that mirrors contingently reflect objects in front of them before they can
apply this idea to the case of their own body, and has offered two theories about how this
might be accomplished. The existing data would seem to suggest that this premise is

incorrect; it is not necessary to understand how mirrors work in order to pass the mark test
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(discussion by Povinelli, 1995). Research with human infants, for example, has consistently
shown that there is no correlation between whether infants pass the mark test and whether
they can solve a simple task of turning around to look at a toy that is presented in a mirror
(Loveland, 1986; Robinson, Connell, McKenzie, & Day, 1990). Thus, passing the mark test
would not seem to depend upon understanding the pragmatics of mirror use. Further,
human infants raised in cultures without mirrors pass the mark test at the same age as
infants raised in cultures with mirrors, after only a brief (5-minute) pre-test exposure to
their mirror image (Priel & de Schonen, 1986).

Povinelli’s (1995) theory of self-recognition in human infants also emphasizes the
role of the kinesthetic dimension of the self, but, unlike Mitchell’s theory, specifies that
understanding the pragmatics of how mirrors work is not necessary to exhibit patterns of
self-exploratory behavior, or to pass a mark test. Instead, his theory pinpoints the existence
of an explicit representation of the integrated body image as the critical factor. Once an
organism can hold in mind a representation of the current state of its body, it is in the
position to begin to form explicit relations among objects of perception (e.g., the image in a
mirror) and the body image. One such relation that seems critical to exhibit the patterns of
behavior that are taken to be criterial for self-recognition in mirrors, is an equivalence
relation: That thing (image in the mirror) is equivalent to my body.* In analyzing the mirror

task, Gallup (1970), Mitchell (1993), and others have emphasized the role of a system that

* We concede that the presence of the notion of the possession of the body (implied here by the phrase ‘my
body’, as opposed to ‘this body”), raises difficult philosophical problems which we do pretend to have solved
(see, for example, Martin, 1995). With respect to the mirror task, Davis (1989) has provided a detailed
analysis of the minimal kind of self-concept that needs to be ascribed to the organism that passes it. He
concludes that the test at least demonstrates the existence of a concept of ‘my body’ that includes material
properties (color, shape, contour, texture, location, movement, etc.).
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matches (commonly codes) kinesthetic and visual information. While not denying the role
that such common coding must play in the self-recognition task, Povinelli has noted that
various forms of imitation are present well before 18 months, some even at birth (see
Meltzoff & Moore, 1999, for a review). Therefore, such systems are not likely to be the
limiting factor for the self-recognition task.

The above considerations can be interpreted to suggest that a crucial advance in the
development in self-representation in human infants occurs when the kinesthetic aspect of
the body is raised to a level of explicitness that it can be held in mind as an object of
attention in its own right (Povinelli, 1995). This kind of ‘on-line’ representation of the
self’s bodily actions can be contrasted with an even more advanced understanding of the
self as a thing that has repeated instantiations across time — a continuous history.

The present self, extended in time

Since the early 1990s, Povinelli and colleagues have been attempting to better
understand the kind of on-line, kinesthetic self-representation supporting mirror self-
recognition in human infants, by contrasting it with a more temporally extended self-
representation that emerges later in development (see Povinelli, 2001, for a review of this
research). In one extended series of studies, they explored the role that temporal
contingency plays in supporting mirror self-recognition in young children. For example,
when the images observed by the young child were not live (as they are in a mirror) but
slightly delayed, this strongly affected the children’s ability to exhibit evidence of
‘recognizing themselves.” In one series of studies, Povinelli, Landau, and Perilloux (1996)
exposed 2-, 3- and 4-year-old children to both live and briefly delayed visual images of

themselves. In one experiment, each child was videotaped as he or she played a distinctive
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and novel game with an experimenter. During the game, the experimenter praised the child,
and used this as the opportunity to secretly place a large, brightly-colored sticker on top of
the child's head. Three minutes later, the children were either shown the video recording of
the events that had just happened- including a clear depiction of the experimenter placing
the sticker on their head. The results were striking. None of the 2-year-olds, and only 25%
of the 3-year-olds reached up to search for the sticker. Although it might be tempting to
think that the children simply did not notice the sticker in the delayed video, this was not
the case. Many of them spontaneously commented or laughed when the video depicted the
sticker being placed on their head. Furthermore, after the video playback was over, we
drew their attention to the sticker on their image in the video, and asked them, "What is
that?" The majority of the children responded, "It's a sticker", or something comparable.
But significantly, this did not lead them to reach up to their own head to search for it. Even
when we asked them if they could get it, they typically looked at the image, shrugged their
shoulders and replied, "I can't." In another experiment, the same basic procedures were
used to directly compare how 2-3-year-old children would react to seeing themselves in the
standard delayed image, versus a live image. Most of the children in the live condition
reached up to remove the sticker, whereas very few children in the delayed condition did
SO.

We must be careful here. In one sense, 2—3-year-old children can ‘recognize
themselves’ in delayed video or photographs. For example, when asked, "Who is that?",
even the youngest of preschoolers we tested replied, "me!" or stated their proper name (see
Povinelli et al., 1996, Exp. 2; Povinelli & Simon, 1998; Povinelli et al., 1999, Exp. 1).

