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Abstract

Animal cognition is currently one of the most exciting fields within animal behaviour as an
increasing number of researchers investigate the cognitive abilities of an ever-wider range
of animals. Tinbergen would be proud: all four of his approaches are being pursued and we
are learning much about how animals collect information and how they use that
information to make decisions for their current and future states as well as what animals do
not perceive or choose to ignore. Here I provide an overview of this productivity, alighting
only briefly on any single example, in order to showcase the diversity of species, of

approaches and the sheer mass of research effort currently underway. We are getting closer
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to understanding the minds of other animals and the evolution of cognition at an

increasingly rapid rate.
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Comparative psychology used to be about pigeons, rats and monkeys. As we near the end
of the second decade of the 21* century, however, animal cognition really is becoming
comparative where one is not surprised to see papers on spiders, cichlids, lizards, dogs and
horses appearing alongside papers on chicks, rats and monkeys (for example see the May
2017 issue of Animal Cognition). This work is increasingly coming from a new generation
of researchers building on the rich tradition of comparative psychology with its
experimental rigour but with their questions now resting more broadly on all of Tinbergen’s
four questions, rather than on just the mechanistic basis of cognition. This means that
questions such as how animal cognition has evolved, and whether cognition leads to fitness
benefits, have now joined the more traditional questions of the development of cognition
and what are the mechanisms that enable an animal’s cognitive abilities. This new breadth
to animal cognition is increasingly showing us how and why cognition plays a major role
for animals in the ‘real’ world.

Animal cognition became a field in the 1970’s and after nearly 30 years, if we take
the contents of Balda, Pepperberg and Kamil’s (1998) edited book (Animal Cognition in
Nature) as a representative sample, things had most certainly moved on from just rats,
pigeons and monkeys. Contained within that volume are various food-storing birds, a
range of navigating birds, foraging insects, song learning in birds such as nightingales,
white-crowned sparrows, marsh wrens and more, with Alex the parrot adding something
special of his own (see review in Pepperberg, 2017). That book seemed to herald a major
expansion of work on comparative cognition whereby we might begin to understand why
animals vary in their cognitive abilities and what benefit cognition confers in the real
world. For example, Bingman et al. (1998) described the neural mechanisms of navigation
in homing-pigeon, that tremendous out-of-doors animal model that has allowed real-world

distances to be put together with neural analyses, while Dyer (1998) wrote of insects using
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‘snapshots’ to return to rewarded locations. Species comparisons were at the heart of the
work on spatial memory and its neural substrate in tits, chickadees and corvids (Balda &
Kamil, 1998; Clayton & Lee, 1998; Shettleworth & Hampton, 1998) and of the
ontogenetic, mechanistic (proximate) and functional (ultimate) analysis of song (Baptista et
al., 1998; Devoogd & Székely, 1998; Todt & Hultsch, 1998).

The trend of increasing diversity of species has not just continued in the first 17
years of the 21% century, it has virtually exploded. Here I will attempt to showcase some of
the key, recent developments with space only for personal preferences. In 1998, although
the species diversity was increasing, the focal questions were still relatively narrow, largely
on song, spatial learning and memory (in navigation in birds and insects and food storing in
birds) and foraging. Now, however, researchers working on animal cognition are making
progress in understanding the role that cognition plays in real-life contexts other than
foraging, communication, and navigation such as sex allocation, parental care, mate choice
and social interactions. So, in addition to the demonstration by psychologists that animals
can do rather remarkable things such as interval timing, remembering for long periods of
time, and counting numbers of items, there are increasing efforts by biologists to show why
it is that animals can do these things, both by showing which animals can
time/remember/count and by investigating whether those particular cognitive abilities lead
to fitness benefits. Not only does this work promise serious strides forward in our
understanding of the evolution of cognition, there is also the potential for a much broader
impact: understanding how and why cognition varies within and among species will help us
to understand how (and if) animals are equipped to deal with a rapidly changing world.

This diversity of questions and approaches might be, quite loosely, characterised
into categories by Tinbergen’s four questions (see also Beer, 1998; Miklosi & Kubinyi,

2016): (1) the evolution, (2) the ontogeny, (3) the function, and (4) the mechanistic basis, of
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cognition. Most researchers use Shettleworth’s definition of animal cognition, which
includes all the ways that ‘animals take in information through the senses, process, retain

and decide to act on it’ (Shettleworth, 2001).

