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Abstract

One of Clayton’s major contributions to our understanding of animal minds has been her work on episodic-like memory. A
central reason for the success of this work was its focus on ecological validity: rather than looking for episodic memory for
arbitrary stimuli in artificial contexts, focussing on contexts in which episodic memory would serve a biological function
such as food caching. This review aims to deepen this insight by surveying the numerous functions that have been proposed
for episodic memory, articulating a philosophically grounded framework for understanding what exactly functions are, and
drawing on these to make suggestions for future directions in the comparative cognitive psychology of episodic memory. Our
review suggests four key insights. First, episodic memory may have more than one function and may have different functions
in different species. Second, cross-disciplinary work is key to developing a functional account of episodic memory. Third,
there is scope for further theoretical elaboration of proposals relating episodic memory to food caching and, in particular,
future-oriented cognition. Finally, learning-related functions suggested by Al (artificial intelligence)-based models are a

fruitful avenue for future behavioural research.

Keywords Episodic memory - Hippocampus - Animal cognition - Evolutionary psychology - Comparative cognition -
Animal minds - Biological functions - Functions of episodic memory

Introduction

The centrality of episodic memory to the human mind invites
two questions: What is its distribution, i.e. what forms of
episodic memory appear in which species? And what is its
function, i.e. why do any of us — human or nonhuman — have
episodic memory at all? Clayton and colleagues helped
establish some of the most promising approaches to study-
ing the first question through their pioneering work with
scrub jays, which inspired work in many different species
(for reviews, see Boyle & Brown, In Prep.; Davies & Clay-
ton, 2024; Templer & Hampton, 2013; Zacks et al., 2022).
Arguably, they did so by considering a possible answer to
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the second question: perhaps a function of episodic memory
is helping food-caching animals to retrieve the right kinds of
food at the right times.

Here, we deepen this insight, by considering possi-
ble functions of episodic memory head on, showing both
how work on these possible functions has already led to a
great deal of insight into the nature and distribution of epi-
sodic memory, and, crucially, developing a philosophically
grounded framework for thinking about these questions. Our
framework suggests four key insights, each with important
implications for future research: First, episodic memory
may have more than one function and may have different
functions in different species. Second, an interdisciplinary
approach is key to developing a functional account of epi-
sodic memory. Third, there is scope for further theoretical
elaboration of proposals relating episodic memory to food
caching and, in particular, future-oriented cognition, which
have been the subject of significant empirical work. Finally,
learning-related functions recently elaborated in philosophy
and supported by Al (artificial intelligence)-based model-
ling are a highly promising avenue for future behavioural
research.
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What does ‘function’ mean?

Many biological traits can be understood in terms of their
functions — roughly speaking, in terms of what they’re
‘supposed’ to do. The philosophical literature distin-
guishes two distinct but compatible senses of function,
which we can think of as answers to two different explana-
tory questions (Neander, 2016; Schwartz, 2020).

The first is causal role function. Giving an account of
the causal role function of a trait involves explaining how
it makes a difference to the operations of the systems it
is a part of (Craver, 2001; Cummins, 1975). The second
is etiological function. Etiological functions answer the
question: how did this trait get here, and why is it like this?
Evolutionary functions are one sort of etiological function,
explaining the existence and nature of traits in terms of
natural selection. The most prominent accounts define a
trait’s evolutionary function in terms of effects it had in
the past which caused it to be selected on (Godfrey-Smith,
1994; Neander, 1991, 2016). Some etiological functions
are not evolutionary, however: some traits, including those
Heyes (2018) describes as ‘cognitive gadgets’, may have
developmental functions, acquired through learning (Gar-
son, 2012; Shea, 2018).

In comparative cognition, ‘function’ is often used in
the etiological evolutionary sense. One important goal of
comparative cognition is understanding the evolutionary
history of cognitive traits. Hypotheses about evolutionary
function also play a methodological role in the design of
behavioural experiments (see Why is evolutionary func-
tion relevant to investigating the distribution of episodic
memory below). In line with this, we’ll primarily have
the evolutionary sense in mind in what follows, unless
otherwise specified. Nevertheless, considering hypotheses
about the evolutionary origins or phylogenetic distribution
of cognitive traits requires attending to causal role func-
tions and developmental functions.

