
Abstract This paper reviews evidence that increases the
probability that many animals experience at least simple
levels of consciousness. First, the search for neural corre-
lates of consciousness has not found any consciousness-
producing structure or process that is limited to human
brains. Second, appropriate responses to novel challenges
for which the animal has not been prepared by genetic
programming or previous experience provide suggestive
evidence of animal consciousness because such versatility
is most effectively organized by conscious thinking. For
example, certain types of classical conditioning require
awareness of the learned contingency in human subjects,
suggesting comparable awareness in similarly conditioned
animals. Other significant examples of versatile behavior
suggestive of conscious thinking are scrub jays that ex-
hibit all the objective attributes of episodic memory, evi-
dence that monkeys sometimes know what they know,
creative tool-making by crows, and recent interpretation
of goal-directed behavior of rats as requiring simple non-
reflexive consciousness. Third, animal communication of-
ten reports subjective experiences. Apes have demonstrated
increased ability to use gestures or keyboard symbols to
make requests and answer questions; and parrots have re-
fined their ability to use the imitation of human words to
ask for things they want and answer moderately complex
questions. New data have demonstrated increased flexibil-
ity in the gestural communication of swarming honey
bees that leads to vitally important group decisions as to
which cavity a swarm should select as its new home. Al-

though no single piece of evidence provides absolute proof
of consciousness, this accumulation of strongly suggestive
evidence increases significantly the likelihood that some
animals experience at least simple conscious thoughts and
feelings. The next challenge for cognitive ethologists is to
investigate for particular animals the content of their
awareness and what life is actually like, for them.
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Introduction

Experimental and observational data about the complexity
and versatility of animal cognition have been reported and
discussed extensively since the subject was reviewed in
the first issue of this journal (Griffin 1998). The term cog-
nition is ordinarily taken to mean information processing
in human and nonhuman central nervous systems that of-
ten leads to choices and decisions. But the possibility that
nonhuman cognition is accompanied or influenced by con-
sciousness has received relatively little attention, largely
because many behavioral scientists have been extremely
reluctant to consider nonhuman consciousness on the
grounds that it is impossible to obtain objective evidence
about subjective experiences. Yet much of the new evi-
dence strengthens that case as well, and it is time to re-
consider the longstanding aversion to scientific investiga-
tion of animal consciousness. In view of the confusions
surrounding terms describing mental states, and despite
the fact that some scientists feel that consciousness is a
higher and more complex state than awareness, we will fol-
low the common usage of aware and conscious as syn-
onyms that describe subjective experiences. We will as-
sume that these states or processes are produced by the
functioning of living nervous systems and not something
ethereal and different in kind from anything in the physi-
cal universe, as emphasized by Searle (2000, 2002) and
Donald (2001).
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In addition to papers describing specific experiments
and observations, the most relevant recent publications in-
clude: (1) ten books by single authors: Shettleworth (1998),
Damasio (1999), Heinrich (1999), Pepperberg (1999),
Seager (1999), Hauser (2000), Povinelli (2000), Donald
(2001), Griffin (2001) and deWaal (2001); (2) more than
200 chapters in books edited by: Balda et al. (1998),
Hauser and Konishi (1999), Heyes and Huber (2000),
Metzinger (2000), Matsuzawa (2001), Roth and Wulli-
mann (2001), Bekoff et al. (2002) and deWaal and Tyack
(2003); and (3) 12 substantial review papers by Boysen
and Hines (1999), Capaldi et al. (1999), Cartmill and Lof-
strom (2000), Nelson and Rey (2000), Searle (2000),
Thompson and Derr (2000), Dehaene and Naccache
(2001), Baars (2002), Byrne (2002), Lovibond and Shanks
(2002), Mitchell (2002) and Tulving (2002). Finally Pig-
gins and Phillips (1998) have assembled, in a special issue
of Applied Animal Behaviour Science, ten papers by sci-
entists and philosophers concerned with animal welfare.

Consciousness is the subjective state of feeling or think-
ing about objects and events. The word is often interpreted
to mean full-blown human thinking, although of course
no animal attains more than a trivial fraction of the scope
and versatility of human conscious thinking. But many
animals give evidence of what Natsoulas (1983, p. 29) de-
fined as consciousness 3, “the state or facility of being
mentally conscious or aware of anything.” This has been
called perceptual, primary or basic consciousness. How-
ever limited its content may be, such awareness is impor-
tantly different from unconscious cognition. Conscious-
ness is often considered a complex and “higher” form of
cognition; but as Dawkins (2000) has emphasized, the con-
tent of human consciousness ranges from very simple to
enormously subtle and complex. Insofar as animals are
conscious, the content of their awareness probably varies
along a continuum from the simplest and crudest feelings
to thinking about the challenges they face and alternative
actions they might choose.

Computers process information, and robots can even
simulate animal behavior; but they can only do what hu-
man designers have programmed them to do. It is very un-
likely that they have subjective experiences without a liv-
ing central nervous system. Although no single piece of
evidence that an animal is conscious is totally conclusive,
and alternate explanations not involving consciousness
are always conceivable, suggestive evidence can serve as
an entering wedge that stimulates further investigation
leading to improved and more conclusive data. Following
up on these possibilities provides opportunities and chal-
lenges for scientific investigation to evaluate the follow-
ing hypothesis: Animals are sometimes aware of objects
and events, including social relationships, memories, and
simple short-term anticipation of likely happenings in the
near future, and they make choices of actions they believe
are likely to get what they want or avoid what they dislike
or fear. Such basic consciousness may but need not include
self-awareness or metacognition – thinking about one’s
thoughts or those of others – (Natsoulas’ consciousness 4).
We will give only passing consideration to self-awareness

and metacognition in this paper. Complex cognition can
occur in our brains without consciousness; but when un-
expected challenges arise, considering alternative actions
and choosing the one believed to be most helpful in solv-
ing the problem at hand is often more effective than re-
liance on routine responses. It seems increasingly probable
that conscious thinking sometimes provides animals with
the same advantage.

Some scientists hold that consciousness cannot be de-
fined with the precision needed for scientific investiga-
tion. But Searle (1998) and Churchland (2002) point out
that when approaching a difficult and confusing problem
with very limited data available, our first need is a com-
monsense definition simply to make clear what we are talk-
ing about. As the subject is better understood the defini-
tion can be improved. We all know that we are sometimes
aware of objects, events and emotional feelings, that we
sometimes use these experiences in our planning and de-
cision-making, and that the difference between being aware
or unaware is important to us. The central question about
the consciousness of animals is whether they experience
anything of the same general kind, and if so what is the
content of their awareness. Whatever they feel and think
must be important both to the animals concerned and to
our understanding of them and their ways of life.