The evolution of cognition

The evolutionary approach to animal cognition has long been typified by work on our
closest cousins, the non-human primates, whereby their evolutionary proximity to us
humans provides an avenue to explore how and why we behave as we do. From Kohler’s
chimpanzees piling up boxes to reach bananas (Kéhler, 1925) and Goodall’s wealth of
observations of chimpanzees in the wild (1986) through to 2017, there has been a raft of
work on particular kinds of primate behaviour in the laboratory, zoos and in the field. The
focus has been especially directed at those behaviours in which primates appear to behave
in an ‘intelligent’ fashion (for which, typically, read more ‘human-like”), such as the piling
up of boxes to reach food rather than behaviours such as mating. More recent examples
include investigation of the use and function of gestures by chimpanzees Pan troglodytes
(Hobaiter & Byrne, 2014), bonobos P. paniscus (Graham et al., 2017) and other apes (e.qg.
olive baboons Papio anubis: Bourjade et al., 2014), which has lead to the consideration that
such gesturing may have been a precursor to human language (Arbib, 2017), the nature of
prosocial behaviour (Tennie et al., 2016), and the development of the field of primate
linguistics (Schlenker et al., 2016).

Primates are also proving to be rather similar to humans in terms of where they look
to gain information, specifically through imitating or emulating others (e.g. van de Waal et
al., 2015), even if those others are only seen on video (Gunhold et al., 2014), albeit without
the overimitation often seen in children (Whiten et al., 2016a). In chimpanzees, at least,

such social transmission of information appears to lead to culture, which becomes more
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complex over time (Vale et al., 2017).

When seen in the non-human primates, similarities in cognitive abilities to those of
humans are not unexpected. When human-like capacities are also identified in other
animals, they then often leapfrog others in our estimates of their cognitive abilities.
Corvids have done this for a long time but much more so since the report of tool making by
New Caledonian crows Corvus moneduloides (Hunt, 1996). For example, careful
observation and experimentation have shown us that ravens (C. corax) will guard food they
have hidden when a peephole in a wall of the enclosure in which they have hidden food is
open (and thus may have a conspecific watching them as they hide their food: Bugnyar et
al., 2016). Such perspective taking is considered to require a theory of mind and was once
considered a feat of which only humans (and then other primates) was capable. Crows and
ravens also appear to dislike inequity (Wascher & Bugnyar, 2013), while ravens and
western scrub jays Aphelocoma californica can differentiate between knowledgeable and
ignorant conspecifics when those conspecifics do or do not know where food has been
hidden (Bugnyar & Heinrich, 2005; Clayton et al., 2007). Clark’s nutcrackers Nucifraga
columbiana exhibit some form of self-recognition using a mirror (Clary & Kelly, 2016),
and it is now plausible to suggest corvids as a useful model for human cognitive
neuroscience (Clayton & Emery, 2015).

But corvids are just the tip of the iceberg. Dogs are also emerging as a new model,
not least because they are remarkably good at following human gaze (e.g. Lakatos et al.,
2012; Teglas et al., 2012), and at following pointing (Lakatos et al., 2012; Teglas et al.,
2012), plus they provide an ease of access to multiple dogs (via pet owners) without
requiring the costs of laboratory housing (although this comes at the cost of uncontrolled
rearing conditions and variation in experience). Parrots, too, were once represented by

Alex, the talking African Grey Parrot Psittacus erithacus, but there is an increasing
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diversity of species, including kea Nestor notabilis (e.g. Gajdon et al., 2013), macaws
(Schuck-Paim et al., 2009), and cockatoos (e.g. Auersperg et al., 2014), with now more
than 60 other species studied to some extent (Cussen, 2017). With the addition of fish
(Petrazzini et al., 2016), reptiles (Kis et al., 2015; Petrazzini et al., 2017), an increasing
diversity of mammals such as goats (Nawroth et al., 2016), horses (Smith et al., 2016), and
spotted hyaenas Crocuta crocuta (Holekamp & Benson-Amram, 2017), it is clear that
impressive cognitive abilities are widespread, raising the question as to the extent to which
these abilities share common, ancestral mechanisms, or whether convergence is much more

widespread than is typically assumed.