However, this recognition seems to occur at the level of their physical features (perhaps
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most strongly their facial features). For example, when asked, "Where is that sticker?" they
frequently made reference to the 'other’ child: "It's on her [or his] head." It was as if the
children were saying, "Yes, that looks like me, but it’s not me — she's not doing what I'm
doing." One 3-year-old girl summarized this psychological conflict quite succinctly: "It's
Jennifer,"” she stated — but then hurriedly added, "Why is she wearing my shirt?" Coupled
with the results of the mark test, our conclusion from these data is that at any given
moment, there are multiple dimensions of the self that might or might not be explicitly
represented or ‘recognized’, and it should not be surprising that at various points in
development not all of these aspects of the self may be available to the child.

So when does the child develop a more autobiographical or historical stance toward
the self? Our tests reveal that by about 4 years of age a significant majority of children
begin to pass our tests of delayed self-recognition, implying that they understand the
historical-causal linkage between past and present versions of themselves. Unlike their
younger counterparts, 4- to 5-year-olds typically reach up to remove the sticker when they
observe the delayed images of themselves. Also, no longer do they refer to “him’ or ‘her’
when talking about the image, nor do they state their proper name. The transition in
performance on our test at 4 years of age is generally consistent with the suggestions by
Nelson (1992), Fivush (2001), Welch-Ross (1999), and others, that autobiographical
memory may not emerge until 3.5- to 4.5 years of age — considerably later than the 18-24-
month mark that others have suggested based in large part on the age at which children
begin to recognize themselves in mirrors (e.g., Gallup, 1998; Brooks-Gunn & Lewis, 1984;

Howe & Courage, 1993, 1997).
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Perhaps the most dramatic confirmation of our interpretation of the delayed self-
recognition tests came from a study in which we invited 3-, 4- and 5-year-old children to
visit our center twice, with each visit separated by a week (see Povinelli & Simon, 1998).
During the first visit, each child played a novel, distinctive game in a playroom with two
experimenters. As in our previous studies, we secretly placed a sticker on their heads.
However, at the end of the game, rather than letting them watch the video, we
surreptitiously removed the sticker and the child went home. On the second visit, the child
played a different game in a different room, during which we once again placed a sticker on
his or her head. At this point, the critical manipulation of the study occurred: half of the
children in each age group were shown the video recording of what had just happened,
whereas the other half were shown the video from one week earlier. The 4- and 5-year-old
children understood the difference. In these age groups, the children who saw the briefly
delayed video reached up to their heads to search for the sticker, whereas the ones who
viewed the week-old tape did not (see Figure 4). In direct contrast, not only did the 3-year-
olds reach up less than half of the time, they did so with equal frequency whether they had
been shown the 3-minute-old video or the week-old one (see Figure 4). Apparently, not
only did the younger children generally not appreciate that the delayed images could be
relevant to their current appearance, even the ones who did reach up to their heads did not
take into account the critical variable: when the events had occurred in causal relation to the
present moment.

Summary of the self-system that underwrites the mirror task
To recap, our theory of the mirror task is that the behaviors which are taken as

evidence of ‘self-recognition’ in chimpanzees and very young children are supported by an
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explicit mental representation of the actions of their bodies (possibly their agency) — not
their mental states. We have argued that the mirror-mediated behaviors exhibited by
chimpanzees and orangutans on the one hand, and young children, on the other, are, at their
foundation, derived from an ability to form an explicit equivalence relation between what
they see in the mirror and what they directly experience in their own behavior. Every time
they act, the mirror (or live video) acts with them. An organism possessing an explicit
representation (a concept, as it were) of this kinesthetic experience, ought to be able to
conclude that "Everything that's true of this (my body) is also true of that (the mirror
image) — and vice versa." Thus, unlike other species, chimpanzees and orangutans may
possess an explicit or integrated enough representation of their bodies to have a concept
('my body") onto which they can map what they see occurring in a mirror. Note that this is
not meant to imply that for 18—24-month-old human children the only aspect of the self
explicitly represented is the body; rather, it is simply meant to suggest that regardless of
whether other aspects of the self (say, the mental aspects) are represented or not, these other
representations would not appear to play a pivotal role in eliciting behaviors diagnostic of
passing the mirror test. From this perspective, the fact that in human infants the capacity for
self-recognition in mirrors is correlated with certain kinds of knowledge of the
psychological linkages between self and others, such as those underpinning the self-
conscious emotions, synchronic imitation, and empathy (Asendorpf & Baudonniere, 1993;
Bischof-Kohler, 1988; Lewis, Sullivan, Stanger & Weiss, 1989; Johnson, 1982) is all the
more intriguing, because it suggests that in human development, at least, this level of

explicitness of the self’s physical aspect is linked in important ways to other kinds of
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equivalencies between self and other. Whether these equivalences are present in the same
fashion in other species that exhibit evidence of self-recognition in mirrors, such as
chimpanzees, remains unclear.

Evolutionary origins of SELF: A body too heavy for the trees?

But then why do humans, chimpanzees and orangutans possess this integrated and
explicit bodily self-concept in the first place, while other animals — such as monkeys — do
not? This question amounts to asking what evolutionary forces sculpted this bodily
representation in the last common ancestor of the great ape/human group.