It is helpful to consider questions about the content of
an animal’s awareness in terms of the probability of aware-
ness, pA. If we have complete certainty that a given ani-
mal has a particular conscious experience, then pA=1.0,
and pA=0 means that we know with certainty that it does
not. If we take literally the claim that it is impossible to
learn anything about the so-called private experiences of
other species, we are obliged to assume that pA is always
0.5. In practice, however, there has been a tendency to
conclude from the impossibility of setting pA at 1.0 that it
must be zero. Crist (1999) has explored in depth the de-
gree to which scientists’ choices of terms applied to ani-
mal behavior have been influenced by a “mechanomor-
phic” viewpoint about animals that avoids implications of
consciousness. There are obviously cases where pA must
be far below or above 0.5, even though we cannot always
rigorously prove that it is zero or 1.0, because many im-
portant questions about animal consciousness cannot yet be
answered with any certainty for lack of relevant evidence.
Of course a low value of pA for a particular experience
does not mean that the animal is never conscious at all.

There are three general categories of evidence that
show animals’ pA is sometimes well above 0.5: (1) close
similarity of basic central nervous system structure and
function in a wide variety of animals, indicating that what-
ever processes lead to conscious experiences are not lim-
ited to human brains, (2) versatile adjustment of behavior
in response to unpredictable challenges, and (3) animal
communication, which often seems to inform receivers
about the conscious experiences of the sender; and which
can also provide information about them to eavesdropping
cognitive ethologists. We rely heavily on both verbal and
nonverbal communication to infer what our human com-
panions are thinking and feeling, and the same basic ap-
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proach can be applied to many other species. We will re-
view these three areas in this paper.

Neural correlates of consciousness

As Crick and Koch (1998, p. 105) put it “The explanation
of consciousness is one of the major unsolved problems of
modern science. After several thousand years of specula-
tion, it would be very gratifying to find an answer to it.” It
is theoretically conceivable that only the human nervous
system has the capability of producing consciousness. If
so, it is an important challenge for the neurosciences to
discover the nature of this unique consciousness-produc-
ing ability. Some point to the size or the complexity of the
human brain, or to specific areas, or else to language abil-
ity. But there is no clear evidence that any of these factors
is necessary for consciousness. Another theoretical possi-
bility is that simple conscious thinking is an important core
function of living central nervous systems, and that in
small brains it may therefore constitute a larger proportion
of brain activity than in animals with very large brains.

Recognition of the importance of these questions has
been part of the motivation for an extremely active and tal-
ented series of investigations that have recently attempted
to identify the neural correlates of consciousness (NCC), as
discussed by Crick and Koch (1998, 2000, 2003), Taylor
(1999), Metzinger (2000), Searle (2000, 2002), and Baars
(2002). Kanwisher (2001) has summarized significant re-
cent investigations of NCC, emphasizing that “A variety
of striking correlations...between specific neural signals
and perceptual experiences” (Kanwisher 2001, p. 89) show
that these signals appear to be necessary but are probably
not sufficient for consciousness. Like many other neuro-
scientists, she is inclined to infer that widely distributed
but functionally coordinated activity in the brain is also
required. These considerations lead to the speculation in
regard to visual consciousness that “in order for a focal
neural representation to reach awareness it may have to be
accessible to other parts of the brain...(and)...a conscious
percept is not simply a disorganized soup of activated vi-
sual attributes, but rather a spatiotemporally structured rep-
resentation in which visual attributes are associated with
particular objects and events” (Kanwisher 2001, p. 109).

Baars (2002) has lucidly reviewed how modern meth-
ods of imaging brain function have provided objective ev-
idence of neural activities correlated with consciousness.
In many of these recent investigations of NCC, animals
are used for better control of experiments or for invasive
procedures, and it is simply taken for granted that they are
conscious. Logothetis (1999, p. 70), in his investigations
of binocular rivalry, notes that “monkey brains are orga-
nized like those of humans, and they respond to stimuli
much as humans do. Consequently, we think the animals
are conscious in somewhat the same way as humans are.”
Kanwisher (2001) concurs, stating “It seems reasonable to
assume that when a monkey reports the presence of a par-
ticular stimulus, he is aware of the stimulus in something

like the way that a human would be. Nevertheless it would
be reassuring to find similar results in the human brain.”
She and her colleagues (Tong et al. 1998) do find similar
results in a human experiment that was modeled after the
monkey experiments of Logothetis. Engel and Singer
(2001), after reviewing numerous studies, some of which
involved monkeys and cats, implicitly assume that these
animals were conscious. Seward and Seward (2000, p. 86)
conclude that “in rodents and lower vertebrates, normal
visual awareness is partly due to synchronized oscillatory
activities in the optic tectum and partly due to similar ac-
tivities in the visual cortex.”

Hesslow (2002), following in the footsteps of Alexander
Bain, proposes a “simulation theory of cognitive function...
(by which)...behaviour can be simulated by activating
motor structures, as during an overt action, but suppress-
ing its execution” (Hesslow 2002, p. 242). This, he sug-
gests, may help to establish “the inner world that we asso-
ciate with consciousness...(and that)...it is a strength of the
simulation hypothesis that it can account for cognitive
functions in terms of mechanisms shared by all mammals”
(Hesslow 2002, p. 246). And Dehaene and Naccache
(2001, p. 31) add “The biological substrates of conscious-
ness in human adults are probably also present, but prob-
ably in partial form in other species.”

Blindsight is an intriguing phenomenon that has pro-
vided an opportunity to test whether a monkey is or is not
conscious of particular visual stimuli. It was given this
name by Weiskrantz et al. (1974) from studies of certain
human patients who had lesions in the visual cortex that
produced large blind areas in the visual field but who
could nevertheless respond in limited ways to visual stim-
uli in their blind fields. If stimuli are presented in these
blind areas and the patient is required to guess about
them, he is as surprised as anyone that his guesses are far
more accurate than expected from chance. One such pa-
tient could even distinguish horizontal bars in his blind
field from identical bars tilted by as little as ten degrees
(Weiskrantz 1997). Other parts of the visual system, prob-
ably including the superior colliculus, are able to produce
these correct responses without any awareness on the pa-
tient’s part (Sahraie et al. 1997; Kentridge and Heywood,
1999).

Cowey and Stoerig (1995, 1997) and Stoerig et al.
(2002) showed similar results in monkeys with large cor-
tical lesions. The monkeys had been trained to touch a
small bright square on a touch-sensitive computer screen
to obtain food. With sufficient training they were able to do
this even when the square fell in their blind field. These
monkeys were then trained to touch a different visual pat-
tern when no bright square was presented, and surpris-
ingly they then touched this “no stimulus” pattern when
the bright square was presented in their blind field – even
though in other experiments they would touch the square
to obtain food. It was thus possible to distinguish, under
these experimental conditions, whether the monkey was
or was not aware of particular stimuli.