First, it is important to remember that some traits
may have developmental rather than evolutionary func-
tions. For instance, humans have brain mechanisms that
are specialised for reading, but the written word emerged
too recently for this to be due directly to natural selection
(Dehaene et al., 2015; Heyes, 2018). Of course, develop-
mental selective processes must have acted on pre-existing
neural mechanisms that were themselves most likely the
products of natural selection — for instance, mechanisms
specialised for pattern recognition. Evolutionary and
developmental selective processes interact in complex
ways, especially with respect to cognition (Stotz, 2014).
The crucial point, however, is that some aspects of epi-
sodic memory may only arise — let alone take on certain
functions — in specific developmental contexts. Aspects of
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episodic memory which have developmental rather than
evolutionary functions may not be widely shared or have
deep phylogenetic histories. As such, developmental and
evolutionary functions license different predictions about
which species are likely to share traits with us, and about
how and when these traits are likely to manifest.

Second, causal role functions are relevant to identify-
ing evolutionary functions, provided we exercise appropri-
ate caution. We cannot read a trait’s evolutionary function
directly from its causal role function. Traits may make causal
contributions thanks to developmental processes or non-
selective evolutionary processes rather than natural selec-
tion. Furthermore, traits may have conferred fitness benefits
in the past which they no longer produce. Additionally, com-
plex traits are likely to have emerged gradually: at different
times, they may have exhibited intermediate forms with dif-
ferent functional profiles, and as a result may have different
evolutionary functions in different species (see Box 1). How-
ever, understanding a trait’s current role in mechanisms of
which it is a part helps us construct hypotheses about selec-
tion pressures shaping it in the past: if it played a similar
causal role function in the past, as part of a mechanism that
responded to an important selective pressure, this could have
been amongst its most important evolutionary drivers (see
Future-oriented cognition and Learning sections below).

Why is evolutionary function relevant
to investigating the distribution of episodic
memory?

Understanding episodic memory’s evolutionary function(s)
is challenging (see Box 2). But it is also crucial to determin-
ing its phylogenetic distribution. The core reason why is that
it is most productive to search for mental states in contexts
where they are most likely to be expressed.

We cannot simply look and see whether a given species
has episodic memory in the way that we can discover its
anatomy: we must infer episodic memory indirectly from
species using it in specific tasks. Even more challengingly,
we can only infer its absence from a species’ failure to use
it in tasks where we can be confident that they would have
used it if they could. Finding tasks where animals are likely
to use cognitive capacities can mean combining observation
of wild animals with more controlled experiments (Clay-
ton, 1999; Halina, 2023, Sect. 1.4). But it centrally requires
looking for cognitive traits in contexts for which they may
have been selected. Experiments in artificial settings cer-
tainly have a role to play (see below). However, in ‘unnatu-
ral’ contexts, animals with a capacity which could be used
to solve a task may nevertheless not realise that they can
do so, may be slow to do so, or may have impediments to
doing so which are not immediately obvious. In one classic
example, gibbons perform poorly relative to other apes on
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tasks requiring them to pick up a stick to drag food towards
them, which might be thought to reflect fundamental cogni-
tive limitations, for example in causal understanding. Yet
it does not. In the wild, gibbons spend much of their time
in trees and rarely pick things up off the ground — indeed,
their hand shape makes picking things up off the ground dif-
ficult. In comparable tasks involving manipulating objects at
shoulder level, gibbons were on a par with other apes after
all (Beck, 1967). Many of the best examples of experimental
work informed by such considerations relate to memory and
timing capacities as used in foraging (Healy & Hurly, 2013),
navigation (Cartwright & Collett, 1987; J. L. Gould, 1986),
and food caching (Krebs et al., 1989; Sherry, 1984; Sherry
& Vaccarino, 1989; Sherry et al., 1989). Clayton and col-
leagues’ work on scrub jays sits firmly within this tradition.