The ontogeny of cognitive abilities

Although song learning in birds is not always included in textbooks of animal cognition, it
is an iconic system in which the ontogenetic acquisition of information has been rigorously
explored. And yet, after decades of work, there is still much to be learned. One aspect that
is receiving considerable attention is the role that early-life conditions play on song
learning: it is now clear that song learning is hugely affected by food restriction, brood size
manipulation or variation in circulating corticosterone levels (a stress hormone; Suzuki et
al., 2014), leading to males singing shorter songs that contain fewer syllables (Schmidt et
al., 2014; Spencer et al., 2003), and to impairment in auditory learning in females (Farrell
etal., 2016). Although adult female zebra finches Taeniopygia guttata also prefer the
songs of control males rather than those of males who were stressed in early life (Spencer
et al., 2005) female choices seem to depend on her own developmental circumstances and,
as a result, does not always seem to be for a ‘good’ male. For example, female song
sparrows Melospiza melodia that have suffered food restriction when young were less

selective when offered a choice between conspecific and heterospecific songs (Schmidt et
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al., 2013) while female zebra finches from large broods (where it is assumed that there is
more stress than in a small brood) prefer songs of males that are also from large broods
(Holveck & Riebel, 2010).

Because these manipulations appear to vary in their effect and impact, they are
proving to be useful in investigating the mechanistic basis of cognitive development. For
instance, food restriction or corticosterone manipulations in young song sparrows lead to
males singing simpler songs but only the food-restricted males copied their tutors less
accurately. This difference copying accuracy shows that although both food restriction and
increased corticosterone were stress manipulations, the lack of nutrients must play a
different role in the developing brain of the young song sparrow than does corticosterone.

Developmental stress also appears to impact other cognitive capacities: young food-
restricted Western scrub jays were poorer at spatial learning and memory as adults than
were control birds (Pravosudov et al., 2005), although the birds did not differ in their
performance on an associative learning task that required colour cues rather than spatial
cues. Evidence of more general effects of early-life food restriction on the associative
learning capabilities of another scrub jay, the Florida scrub-jay, Aphelocoma coerulescens
(Bebus et al., 2016), might suggest, however, that like the variation in impact on cognitive
abilities caused by differing early-life stressors on male songbirds, cognition is not a
singular trait to be modified wholesale. One feature that might also play a role in
explaining this variation is the relevance of the particular stressor to the species under
study, as seen specifically in the negative impact of social isolation on cognition in young
dairy calves (Costa et al., 2016).

Impairments of the kind described in young kittiwakes Rissa tridactyla when
stressed (using increased levels of corticosterone), suggests that it may not be just cognition

that is affected by stress during early life. These birds took longer to learn how to do a
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task (either opening a dish to obtain food or learning the way to escape from an enclosure;
Kitaysky et al., 2003) or simply never learned an association (Rissa brevirostris: a colour
cuing the presence of food; Kitaysky et al., 2006). Although speed of learning is often
taken as a measure of cognitive ability, there is increasing evidence that it is a measure that
is susceptible to motivation deficits (van Horik & Madden, 2016) or other non-cognitive
factors, such as motor skills (Chaby et al., 2015b; Tebbich et al., 2016). How development
affects these factors is not yet clear but it is possible that they may explain much, if not all,
the variation in learning speed among individuals. There are also, perhaps
counterintuitively, data that suggest that early-life stress may enable an animal to respond
more appropriately to stress in adulthood, including when performing cognitive tasks (e.g.
Chaby et al., 2015a; Harris et al., 2009).

The impact of early-life experience on cognition provides more than just
fundamental knowledge, as shown by the work of Braithwaite and colleagues who have
been investigating variation in early-life experience in a range of key fisheries species and
its impact on survival of fish post-release (Salvanes et al., 2013). For example, the longer
that juvenile rainbow trout Oncorhynchus mykiss are reared with enrichment (including
shelter and novel, coloured objects), the better their spatial learning ability, although fish
exposed to enrichment later in the juvenile period were better spatial learners than were
those exposed that were exposed earlier in the juvenile period (Bergendahl et al., 2016; also
for zebrafish Danio rerio: DePasquale et al., 2016). Although there is little direct evidence
that such variation in cognitive abilities improves the post-release survival of these animals,
it does seem at least plausible (Marzluff & Swift, 2017).