Clearly, any viable theory of the evolution of the kind of body image that we are
talking about must begin with the recognition that all organisms with a reasonably
developed nervous system must possess dedicated systems for monitoring the effects of
external stimuli on the body. In the case of organisms with complex central nervous
systems, quite elaborated mechanisms for proprioceptive and kinesthetic feedback are
present (see Berlucchi & Aglioti, 1997). This includes, of course, human infants (for
discussions of the ‘ecological’ self of human infants, see Butterworth, 1992, 1995).
Furthermore, it stands to reason that specific proprioceptive and kinesthetic systems are
differentially elaborated in different lineages. However, there would seem to be no a priori
reason why these aspects of the self would necessarily need to be represented as objects of
knowledge in the central cognitive system in order to function effectively. (Indeed, for what
it is worth, such systems are typically taxonomized under the construct of the ‘body
schema’, and therefore placed outside the purview of the system of intentional action; see

Gallagher, 1995.)
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Thus, to make progress, we must be prepared to accept a distinction between
systems which embody proprioceptive and kinesthetic information — that is, systems which
are self-specifying for bodily senses — versus systems which represent the body as an
object in its own right (akin to the distinction between “self-perception’ and ‘self-
conception’; see Butterworth, 1992). With this distinction in mind, we need to ask, What
factors could have led to the selection for a more robust and integrated representation of the
body? or, Why would the ancestors of the great ape/human group, in particular, have
needed to evolve a greater capacity to reason about the ongoing effects of the body on the
environment during locomotion? As noted earlier, Povinelli and Cant (1995) proposed that
this system — what we have for purposes of convenience and clarity labeled the SELF
system — evolved to cope with a specific set of organismal and ecological factors that
converged in the ancestors of the great apes and humans.

One clue as to why such an explicit representation of the body might have evolved
when it did, lies in the large difference in body mass between the great apes and other
primates. Consider orangutans, whose body mass and arboreal lifestyle may represent the
closest living approximation to the condition of the last common ancestor of the great apes
and humans. Povinelli and Cant (1995) noted that these 40 kg (female) to 80 kg (male)
animals face specific problems in moving from one location to another that are not faced to
an appreciable degree by other arboreal primates with smaller body masses. For example,
as orangutans attempt to cross from one tree to the next, they not only encounter natural
gaps in the canopy, but, due to their extreme body mass acting to deform the limbs of trees,
they create gaps, as well. Of course, as any arboreal animal moves outward from the center

of a tree, its body mass can, depending on the morphology of the branches, deform the
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habitat around it, opening gaps between adjacent habitat structures. However, the
deformation caused by the very large body mass of orangutans (especially adults) as they
attempt to move from one resource patch to the next, creates unusually severe problems
because, unlike smaller-bodied arboreal primates, the gaps they create are likely to be
larger, and they cannot simply leap across such gaps (in fact, orangutans do not leap at all).
Thus, what might be a more or less continuous path for a primate of smaller body mass
(punctuated by gaps that they can leap across), will be experienced as a discontinuous path
for the orangutan. We also suggest that the combination of the greater deformation caused
by greater body mass with variable spatial arrangements of branches and lianas (themselves
varying in compliance), create greater diversity of gap-crossing challenges for very large
animals. Finally, because the relative strength of the habitat is reduced as body mass
increases, and each support is less stable as it deforms downward, orangutans must be more
selective about the structures they utilize. In summary, we propose that the different nature
of discontinuity in the canopy for an arboreal mammal of very large mass, coupled with a
general reduction in relative habitat strength and stability, combine to create unique
challenges to effective locomotion. Thus an evolutionary increase in one dimension of the
animal’s body — its mass — has had cascading effects on its locomotion-related activities.
Reflecting on the interacting factors just discussed, Povinelli and Cant (1995)
hypothesized that the dramatic increase in body mass that occurred during the evolution of
the ancestor of the modern great apes and humans, resulted in selection for what we are
calling the SELF system, a system that enhances locomotor capacities. The potentially
great selective importance of these capacities is apparent from Cant’s (1992a) observation

that the basic components of reproductive success, such as finding food and mates and
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avoiding predators, depend directly on the effectiveness with which an animal negotiates its
habitat. Thus, one may reason that as body mass evolved in the great ape/human lineage
past some deformation-related limit, and degree of arboreality remained constant, selection
would have favored those individuals that could deploy effective new solutions to these
problems. The SELF system as we envision it integrates explicit representation of the
body, with systems for planning and executing locomotor actions in a highly deformable
habitat in which supports used by the animal change their locations not only relative to the
animal as it moves, which is true for all moving animals, but in relation to each other due to
the loads imposed by the animal itself.

Povinelli and Cant (1995) proposed that one of the principal solutions to the
problems described above was the increasing dependence upon a particular mode of
locomotion called “orthograde clambering.” However, it now seems clear that emphasizing
a particular mode of locomotion may have diverted attention from the key distinction
(admittedly, more difficult to quantify) in the arboreal locomotion of orangutans — a
distinction involving a unique process of locomotion through highly compliant habitat
structures — and caused us to focus on a behavior (clambering) that is too broadly defined to
be useful in this context. Povinelli and Cant proposed that this organismal-ecological
interface entailed the co-evolution of a more integrated, explicit representation of the body,
along with attendant systems for planning and executing these actions in an arboreal
environment: what we have now labeled the SELF system.

