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Abstract
Pioneering research on avian behaviour and cognitive neuroscience have highlighted that avian species, mainly corvids and
parrots, have a cognitive tool kit comparable with apes and other large-brainedmammals, despite conspicuous differences in their
neuroarchitecture. This cognitive tool kit is driven by convergent evolution, and consists of complex processes such as casual
reasoning, behavioural flexibility, imagination, and prospection. Here, we review experimental studies in corvids and parrots that
tested complex cognitive processes within this tool kit. We then provide experimental examples for the potential involvement of
metacognitive skills in the expression of the cognitive tool kit. We further expand the discussion of cognitive and metacognitive
abilities in avian species, suggesting that an integrated assessment of these processes, together with revised and multiple tasks of
mirror self-recognition, might shed light on one of the most highly debated topics in the literature—self-awareness in animals.
Comparing the use of multiple assessments of self-awareness within species and across taxa will provide a more informative,
richer picture of the level of consciousness in different organisms.
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Despite some avian species, primarily corvids and parrots,
having been portrayed as astute beings in the folklore of many
civilizations (with examples ranging from the observations of
ancient Greeks and Norse and Native Americanmythology, to
many of Aesop’s fables and other popular tales), the study of
intelligence has focused, traditionally, on our closest relative
species, such as monkeys and apes and on a few other large-
brained social mammals, such as elephants and cetaceans.
Avian cognition was primarily investigated by using an an-
thropocentric approach in which a few avian species—mainly
pigeons, chickens, and quails—had been extensively used to
investigate the building blocks of cognition, such as associa-
tive learning and perception, that are shared in humans and
nonhuman animals (Emery, 2016; Seed, Emery, & Clayton,
2009; Wynne & Udell, 2013). This is attributable to the

widespread prior assumption that avian species were only ca-
pable of instinctual behaviours, did not have complex cogni-
tion, and that their brains were primitive. This understanding
was influenced by Edinger’s (1899) erroneous proposal that
the avian brain is mainly composed of parts evolved from the
striatum, a structure involved in instinctive behaviours, rather
than the cortex.

However, in the mid-1900s early work by Thorpe on the
mechanism of chaffinches’ song acquisition highlighted a
complex interplay between instinct and learning. By
experimentally isolating the birds and providing a live tutor
or a prerecorded song, Thorpe showed that the chaffinch first
learns what to sing and then how to sing it. This observation
initiated the neurophysiological investigation of the
mechanisms involved in song development. Thorpe (1964)
pointed out how the poor understanding of the evolution of
the avian brain has affected our view of birds as capable of
learning and cognition:

The poor development in birds of any brain structures
clearly corresponding to the cerebral cortex of mammals
led to the assumption among neurologists not only that
birds are primarily creatures of instinct, but also that
they are very little endowed with the ability to learn.
There is no doubt that this preconceived notion, based
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on a misconceived view of brain mechanisms, hindered
the development of experimental studies on bird learn-
ing. (p. 336)

The implications of these early studies on song acquisition
in Oscines species were not lost on Pepperberg, who noticed
that existing data on bird song was beginning to suggest par-
allels between song acquisition in songbirds and the vocal
learning ability of parrots, including the importance of imita-
tion (e.g., Lorenz, 1952; Marler, 1970; Mowrer, 1950), the
existence of a practice or “babbling” period (e.g., Marler,
1970; Mowrer, 1950; Thorpe, 1964), and the presence of spe-
cific “song” brain areas that might also be involved in the
production of other types of vocalizations (e.g., Nottebohm,
1970, 1980). She decided to use grey parrots as a model to
develop a referential, interspecies communication system, as
had previously been done with apes (e.g., Gardner & Gardner,
1969; Pepperberg, 1999, 2002b; Premack, 1971; Rumbaugh
et al., 1973), but more importantly to use this communication
system as a tool to study complex cognitive abilities, especial-
ly those that would otherwise have been difficult or impossi-
ble to access without it, as well as advanced, learned abilities
that she termed “exceptional learning” (Pepperberg, 1999,
2002b). To establish such a functional, referential communi-
cation system, Pepperberg reasoned that earlier failures were
likely due to ineffective training methods (Pepperberg, 2002a)
and set out to find more ecologically valid alternatives.

Early work by Todt (1975) had shown the effectiveness of
a social training method he called the model/rival (M/R) tech-
nique to teach Grey parrots to produce vocal labels: This tech-
nique required a principal human trainer, who asked questions
to another human model, who then responded to the trainer as
if he were the parrot subject, all while the actual parrot being
trained watched. The responding human thus acts both as a
model for desirable behaviour and responses, as well as a rival
to the parrot for the attention of the principal trainer (Todt,
1975). Pepperberg modified the M/R to become additionally
interactive and more contextually rich by including three-way
interactions between both human trainers and the parrot
subject—such that neither human is the principal trainer—
and to hold referential value by making use of the objects that
were being used for training as the reward itself, rather than an
external, irrelevant food reward, in practice assigning a refer-
ential and contextual use to the label being trained
(Pepperberg, 1999). Pepperberg also validated this training
method and showed, by examining piece-wise modifications
of this training, that removing or lessening the referential,
contextual, and socially interactive aspects of the procedure
(as well as any subset of these) resulted in lessened or
interrupted learning (Pepperberg, 1994b, 2000; Pepperberg,
Gardiner, & Luttrell, 1999; Pepperberg & Wilkes, 2004).

With the use of this adapted M/R technique, Pepperberg
succeeded in establishing a referential, verbal interspecies

communication system with parrots (initially one and later
others), the most notable of which, Alex, learned more than
100 different labels, including those for seven colours, six
shapes, eight numbers, several foods, and categories, plus
phrases used to request actions from his trainers, such as
“Wanna go X, I want Y” (where X and Y are placeholders
for locations and objects in the lab, respectively; Pepperberg,
1987a, 1992a, 1994a). With this social, interactive training
model, she was able to investigate several complex cognitive
abilities, including Alex’s understanding of the concepts of
“same” and “different”: When shown two objects, he was able
to identify the specific category they either shared or differed
in, depending on the question and the specific attributes of the
set—for instance, responding “shape” when asked about the
similarity of two triangles of different materials and colours
(Pepperberg, 1987a). If the question posed had no correct
answer, he used the label “none” to indicate that circumstance
(Pepperberg, 1988), a concept he later transferred to denoting
a lack of a size difference in two objects (Pepperberg &
Brezinsky, 1991), and later to the absence of a numerical set
(Pepperberg &Gordon, 2005). Alex’s understanding of a con-
cept of absence even allowed investigation into his use of
“none” as a “zero-like” concept, among other numerical abil-
ities, including answering “how many?” up to “eight,” and
adding up to three small sets of up to eight objects or Arabic
numerals, among others (Pepperberg, 1987b, 2006a, 2006b;
Pepperberg & Carey, 2012).