Roth (2000) emphasizes brain size: “Among all features
of vertebrate brains, the size of cortex or structures ho-
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mologous to the mammalian cortex, as well as the number
of neurons and synapses contained in these structures,
correlate most clearly with the complexity of cognitive
functions, including states of consciousness” (Roth 2000,
p. 94). There is as yet no way to determine the minimum
brain size necessary for the most basic level of conscious-
ness, although several thousand neurons would seem ade-
quate for the kinds of NCC that appear most plausible to
contemporary neuroscientists. Roth is critical of the idea
that language is required for consciousness. If we accepted
that suggestion, he points out, “we would be forced to as-
sume that animals are capable of unconsciously mastering
cognitive tasks that in humans require highest concentra-
tion” (Roth 2000, p. 95).

Damasio (1999) emphasizes the importance of bodily
emotions for consciousness. He allows that artifacts such
as computers might be created that have the formal mech-
anisms of consciousness, but they would not be conscious
in the full sense. “Feeling is, in effect, the barrier, because
consciousness may require the existence of feelings. The
“looks” of emotion can be simulated, but what feelings
feel like cannot be duplicated in silicon” (Damasio 1999,
p. 314). In Damasio (2000), he distinguishes what he calls
“core consciousness,” which “provides an organism with
a sense of self about here and now...(but)...does not per-
tain to the future or the past,” from “extended conscious-
ness,” which “provides the organism with an identity and
a person, an elaborate sense of self, and places that self at
a specific point in an individual historical time...(It)...of-
fers awareness of the lived past and of the anticipated fu-
ture, along with the objects in the here and now.” Empha-
sizing that “consciousness depends most critically on evo-
lutionarily old regions (of the vertebrate brain),” Damasio
believes that core consciousness is not exclusively hu-
man, and that “simple levels of extended consciousness
are present in some nonhumans” (Damasio 2000, pp. 112–
118).

Tononi et al. (1998), Tononi and Edelman (1998) and
Edelman and Tononi (2000) also distinguish between two
levels of consciousness, both of which are found in some
animals in addition to humans: (1) primary, which neces-
sitates brain structures that can construct a mental scene
but have limited semantic or symbolic capabilities; and
(2) higher-order, which also includes a sense of self, ex-
panded semantic capability and awareness of past and
future. They advance a “dynamic core” hypothesis that
neurons can be part of an NCC only if they participate in
“a distributed functional cluster that, through reentrant in-
teractions in the thalamocortical system, achieves high
integration in hundreds of milliseconds...to sustain con-
scious experience, it is essential that this functional clus-
ter be highly differentiated as indicated by high values of
complexity” (Edelman and Tononi 2000, p. 146).

Edelman and Tononi’s dynamic core hypothesis is sup-
ported by experiments on binocular rivalry in which two
patterns flickering at different frequencies were shown to
the two eyes, and the subject alternately reported seeing
first one and then the other. Measurements of the mag-
netic field generated by activity in the brain showed quan-

titative differences in amount of distributed activity at the
frequency of one of the stimuli between situations in
which human subjects were or were not aware of the cor-
responding visual pattern. Binocular rivalry has been ma-
nipulated experimentally to provide comparable evidence
as to when a monkey is aware of a particular pattern pre-
sented to one eye but not a different pattern presented si-
multaneously to the other eye (Logothetis and Schall
1989; Tononi et al. 1998; Logothetis 1999; reviewed in
Rees et al. 2002).

In a similar vein, Crick and Koch (2003), propose a
“framework” applicable to the visual system of primates,
which they believe “knits all these ideas together, so that
for the first time we have a coherent scheme for the NCC in
philosophical, psychological and neural terms” (Crick and
Koch 2003, p. 124). This framework emphasizes “com-
peting coalitions” of neurons and two-way communica-
tion between coalitions in the back and front of the brain.
They conclude that explicit representations and synchro-
nized activity such as gamma frequency oscillations may
be necessary, but not sufficient for consciousness. Reen-
trant pathways and back projections are widespread in cen-
tral nervous systems, however, and if they constitute NCC
there is no reason to rule out at least simple consciousness
in many animals with central nervous systems.

Has this intensive search for NCC disclosed any struc-
ture or process necessary for consciousness that is found
only in human brains? The short answer is no. But neither
has this search identified any specific structure or process
that we can yet be sure is both necessary and sufficient to
generate human conscious experience. Thus it remains
possible that if and when such an essential consciousness-
generating neural mechanism is discovered, it might turn
out to be something found only in human brains. On the
other hand, recent scientific ideas about this question pos-
tulate processes that are present in many if not all central
nervous systems. Menzel et al. (2001), reviewing the com-
plexities of insect brains (including the honey bee brain
made up of approximately 960,000 neurons), support the
conclusion by Koch and Laurent (1999) that “no brain,
however small, is structurally simple.” We suggest that this
general conclusion can reasonably be extended from struc-
ture to function, including whatever neural processes lead
to consciousness.

Versatility

A type of versatility that is particularly relevant as evidence
of consciousness is the departure from routine behavior
patterns to cope with novel and unpredictable challenges
in ways that suggest at least short-range planning of in-
tended actions. Such versatility is helpful in allowing us
to distinguish relatively inflexible preprogrammed behav-
ior from being aware of the availability of alternative ac-
tions and choosing those the animal believes will have de-
sired consequences. Smith et al. (2003) suggest that “Dif-
ficulty and uncertainty elicit conscious modes of self-reg-
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ulation...(in)...some animal species... Working conscious-
ness is ideal for integrating multiple streams of informa-
tion, for resolving conflicting goals, for coping with the
novel and unfamiliar... (It)...is the perfect referee for life’s
close calls...(and)...may thus have substantial phyloge-
netic breadth.” Both natural selection and individual ex-
perience have doubtless contributed to the development of
such versatile thinking and action; but the specific reac-
tions to particular situations can scarcely have been pre-
programmed if neither the animal nor its ancestors have
previously encountered such situations.

Classical conditioning

Classical Pavlovian conditioning of responses such as eye-
blink or changes in electrical resistance of the skin used to
be viewed as a basic and primitive type of learning, a sim-
ple neural association between local circuits, which did
not entail consciousness. But this view has been rejected,
and detailed analysis of classical conditioning led Rescorla
(1988a, 1988b) to conclude that “Pavlovian conditioning
is not a stupid process by which organisms willy-nilly
form associations between any two stimuli that happen to
co-occur. Rather, the organism is better seen as an informa-
tion seeker using logical and perceptual relations among
events along with its own preconceptions, to form a so-
phisticated representation of the world” (Rescorla 1988a,
p. 154). Therefore learning from classical conditioning
how best to act in novel situations is often an example of
versatility.