It is crucial to note our belief that the problems solved by the SELF system are
rarely, if ever, encountered by certain smaller-bodied arboreal primates who live in the

same habitat as Sumatran orangutans. Consider long-tailed macaques. Their body mass (3.5
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to 5.5 kg) is generally too small to generate difficult gaps, and thus for them the canopy
functions as a more or less continuous substrate. In those cases where natural gaps are
encountered, these smaller-bodied primates can simply leap across them — for scaling
reasons, an option not available to 40-80 kg orangutans! Thus, for long-tailed macaques,
over 90% of their daily locomotion can be described by highly stereotyped modes of
locomotion (walking, running, leaping, etc.; see Cant, 1988). An intermediate, and
therefore interesting case, is the siamang, which may weigh as much as 11 kg. Even this
body mass would appear to be large enough to make travel along the top of branches less
stable, as the siamang’s primary mode of locomotion, brachiation, is suspension below
branches. However, siamang body mass is apparently not so large as to require the unique
process of locomotion practiced by orangutans as they travel through a network of arboreal
structures that severely deform under the loads created by their body mass. Siamangs
typically cross large gaps in the travel path by leaping on a downward trajectory or
dropping (Fleagle, 1976). Furthermore, like long-tailed macaques and other primates, a
high proportion of siamang locomotion can be described by stereotyped modes of
locomotion. Thus, in contrast to orangutans, other arboreal primates inhabiting the same
habitat have apparently not crossed a body mass threshold (the value of which is presently
unknown) where deformation of habitat structure becomes so severe that a more explicit
body-image becomes necessary to keep track of the body’s moment-to-moment effect on
the surrounding environment.

Although such problem-solving activities of orangutans during locomotion have
been qualitatively described elsewhere (Chevalier-Skolnikoff, Galdikas, & Skolnikoff,

1982; Povinelli & Cant, 1995; Cant, 1992b), what is needed now is the development of
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methods that can produce quantifiable estimates of the difference in the complexity of
habitat deformation and the orangutan’s response to it during bouts of locomotion through
highly compliant portions of the arboreal habitat, on the one hand, and locomotion in other
contexts where supports are relatively rigid and deformation is limited, on the other. A
critical component of such research efforts will be the development of reliable methods for
describing, and then comparing, the maximum complexity of habitat deformation created
by the very large bodied orangutans, to that created by considerably smaller-bodied
arboreal lesser apes and New World monkeys (such as spider monkeys and woolly
monkeys) whose body mass (one-quarter that of female orangutans) is still considerable
enough to create a non-trivial degree of habitat deformation. Inter-specific comparisons of
this kind should allow us to identify the unique “signatures” of habitat deformation
generated by very large-bodied apes, as well as their behavioral responses to such
deformation, with the ultimate aim of more clearly specifying the unique challenges faced
by these animals.
Arboreal gap-crossing and life history parameters in comparative perspective

Focusing just on the four species of extant great apes (chimpanzees, bonobos,
orangutans, and gorillas), our model posits a relationship between arboreality, body mass,
and body image. (Humans, of course, are a special case that we shall examine in a
moment.) Table 1 organizes what is currently known about degree of arboreality, body
mass, and mirror self-recognition in the extant great apes. Using the last common ancestor
of the great ape/human group as a reference, orangutans appear to have become quite
specialized in their behavioral responses to the deformation caused by their body mass

while moving through the caanopy, gorillas have moved in the opposite direction,
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essentially becoming re-terrestrialized, with chimpanzees and bonobos somewhere
intermediate.

The most intriguing aspect of the data summarized in Table 1 concerns gorillas.
Although there are individual differences in mirror self-recognition among chimpanzees
and orangutans® (see e.g. Povinelli et al., 1993), at least three well-controlled studies with
lowland gorillas have failed to produce even a single animal that has exhibited compelling
evidence of self-recognition (see earlier discussion). Not surprisingly, the gorilla’s re-
adaptation to a terrestrial way of life appears to have had consequences for certain aspects
of its life history. Compared to orangutans, gorillas exhibit an accelerated pattern of
development in virtually all areas: they locomote independently at a younger age, they are
weaned sooner, and exhibit earlier menarche and age at first birth. Although the data are
not excellent, chimpanzees and bonobos again appear to be somewhat intermediate (see
Povinelli & Cant, 1995). Finally, and perhaps more importantly, gorillas appear to develop

certain aspects of physical maturity not just absolutely faster, but also when compared to

® Although there would appear to be reliable individual differences in the capacity for mirror self-recognition
among chimpanzees (see Swartz & Evans, 1991; Povinelli et al., 1993; deVeer et al., 2002), several
researchers have construed the existing data in a highly questionable manner. For example, at least 3 separate
reviews of the self-recognition literature have cited the most definitive population-level study to date,
Povinelli et al. (1993), as having produced evidence that only 30/92 (33%) of chimpanzees exhibited
behavioral evidence of self-recognition (SR+), and/or only 13/42 (31%) passed the mark test (see Heyes,
1994; Westergaard & Hopkins, 1994; Swartz et al., 1999). These numbers were obtained by collapsing across
all age groups that Povinelli et al. tested: a grossly flawed procedure given the strong ontogenetic trends that
were reported, and highlighted, by the original authors. For example, most of the chimpanzees tested by
Povinelli et al. were under 5 years of age, and the data set clearly reveals that the onset of the capacity peaks
at around 8-16 years of age (at which 70-80% of all animals, based on stringent behavioral criteria, exhibited
the capacity). Furthermore, the mark tests specifically targeted an equal sample size of subjects who were
classified as SR+ or SR-: they were not selected at random as implied by the reviews cited above. To be clear,
the analytical technique used by these reviews is analogous to combining data from a large number of 10-
month-old human infants with data from a handful 5-year-old children and adults, in order to obtain an
estimate for the percentage of humans that are capable recognizing themselves in mirrors.