The study of avian cognition has been greatly amplified
and diversified ever since, with a vast number of experiments
investigating the advanced cognitive abilities of corvid species
(for a nonexhaustive review, see Lambert, Jacobs, Osvath, &
Von Bayern, 2018). In the last decade, there has been a reno-
vated interest in parrot cognition as well (Auersperg & Von
Bayern, 2019; Lambert et al., 2018). Such advances came
together with developments in the neurobiological study of
avian brains, which led credence to the idea that avian brain
structures were indeed capable of supporting complex cogni-
tive abilities. Yet even before such neurobiological data be-
came available, Pepperberg used a very appropriate analogy to
grasp the then-missing understanding of the relationship be-
tween avian and mammalian brains:

The metaphor I like to use involves looking at avian and
mammalian brains as early Macintosh versus IBM-style
computers: These different information-processing ma-
chines use the same wires, and when you enter the same
data into their programs you get the same results—but
the wires are organized differently and you must use
programs designed for their differently configured
systems. (Pepperberg, 1999, pp. 9)

An analogy that is still useful decades later.
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We will now summarize recent developments in the scien-
tific understanding of bird brains and discuss experimental
evidence for the existence of complex cognition in members
of the corvid and/or parrot families. The cognitive abilities that
we will examine are part of a cognitive tool kit that evolved
convergently in different bird and mammal species. We argue
that the abilities demonstrated within such a tool kit involve
the ability to assess and monitor internal states, also defined as
metacognition. We will develop this argument further and
propose that research into metacognition and revised tests of
self-recognition can be used to provide evidence of self-
awareness in avian species.

Neurobiological evidence: The avian brain

The complex cognitive abilities demonstrated by corvid and
parrot species (some of which will be discussed in more detail
in the next section) were thought to be unlikely because of
Edinger’s assumption that the brain of avian species was
mainly composed of regions evolved from the striatum, and
thus unlikely to be capable of complex cognition (Edinger,
1899). The availability of more advanced technology and re-
search efforts by the Avian Brain Nomenclature Consortium
have challenged this initial erroneous assumption (Jarvis et al.,
2005; Jarvis et al., 2013; Reiner et al., 2004). Part of the avian
telencephalon derives from the pallium of a stem amniote
ancestor shared among all mammals, reptiles, and birds. In
mammals, during the course of evolution, the dorsal region
of the pallium expanded to form the neocortex. The ventral
pallium remained small, with the medial pallium forming the
hippocampus, the lateral pallium forming the olfactory cortex,
and the ventral pallium forming the amygdala. In reptiles and
birds, a ventralization of the pallium occurred instead. In rep-
tiles, the medial, dorsal, and lateral pallium regions remained
small, while the ventral pallium expanded. Similarly, in birds,
the ventral pallium expanded further, and the dorsal pallium
evolved into theWulst. In birds, the lateral and ventral regions
of the pallium seem to play a key role in cognition (Clayton &
Emery, 2015; Emery, 2016). Although the structure and orga-
nization of the avian brain (nuclear) is different from the mam-
malian (layered) brain, they do process similar information in
equivalent ways (L. Medina & Reiner, 2000; Jarvis et al.,
2013). In fact, a strong similarity in different sensory systems,
like visual and auditory systems, and even in motor systems,
exists between mammals and birds, suggesting an underpin-
ning convergent evolution (L. Medina & Reiner, 2000;
Shimizu, Patton, & Husband, 2010; Shimizu & Watanabe,
2012). Furthermore, complex cognition in birds is thought to
be supported by a brain region called nidopallium
caudolaterale (NCL) that is thought to be functionally equiv-
alent to the prefrontal cortex (PFC) of mammals (Güntürkün,
2005; Güntürkün & Bugnyar, 2016). For example, evidence

based on connectivity studies have highlighted that NCL has a
crucial role in receiving and processing information and af-
fects behaviour through its connection with the striatum in a
similar fashion to the mammalian PFC (Güntürkün, 2005;
Güntürkün & Bugnyar, 2016). Lesion studies and evidence
of its being densely populated by dopamine receptors (D1 and
D2) support the assumption that the NCL plays a role in the
executive function tasks (Clayton&Emery, 2015; Güntürkün,
2005; Güntürkün & Bugnyar, 2016). In addition, the involve-
ment of the basal ganglia (striatum) in song learning (social
modulation) does not support the statement that its role is only
confined to behaviours guided by instinct (Hessler & Doupe,
1999; Reiner et al., 2004).