Even more of a departure from previous views is the
accumulating evidence that certain types of classical con-
ditioning succeed with human subjects only when they
consciously recognize that the conditioned stimulus pre-
dicts the unconditioned stimulus. Lovibond and Shanks
(2002) review extensive evidence from the numerous types
of classical conditioning, including autonomic responses
such as skin conductance changes, as well as eyeblink
conditioning, conditioning with subliminal stimuli, condi-
tioning in patients with amnesia, conditioning under anes-
thesia, and evaluative conditioning. They conclude (Shanks
and Lovibond 2002, p. 42), “there is little convincing evi-
dence for Pavlovian conditioning without awareness” in
human subjects. Since many animals can be classically
conditioned, this conclusion has obvious implications for
the question of animal consciousness.

The major criticism that Lovibond and Shanks level
against experiments that purport to show conditioning
without awareness is that the procedures used do not pro-
vide a sensitive, valid and reliable evaluation of aware-
ness. They offer specific recommendations: the most reli-
able way to determine awareness is by a concurrent con-
tinuous measure of the subject’s expectation of the uncon-
ditioned stimulus, administered as the acquisition phase
of the experiment progresses, along with a short recogni-
tion questionnaire, composed of directly relevant ques-
tions only, administered immediately after the acquisition
phase, and with no intervening extinction phase. They be-

lieve that the methods used in many investigations of con-
ditioning, as well as in other areas that look for “implicit”
learning (reviewed in Shanks and St. John 1994; Goschke
1997), “systematically underestimate contingency knowl-
edge” (Lovibond and Shanks 2002, p. 21).

Lovibond and Shanks single out evaluative condition-
ing using tastes and odors (Baeyens et al. 1990; Stevenson
et al. 1998) as a possible exception to their conclusion that
awareness is necessary for all types of classical condition-
ing. On the other hand, they are not at all persuaded by the
claim of Öhman et al. (1995) that skin conductance con-
ditioning with aversive conditioned stimuli, such as pic-
tures of snakes or spiders, can proceed without awareness.
Öhman suggests that biologically prepared aversive stim-
uli activate a specialized system that allows an immediate
response to danger without the need for cortical involve-
ment. Wiens and Öhman (2002) in the same journal issue,
have serious questions about “the validity of Lovibond and
Shanks’ conception of awareness” (Lovibond and Shanks
2002, p. 30). Lovibond and Shanks do not believe that the
stimuli used by Öhman have been truly subliminal. They
agree with him that aversive stimuli change the usual con-
ditioning process, but they suggest that the difference
could be due to selective sensitization rather than to an un-
conscious associative process.

Although Öhman’s approach might be useful for inves-
tigating animal awareness, we have a different concern
with using aversive conditioned stimuli. It seems to us to
entail a direct contradiction of the traditional and still gen-
erally accepted definition of classical conditioning: “In
classical conditioning paradigms, a previously neutral stim-
ulus (conditioned stimulus or CS) comes to elicit a behav-
ioral response through temporal pairing with an uncondi-
tioned stimulus (US)... Hence, classical conditioning is a
form of associative learning involving linkage between a
neutral stimulus and a stimulus with high intrinsic behav-
ioral significance” (Büchel et al. 1998, p. 947). The aver-
sive stimuli used by Öhman and his colleagues are clearly
not neutral.

When it comes to eyeblink conditioning (Clark and
Squire 1998, 1999; Manns et al. 2000a, 2000b), Lovibond
and Shanks are very critical, especially about the manner
in which awareness is evaluated. Manns et al. (2002), in
the same journal issue, defend their methodology and add
to their evidence for differences between delay and trace
conditioning. Trace conditioning is a special variation of
conditioning in which an empty interval intervenes be-
tween the end of the CS and beginning of the US. Clark et
al. (2002) hypothesize that maintaining a representation
of the CS in working memory over the empty interval re-
quires awareness. They do state, however, that eyeblink
conditioning can probably proceed without awareness only
in the simplest delay eyeblink conditioning, either with a
single cue or in differential conditioning with two easily
distinguishable cues.

Lovibond and Shanks as well as Clark, Squire and
their colleagues concur that the findings from human con-
ditioning are relevant for animals. Lovibond and Shanks
state, “The ongoing difficulty in finding convincing evi-
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dence of conditioning without awareness in humans poses
a significant challenge for the field of animal condition-
ing... Most contemporary conditioning researchers continue
to think of associative learning as a basic process that is
quite divorced from higher order cognitive processes. The
finding that conditioning in humans is closely tied to con-
scious awareness raises a fundamentally different per-
spective” (Lovibond and Shanks 2002, p. 23). Clark et al.
(2002, p. 530) add, “The close correspondence of findings
in humans and experimental animals suggests that the
characteristics of eyeblink classical conditioning and its
neural substrates are highly similar across vertebrate spe-
cies... As it becomes possible to identify more precisely
the circumstances when knowledge of the stimulus con-
tingencies (i.e., awareness) is crucial for conditioning, it
also becomes possible to specify when the same or similar
cognitive processes are likely to be occurring in experi-
mental animals.”

Although the evidence that awareness is needed for
certain types of conditioning is still controversial, it already
seems clear that in human subjects awareness is necessary
for at least differential skin conductance conditioning us-
ing an aversive US and for trace eyeblink conditioning.
This means that such conditioning of animals is strong ev-
idence that they are aware during acquisition that the CS
predicts the US. Of course many animal experiments (e.g.,
Tully and Quinn 1985 with Drosophila) include some of
the same procedural elements described above (e.g., de-
lay, trace, shock). However they often use substantially
different methodologies (e.g., conditioned avoidance) from
those used in experiments with human subjects that have
found that awareness is necessary for successful condition-
ing.

Persuasive evidence from aversive differential skin con-
ductance conditioning of human subjects shows not only
that awareness is necessary for successful conditioning but
also that conditioning does not occur until the time when
the subject becomes aware of the contingency (reviewed
in Dawson and Schell 1987). This makes it tempting to
use aversive differential skin conductance conditioning
with other species. Although it has not been easily adapted
to animals (Wickens et al. 1961), there are techniques that
have been used effectively (e.g., Roberts and Young
1971). One strong benefit of using eyeblink conditioning
is the considerable animal literature that has already accu-
mulated. Most of the evidence comes from studies in rab-
bits, but data have also been obtained for cats, rats, mice
and monkeys (Clark and Zola 1998; reviewed in Green
and Woodruff-Pak 2000).