While knowing the function(s) of episodic memory
would be helpful to searching for its precise phylogenetic
distribution, this does not mean that we must answer the
function question first. Studying the evolution of cognition
is notoriously difficult, with a limited fossil record on which
to draw and the lure of ‘just so stories’ especially strong.
Indeed, one important source of evidence for a trait’s func-
tion is typically to be found in its phylogenetic distribution.
That is, we typically ascertain why a trait evolved partly by
studying which species have it and which species do not, and
how their natural histories otherwise compare. Indeed, Clay-
ton and colleagues have powerfully advocated for the role
of comparative analysis of which species express episodic
memory as a key tool in uncovering its evolutionary history
(Clayton & Krebs, 1994; Schnell, et al., 2021a; Van Horik
et al., 2012). This seems to imply a puzzling circle: we need
to know episodic memory’s function to systematically search
for it and establish its distribution, but we need to know its
distribution to establish its function.

This issue demonstrates that whilst evolutionary func-
tions are key to investigating episodic memory in animals,
they must be treated with care. Proposals about the function
of episodic memory are simply hypotheses, often with lim-
ited evidence in their support. Even where we are confident
that episodic memory has a certain function in one species,
we should be cautious in assuming that any state that fulfils
that function in any species is episodic memory. It is pos-
sible that different traits fulfil similar functions in different
species: there may be a variety of strategies underpinning
food-caching in diverse species, for instance. Similarly, we
should not conclude from finding that an animal is incapable
of some function for which episodic memory is sometimes
used, that that animal does not have episodic memory: epi-
sodic memory could have multiple functions and only per-
form some of them in some animals (see Box 1).

Yet despite these cautionary notes, pursuing the func-
tion and distribution questions in tandem promises progress
on both questions. The circularity as formulated above is

not cast in iron: we do not need to know function to guide
our investigation of distribution, or vice versa: we just need
reasonable hypotheses. We should work on both questions
simultaneously, with tentative answers to one informing and
constraining tentative answers to the other, iteratively giv-
ing rise to a better overall understanding. The rest of this
review emphasises where progress has already been made,
and where there are opportunities for further insights.

Possible functions of episodic memory

Many possible functions have been proposed for episodic
memory. In this section we review some possible functions,
as well as highlighting the possibility that episodic memory
has more than one function, or no function at all.

Some proposed functions are highly specific to particu-
lar species’ needs, such as the need for polygynous species
like meadow voles to track the reproductive state of mates
spread over a large territory, or brood parasitic birds’ need
to remember when and where potential hosts have begun
building nests (Clayton et al., 2001). Most notably, episodic
memory may enable food-caching species to rapidly encode
and later retrieve information about the location, status and
type of food caches (see below).

Episodic memory may well also have social functions
for highly social species. Mahr and collaborators argue that
episodic memories enable humans to represent and com-
municate the reasons for our beliefs, and that this may be
among its evolutionary (Mahr, 2022; Mahr & Csibra, 2018)
or developmental (Mabhr et al., 2023) functions. Davidson
et al. (2012) propose that episodic memory may function
as ‘social glue’, enabling us to form and maintain important
social relationships, and Keven (2024) argues that episodic
memory may have played a role in the evolution of human
cooperation. Related proposals have been made about epi-
sodic memory’s functions in nonhuman social species: alli-
ance formation is important in many non-human primates
and dolphins, and episodic memory may provide useful
information about potential allies’ past behaviour (Clayton
et al., 2001; Davies et al., 2022).

Some proposed functions instead cast episodic memory
as a component in more general cognitive processes. One
prominent idea highlights episodic memory’s role in imagi-
natively simulating possible future events (see below). On
one version of this view, episodic memory is a design feature
of future-oriented simulation, providing the raw materials
out of which such simulations are constructed. An alterna-
tive but related view is that episodic memory is a spandrel,
having arisen as a non-adaptive by-product of future-ori-
ented simulation (Schulz & Robins, 2022). The simplest
version of this account has it that episodic memory still has
no function, but episodic memory may instead have first
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arisen as a by-product but subsequently gained functions of
its own (see Box 1).