Additionally, parrots, as well as some passerine birds in-
cluding corvids, have significantly larger brains and cortex
than most nonpasserine birds relative to their body sizes, and
in some cases larger than or comparable to that of primates of
the same body mass (Iwaniuk, Dean, & Nelson, 2005). Birds
in general were found to have two brainstem pontine nuclei
that connect the telencephalon and the cerebellum, something
mammals also have and that is thought to be associated with
the evolution of complex cognitive abilities (Gutiérrez-Ibáñez,
Iwaniuk, & Wylie, 2018). Birds also have an additional nu-
cleus in this system, which is enlarged in parrots and highly
correlated with telencephalon size; this pathway may be anal-
ogous to the pathways controlling fine motor skills and com-
plex cognitive processes in mammals (Gutiérrez-Ibáñez et al.,
2018). Most parrots, with the exception of the New Zealand
keas, have also been found to have an additional “song sys-
tem” in their brains, forming a shell around the primary song
system common to parrots, songbirds, and hummingbirds
(species considered to be vocal learners; Chakraborty et al.,
2015). Considering the ubiquity of this additional “shell” sys-
tem in the brains of parrots with advanced vocal mimicry
abilities, as well as its absence, except in a rudimentary fash-
ion, in the brain of the kea, a species not known to be very
skilled at vocal reproduction, this system is thought to be
responsible for the advanced abilities of most parrots to repro-
duce heterospecific vocalizations, and is also tentatively pos-
ited to be involved in advanced cognitive capacities
(Chakraborty et al., 2015). The brains of songbirds and parrots
have an extremely high density of neurons, with more neurons
than primate brains of comparable mass (Olkowicz et al.,
2016). In the corvids and parrots studied, neurons are espe-
cially densely packed in their forebrains (specifically in the
pallial telencephalon); this finding suggests they may have
more brain capacity per unit area than somemammals thought
to be capable of more complex cognition (Olkowicz et al.,
2016). Although there may be fundamental differences in
the size and structure of avian and mammalian brains, they
share analogous neuroanatomical components responsible for
cognitive processes. The similarities are not limited to the
neuroanatomical components underlying their cognitive
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processes, but rather birds and mammals might also represent
their social and physical worlds in similar ways (Emery, 2004,
2006; Emery & Clayton, 2004a; Seed et al., 2009; van Horik
& Emery, 2011).

Complex cognition

In light of this evidence, it is now unsurprising that similar
complex cognitive abilities have been reported in corvids and
primates, and that convincing evidence has been described
also in parrots, elephants, and dolphins, suggesting a cognitive
tool kit that has evolved independently several times (Emery,
2004; Emery & Clayton, 2004a; Lambert et al., 2018; Marino,
2002; Marino et al., 2007; Plotnik & Clayton, 2015; Seed
et al., 2009; Tomasello & Call, 1997; van Horik & Emery,
2011; van Horik, Clayton, & Emery, 2012). Emery and
Clayton (2004b) suggested that, at least in corvids and apes,
and more likely some other birds (e.g., parrots) and mammals
(e.g., cetaceans), this cognitive tool kit consists of causal rea-
soning, behavioural flexibility, imagination, and prospection.
Furthermore, they argued that it evolved in response to
socioecological challenges (Emery & Clayton, 2004b).
These advanced cognitive skills were unlikely to be present
320 million years ago when birds and mammals shared a
common ancestor, and therefore it is likely that this shared
cognitive tool kit evolved independently in these two groups
of species (Emery & Clayton, 2004b; Kabadayi, Bobrowicz,
& Osvath, 2018; van Horik & Emery, 2011; van Horik et al.,
2012). By considering such cognitive abilities as adaptive
specializations shaped by evolution, it is possible to obtain
insights into the evolutionary challenges and problems each
species needed to solve over its evolutionary history, and bet-
ter understand cognitive mechanisms that arose to solve them
(van Horik et al., 2012). However, because these different
species evolved under similar socioecological challenges, it
is possible to hypothesize that intelligence evolved through
convergent evolution in this group in response to similar se-
lective pressures and allow us to reconstruct the evolution of
intelligence (Amodio, Boeckle, Schnell, et al., 2019b; Emery
and Clayton, 2004a, b; Fox, Muthukrishna, & Shultz, 2017).
The conspicuous differences in evolutionary history and brain
structure between species suggest that intelligence evolved
independently several times and that different neural sub-
strates can support similar cognitive capability (Güntürkün
& Bugnyar, 2016; Roth, 2015).

For example, corvids are well known for their abilities to
use, manufacture, and innovate tools, and these can be con-
sidered advanced cognitive abilities in the physical domain,
that make use of causal reasoning, flexibility, and imagination
from this cognitive toolbox (Cheke, Bird, & Clayton, 2011;
Davidson, Miller, Loissel, Cheke, & Clayton, 2017; Emery
and Clayton, 2004a, b, 2009b; Jacobs, von Bayern, &

Osvath, 2016; Kabadayi & Osvath, 2017; Miller, Logan,
Lister, & Clayton, 2016; Rutz, Klump, et al., 2016a; Rutz,
Sugasawa, van der Wal, Klump, & Clair, 2016b; Sanz, Call,
& Boesch, 2013; Seed & Byrne, 2010; Weir, Chappell, &
Kacelnik, 2002). Species that are not necessarily tool users or
makers in the wild have been shown to do so in the laboratory
(Auersperg, Szabo, Von Bayern, & Kacelnik, 2012; Bird &
Emery, 2009a, 2009b; Cheke et al., 2011). In a series of inge-
nious tests, rooks were able to select the appropriate tool based
on its physical appearance or to shape wire into a hook to
retrieve food (Bird & Emery, 2009a). Bird and Emery (2009),
inspired by a Greek fable, also tested whether rooks grasped the
floating properties of water to retrieve waxworms baited inside
a transparent, water-filled cylinder (Bird & Emery, 2009b).
Rooks not only used stones to increase the level of the water
but also selected the right number of stones and avoided un-
solvable trials in which the cylinder was filled with sand.
Similar experiments have been replicated in Eurasian jays and
New Caledonian crows, showing to some extent the sophisti-
cated causal properties of water displacement (Amodio,
Boeckle, Jelbert, Ostoijc, & Clayton 2019a; Amodio,
Boeckle, Jelbert, Ostoijc, & Clayton, 2019b; Cheke et al.,
2011; Jelbert, Taylor, Cheke, Clayton, & Gray, 2014; Jelbert,
Taylor, &Gray, 2015). Some parrot species have also displayed
the ability to use and manufacture tools, primarily in the labo-
ratory, but occasionally in the wild (Lefebvre, Nicolakakis, &
Boire, 2002; Shumaker, Walkup, & Beck, 2011). Palm cocka-
toos have been observed to use sticks to drum against tree
hollows in auditory displays in the wild (Wood, 1984), and
there is evidence that some wild Goffin’s cockatoo individuals
may also already be using tools in a foraging context, or be at an
evolutionary tipping point between flexible extractive foraging
and true tool use (Osuna-Mascaró & Auersperg, 2018). In cap-
tivity, there is anecdotal evidence of Grey parrots and cockatoos
using objects in a tool-like fashion, such as for scratching them-
selves or, in at least one occasion, using the shell of a nut to
collect water from a bowl for drinking (Boswall, 1977).
Additionally, in experimental contexts, keas have shown the
ability to select functional tools appropriately (Auersperg,
Gajdon, & Huber, 2010), and Goffin’s cockatoos were found
to manufacture, use, and modify stick and metal hook tools
functionally (Auersperg, Borasinski, Laumer, & Kacelnik,
2016; Auersperg et al., 2012; Laumer, Bugnyar, Reber, &
Auersperg, 2017). An interplay between behavioural predispo-
sition, learning, and living conditions has been suggested to be
the drive behind the evolution of tool use (Amodio, Jelbert, &
Clayton, 2018).