27



certain aspects of intellectual development (e.g., Redshaw, 1978; Chevalier-Skolnikoff,
1983; Spinozzi & Natale, 1989; Antinucci, 1990; Parker 1999).

One possible conclusion from these data is that as the gorilla lineage was evolving
towards a more terrestrial way of life, they no longer needed the SELF system (which
evolved to sub-serve behavioral solution to the habitat deformation occurring during
arboreal locomotion), and hence were free to ‘trade off’ this system in favor of more rapid
physical maturation. Indeed, data which suggest that gorillas exhibit accelerated physical
maturation relative to intellectual development (see above), provide some circumstantial
evidence in support of this view (see discussion by Povinelli, 1994). If these data are
corroborated, substantial weight would be added to the hypothesis that the basic genetic
instructions for those systems are still present in modern gorillas, but are turned off due to
shifts in the rate and timing of development (for empirical details which support this
possibility, see Povinelli, 1994). However, we should quickly add that it remains unclear
what aspects of the SELF system, precisely, might have been traded off during the
evolution of gorilla development. It is possible that gorillas possess a body image®
indistinguishable from primates outside the great ape/human group. However, it is also
possible that they retain a more integrated body image than other primates, but one that
differs in substantial enough ways from the ancestral SELF system to preclude the
establishment of an equivalence relation between their body and a contingent mirror image
of themselves (see above). In other words, only certain developmental pathways relevant to

the SELF system may have been turned off during the course of the evolution of the gorilla

® Given that it is not clear what aspects of the SELF system have been modified, it is unclear whether the term
‘body image’ or ‘body schema’ is most appropriate here. See Footnote 1.
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lineage, and thus these animals may still retain a considerably more developed body image
than other primates.

Some researchers have pointed out that the fact that humans are even more re-
adapted to a terrestrial way of life than are gorillas could represent a stumbling block for
the clambering theory (e.g., Gallup, 1998). As explained above, however, terrestriality is
relevant only insofar as it is a marker of selection for more rapid physical maturation
relative to intellectual development — that is, to the extent that it suggests that certain later-
emerging systems may have been turned off due to changes in the rate and timing of
development of other systems. Clearly, this is not true in the human case. In fact, it seems
obvious that selective forces that operated during human evolution pushed our species in
the opposite direction, developmentally speaking, from gorillas. Rather than accelerating
physical development, humans evolved an extended period of physical immaturity and
pushed aspects of general intellectual development considerably later, with all key life
history parameters delayed relative to the great apes. To provide a concrete example,
humans exhibit independent locomotion at a much later stage of cognitive development
than do any of the great apes (e.g., Antinucci, 1990). Indeed, if anything, the overall pattern
of development in humans suggests an extended period for the elaboration of the self-
concept (along many dimensions), not a truncation of this period.

Other ““fingerprints” of SELF

Although the nature of the SELF system is at present only weakly specified, several
key aspects of Povinelli and Cant’s (1995) theory can now be highlighted.

First, the hypothesis posits that the great apes and humans possess a body image that

is, in some contexts, available as a concept, or object of knowledge in its own right.
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Whereas many species have proprioceptive and Kinesthetic systems which have evolved to
regulate complex patterns of movement through space, it may be the case that only the
great apes and humans have elevated knowledge of the body as an object of knowledge in
itself.

Second, it is possible that the SELF is the fundamental platform of the more
elaborated dimensions of the self which exist in humans — dimensions which may or may
not exist in great apes, and other species. If so, even now it could still be the body, not the
mind, which is first and foremost available to the developing human infant, and thus this
dimension of the self may retain a kind of phenomenological primacy as other,
psychological aspects of the self begin to emerge (see Povinelli, 2001).

Third, if the SELF evolved as an adaptation for coping with the problem that
increasing body mass generated for arboreal locomotion in the last common ancestor of the
great apes and humans, then its detection millions of years later by Gallup (1970) and his
mirror test was curiously serendipitous. After all, if our model has merit, then in attempting
to discover whether chimpanzees might be able to recognize themselves in mirrors, Gallup
would have inadvertently uncovered a system honed by natural selection millions of years
earlier for a completely unrelated function; it just so happened that some of the properties
of mirrors happen to engage the SELF system! On this view, we should expect that other
abilities may be dramatically facilitated by, or in some cases, even allowed for, by the
SELF system. Many authors, for example have discussed the connection between the
representation of one’s body and imitation (Baldwin, 1901; Merleau-Ponty, 1962; Mitchell,
1993; Meltzoff, 1990). Although many acts of imitation may be possible without the

presence of the kind of body-image we are describing, it seems increasingly clear that
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reproduction of another’s actions (broadly construed) can be achieved through multiple
routes. Thus, it is possible that the emergence of the SELF system, by adding a level of
explicitness to the self, incidentally augmented the tendencies for orangutans and
chimpanzees to reproduce the actions of others. Another example may be tool-use.
Although many species use, and even fashion tools, in certain species the presence of the
SELF system may facilitate the discovery and deployment of tools as objects separate and
explicitly distinct from the thing that deploys them (for example, ‘my hand’) (see Povinelli,
2000, pp. 328-337). In short, the SELF system, which initially evolved as an adaptation to
subserve effective locomotion in primates with very large body masses, may express itself
(imperfectly) in many contexts, only one of which is mirror self-recognition.