Because the use of neutral conditioned stimuli is central
to classical conditioning, in future investigations with an-
imals conditioned stimuli should be truly neutral, as far as
can be determined from ethological evidence about what
is salient for the animals concerned. It is especially impor-
tant to keep the experimental methodologies as similar as
possible to those providing the strongest evidence of aware-
ness in humans, while still being sensitive to species differ-
ences, as in selecting the optimum empty interval for trace
eyeblink conditioning (Green and Woodruff-Pak 2000).

Both eyeblink and skin conductance conditioning are
beginning to be used in conjunction with modern imaging
techniques to extend our present knowledge (e.g., Büchel
et al. 1998, 1999; Williams et al. 2000). Another technique
that shows promise with animals is nonverbal reporting,
which has been adapted imaginatively to monkeys in vi-
sion studies (Cowey and Stoerig 1997; Sheinberg and Lo-
gothetis 1997; Stoerig et al. 2002). Even verbal reporting
is possible with apes and parrots trained to use the func-
tional equivalent of human words.

Explicit learning and episodic memory

Students of human learning and memory often distinguish
explicit from implicit learning and their resulting memo-
ries. The former can be both recalled and reported ver-
bally; the latter entails changes in behavior resulting from
prior exposure to stimuli that the subject cannot report be-
cause he is currently unaware of them. The concept of ex-
plicit memory is similar to declarative memory, which was
so named because such memories could be reported or
“declared” by human subjects. It is usually assumed that
animals cannot have declarative memories because they
lack (human) language. This widespread assumption is
seriously undermined, however, by twentieth century dis-
coveries about the versatility of animal communication,
which can convey information based on memories by other
means than human language, as reviewed by Griffin (2001).
Clark and Squire (1998, p. 80) also suggest that “Charac-
teristics that have been helpful in extending the concept of
declarative memory to nonhuman animals include its flex-
ibility and the ability to use it inferentially in novel situa-
tions” (see also Eichenbaum 1997; Schacter 1998).

Memories of past events that include awareness of one-
self perceiving the event on some remembered occasion
are termed episodic; and Tulving (1972, 2002) and others
have claimed that episodic memory is based on a uniquely
human neural system. A strong challenge to the claim of
human uniqueness comes from recent experiments by Clay-
ton and Dickinson (1998) and Clayton et al. (2000, 2001,
2003). They first demonstrated that scrub jays (Aphelo-
coma coerulescens) can learn that a particular type of pre-
ferred food (wax-moth larvae) become unpalatable 5 days
after the birds had stored them, but that peanuts, a less
preferred food, remain edible. The jays were trained to
cache these two types of food by burying them in sand in
two different locations. When tested 4 days after caching,
and after the sand had been replaced to prevent odor cues
from affecting their choices, the jays were more likely to
choose the location they knew contained larvae. But after
5 days they usually went where they had stored peanuts.

Clayton et al. (2001, p. 28) prefer to call this type of
memory episodic-like rather that episodic because the latter
term has been applied to human “autoneotic” memories,
which are verbally reported to include a conscious experi-
ence of self. This they claim “has no obvious manifesta-
tion in nonlinguistic behaviour (Griffiths et al. 1999). For
this reason, we regard the what-where-when memory for
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caching episodes as no more than an analogue of human
episodic memory.” But as Clayton and Dickinson (1998,
p. 274) put it, “In terms of purely behavioural criteria...the
cache recovery pattern of scrub jays fulfils the three
‘what’, ‘where’ and ‘when’ criteria for episodic recall.”

Tulving (2002, p. 2) recognizes that animals “have
minds, they are conscious of their world...but they do not
seem to have the same kind of ability humans do to travel
back in time in their own minds, probably because they do
not need to.” But Emery and Clayton (2001, p. 443) dis-
covered that scrub jays “with prior experience of pilfering
another bird’s caches subsequently re-cached food in new
cache sites...but only when they had been observed caching.
Jays without pilfering experience did not, even though
they had observed other jays caching... Jays relate infor-
mation about their previous experience as a pilferer to the
possibility of future stealing by another bird, and modify
their caching behavior accordingly.” These birds appeared
to have profited from traveling backwards and perhaps also
forward in time. A similar example was provided by the
dolphins Pryor et al. (1969) trained to perform on com-
mand a completely novel acrobatic action, since they had
to remember their complete repertoires in order to create
something new. Thus the claim that episodic memory in
the full sense of the term is uniquely human rests largely on
the assumption that nonhuman animals lack a conscious
sense of self.

Knowing what one knows

Some scientists claim that although animals often know
simple facts, they do not know that they know. This is a
type of metamemory or memory about one’s own recol-
lection and would certainly be a higher level of awareness
than is usually assumed for animals. With our human com-
panions we assume they know that they know something
because they can use human language to express this dis-
tinction. But how can we learn, for example, whether an
animal not only knows that food is available at a certain
time and place but also knows that she knows this? As
with many such questions about nonhuman mentality, this
one has seemed impossible to answer; but instead of rec-
ognizing our ignorance, it has been customary to leap to a
negative conclusion.

After reviewing earlier experiments designed to detect
metamemory in animals, Inman and Shettleworth (1999)
developed an ingenious procedure, along the lines sug-
gested by Cowey and Stoerig (1992) and Weiskrantz
(1986, 1997) to test whether pigeons could indicate a mem-
ory about a memory; but they obtained inconclusive results.
Hampton (2001) adapted this method so that two rhesus
macaques could indicate whether they did or did not re-
member which one of four visual patterns they had seen a
short time previously on a touch-sensitive video monitor.
Touching this pattern yielded a favorite food, but touching
one of the other three produced no food.

Before this test, the monkeys had learned that touching
one of two different images turned on the memory test, but

that touching the other yielded a less preferred food. The
monkeys usually touched the “take the test” image after
short delays (15–30 s) when they presumably remembered
which of the four test patterns would get the preferred
food. But after longer delays (2–4 min) one of the mon-
keys always settled for the less preferred food and never
chose to take the test, while the other made many more er-
rors when he did. In occasional probe trials, inserted to
rule out the possibility that the monkeys’ choices were
controlled by something other than the state of their mem-
ory, the four initial images were not present, so that there
was no “correct” image to remember. One monkey never
chose to take the test under this condition, and the other
was much more likely than in normal trials to decline the
test. Hampton concludes that “Rhesus macaque monkeys
can report the presence or absence of memory. Although
it is probably impossible to document subjective, conscious
properties of memory in nonverbal animals, this result ob-
jectively demonstrates an important functional parallel
with human conscious memory” (Hampton 2001, p. 5359).
Consciously considering the contents of memory, in con-
trast to automatically using stored information, is a kind
of metacognition, which many are still hesitant to infer in
animals. However, Smith et al. (2003) suggest that at least
monkeys may think consciously about the uncertainties
they face in nature and in appropriately designed labora-
tory experiments.