Mental time travel (MTT) is another complex cognitive
skill found in some bird species. It is associated with flexibil-
ity and prospection from the cognitive toolbox, and defined as
the ability to recall specific past experiences (episodic memo-
ry) and imagine future events in order to plan for them (future
thinking; Clayton, Bussey, & Dickinson, 2003a; Suddendorf
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& Corballis, 1997; Suddendorf, T., Addis, D. R., & Corballis,
2009; Tulving, 2005). The view that MTT is a uniquely hu-
man feature because it consists of the ability to recall subjec-
tive experiences (phenomenological aspects) and to project
oneself into the past (reexperience) or future (preexperience)
has been challenged by defining the behavioural elements of
episodic cognition (Clayton, Bussey, et al., 2003a; Griffiths,
Dickinson, & Clayton, 1999). In 1998, Clayton and Dickinson
proposed a definition of “episodic-like memory” that includes
the behavioural elements (what, where, and when) of a spe-
cific event that nonhuman animals could recall. Capitalising
on their natural propensity to store food, Clayton and
Dickinson (1998) showed experimentally that scrub jays re-
member when, where, and what food they stored during a
single previous experience (Clayton & Dickinson, 1998,
1999). Californian scrub jays had the opportunity to cache
perishable (waxworm) and long-lasting peanuts. The jays
preferentially recovered the waxworms when the time delay
interval was short, whereas peanuts were preferred to the
waxworms (which could have decayed to be inedible) when
the time interval was long (Clayton & Dickinson, 1998). This
experiment demonstrates that the jays’ behaviour met the
what, where, and when content criteria for episodic-like mem-
ory. To avoid the inedible food, the birds must have recalled
what they have cached, where, and when. Because of the
unique visual and spatial elements used in each cache site,
the birds must have also remembered the what, where, and
when linked with a single trial. This content, in scrub jays,
forms an integrated structure that makes it possible to classify
episodes that are not spatially and temporally related and to
discriminate different episodes that share common aspects
(e.g., when the animal recalls one aspect of a specific event,
it will be able to retrieve the other components automatically
(Clayton, Yu, & Dikinson, 2001).

Jays also use the information retained in memory flexibly
and across different contexts. For example, when scrub jays
had the opportunity to cache perishable and long-lasting foods
in different locations of a tray and subsequently experienced
that the perishable food degraded faster than expected, they
preferentially searched for the long-lasting food when given
the opportunity to recache in the original tray (Clayton, Yu, &
Dickinson, 2003b). Scrub jays therefore are able to update
their knowledge about the rate of degradation of food and to
integrate this information with their bounded memory of a
specific caching event to change their preference during the
recovery time (Clayton, Bussey, et al., 2003a). To date, only
scrub jays meet the behavioural properties of episodic-like
memory, as defined in humans—namely, content, structure,
and flexibility (Clayton, Bussey, et al., 2003a). Furthermore,
scrub jays show the ability to plan spontaneously for the future
in a way that is not dependent onmotivational states (Cheke&
Clayton, 2012; Correia, Dickinson, & Clayton, 2007; Emery
& Clayton, 2001; Raby, Alexis, Dickinson, & Clayton, 2007).

In the initial experiment carried out by Raby et al. (2007),
birds were moved in two different cages over 6 days, and only
in one of the two rooms they received breakfast. After a period
of training, the jays received food to eat and cache. The jays
cached more food in the nonbreakfast cage, where they would
have been hungry later, compared with the cage where break-
fast was always provided. In a “breakfast-choice” experiment,
they were always given breakfast, but each cage was associ-
ated with a specific type of food. In this case, instead of cach-
ing based on a conditioned response (association between a
specific food and cage), they cached more based on maintain-
ing variety in the food available later, suggesting their prefer-
ence for having a choice. In a subsequent study (Correia et al.,
2007), scrub jays were satiated on a type of food (reducing the
motivation for one specific food relative to another option)
before having the opportunity to cache that and other food
options. Later, before the recaching event, the birds were fed
with the same or a different food. The birds that were fed with
the same food begun to cache preferentially the food they had
not been satiated with, consistent with the expectation they
would desire the different food at recovery. On the other hand,
the group of birds that where fed with a different food just
before the recovery trial recached the food they had been
prefed with before the caching trial, despite the fact they had
just been prefed with it before being allowed to cache. This
supports the idea that those jays were able to cache food ac-
cording to their future desires, rather than their current ones. In
a follow-up experiment, Cheke and Clayton (2012) provided
further evidence that the Eurasian jays are able to overcome
their current needs to cache food that they will want to eat in
the future, and furthermore that they can do so for two inde-
pendent future motivational states.