It looks as if the kind of intervention, the timing of intervention, and probably its
duration, are all likely to shape cognitive futures. Given this variation, it seems that

experimental investigation of cognitive development across species and traits will be more
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challenging than it has been thus far in the classic developmental model systems of
imprinting and song learning (at least in close-ended learners). It has been exceptionally
useful that both imprinting and song learning have a characteristic time window during
which information is acquired (sensitive period), as that has allowed us to get a good
handle on the kind and amount of information that is provided in that window, and thus a
specification and quantification of both the information and its impact.

Even though it has been some time since the first experimental work on imprinting
and song learning (e.g. Bateson, 1966; Jackson & Bateson, 1974), there is still much to be
learned about these developmental systems. For example, whilst we know a lot about filial
imprinting, we are still determining the mechanistic basis of how young birds extract the
features of conspecifics (such as their visual or acoustic characteristics), and the kinds of
information they extract (evidence for relational learning: Martinho & Kacelnik, 2016),
which may be fundamentally different from the information extracted by human infants
(Santolin et al., 2016). Furthermore, the sexes may differ in the patterns (familiar or not) of
stimuli that they learn during imprinting, and multimodal stimulation appears to be more
effective than stimuli that are just visual or acoustic, at least for Gallus gallus chicks
(Versace et al., 2017). Differences in what the sexes learn in early-life may be more
general than these results show, as young female zebra finches were faster to learn an

auditory discrimination than were young males (Kriengwatana et al., 2016).

The function of cognitive abilities

This century has seen a real increase in questions being addressed about the function of
cognition i.e. the adaptive significance of cognition. These questions are of two general
types: 1) questions that begin with knowledge of the biology of the animal, in particular its

ecology or typical social context, and that test whether an animal can solve ecologically-
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relevant problems or tasks, and 2) questions that are addressed at determining what fitness
advantage there is to better cognitive performance.

The bulk of the work addressing questions of the first kind can be broadly described
as being couched in the adaptive specialization framework (e.g. Shettleworth & Hampton,
1998). Stemming from early data on long-delay taste aversion learning (Rozin & Kalat,
1971), in the 1990s the relationship between food storing, spatial memory and hippocampal
volume became a common model system for exploring the possibility that cognitive traits
(spatial memory) might be associated with relevant ecological demands (the retrieval of
multiple food items hidden by the storer) faced by the species in question (tits, chickadees,
corvids; e.g. Healy, 1995; Healy & Krebs, 1992). This proved a successful approach, with
demonstrations that food-storing birds had better spatial memory and used different
information to relocate food than did nonstorers (Biegler et al., 2001; Brodbeck &
Shettleworth, 1992), at least in some contexts (Hodgson & Healy, 2005). It is continuing to
be a fruitful way to explore the cognitive capacities of food storers that vary in the degree
to which they rely on their stored food (e.g. Freas et al., 2013; Roth et al., 2012), as well as
the neural basis of their memories (Sherry & MacDougall-Shackleton, 2015).

The adaptive specialization approach has also been used as the basis for
investigating cognitive abilities of foraging hummingbirds. It would seem advantageous
for territorial hummingbirds to remember flowers they have recently emptied so as to avoid
them until there is a good chance they will have refilled (at least a couple of hours). To do
this, the birds would have to remember both a flower’s location and when it was emptied,
and, indeed hummingbirds can do this (Gonzalez-Gomez et al., 2011; Jelbert et al., 2014;
Marshall et al., 2013). Perhaps one of the most surprising findings from this work was that,
although it is commonly assumed that hummingbirds prefer red flowers over those of other

colours, colour is a cue they only use when there is no useful spatial cue (Marshall et al.,
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2012; Samuels et al., 2014; Tello Ramos et al., 2014). Hummingbirds also appear to use
space differently from at least rodents (Flores-Abreu et al., 2014). Together with data from
other groups of animals that move through 3-D space (fish and bats), the difference
suggests that an animal’s type of locomotion might affect the way in which they remember
spatial locations (Heys et al., 2013; Holbrook & de Perera, 2011, 2013) but this suggestion
needs to be addressed explicitly.

It is not just foraging that provides a context in which cognitive abilities might be
useful. Famous for their elaborately decorated bowers and the role those bower decorations
play in sexual selection, bowerbirds are also attracting interest with regard to their
cognitive abilities. Indeed, some very elegant experimental manipulations by Kelley and
Endler (2012b) have shown that males use much more than the number of decorations to
attract females: in the great bowerbird Ptilonorhynchus nuchalis, bower-owning males
manipulate their females into mating by presenting them with decorations arrayed in a
visual illusion known as forced perspective. If the placement of the objects is disrupted and
the illusion destroyed, males return the objects to the appropriate place and by so doing,
gain more matings (Kelley & Endler, 2012a).