Importantly, the flip side of this coin may be true as well. It may be that the
surprising within-species individual differences in mirror self-recognition among
chimpanzees and orangutans (see above) are both real and a reflection of the fact that the
fundamental cognitive system that supports mirror self-recognition, evolved for other
purposes, and therefore only imperfectly map on to the mirror test (or any other test not
specifically related to the evolutionary context in which it evolved). In short, individual
differences in the robustness of the SELF system that have little or no consequence on the
ability to negotiate through highly compliant arboreal habitat may have large differences on
tests of mirror self-recognition. This fact may also help explain the previously puzzling
findings of declines in mirror self-recognition in adulthood in chimpanzees (see Povinelli et
al., 1993; de Veer et al., 2002). After all, what is “declining’ might either be the robustness
of the system (not typically used in captivity) or incidental factors which allow for self-

recognition, but are not essential to the kinesthetic self needed for effective arboreal
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locomotion. In addition, this helps to flesh out our earlier explanation of why the absence of
behavioral patterns indicative of self-recognition in gorillas may not be so surprising.

It should be emphasized that at present our model is merely a framework pointing to
a particular ecological problem (travel through extremely compliant, arboreal habitats by
very large-bodied apes) that may have driven a more explicit representation of the body and
a suite of motor planning systems designed to sub-serve effective locomotion. It does not
specify (a) the scope of this SELF system, or (b) the extent of the evolutionary ‘re-
description’ (sensu Karmiloff-Smith, 1992) that the proprioceptive and/or kinesthetic
systems have undergone. Furthermore, it does not specifically indicate which motor
planning systems were most affected and/or elaborated by the evolution of the SELF
system. In short, at present, the hypothesis fails to specify a causal account of what specific
cognitive systems are necessary to support the process of locomotion we have identified as
crucial to our model. Because of this present level of ambiguity in the theory, and the
theoretical difficulties in reducing that ambiguity, for the time being we advocate a broad-
based approach to understanding how the evolutionary forces which sculpted the unique
process of arboreal locomotion exhibited by modern orangutans might have affected the
representation and use of the body image, broadly construed.

Novel Tests of the SELF Hypothesis

If, as we have been speculating, the mirror test is just one (albeit straight-forward) way of
tapping into the SELF system, then a particularly profitable method of testing the
clambering hypothesis might be to determine if the great apes differ in as-of-yet undefined
ways from other primates in areas related to the use of and/or reasoning about the body-

image. In what follows, we focus on one approach along these lines that we have pursued.
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First, we describe how the SELF system may have endowed organisms with a tool-using
tendency that, until now, has not been widely recognized. Second, we describe a simple
experiment that we conducted to determine if chimpanzees, at least, possess this ability.
Tool-use, tool-discovery, and the SELF

Previously, we had speculated that if chimpanzees and orangutans possess a SELF
system, this could explain why they are such expert tool-users: they may possess a more
explicit representation of their bodies and their actions, and hence they may more clearly
consider self-object relations (see Povinelli, 2000, pp. 228-337). Tool-use exists in a wide
range of animal species (see Beck, 1980, for a broad overview), and we are certainly not
suggesting that a SELF system is required to produce such behaviors. Rather, the
hypothesis is simply that the more explicitly the distinction between self and object can be
represented, the more rapidly tool-use will emerge. The sheer diversity of the tool-kits of
chimpanzees in the wild, and the remarkable tool-using and tool-making capacities of
chimpanzees and orangutans in captivity, suggest that a more explicit representation of the
self’s body and actions may dramatically speed up the discovery and use of tools.’

The prototypical case of tool use involves the animal using a tool as an extension of

the hand in order to rake an out-of-reach object close enough that it can be grasped with the

" A contrast between orangutans and gorillas is of interest here. Orangutans do exhibit tool-making and tool-
use in the wild (e.g., van Schaik, Fox, & Sitompul, 1996), but it is certainly not as extensive as chimpanzee
tool-making and tool- use. If the definition of tool is expanded to include the remarkable use the deformation
of smaller tree trunks to assist in the translocation of their body through space (‘tree-swaying’), then the
amount of orangutan tool-using behavior might easily exceed that of chimpanzees. Indeed, in captivity,
orangutans seem to be remarkably pre-adapted to tool-making and tool-use (e.g., Lethmate, 1982). In contrast,
gorillas almost never use tools in the wild (even under the broadest definitions available), and although they
certainly can and do learn to use tools in captivity, the extent of such behavior does not appear to be as
elaborated as in orangutans and chimpanzees (see Fontanie, Moisson, & Wicklings, 1995; Boysen et al.,
1999). This later claim, however, is largely based on subjective impressions, rather than quantitative data that
might be obtained from an extensive survey of zoological collections.
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hand. For the purposes of the present research, however, we were interested in the opposite
case: where an object of interest is within reach, but the animal does not wish to directly
touch it because it is alarming in some way. Would the chimpanzees spontaneously
appreciate that a tool could be used to move the alarming object out of the way, or to gather
information about it, so that they did not have to touch it directly? It occurred to us that if
chimpanzees and orangutans really do possess a more explicit representation of their bodies
(by virtue of their possession of the SELF system), then they might exhibit such behavior
spontaneously (see Povinelli, 2000, p. 335). After all, if these species represent their bodies
more explicitly, then as they act upon an object with a tool, they may have at their disposal
separately accessible representations of (a) their hand acting on the tool, and (b) the tool
acting on the object.®
An experimental test