Others argue that episodic memory is adaptive by vir-
tue of its more ‘backward-looking’ features, highlighting
in particular its contributions to various types of learning,
including retroactive (Boyle, 2019), unrestricted (Brown,
2024), continual (McClelland et al., 1995) and one-shot
(Blundell et al., 2016; Lengyel & Dayan, 2007) learning.
Others propose that episodic memory plays an adaptive
role in information retrieval (Boyle, 2021). We discuss such
learning-related proposals in more detail in Learning below.

An important question is how these proposed functions
might relate to one another. Episodic memory may have mul-
tiple functions, with some being older than others (Box 1).
Moreover, context-specific functions and more general
functions may be related: for instance, food-caching may
be aided by general-purpose learning and future planning.
At present, no functions have been conclusively established
for episodic memory, meaning that all proposed functions
represent live possibilities about its evolution — as does the
suggestion that episodic memory is merely a by-product.
Exploring these possibilities, along with the relationships
between proposed functions, is an important avenue for
future work.

Proposals about episodic memory’s function closely con-
nect to a distinct question: what is the function of the hip-
pocampus (see Box 2)? The hippocampus is a core part of
the neural circuitry underlying episodic memory in humans,
and it is known to be involved in tasks suggestive of epi-
sodic memory in other mammals and birds (see Food cach-
ing below and Box 3). However, episodic memory and the
hippocampus are distinct: other areas are crucially involved
in human episodic memory, including a broad network of
neocortical areas (see Eichenbaum, 2017a, and Murray
et al., 2017, for overviews). Furthermore, the hippocam-
pus is involved in many capacities which do not obviously
involve episodic memory, thanks to its structural features as
a key hub network, with inputs from and outputs to different
sensory modalities, regions associated with reward/value/
valence signals, and frontal regions (Allen & Fortin, 2013;
Murray et al., 2017; Zacks & Jablonka, 2023), and dense
recurrent connections (Sammons et al., 2024).

Episodic memory may be entirely independent of these
other hippocampal functions, or these functions may sim-
ply have similar ‘hardware’ needs and hence share neural
resources. But two further possibilities are noteworthy. Epi-
sodic memory may make use of these other capacities. If so,
this could be crucial to understanding the context in which
episodic memory emerged: if it mostly used capacities that
were already in place, this could mean that it was particu-
larly evolvable, or required relatively little new investment
in new machinery. Alternatively, episodic memory may con-
tribute to these other functions in various ways (Cheng &
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Werning, 2016; Huber, 2024; Schacter et al., 2007). If so,
such contributions would be additional functions of episodic
memory.

Either way, studying the hippocampus and its functions is
crucial to understanding episodic memory and its functions.
This is not least because, while brain tissue does not survive
in the fossil record, we can have a better idea of the history
of the hippocampus than we can of a psychological-level
capacity. It is more straightforward to study the morphology
of the hippocampus across multiple species, including its
embryological development and relevant underlying genes,
which facilitates developing detailed accounts of hippocam-
pal evolution. For example, it is likely that all vertebrates
have a hippocampus or homologue, whereas other areas,
especially granular prefrontal cortex, are much more recent.
Relatedly, hippocampal connections to other brain areas may
vary significantly across species. For example, the mam-
malian hippocampus receives significant input from higher-
order association areas in the cortex. In the avian brain,
higher-order association is primarily carried out in the dorsal
ventricular ridge, and this is less densely connected with
the hippocampus (Rattenborg & Martinez-Gonzalez, 2011),
perhaps indicating that some sensory modalities, abstract
representations and higher-order control are less involved in
avian memories. If so, a potential further implication is that
episodic memory functions differently and/or is experienced
differently by birds. Similar points might be made about
animals whose brains differ in other ways.