Corvids also show remarkable, complex sociocognitive abil-
ities (Emery, Seed, von Bayern, & Clayton, 2007; Grodzinski
& Clayton, 2010), and some level of self-awareness would be
highly advantageous, and perhaps even required, for successful
life in complex social groups such as those of many corvids and
parrots (Bond & Diamond, 2019; Emery et al., 2007; Tebbich,
Taborsky, & Winkler, 1996). Early work by von Bayern and
Emery on jackdaws shows a wide, accurate, and flexible range
of social cues they can read and respond to appropriately, both
from conspecifics (familiar individual) and heterospecifics (hu-
man distal pointing and gaze alternation and different levels of
attention) during social interactions and cooperative–
competitive tasks to locate food sources (von Bayern &
Emery, 2009a, 2009b). Corvids often hide food to consume it
in the future, and this posits a risk of it being pilfered, especially
in species that forage in large social groups. Indeed, cache-
protection strategies employed by some corvid species have
evolved to protect their food from a potential pilferer (Dally,
Clayton, & Emery, 2006a). The decision to protect the food is
dependent on whether the conspecific is present or absent
(Emery & Clayton, 2001). When birds are caching in private
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(not seen by another conspecific) they tend not to protect their
food, whereas they do so when being observed by another indi-
vidual. In a more controlled setting, scrub jays and Eurasian jays
adopt several appropriate strategies to protect their food, such as
relocating the cached items in new locations, caching behind a
barrier or further away from a direct competitor, in shady spots
rather than well-lit ones, and also reducing indirect cues that
would indicate the location of the caching zone, especially when
observed by a potential pilferer (Dally, Emery, & Clayton, 2004,
2005, 2006b; Emery & Clayton, 2001; Legg & Clayton, 2014;
Legg, Ostojić, & Clayton, 2016; Shaw & Clayton, 2013;
Tornick, Rushia, & Gibson, 2016). Caching protection strategies
are also dependent on social status (dominant vs. subordinate)
and the relative risk posed by the observer (Clayton, Dally, &
Emery, 2007). The caching protection strategies used by some
corvids underline a capacity of perspective taking and knowledge
attribution from both the one that caches and the thief’s perspec-
tive, such as a knowledge of what they themselves or others have
or have not seen, or the use of apparently deceptive strategies
such as the creation of false caches (Emery & Clayton, 2009a).
Interestingly, the adoption of caching strategies is dependent on
having experience of stealing food and projecting this experience
on others (Bugnyar, Reber, & Buckner, 2016; Clayton et al.,
2007; Dally, Emery, et al., 2006b; Emery and Clayton, 2004a,
b, 2008; Grodzinski & Clayton, 2010; Keefner, 2016). The hy-
pothesis that corvids are able to take the prospective of others into
account is validated also by food-sharing studies in which
Eurasian jays take into account the desire of the female partner
by offering, if given a choice and they had seen their partner
being prefed, a type of food the partner had not previously con-
sumed (Ostojić et al., 2014; Ostojić, Shaw, Cheke, & Clayton,
2013). Ostojić and colleagues investigated whether male
Eurasian jays could attribute changes in an internal desire state
to their female within the context of food sharing during cooper-
ative courtship behaviour. The desire for a particular food in the
female was manipulated by satiation for that particular food,
whereas the motivation to consume another type of food was left
unaltered (Correia et al., 2007; Dickinson&Balleine, 1995). In a
series of experiments, the male Eurasian jays shared food by
matching the females’ current food preference (food she had
not previously been satiated with). Males could only match the
female’s preferences when they had seen her being prefed, but
did not match correctly when they had not, indicating they re-
quired information regarding the food females had previously
consumed to do so, and the female was not behaviourally indi-
cating what she wanted to them. A subsequent experiment in
which males could not share food with the females, but rather
only eat it themselves, also showed that the males’ own desires
had not been influenced by what food they had observed the
female eat, and therefore their own preferences could not be
the basis of their sharing behaviour (Ostojić et al., 2013). In
another experiment, Ostojić and colleagues were able to demon-
strate that Eurasian jays were partially able to disengage from

their own current desire. In fact, when the desire of the pairs
matched (being prefed on the same food), the male shared the
food preferred by both; when the desired food did not match
(being prefed on different foods), the sharing pattern was guided
not entirely by his own desire but also by the desire of the partner
(Ostojić, Cheke, Shaw, Legg, & Clayton, 2016; Ostojić et al.,
2014).

At least some, if not all, of the complex abilities discussed
above implicate some level of metacognitive ability. In par-
ticular, here, we adopt a definition of metacognition that re-
fers to the ability of an individual to access and monitor their
own internal cognitive processes (e.g., what they have seen,
know, and what they remember; Fernandez-Duque, Baird, &
Posner, 2000; Metcalfe, 2009; Terrace & Son, 2009), regard-
l e s s o f the more advanced capac i ty to acces s
metarepresentational states of the self (Carruthers, 2014).
For example, in order to respond appropriately to novel and
untrained socioecological challenges such as those involved
in complex social cognition experiments, it is plausible to
assume that individuals are able to access mental information
to evaluate the risk and prospect of achieving their goal
(Smith, 2009). Likewise, the ability to carry out separate ac-
tions in appropriate sequential fashion to solve a task
(metatool use) requires the ability to realize what is known
and what is unknown (Gruber et al., 2019; Taylor, Hunt,
Holzhaider, & Gray, 2007). More striking are abilities such
as those involved in mental time travel, either to the past as
episodic-like memory, or to the future as prospection, in
which metarepresentational states may even be necessary: a
jay’s ability to form an integrated, “what-where-when” mem-
ory of a caching event, and then use this memory to make
appropriate cache-recovery decisions, suggests some level of
self-representation within this complete memory—a repre-
sentation so full and complex surely must include some
amount of the subject’s own “self” in it. Likewise, the ability
to cache appropriately with future needs in mind, separate
from current motivational states, may be indicative of a rep-
resentation of “self”: It may require imagining one’s own
situation in the future, and acting accordingly in the present
to benefit oneself when mentally projected into the future.