To explore this idea, we tested seven captive adult chimpanzees (Barth & Povinelli,
manuscript in preparation), all of whom have had an exceptional amount of experience with
using tools in a wide variety of tasks (see Povinelli, 2000, for details on their rearing and
testing history). The subjects were tested behind a plexiglas partition that contained three
openings through which the subjects could freely respond (a procedure with which they

were intimately familiar). When the chimpanzees entered, they always found three sticks on

8 The use of such explicit representations could be contrasted with, for example, studies with monkeys that
have shown that when a monkey uses a tool to retrieve distant objects the neuronal schema that codes for the
hand extends to include the space around the distant object (Iriki, Tanaka, & lwamura, 1996). Across trials,
objects that were represented as being in the extra-personal space, become coded as near objects, if a physical
extension of the body (a tool) is used. Although this coding of far objects as near objects in bimodal neurons
during tool-use has also been found in humans (Farné & Ladavas, 2000; Berti & Frassinetti, 2000), we posit
an additional representation in humans and the great apes which allows for the representation of ‘my hand’ to
mediate these lower-level representations.
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the floor of the test unit, always in the same position. Most of the trials were standard tool-
using trials, where a piece of food was sitting on the other side of the partition, out of the
chimpanzees’ immediate reach. On these trials, the chimpanzees easily demonstrated an
understanding that they could use one of the sticks to rake in the reward (a hardly surprising
feat, given their previous experience; see Povinelli, 2000).

The key findings, however, came from the test trials which were administered at
certain intervals between the standard tool-using trials. On these trials, a large box with the
open side facing the subject was present on the floor directly in front of the plexiglas
partition, and was always positioned the same distance from the subject. A highly desirable
food reward (either an apple or a banana) and/or an alarming object were then positioned
just inside the box so that they were clearly visible to the chimpanzee and easily within
his/her reach. The alarming objects included furry toy animals, rubber snakes, and spiders
(the alarming potential of the objects was tested informally on a different group of
chimpanzees prior to the beginning of the experiment).

A total of six different kinds of test trials were used (with each animal receiving
four trials of each kind). Four of these six conditions consisted of the trials just described:
(1) food-only, (2) alarming-object-only, (3) food-beside-alarming-object, and (4) food-
behind-alarming-object. Two other conditions were also used that were identical to the
food-only and alarming-object-only conditions except that the entire box was covered by a
cloth so that the subject did not know what was inside unless he or she removed the cloth:
(5) covered/food-only and (6) covered/alarming-object-only. As before, the sticks were
present, available to the subjects if they chose to use them. Thus, the chimpanzees were free

to make contact with the food and/or the object, either by using their hands, using one of
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the tools as a mediator, or to ignore the situation altogether. The significant aspect of this
design was that on all test trials, the food and the alarming objects were always the same
distance from, and easily within reach of, the individual chimpanzees.

We reasoned that in the food-beside-alarming-object and food-behind-alarming-
object conditions, an organism with a SELF system would be highly likely to make the
inference that the tool could be used to push the alarming object out of the way, and thus
avoid having to make direct bodily contact with the object as they reached for the food.
Similar logic applied to the two conditions in which the box was covered, and the
chimpanzees were therefore ignorant of what was inside: they ought to use the tool to
remove the cloth before reaching with their hands. Finally, on the alarming-object-only
trials we reasoned that in the absence of food, the subjects would be interested in exploring
the alarming object, but that they ought to use the tool, not their hands, to do so. All of
these conditions could be contrasted with the food-only condition, in which we expected
that the subjects would simply reach directly with their hand to take the food. On the other
hand, if the subjects simply conceived the tool as an extension of their arm, they would be
expected to be quite hesitant to contact the alarming object, even with the tool. Our primary
measure was the number of bouts that the subjects used their hands versus the tools across
the six conditions.

The two conditions in which the contents of the box were covered turned out to be
the most pivotal. Three of our seven apes consistently used one of the provided tools to
uncover the concealed box before they reached with their hands in these two conditions
(see Figure 6). The remaining four apes either removed the cloth by hand or did not

respond at all. The behavior on these ‘covered’ conditions predicted their behavior on the
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other conditions. The chimpanzees that uncovered the box by using a tool also used the tool
consistently on the conditions in which an alarming object was present, but not on the food-
only trials. They used the tool to move the object away from the food (or the food away
from the object) and they used the tool to explore the object. They only rarely made contact
with the object by using their hands, and if they did, only after they first explored it with
the tool. Likewise, they only rarely retrieved the food directly without first increasing the
distance between food and object by using the tool. In contrast, the four apes that reached to
unveil the box with their hands in the covered conditions, also only used the tool randomly
with respect to the other conditions, if they used it at all.