Such physiological facts have been used to support diver-
gent views about how ancient episodic memory itself is,
given differing views of exactly which other neural struc-
tures are required, from claims that episodic memory is
ancient (Allen & Fortin, 2013), to the view that is unique to
primates or even humans (Murray et al., 2017), to the view
that it has evolved convergently in different lineages (Zacks
et al., 2022). Indeed, some behavioural evidence suggests
episodic memory may be present in cuttlefish, which lack a
hippocampus (Jozet-Alves et al., 2013; Schnell et al., 2021a,
2021b).

Four questions about three functions

Different proposals about the function of episodic memory
have received very different kinds of treatment, from work
in a range of disciplines (see Box 3). Some have directly
inspired experimental work but leave open important ques-
tions that require further theoretical elaboration, while oth-
ers have received complex elaboration but have not been
directly tested. We propose that the function (or potential
lack thereof) of episodic memory and its distribution should
be investigated in parallel, rather than implicitly treating the
question of function as settled or easily resolved. Research-
ers should therefore elaborate functional hypotheses in
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appropriate levels of detail and consider how experimen-
tal work could test these functional hypotheses as well as
hypotheses about episodic memory’s distribution in other
species.

To illustrate, we review three of the most prominent pro-
posed functions according to their answers to the same four
questions: (1) Why might episodic memory help with secur-
ing the proposed adaptive advantage? (2) Which aspects of
episodic memory are relevant to this function? (3) What
evidence is there, and what evidence might we hope to find
in the future, relating to episodic memory’s performing this
function in animals? (4) Which aspects of episodic memory
might be irrelevant or even counterproductive to this func-
tion? By considering proposed functions in this way, we
can identify areas where significant work has already been
done, and where there are promising avenues for future
work. Our aim here is not to endorse any of these prominent
accounts of episodic memory’s function, but to highlight
that more work is required to fully articulate and evaluate
these hypotheses.

Food caching

Why might episodic memory help with food caching? If
you need to locate your car, you might consult episodic
memories of parking it. If you had hidden thousands of
seeds, nuts and insects in different locations, and needed
to find a particular seed, an episodic memory of caching
it might be similarly helpful. Clearly, humans do not use
episodic memory solely for remembering stored food; but
it may be that this is nonetheless amongst the functions of
episodic memory. Indeed, one speculative possibility is that
this may have been a primary driver of the initial evolution
of episodic memory.

Which aspects of episodic memory are relevant to food cach-
ing? Several aspects of episodic memory are especially rel-
evant here. One is that episodic memories typically include
rich sensory, contextual, and especially spatial information.
This includes spatial information about the spatial struc-
ture of a recalled scene, tied to many sensory and contex-
tual details that can help locate a cache precisely (e.g., the
look of the rock under which you hid that seed, the other
side of a gnarled oak from the brook). Episodic memories
also typically include information about the location of the
event relative to other known locations; indeed, location is
so prominent that it is frequently an important way in which
episodic memories are accessed. Another reason to think
that episodic memory is especially tied to such spatial infor-
mation is neural (see Box 2).

Episodic memory also frequently includes temporal infor-
mation. Most relevant to food caching, we often have a sense
of how long ago remembered events occurred. This could

be especially important when foods decay, ferment or ripen,
such that they are particularly valuable at certain durations
since caching. This also suggests a use for another feature
of episodic memory: keeping track of particular events
rather than more general information about, for example,
the locations of caches. Remembering caching particular
seeds might be a good way of tracking how long ago they
were cached.