Goal-directed desires and actions

Dickinson and Balleine (2000, p. 202) review experiments
on goal evaluation by laboratory rats, which lead them to
conclude that “Goal-directed actions of the rat are medi-
ated by intentional representations of the causal relation-
ship between action and outcome and of the value assigned
to the outcome. The capacity for goal-directed action re-
quires not only the evolution of intentional representations,
but also the co-evolution of an interface between these
representations and the animal’s biological responses to
the goal objects, events, or states. This interface, we sug-
gest, is simple, nonreflexive consciousness in which the
biological evaluation of a potential goal is manifested as
an affective or hedonic response conjointly with an inter-
nal representation of the goal.” By “simple, nonreflexive
consciousness” Dickinson and Balleine appear to mean
what we and others have called primary or perceptual con-
sciousness. And if we understand them correctly, they are
using the terms intention and intentional to include, though
perhaps not be limited to, the customary sense of con-
sciously intending to do something, and as one example
of the broader philosophical usage of intentional to mean
aboutness.

This suggestion by Dickinson and Balleine typifies the
degree to which the antimentalistic taboos of behaviorism
have been abandoned by leading investigators of animal
learning. In addition to suggesting that rats experience sim-
ple consciousness, they believe that it plays a crucial role
in producing adaptive behavior. Furthermore they propose
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that emotional feelings play an essential role in goal-di-
rected intentions and the resulting goal-directed behavior.
It is certainly reasonable to assume that the animals per-
ceive their goals as desirable; and there is no reason why
simple consciousness could not also accompany other
forms of perception and influence other types of action.

Tools

The use and especially the making of tools require at least
short-term planning and adaptation of behavior to specific
and often unpredictable situations. Hart et al. (2001) de-
scribe how Asian elephants modify branches to make
them useful for fly switching. Many aspects of tool use by
chimpanzees are described in detail in Matsuzawa (2001).
Sousa and Matsuzawa (2001) demonstrated that captive
chimpanzees not only use tokens they have learned to ex-
change for desired food but also save the tokens for future
use. Tonooka (2001) described how some chimpanzees
fold leaves to hold drinking water.

New Caledonian crows (Corvus moneduloides) have
provided perhaps the most surprising and significant new
examples of tool use and manufacture, as described and
analyzed in detail by Hunt (1996, 2000a, 2000b) and Hunt
and Gray (2003). These crows probe for invertebrates in
crevices and use different types to probe in different loca-
tions. The most complex tools are of two types: twigs
stripped of leaves and often of bark and then cut so that a
short projecting piece of a branch forms a hook, and long
strips torn from pandanus leaves fashioned into tools by
removing material from one end to form a hook. The crows
then insert these hooks into cavities and drag out prey that
would otherwise be difficult or impossible to dislodge.
Although most hook tools are discarded after the prey has
been obtained, they are sometimes carried about or later
retrieved and reused. Young crows make clumsy efforts to
obtain food in this way and sometimes try to probe with
less effective pieces of vegetation.

Chapell and Kacelnik (2002) kept two New Caledonian
crows in an aviary where they spontaneously broke off
twigs and used them to probe into holes and crevices. When
presented with a favorite food placed in a 30-cm length of
clear plastic tubing open at only one end, the crows read-
ily picked up one of several sticks provided in the aviary,
held it in the bill and poked it into the open end of the tube
to drag out the food. The food was placed at varying dis-
tances in from the open end of the tube, and sticks varied
widely in length. In most cases the crows selected a stick
that was just long enough, or in a few cases longer than
necessary, to reach the food, and only rarely tried to use a
stick that was too short.

In later experiments by Weir et al. (2002) the same two
crows were presented with food in a small “bucket” with
a loop-shaped handle at its top. The experimenters placed
this at the bottom of a transparent vertical tube where it
could not be reached by the bird’s unaided bill. Two types
of wire probes were provided, one straight and the other
bent to form a hook at one end. It was much easier for the

birds to obtain the food with the hooked wire, although
the male once accomplished this with a straight wire.
When only a straight wire was available, in nine out of ten
trials the female bent the straight wire to form a hook and
used this to obtain food. Although the problem of extract-
ing food from a cavity was somewhat similar to natural
feeding behavior, this is an especially significant case of
innovative coping with a novel problem because wires are
not available to these crows under natural conditions, and
bending wires is a very different behavior from cutting
twigs or pandanus leaves. Weir et al. (2002) explain, “The
method used by our female crow is different from those
previously reported and would unlikely be effective with
natural materials... She had no model to imitate and, to
our knowledge, no opportunity for hook making to emerge
by chance shaping or reinforcement of randomly generated
behavior. She had seen and used supplied wire hooks be-
fore but had not seen the process of bending” (Weir et al.
2002, p. 981).

Communication can report subjective experience

After reviewing evidence that visual imagery appears to
be very similar in humans and monkeys, Frith et al. (1999,
p. 107) conclude that “to discover what someone is con-
scious of we need them to give us some form of report
about their subjective experience...however we do not need
to use language to report our mental experiences. Gestures
and movements can be made with a deliberate commu-
nicative intent...the same procedure can be used in studies
of animals.” This realization of the significance of com-
munication as a source of evidence about conscious feel-
ings and thoughts entails a simple transfer to animals of
the basic methods by which we infer what our human com-
panions are thinking or feeling, as discussed in detail by
Griffin (1976, 1984, 1998, 2001).

There are three general kinds of animal communica-
tion that are useful as evidence of conscious experiences:

1. Systems derived from simple components of human
language, such as manual gestures modified from the
sign language of the deaf, as reviewed by Fouts (1997),
the keyboard system used by apes at the Yerkes Labo-
ratory, as reviewed by Savage-Rumbaugh et al. (1998)
and the imitation of human words used meaningfully
by African grey parrots, as reviewed by Pepperberg
(1999). Fouts and Jensvold (2002) have video-recorded
chimpanzees using manual gestures modeled on the
sign language of the deaf to communicate with each
other in the absence of any human observer. Savage-
Rumbaugh et al. (1998) have added significantly to the
already abundant evidence that chimpanzees and bono-
bos communicate a variety of conscious thoughts and
emotional feelings by use of the Yerkes Laboratory key-
board system (which uses symbols for English words).
These apes also understand simple levels of human
speech. Pepperberg (1999) has provided a coherent ac-
count of her extensive studies of how African grey par-

12



rots’ use their imitations of human words to express
simple thoughts and answer moderately complex ques-
tions. Pepperberg and Lynn (2001) recognize that this
type of communication is evidence of perceptual con-
sciousness.