The existence of metacognitive abilities in psittacine spe-
cies could also be inferred from their performance on cogni-
tive tasks. For example, some of Alex’s abilities suggest his
use of higher level cognitive processes, presumably requiring
somemonitoring of processes at lower levels. For instance, his
ability to correctly answer questions regarding the number of
objects within a mixed set that fulfilled one or more categor-
ical criteria, such as “How many keys?” for a tray with a
certain number of keys mixed with a certain number of pieces
of cork (Pepperberg, 1987b), or “How many purple wood?”
for a tray holding, for instance, one orange piece of chalk and
two orange pieces of wood, intermixedwith four purple pieces
of wood and five purple pieces of chalk (Pepperberg, 1994a),
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cannot be explained by using a simple perceptual mechanism
such as subitizing; rather, it requires cognitive reflection on
the appropriate conjunction of features requested, in addition
to counting of the objects fulfilling such criteria and
disregarding those that do not, to produce a correct answer
(Pepperberg, 1992a, b, c). Additionally, Alex’s use of the
label “none” to answer to a lack of perceptual similarity or
size difference between two objects (Pepperberg, 1988;
Pepperberg & Brezinsky, 1991), as well as the absence of a
numerical set (Pepperberg & Gordon, 2005), likewise re-
quired more complex processing of information and of the
correct solution to a question, or lack thereof, rather than use
of perceptual cues or simple associations alone. However, a
handful of studies with Grey parrots suggest they may also be
appropriate subjects for direct metacognitive investigation.
These experiments (probabilistic reasoning, Clements, Gray,
Gross, & Pepperberg, 2018; inference by exclusion,
Mikolasch, Kotrschal, & Schloegl, 2011; Pepperberg, Gray,
Mody, Cornero, & Carey, 2019; Pepperberg, Koepke,
Livingston, Girard, & Hartsfield, 2013) were not designed to
examine, and cannot conclusively show, metacognitive abili-
ties, but because of the requirements of the tasks, their results
were consistent with the possibility that the parrots were
accessing, or at least using information from, their own states
of certainty or uncertainty regarding the “correct” choices for
each task in order to enable successful responses. Such evi-
dence, suggestive of at least some awareness of the parrots’
state of their own knowledge, highlights the need for dedicat-
ed metacognitive studies in psittacine species to complement
the data from these experiments and allow for better compar-
isons with other species already examined.

Beyond this indirect evidence of metacognitive skills in
corvids and parrots, more formal tests of metacognitive abili-
ties have also been conducted in some avian species.
Metacognition is often assessed in non-human animals using
the opt-out and the information-seeking paradigms
(Grodzinski, Watanabe, & Clayton, 2012; Smith, 2009;
Smith, Couchman, & Beran, 2014). The underlying idea of
these paradigms is to challenge an individual with an uncer-
tain situation and quantify their escape responses or
information-seeking behaviour. An uncertain response is
interpreted as indirect evidence of the subject’s awareness of
their own state of knowledge (Call & Carpenter, 2001).
However, this claim requires further assessments, such as
those testing the flexibility of the behaviour. Watanabe and
colleagues (Grodzinski et al., 2012; Watanabe, Grodzinski, &
Clayton, 2014) tested the flexibility of the behaviour exhibited
by Western scrub jays in a task that required them to allocate
different observational times under different circumstances in
order to locate food. In the forced-choice condition, it was
essential to observe the hiding procedure to later retrieve the
reward. After being given the possibility of experiencing the
consequences of having information in each condition, the

birds made more looks and spent more time looking through
the peephole in the free-choice condition where, in other
words, the information was necessary. The jays’ flexible be-
haviour (based on current knowledge and reward evaluation)
cannot be explained by simpler associative/conditioning
learning, but rather should be interpreted as evidence of
metacognitive abilities.

We propose that the complex cognitive and metacognitive
abilities demonstrated in avian species (e.g., the ability to re-
call the past and imagine the future, perspective taking, and
access to one’s own states of knowledge) imply some degree
of self-awareness must be present within them. One limitation
in the study of self-awareness in nonverbal animals is that it
has overrelied on the use of one test, mainly the mark test
(Gallup, 1970). In the next section, we review the evidence
for the mark test in avian species and propose the use of a
wider conceptualization of self-awareness that can be captured
usingmultiple assessments and evaluating individuals’ perfor-
mance on a continuous scale rather than on pass or fail criteria.

Mirror use experiments in avian species

Typically, mirror studies investigate the ability (or failure) of
an animal to recognize itself in a mirror (mirror self-
recognition; MSR) using the mark test designed by Gallup
(1970). Prior to the mark test, animals are generally given
the opportunity to experience a mirror (mirror image stimula-
tion; MIS). When exposed to a mirror, many animals first
respond to their reflections with social displays. Over time,
their behaviour towards the mirror becomes more self-direct-
ed. Following mirror exposure, subjects are restrained, and a
real or sham mark is placed on a body region that can only be
seen in front of the mirror. It is assumed that only subjects that
touch or attempt to remove the mark from their body more
than the sham mark and in the presence of the mirror more
than when a mirror is not available are self-aware. To date, in
the avian field, only a few species have been formally tested
for MSR. Among those, only magpies and Indian crows have
been reported to successfully pass this test, although the evi-
dence provided is highly controversial (Anderson & Gallup,
2015; Buniyaadi, Taufique, & Kumar, 2020; Gallup &
Anderson, 2018; Prior, Schwarz, & Güntürkün, 2008).
Somatosensory feedback enhanced by the application of the
mark and intrinsic motivational factors have been identified as
the main crucial factors that might underline this patchy pat-
tern of findings across avian species, as well as in other spe-
cies (Anderson & Gallup, 2015; Buniyaadi et al., 2020; De
Veer & Van Den Bos, 1999; Gallup & Anderson, 2018;
Heyes, 1994, 1995, 1996; Prior et al., 2008; Soler, Pérez-
Contreras, & Peralta-Sánchez, 2014; van Buuren, Auersperg,
Gajdon, Tebbich, & von Bayern, 2018; Vanhooland,
Bugnyar, & Massen, 2020).
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Additionally, some researchers have heavily criticized the
mark test in general for being ethologically invalid and meth-
odologically flawed (Anderson & Gallup, 2015; De Veer &
Van Den Bos, 1999; Heyes, 1994, 1995, 1996). Gallup,
among others, claimed that the self-directed behaviours in
front of the mirror were a direct demonstration of self-aware-
ness, therefore interpreting with great emphasis findings based
on a single paradigm (Gallup, 1970; Gallup, Steven, &
Kristina, 2014; Rochat & Zahavi, 2011). By contrast, other
researchers have proposed a more conservative or lean inter-
pretation of self-directed behaviours. According to these re-
searchers, MSR is not more than a sensorimotor capacity that
combines visual and kinaesthetic stimuli (Heyes, 1994).