What evidence is there concerning episodic memory
and food caching? Many birds can remember many food
caches, and like human episodic memory, this ability
depends on the hippocampus (Chettih et al., 2024; Krebs
etal., 1989; Sherry, 2011; Sherry & Vaccarino, 1989; Sherry
et al., 1989) (see Box 2). Clayton and colleagues’ ground-
breaking behavioural work probed this ability, showing that
it flexibly represents information about what was cached,
where, and when. Clayton and Dickinson (1998) manipu-
lated where jays were able to cache different kinds of food
at different times and monitored their retrieval behaviour,
revealing that they preferred to uncover recently buried wax
worms over peanuts, but peanuts over wax worms buried
long enough to decay. This implies that cache recovery is
sensitive to how long different kinds of foods have been bur-
ied in different locations. This behaviour is flexible: scrub
jays update their predictions about whether a food item has
decayed when they discover other foods of that kind have
decayed at an unexpected rate (Clayton et al., 2003), and
can learn to search for wax worms after a long but not short
interval (de Kort et al., 2005). Other contextual information
can also be represented, such as who was watching at the
time of caching (Dally et al., 2009). While the success of
these experiments did not require that food caching is a pri-
mary evolutionary driver for the development of episodic
memory in birds, this is a concrete case in which thinking
about the potential adaptive benefits of a cognitive capacity
inspired a productive line of behavioural research.

This line of investigation inspired a wide range of studies
on many non-avian species, looking for what-where-when
memory in food caching and other contexts, including (but
not limited to) rodents such as rats, where both positive and
negative results were found (Bird et al., 2003; Zhou & Crys-
tal, 2009); Yucatan minipigs (Kouwenberg et al., 2009); dogs
(Kaminski et al., 2008); zebrafish (Hamilton et al., 2016);
and even cuttlefish (Billard et al., 2020; Jozet-Alves et al.,
2013; Schnell et al., 2021a, 2021b) — although it should be
noted that details of the experimental paradigm, and hence
its interpretability, vary across species. Two recent develop-
ments stand out, however. First, Chettih et al. (2024) car-
ried out multi-unit recordings from chickadee hippocampi
while they cache and retrieve food. One striking finding is
of ‘bar codes’: unlike well-known ensembles of place cells,
which have similar patterns of activity coding for nearby

@ Springer



Learning & Behavior

places, these patterns function as sharply distinct, unique
identifiers for particular caches, and activate only during
caching and retrieval. This suggests a unique mechanism is
involved above and beyond general spatial cognition. Sec-
ond, increasingly detailed computational models of scrub jay
behaviour have been developed. Brea et al. (2023) recently
developed a specialised artificial neural network which can
reproduce scrub jay caching and retrieval behaviour across
a wide range of tasks, although intriguing questions can be
asked about its interpretation (Boyle & Brown, In Prep.).

Which aspects of episodic memory might be irrelevant
or counterproductive for food caching? Insofar as episodic
memory is thought to involve an elaborate phenomenology
known as ‘autonoesis’, such experiences do not seem to have
an obvious application to finding buried seeds. Insistence on
the importance of autonoesis has led various scholars, most
prominently Tulving (2005), to argue that animals only have
episodic memory if they have such phenomenology. This
in turn has led researchers who have found evidence of rich
forms of memory for food caches, but without direct evi-
dence of the associated phenomenology, to avoid attributing
‘episodic memory’, instead restricting themselves to terms
like ‘episodic-like memory’ (Clayton & Dickinson, 1998;
Feeney et al., 2009; Zinkivskay et al., 2009). This termi-
nological shift is commonly justified on the grounds that
phenomenological features of episodic memory cannot be
detected behaviourally. However, there are objections both
to treating human-like phenomenology as necessary for epi-
sodic memory, and to the idea that animals’ phenomeno-
logical experiences cannot be behaviourally detected (see
Boyle, 2020; Boyle & Brown, In Prep.; Eichenbaum et al.,
2005).

Irrespective of issues concerning consciousness, other
features of episodic memory seem unhelpful for food cach-
ing: while no doubt many details about a food cache are or
could be useful to recall, many are not. And while details
about landmarks, such as the shape of a rock, might aid in
locating caches precisely, it may be just as helpful to rec-
ognise landmarks when confronted with them, without any
associated ability to ‘replay’ them offline when far away.