2. Experimental arrangements by which animals can com-
municate about their thoughts and feelings by responses
to controlled stimulation designed for this purpose. For
many years, animals have been used in experiments on
visual perception, and their manual responses, such as
pulling a lever or touching a spot on a computer screen,
or making intentional eye movements, have been taken
as reporting. In reference to binocular rivalry, for ex-
ample, Rees et al. (2002, p. 263) remark: “Monkeys
can be trained to report their percept during rivalry,
and their behaviour is similar to that of humans.” Her-
man (2002) has shown that captive dolphins can learn
not only to understand gestural commands from human
trainers but also that certain gestures represent body
parts. Xitco et al. (2001) report that dolphins can also
learn to point by orienting their bodies toward some
object. They were observed to do this only when a hu-
man companion was present, and the pointing was some-
times related to the dolphin’s receiving information
about an object via an underwater keyboard of sym-
bols modeled after the keyboards used with apes in the
Yerkes Laboratory.

3. Natural communicative behavior of animals. Some of
the most important new evidence about natural commu-
nication concerns alarm calls. Several new examples
have been added to the classic experiments of Seyfarth
et al. (1980) on the alarm calls of vervet monkeys (Cer-
copithecus aethiops) that designate which of three ma-
jor predators has been sighted. Zuberbühler et al. (1999a,
1999b) and Zuberbühler (2000, 2001) have found that
two other members of the genus Cercopithecus, Diana
monkeys (C. diana) and Campbell’s monkey (C. camp-
belli), use predator alarm calls that convey information
about which of two major predators (leopard or crowned
eagle) has been sighted. Diana monkeys also respond
appropriately to predator alarm calls of Campbell’s
monkeys. Fichtel and Kappeler (2002) have added to
earlier observations of predator alarm calls used by
lemurs. They found that redfronted lemurs (Eulemus
fulvus rufus) and white sifakas (Propithecus v. ver-
reauxi) give specific alarm calls only to the calls of
raptors or to lemur alarm calls elicited by raptors, while
other types of alarm calls given to mammalian preda-
tors are used more generally in other frightening situa-
tions. Manser (2001) has reported that in the social
mongoose (Suricata suricatta) different call types are
given in response to different predators, and that the
urgency of the danger is also indicated by the noisiness
of the call. From these and earlier studies it seems that
some animals can communicate both urgency and level
of arousal, and to a limited extent, the type of predator.
Alarm calling is not a stereotyped reaction, for vervet
monkeys occasionally withhold them, as discussed by
Cheney and Seyfarth (1990, pp. 107–109).

Intriguing and puzzling data about the alarm calls of
prairie dogs (Cynomys gunnisoni) have been reported in a
review by Slobodchikoff (2002). These social rodents 
that live in a colonial burrow system were presented with
real predators, models and human intruders, and the re-
sulting alarm calls were then recorded. Responses of the
prairie dogs to playbacks led Slobodchikoff to conclude
that “A call can identify the category of predator, such 
as coyote, domestic dog, or red-tailed hawk... Each cate-
gory of predator-specific calls elicits different escape re-
sponses...hawk and human alarm calls elicit running to
the burrows and diving inside... Coyote and domestic dog
alarm calls elicit either a running to the lip of the burrow
and standing at the burrow entrance (coyote) or standing
in place where the animal was feeding (domestic dog)”
(Slobodchikoff 2002, p. 258). If confirmed, this level of
semantic communication appears comparable to alarm
calling by vervet monkeys and calls for further investiga-
tion.

Invertebrate communication

It is very widely assumed that only vertebrate animals can
be conscious. But it is appropriate to ask how we can be
certain that this is correct. Although most recent investi-
gations of cognition have been restricted to mammals and
birds, increasing evidence of complex cognition indicates
that some invertebrates may take advantage of the effec-
tiveness of conscious thinking when faced with challeng-
ing problems. Reed (1982) and Crist (2002) have reminded
us that Darwin had no doubt that many animals are con-
scious of matters important to them, and that his studies of
earthworms convinced him that they experience simple
conscious thoughts about the tactile maneuvers by which
they plug their burrows. Mather (2003) has reviewed evi-
dence that cephalopods employ their complex color changes
in social communication.

Wilcox and Jackson (1998, 2002) have found exten-
sive experimental and observational evidence of complex
cognition in jumping spiders of the genus Portia, which
often prey on web-building spiders. To solve the challenges
of preying on larger venomous spiders, Portia must reach
moderately complex and appropriate decisions about spa-
tial relationships, taking long detours around obstacles to
reach a favorable location even when this requires losing
visual contact with the goal. They engage in a complex
form of communicative exchanges with their prey that in-
clude elements of deception. They approach the web qui-
etly and set some of its threads into vibrations similar to
the vibrations used in the courtship of the web-builder.
The Portia adjusts its own vibratory signals in response to
those of the web-builder in many subtle ways, tending to
emit a wide variety of vibratory signals but to repeat those
that attract the web-builder to the edge of the web. Wilcox
and Jackson (2002) conclude that their investigations
“bring us closer than we initially expected to something like
the cognitive implications of verbal language” (Wilcox
and Jackson 2002, p. 31).

13



Biesmeijer and Ermers (1999) have reviewed the so-
cial foraging behavior of neotropical stingless bees, which
do not use waggle dances like those of honey bees but re-
cruit nestmates to new food sources by transferring the
odors of flowers. They also use scent marks placed on de-
sirable food sources, and in some cases they mark the route
between colony and food. One species, Melipona panam-
ica, has been found by Nieh and Roubik (1995) and Nieh
(1998) to recruit more nestmates to a food source on the
ground or 40 m up on an observation tower in the rain for-
est, depending on which of the two the first bee had vis-
ited. Thus they have some method of indicating vertical
location of a food source. This may be accomplished by
means of acoustical signals in the nest cavity, as discussed
by Nieh (1999) and Aguilar and Briceno (2002).

Recent investigations of the symbolic communication
of honey bees have yielded new evidence of its versatility.
Although Wenner (1998) continues to claim that no infor-
mation is conveyed about the direction and distance to
food sources, Polakoff (1998) has described new experi-
ments showing that such information is transferred, even
when the food is a kilometer from the hive, and regardless
of the direction of the wind that might carry odors. This is
a much greater distance than in previous experiments that
led to the same conclusion.