Pepperberg, for example, proposed a different approach in
the use of the mirror, identifying at least two important as-
pects: First, the need to focus on an understanding of which
mirror properties nonhuman species can process, and the un-
derlying cognitive mechanisms required, before moving to-
wards a more complex use to test self-awareness by using
the mark test; second, the importance of operating within a
comparative perspective (Pepperberg, Garcia, Jackson, &
Marconi, 1995). Pepperberg’s approach to the study of mirror
use was based on the idea of gradually increasing the level of
cognitive complexity required by Alo and Kyaaro, two Grey
parrots, to process the reflection in the mirror and succeed on
each task. The parrots were exposed to the mirror and allowed
to explore their reflection, providing valuable information on
how the visual input provided by the mirror could impact the
birds’ behaviour. Overall, behaviours such as pecking the
mirror, vocalizations and preening were interpreted as if the
birds were facing another individual because these behaviours
are normally performed within a social context. Data on Alo
and Kyaaro suggests that the birds treated their reflection as a
conspecific; however, on a few occasions, Alo placed her foot
against the mirror and her head in a way that enabled her to
have a simultaneous view of the body part and the mirror
image (possible self-contingent behaviour; Pepperberg et al.,
1995). In subsequent tasks, both birds were challenged with
mirror-mediated object discrimination. To pass this task, the
subject had to connect the information between real-world
objects (some familiar, but also some novel, and either re-
warding or aversive, to exclude the possibility that the mirror
would just trigger searching behaviour) and their reflection,
without necessarily fully understanding that the reflected im-
ages were a representation of the real object or using the mir-
ror to monitor its movements. Based on an analysis of behav-
ioural approach or avoidance, the data suggested that the Grey
parrots’ decision was based on information provided by the
mirror, regardless of whether they were familiar with the ob-
ject or not. When the mirror was replaced by an empty frame,
the parrots behaved differently; indeed, they would pass
through or detour the frame to access the positive stimulus,
showing some understanding of the difference between a

reflection and a direct view of the objects (Pepperberg et al.,
1995). In moving towards more complex mirror use,
Pepperberg also designed a mirror-mediated spatial locating
task in which, to succeed, the subject had to understand the
correspondence between the location of an object in real space
and information reflected in the mirror. A treat was hidden in
one of three compartments inside a drawer below the counter,
only visible by looking at the mirror. Different controls were
added by changing the original configuration, such as provid-
ing an extra compartment, changing the position of the mirror
from horizontal to vertical, and using nonreflective materials.
Both birds were able to find rewards in novel locations, but
failed to do so in the absence of the mirror (although one
subject never habituated to a mirror positioned above him;
Pepperberg et al., 1995). Combining this data, it seems that
Grey parrots can differentiate reflective versus nonreflective
information and use a reflected representation to locate hidden
objects, but they have not been examined for whether they can
recognize themselves in a mirror using the mark test (or an
alternative task).

Some avian species have been tested in the mirror stimula-
tion task; few have been tested in mirror-mediated object dis-
crimination and mirror mediated spatial location, and none in
a mirror-guided reaching task (Andrew, 1966; Buniyaadi
et al., 2020; Censky & Ficken, 1982; Clary & Kelly, 2016;
Clary, Stow, Vernouillet, & Kelly, 2020; Dally, Emery, &
Clayton, 2010; Delsaut & Roy, 1980; Diamond & Bond,
1989; Gallup & Capper, 1970; Kusayama, Bischof, &
Watanabe, 2000; F. S. Medina, Taylor, Hunt, & Gray, 2011;
Pepperberg et al., 1995; Ryan, 1978; Soler et al., 2014;
Uchino & Watanabe, 2014; van Buuren et al., 2018;
Vanhooland et al., 2020). Mirror-guided reaching is thought
to require cognitively more advanced abilities because the
subject must monitor its movement and the movement of ob-
jects reflected in the mirror—for example, to retrieve food.
Since birds do not possess forearms or hands, as primates or
monkeys do, tasks will need to be adapted for use with beaks
and/or grasping feet (Brown, McDowell, & Robison, 1965;
Dücker & Rensch, 1977; Menzel, Savage-Rumbaugh, &
Lawson, 1985; Pepperberg et al., 1995). However, in our
view, it is possible to design tasks where birds are able to
monitor their movements to guide actions through use of a
mirror. For example, whether birds can use the reflection in
a mirror to solve a patterned string-pulling task (Pepperberg
et al., 1995) or to adjust their naturally occurring behaviour
could be among the concepts examined.

An example of such investigation is the study of the effect
of the mirror on the cache-protection strategies employed by
some corvids species to save their food from a potential pil-
ferer. Several studies have shown that birds recache at a higher
rate when observed, compared with when they cache in pri-
vate, because the risk of being pilfered when observed is
higher. For example, Dally et al. (2010) showed, in scrub jays,
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that the presence of the mirror during the caching triggered
recaching behaviour similar to when the birds were caching in
private, and differently from when they were instead observed
by another individual. The conclusion suggests that at least the
jays responded differently when they were observed by a live
conspecific and when they were tested using their own reflec-
tion (Dally et al., 2010). This initial study opened up the pos-
sibility that scrub jays recognized the reflected image as being
themselves. Although this is a very intriguing idea, the authors
stressed that it was not necessary to invoke a self-concept to
explain these findings, especially when alternative explana-
tions are possible. They suggested that the birds could have
habituated to the mirror or they might have not considered the
reflected image as a potential pilferer because they were a
strangely-behaving stimulus. Based on this preliminary study,
Clary and Kelly (2016) introduced the blurry mirror condition
in addition to the three conditions used in Dally et al. (2010),
and also tested the birds using the mark test. Clark’s nut-
crackers reduced the caching with a regular mirror (a response
adopted to prevent theft from a conspecific), but not when
tested with the blurry surface. Furthermore, a subgroup of
birds, when tested in the formal mark test, exhibited self-
directed behaviour and attempted to remove the mark more
often in the blurry compared with the regular mirror. The
argument proposed by the authors is in line with the idea that
birds passed the mark test because the visual information pro-
vided by the blurry mirror reduces the interference between
attending to their own identity and the ability to pay attention
to the contingency of their own movement (Clary & Kelly,
2016). This preliminary result was only in part replicated in a
subsequent study in California scrub jays (Clary et al., 2020).
The California scrub jays increased cache protection during
the blurry observed condition (not used in the previous study
with the Clark’s nutcrackers), and this could indicate, as

suggested by the authors, that the response was not a conse-
quence of some property of the blurry acrylic barrier, but
rather that the blurry reflected image was enough to be con-
sidered as a conspecific and therefore a potential pilferer.
Although this is a very intriguing suggestion, it would be
important to further investigate this aspect by controlling for
other confounding factors, such as auditory cues (Shaw &
Clayton, 2013, 2014). It would also be advisable to assess
what the birds actually process of the visual information from
these two mediums (blurry vs. mirror) based on their visual
abilities before moving towards a more sophisticated use of
variations of the mirror for self-recognition.