Perceptual effects have largely been the focus of other work on the role of cognition
in mate choice, with psychophysical laws explaining, for example, perception of calls by
female tungara frogs Physalaemus pustulosus and also the degree to which females lead
males to elaborate their calls (Akre & Ryan, 2011). Similarly, in the Emei music frog,
Babina daunchina, it is the ability of the female to discriminate a male’s notes that impacts
on the evolution of signals (Cui et al., 2016).

Whether or not females prefer males with better cognitive abilities is, however, very
much open for debate (Rowe & Healy, 2014), let alone whether they gain any fitness

advantage from choosing smart partners. Lots of evidence in favour comes from songbirds,
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as females prefer some attributes of male song over others, especially with regard to the
complexity of song the male sings, and as song learning is a cognitive trait, then females do
clearly prefer males with better cognitive abilities (review in Riebel, 2009). But it is not at
all clear whether song is correlated with other cognitive traits: there currently seems to be
more evidence for an absence of a correlation (Boogert et al., 2011; Chantal et al., 2016;
Templeton et al., 2014) or for a negative correlation (Boogert et al., 2011; Sewall et al.,
2013) than there is in favour of a positive correlation (Boogert et al., 2011). In the most
thorough examination to date (Anderson et al., 2017), with five cognitive tasks (novel
foraging task, colour association, colour reversal, detour-reaching, and spatial learning) and
three measures of song learning (complexity, proportion and accuracy of copying), there
was a very mixed pattern of relationships between song measures and task performance.
Better singers did do better at colour reversal and spatial learning but more poorly on the
novel foraging and detour-reaching tasks, results that do not concur with previous outcomes
on similar tasks (Boogert et al., 2011; Sewall et al., 2013).

Is it that song learning is not a cognitive ability? Or is it that cognitive abilities do
not necessarily correlate with each other (Rowe & Healy, 2014)? These kinds of questions
are being asked as effort is put into determining the role that cognition plays in fitness in
animals in the wild (Morand-Ferron & Quinn, 2015). At the outset of this work, there was
an assumption that cognitive traits would be correlated and, therefore, investigating any
single trait would be sufficient (Cole et al., 2011; Cole et al., 2012). Because this work was
being directed at animals in the wild, it meant that the typical laboratory methods of testing
animals were rarely available (outside an acoustic context, e.g. Carlson et al., 2017; Coye et
al., 2016) until the implementation of ‘problem-Solving’, which typically entailed requiring
an animal to get into a container to reach food. How the animal got into the container may

have required quite a lot of dexterity (e.g. Picard et al., 2017; van de Waal et al., 2015),
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some manipulative skills (e.g. Diquelou et al., 2016) or little or no finesse (e.g. Benson-
Amram & Holekamp, 2012), and sometimes may have been about removing a container
altogether (e.g. Keagy et al., 2009). Whatever the manner in which it managed to access
the food, the successful animal was considered to have used some kind of cognitive ability
in reaching its target. With increasing use, however, quite what this method of
investigating cognitive abilities reveals is starting to receive more attention, with data and
conflicting results suggesting a range of possible alternative explanations for variation in
task performance, including motivation, motor skills, and neophobia (Griffin et al., 2014;
Holekamp et al., 2015; Tebbich et al., 2016; van Horik et al., 2017; van Horik & Madden,
2016). The corollary of this reassessment of problem-solving is that any fitness benefits
that might have been attributed to performance on this kind of task also have to be given

more thought.

The mechanistic basis of cognition
While there has been a flurry of attention directed especially at the functional aspects of
cognition, work on its mechanistic basis (to which most effort in cognition is addressed)
has calmly proceeded, again with an increasing diversity of species, contexts and
experimental paradigms. Some of the work keeps much to traditional lines, such as
mechanisms underlying decision-making in rats (Zentall et al., 2017), processing of words
and nonwords in pigeons (Scarf et al., 2016), and serial reversal learning in monkeys
(Hassett & Hampton, 2017).