Anderson and Ratnieks (1999) and Thom et al. (2003)
have analyzed how tremble dances, stop signals and shak-
ing signals fine-tune the basic message conveyed by wag-
gle dances. Tautz (1996). Sandeman et al. (1996) and
Tautz et al. (2001) have found increasing evidence that in-
formation from the waggle dances is transmitted from
dancer to other bees by vibrations of the honeycomb sub-
strate. Michelsen (2003), however, reports that both oscil-
lating air currents and a jet of moving air directed straight
behind a dancer may well provide bees following the dance
with more useful information than substrate vibrations or
direct contact between the dancer and the antennae of a
follower. The jet appears to be sufficiently intense to stim-
ulate the antennae of bees up to a few centimeters poste-
rior to a dancer.

Weidenmüller and Seeley (1999) have found much
smaller variability of direction indicated in waggle dances
of swarming bees reporting locations of possible new home
sites than in dances about food sources at the same dis-
tance. This provides support for the hypothesis of Towne
and Gould (1988) that the increasing variation in the latter
at increasing distances correlates with the typical size of
flower patches, and may well serve to spread the search-
ing efforts of newly recruited bees over a wider area than
the immediate vicinity of the source the dancer had just
visited. Waggle dances appear to vary in vigor or liveli-
ness depending on how urgently the colony needs nectar
or pollen. Although the number of times the dance is re-
peated clearly increases with the desirability of what the
dancer is reporting, it has been difficult to detect any dif-
ference in the individual cycles of the waggle dance. See-
ley and Buhrman (1999) have discovered that when sig-
naling high levels of desirability, the bee shortens the time
between the end of the straight waggle run and the begin-

ning of the next run, hurrying to repeat the information-
bearing portion of the dance.

After the dances on a swarm have narrowed down to
almost complete unanimity about the chosen cavity (to
which the swarm will move en masse), several additional
activities are necessary to achieve a liftoff by the whole
swarm, many members of which must first increase their
body temperature. Seeley et al. (1998) and Visscher et al.
(1999) have shown that this is accomplished by shaking
signals in which one of the more active bees literally shakes
a cooler sister by vigorous dorsoventral contact. Seeley
and Tautz (2001) describe an acoustical piping signal by
excited workers (many of which are nest-site scouts), who
“scramble through the swarm cluster pausing every sec-
ond or so to pipe. This also stimulates less active bees to
raise their body temperature enough to join in the flight to
the chosen cavity.”

Seeley and Buhrman (1999) have confirmed and ex-
tended Lindauer’s original observations that dancers on a
swarm sometimes visit and dance about more than one
cavity. They marked all the workers in three relatively
small swarms (2,357–3,649 workers) and video-recorded
all dances during the 2–3 days before the swarm flew off
to the chosen cavity. The scouts had visited and danced
about many cavities in different directions and at distances
up to 3 km, but within about an hour almost all dances in-
dicated the cavity to which the swarm flew off. Out of 
113 bees that initially danced about a nonchosen cavity,
34 changed their dances to indicate the chosen cavity. Most
of the others stopped dancing, but a few changed to a dif-
ferent nonchosen site. Nine continued dancing about a non-
chosen cavity, but 42% of the 156 bees that danced ini-
tially about the chosen site continued to do so until the
swarm flew off.

Camazine et al. (1999) and Visscher et al. (1999) con-
firmed Lindauer’s discovery that a few bees first dance
about one cavity then follow dancers describing a differ-
ent cavity and later dance about the latter. Several bees
were observed to visit and dance about both of two cavi-
ties located in desert terrain where there were almost no
natural cavities A few visited both cavities, many fol-
lowed dances about both, and a few interspersed dancing,
dance following, and cavity visiting in a way that pro-
vided opportunities to compare dance messages and the
cavities themselves. In some cases, dancers changed their
dances to match dances they had followed without visiting
the second cavity. In other words an exchange of commu-
nicative signals resulted in a change of subsequent dances.
This is a rare case of chain communication and means that
the whole sequence of visiting cavities and dancing about
them is not rigid and inflexible, but is sometimes changed
on the basis of information learned by following dances.

All of this new evidence narrows slightly but signifi-
cantly the enormous gap between honey bee communica-
tion and human language. Many find it difficult even to
conceive of the possibility that honey bees could be con-
scious to any degree at all. But the dance communication
system provides us with the same general kind of evidence
that we routinely use to infer human conscious experiences.
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Of course the content of any conscious experiences of
bees must be very different from any human thoughts. But
if this category of evidence is valid for us, it must, in prin-
ciple, be valid for other animals as well.

One reason for the widespread skepticism that bees
could be conscious is that they do not learn their commu-
nication system. But many basic components of human
speech have a genetic basis, and bees must learn the spe-
cific content of messages they communicate. Furthermore
bees are capable of most types of learning found in verte-
brates, as reviewed by Bitterman (1996, 2000). Giurfa et
al. (2001) report evidence that bees can learn to distin-
guish the categories of same and different. The accumu-
lating evidence of communicative versatility has led See-
ley (2003) to conclude that “Although there is no evidence
that worker bees possess reflective consciousness, I feel
that the impressive cognitive abilities shown by worker
bees in producing their communication signals are strong
evidence that these creatures possess a degree of percep-
tual consciousness... (They) do not merely respond to ob-
jects and events in the environment, but are conscious of
them in the sense that they experience perceptions and
memories of these things.”

Discussion

Although no single piece of evidence provides a “smok-
ing gun” that proves with total certainty that pA, the prob-
ability of awareness, is 1.0, the cumulative impact of the
data reviewed above, together with abundant evidence pre-
viously available, renders it far more likely than not that
animal consciousness is real and significant. The basic na-
ture of central nervous system function is much the same
in all animals with central nervous systems, despite wide
variation in gross anatomy and concentration of particular
functions in specific areas of the brain. No uniquely hu-
man correlate of consciousness has been discovered.

A truly comparative neuroscience of consciousness has
begun to develop. Many interesting animal brains are too
small for adequate localization of function by the cur-
rently available imaging procedures; but this formidable
difficulty is beginning to be overcome (Logothetis et al.
1999, 2002). Along with new electrophysiological meth-
ods (Rees et al. 2002; Crick and Koch 2003), imaging
techniques may eventually be adapted to search in a vari-
ety of animals for the neural correlates of consciousness if
and when these are convincingly identified in human and
monkey brains. If this proves possible, the results will add
a new dimension to cognitive ethology. Although identifi-
cation of the NCC is highly desirable, it is not absolutely
essential. For once we open our minds to the possibility
that versatility in response to unpredictable challenges,
and communication – broadly conceived – reveal some of
the conscious experiences of animals, we can gather abun-
dant and significant objective data on which to base sci-
entific investigations. The next major challenge and op-
portunity for students of animal mentality is to learn what

particular animals are aware of, that is, the content of their
conscious experience and what their lives are actually
like, to them.
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