Pepperberg (1995) had suggested that
mirror use thus examines not only self-recognition but
also how animals respond to reflections and process
information about spatially displaced objects and ac-
tions. Specifically, because various mirror tasks require
different levels of information processing, we suggest
that mirror studies can provide a hierarchical scale for
assessing and comparing perceptual and cognitive abil-
ities of diverse species. (p. 2)

In order to be able to compare species onmirror use, it is thus
necessary to carefully design a series of mirror tasks. The size
and the position (vertical/horizontal) of the mirror, for example,
can affect the propensity of the animals to explore or avoid the
reflective surface. In tasks where it is required to perform some
action, like mirror-guided tasks, it is important to consider the
anatomical constraints of the species under examination. Rather
than examining her Grey parrots’ level of self-awareness, in-
cluding Alex’s, with the mark test, Pepperberg preferred to
examine their perceptual awareness indirectly through their oth-
er cognitive abilities (such as Alex’s ability to respond to

Fig. 1 The proposed approach to the study of consciousness. In order to
make significant advances in the understanding of this phenomenon, it is
crucial to design a series of tasks, from simpler mirror responsiveness to
reflective cognition, that focus on self-awareness. In the left panel is a
simple mirror preference test, in which the subject can choose between
staying and eating in front of the mirror or in front a nonreflective surface.
The time the bird spends and eats on each side establishes whether the
subject sees the reflection as (a) a conspecific (a potential threat), (b) their
own reflection or (c) an unusual stimulus. In the middle panel, the jay is

required to understand the correspondence between the real-life object, as
reflected in the mirror, and its location in real space by using the well-
known string-pulling task to obtain the food from the correct side, using
only the suspended mirror to see which string is baited behind the opaque
barrier. In the right panel, the jay is given the opportunity to cache food in
front of the mirror in order to test whether the mere presence of a reflected
moving image would trigger recaching behaviour, and if so, at a similar
rate to that in the observed condition when another bird is watching as
opposed to the private condition where no other bird is present
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complex questions requiring the identification of a few objects
out of a mixed set that fulfilled two different categorical criteria)
and believed a focus on pursuing “consciousness” experimen-
tally might not be productive. Instead, consciousness must be
considered like any other psychological phenomenon that is
present across taxa, to varying degrees, as a result of convergent
evolution, and for which individual species might be compared
according to a scale, or different degrees of awareness (Emery
& Clayton, 2004b; Osvath, Kabadayi & Jacobs, 2014;
Pepperberg & Lynn, 2000).

Conclusion and further directions

Despite the fact that the presence of complex cognitive and
metacognitive abilities posits birds as likely candidates for the
demonstration of self-awareness, research on this topic has
mainly been conducted through application of the mark test.
Avian subjects have generally performed poorly on this task:
It is indeed possible that the avian species tested simply do not
recognize their own reflected image. However, the few experi-
ments that have investigated mirror use in parrots and corvids
without making use of the mark test have demonstrated their
ability to usemirrors, and their reflected information, in complex
ways. It is either likely, instead, that the mark test is not meth-
odologically well suited to use with avian subjects due to some
morphological or behavioural peculiarity (e.g., absence of arms),
or that the mark test alone is insufficient for detecting, with
enough precision, the actual presence of self-awareness in birds.
Like other complex cognitive abilities, self-awareness is a mul-
tidimensional, rich phenomenon that is very unlikely to be cap-
tured by the use of any one test only (like the MSR mark test).
We suggest that a methodological approach based on multiple
tasks that focus on the same question and triangulate different
parameters is a successful strategy to tackle this complex phe-
nomenon in avian species, as well as across taxa (deWaal, 2019;
Heyes, 1994; Perry & Baciadonna, 2017). In Fig. 1, for exam-
ple, we describe multiple tasks that involve the use of the mirror,
ranging from simpler mirror responsiveness and progressing
towards using the mirror to solve problems or to monitor one’s
own behaviours in space. Furthermore, we argue that the study
of self-awareness should increasingly begin to rely on para-
digms used successfully to prove the existence of other complex
cognitive skills, and also on promising tests of metacognitive
abilities, which have been less explored in avian cognition to
date (Smith, 2009; Smith et al., 2014; Terrace & Son, 2009).
The knowledge from these paradigms should be further integrat-
ed with neurobiological studies of the neuronal aspects involved
in self-awareness, based on brain similarities with mammalian
species, including humans (Clayton & Emery, 2015).

The understanding of avian brains as simple, primitive, and
incapable of complex cognition seems far removed from real-
ity today, but it was only a few decades ago that existing

neurobiological frameworks and experimental data could only
insufficiently detect and account for the cognitive complexity
later demonstrated in avian species such as corvids and par-
rots. Just as arriving to this modern understanding required
novel shifts in the way avian cognition and neurobiological
studies were carried out and interpreted, the study of self-
awareness and consciousness, especially as it relates to mirror
self-recognition studies, could be better advanced by a new
perspective, and a less reductive analytical lens. The careful,
ecologically, and evolutionarily valid design of a series of
tasks intended to examine self-awareness, either with the use
of a series of mirror tasks requiring increasing cognitive pro-
cessing power at each stage, or by approaching self-awareness
through other abilities present in the cognitive tool kits and
metacognitive abilities of corvids, parrots, and apes, will bet-
ter allow for the actual extent of self-awareness in each exam-
ined species to come to light, and put future studies of self-
awareness in a better position to be of comparative value
across different taxa.
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