But as above, the variety of species for which the cognitive capacities are now being
investigated continues to blossom. For example, in our ‘natural history of memory’, we
now know that red-footed tortoises Chelonoidis carbonaria can remember visual

associations for at least 18 months (Soldati et al., 2017), whereas Electric yellow cichlids
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Labidochromis caeruleus can remember an association for at least 12 days, a difference in
memory capability that seems likely to be due to testing conditions rather than to a real
poverty of recollection in the cichlids (also seen in tests of memory in jumping spiders,
Peckmezian & Taylor, 2017). We can also add a new diversity of species to descriptions of
the cues animals use to return to rewarding locations. For instance, the terrestrial toad,
Rhinella arenarum, uses visual cues to orient itself much as do other vertebrates (Daneri et
al., 2015), whilst the use of visual cues in freshwater stingrays Potamotrygon motoro is
context-dependent, as also seen in other vertebrates (Schluessel et al., 2015). And yet, we
still do not know how birds (or other vertebrates) put such information together in order to
return to a rewarded location in the wild. It has been assumed that they use information
about the distance and/or direction of the goal from one or more landmarks to compute the
location of the goal (Gould et al., 2010), but wild foraging hummingbirds, at least, do not
seem to do this. Rather, their behaviour seems to be more similar to that of the
Hymenoptera, using views or panoramas (Pritchard et al., 2015; Sturzl et al., 2016),
although the hummingbirds do not undertake elaborate learning flights or turn back to look
at rewarding locations (Robert et al., 2017).

An increasing number of animals have been found to have some kind of number
skill, whether numerosity, counting, sequencing or something similar (Bar-Shai et al.,
2011; Garland & Low, 2014; Petrazzini et al., 2017; Petrazzini et al., 2015; Tello Ramos et
al., 2015), and while most investigation into timing ability is still undertaken in pigeons and
rats (e.g. Smith et al., 2017), possums Trichosurus vulpecula and long-tailed bats
Glossophaga soricina are now included in the list of species that are able to time intervals
(Sargisson et al., 2016; Toelch & Winter, 2013).

Alongside the increasing interest and access to the cognitive abilities of animals in

the wild, we are increasingly discovering how real-world contexts impact on those abilities.
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For example, natural levels of plant secondary metabolites, including nicotine, impair
memory for flower colour in foraging Palestine sunbirds, Nectarinia osea, which forage
naturally on tree tobacco Nicotiana glauca (Kaczorowski & Markman, 2016).
Unfortunately, it is human-imposed levels of neonicotinoids that impair spatial memory in
bumblebees (Samuelson et al., 2016), odour coding in honeybees (Andrione et al., 2016),
and sex allocation decision-making in parasitic wasps (Cook et al., 2016; Whitehorn et al.,

2015).

Conclusions

This has been a whistle-stop overview of animal cognition as it looks in the middle of 2017.
It has been extraordinarily easy to confine the majority of references to the years between
2015 and 2017 because the field of animal cognition is more than alive and well, it is
thrusting its way into behaviour, evolution, psychology and neuroscience, as well as into
multiple public fora. There is an appetite to find out whether animals are intelligent,
whether their intelligence resembles ours in any form, and how their cognitive abilities
have evolved. And I haven’t even touched on the wealth of new data coming from
investigations into social learning, the spread of information through social networks that
shapes conformity and culture (Aplin et al., 2015; Farine et al., 2015; Whiten et al., 2016b;
Whiten & van de Waal, 2016), concept learning (Wright et al., 2017) or physical cognition,
from string pulling (Alem et al., 2016; Audet et al., 2016), tool use (Auersperg et al., 2016;
Boesch et al., 2017; Tan, 2017) and nest building (Bailey et al., 2014; Guillette et al.,
2016). A fair proportion of this work is still in its early stages, as experimental designs
continue to be finessed, and there remains a good deal to be done to establish a thorough
theoretical framework for animal cognition. There also needs to be care taken not to assume

cognitive abilities from behavioural data simply because researchers consider a behaviour
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to be ‘cognitive’, researchers need to remember that behavioural changes provide only a
conduit to cognitive abilities. For example, problem solving need not be a cognitive task
and researchers using this methodology need to be careful with their interpretation of an
animal’s performance (Tebbich et al., 2016). Likewise, the particular cognitive abilities
required to use a tool are still to be comprehensively described. However, aidedby
increasingly sophisticated technology, animal cognition is now well and truly out of the
box, out of the laboratory, and into the wild (Pritchard et al., 2016), where we really can

ask all of Tinbergen’s questions.
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