Importantly, all of the apes directly retrieved the food from the box by using their
hands in the food-only condition. This demonstrates that the three apes who used the tool
only when the alarming object was present, and when they did not know what was in the
box, clearly distinguished between the conditions and did not simply use the tool for
idiosyncratic reasons, such as overestimating the distance between themselves and the box.
Rather, they used the tool only on those trials during which their hand would have to touch,
or come too close to touching, an alarming object.

Although the results are preliminary, they suggest that at least three of our
chimpanzees provided reliable evidence of utilizing an explicit representation of their hand
when they used the tool as a mediator between their hand and the object. Not all of our apes
did so, however. Indeed, our apes could be classified into two groups, those that did use the
tool as a mediator and those that did not. This difference cannot be explained by individual
differences in tool-using expertise, as all of the apes were proficient tool-users with an

exceptional amount of practice and experience on a wide variety of tasks (see Povinelli,
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2000). More directly, in the present study, all of the subjects used the tools to retrieve the
food reward easily on the standard tool-using trials (see above). So, why did only about half
of them use the tool as a mediator? As noted above, perhaps it is because the SELF system
we are probing evolved in a different context, one that only imperfectly maps itself into the
present test situation.

Although we have not yet conducted our test with other species — in particular, those
that do not exhibit evidence of self-recognition — comparative tests of this sort (especially a
direct comparison between great apes and several species of Old and New World monkeys)
would be of great interest. At present, we offer these data as a possible illustration of how
the SELF system we hypothesize to exist in the great apes and humans- a system which has
heretofore been explored only through the mirror test- may express itself in other contexts
as well.

Concluding Reflections on SELF

In this essay, we have elaborated upon a hypothesis first put forward by Povinelli and Cant
(1995) that the evolutionary origins of the self-concept may be found in a unique set of
ecological circumstances faced by the ancestors of the great apes and humans — a set of
factors that selected for the development of an explicit representation of the body and an
understanding of its ongoing effects on the environment. In doing so, we have not sought to
downplay the importance of the myriad, implicit kinesthetic and proprioceptive systems
that allow organisms to function in the environments they inhabit. Indeed, a wealth of
research in developmental psychology, cognitive neuroscience, and motor planning, has

explored the nature of the body image/schema, elucidating the mechanisms that allow
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organisms ranging from human infants to bats to fishes to elephants to integrate
somatosensory and visual information, and distinguish self from environment.
Nonetheless, it seems likely that a fundamentally new representation of the self —
what we have labeled the SELF system — evolved for roughly the reasons outlined almost a
decade ago by Povinelli and Cant (1995). But this new, integrated representation of the
body may have done more than endow those organisms to exhibit the rather remarkable
ability for self-recognition in mirrors. It may have pre-adapted these species for more
elaborated forms of tool-use, new ways of relating to the bodily acts of others, and more
flexible use of manual-based signals, just to name a few. And, if we are right, this may just
be the tip of the iceberg; it may be that when it comes to cascading effects of the evolution
of the SELF, there may exist numerous (and as-of-yet unexplored) species differences
between the great apes and humans on the one hand, and most other forms of life on the
other. A subtle, but distinct thread may thus run through the actions of humans and the

other great apes, a kinematic signature of a SELF we share due to our common ancestry.
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Table 1

Mirror Self-Recognition Status, Body Mass, and Complexity of Arboreal Locomotion in
the Extant Great Apes

Species Mirror Self-Recognition Body Mass Rank®  Complexity of
Status (kg, male/female)  Arboreal Travel®

Orangutan + 2 (78/35) 1

Bonobo + 4 (45/33) 2

Chimpanzee + 3 (50/41) 3

Gorilla - 1 (169/80) 4 (terrestrial)

Notes. *Body mass in kg from Fleagle (1999, Table 7.2, body mass among sub-species was
averaged). "Species ranks for arboreal travel are derived from estimates of time spent in

complex positional behavior while crossing from one tree to the next.
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Figure Captions
Figure 1. A 5%-year-old chimpanzee (a) exhibiting exaggerated facial expressions and (b-
d) otherwise invisible parts of her body while observing herself in a mirror.
Figure 2. Method and results of mark test: (a) while under anesthesia, regions of the
subject’s face are targeted to be marked with a red dye (shaded areas) and contralateral
facial regions (unshaded areas) are targeted as control areas, and upon full recovery (b)
subjects is exposed to a covered mirror for 30 minutes, followed immediately by 30
minutes of exposure to a mirror. Note that in (b) touches to the facial regions are selective
to the marked areas, coincident with the uncovering of the mirror, and decline after the
subject discovers that the marks are inconsequential.
Figure 3. Phylogeny of the great apes and humans showing lesser apes (gibbons and
siamangs) and old world monkeys as outgroups. The split between the orangutans and the
African apes and humans occurred approximately 15-20 million years ago.
Figure 4. Results of a test to determine if 3-, 4- and 5-year-olds can distinguish between the
relevance of videotape showing a sticker having been placed on their heads 7 days earlier
(extreme delay) versus 3 minutes earlier (brief delay). As shown here, 4- and 5-year-olds
appreciate that only the briefly delayed images are causally relevant to their current
appearance. See text for details.
Figure 5. An adult female orangutan crossing a gap between two trees by clambering. Note
the infant/juvenile that she is carrying across the gap.
Figure 6. Covered box condition: A chimpanzee subject (a) encounters a covered box and

(b-d) spontaneously uses a provided stick to uncover it in order to explore its contents.
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