A related issue is that episodic memory manifests in a
wide range of contexts beside food caching, which a food
caching function would not predict. In addition, there is
evidence for episodic memory in many non-caching spe-
cies, such as dolphins (Davies et al., 2022). Again, this is
not predicted by a food-caching function. The force of this
observation turns on how we spell out the food-caching
function: is episodic memory envisaged as a domain-spe-
cific adaptation that only supports food caching, or is food
caching simply an application of a domain-general mecha-
nism which is highly adaptive in certain species? Different
answers to this question would support different predictions
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about when episodic memory should manifest. For exam-
ple, a more domain-general capacity might be more likely
to perform other evolutionary or developmental functions
in addition to food caching, and to manifest in ‘unnatural’
experimental settings.

A further issue is whether the kinds of temporal repre-
sentation associated with human episodic memory would
help with recovering fresh caches. Hoerl and McCormack
(2017, 2019) suggest allegedly simpler mechanisms would
suffice. However, it is not clear that their proposed mecha-
nism explains the kinds of flexibility with respect to time
found in cache memories (Clayton et al., 2003; de Kort et al.,
2005), and the philosophical interpretation of their models,
including the idea that they are simpler in a relevant sense,
is more complex than first appears (Brown, 2023).

Finally, it is worth noting that not all food caching and
recovery strategies require anything like episodic memory:
for example, if an animal is simply more likely to visit cer-
tain locations for independent reasons, they will tend to both
cache and search for caches in those locations irrespective
of whether they remember the caches at all (Applegate &
Aronov, 2022). Episodic memory need only be useful in sit-
uations like those explored by Clayton, where features of
caches like type of food are worth remembering.

Future-oriented cognition

Why might episodic memory help with future-oriented
cognition? Humans can take the ‘long view’ when mak-
ing decisions, taking into account predicted future conse-
quences. We delay gratification, engage in complex, tem-
porally extended projects with minimally immediately
rewarded steps on the promise of an eventual reward, and
anticipate future preferences which will diverge from cur-
rent ones. It has been proposed that episodic memory plays
an important role in this kind of future-oriented cognition.

One way episodic memory might support this is by our
learning from episodic memories of relevantly similar events
to inform predictions and act accordingly. We return to these
ideas in the next section, Learning. More commonly, future-
oriented accounts of episodic memory’s function suggest
that episodic memory plays a role in our ability to engage
in future-oriented simulation: imaginative projection into
the future.

One oft-repeated motivation for this view is that ‘the
adaptive advantage of any memory system can only lie in
what it contributes for future survival’ (Suddendorf & Cor-
ballis, 2007). It should be stressed, though, that this observa-
tion falls short of motivating the view that episodic memo-
ry’s function involves future-oriented cognition. All adaptive
cognitive traits must drive behaviour that pays off over time,
but they need not do this by being ‘about’ the future in any
literal sense. A further motivation is the apparent difficulty
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of articulating how episodic memory’s ‘backward-looking’
operations might generate adaptive behaviour (Hoerl &
McCormack, 2016; Suddendorf & Corballis, 2007). Again,
more on this in the next section (Learning).

As noted above, episodic memory is construed variously
as a design feature or functionless by-product of future-ori-
ented simulation.

On the ‘by-product’ view, episodic memory arises as a
natural by-product of a system producing future-oriented
simulations; these are different manifestations of the same
cognitive process. This view fits with the idea that episodic
memory involves ‘simulating past events’. Against this, Rob-
ins (2022) argues that episodic memory and future simula-
tion are distinct cognitive processes with different principles
of operation and distinct causal role functions.

On the ‘design feature’ view, episodic memories provide
the ‘raw materials’ out of which future-oriented simulations
are constructed: we simulate future events by recombining
elements of our episodic memories in novel ways (Schacter
& Addis, 2007; Suddendorf & Corballis, 2007). An impor-
tant question for the ‘raw materials’ idea is why such raw
materials would be needed. The idea that imaginative experi-
ences must be constructed out of previous experience is old
but controversial, going back at least to Hume (1748) (see
Van Leeuwen, 2013, for discussion). There is some evidence
that this is indeed an aspect of episodic memory’s causal
role function: for instance, future-oriented simulations are
experienced as more vivid and detailed when they include
contexts that have recently been experienced (Schacter et al.,
2007). But it is a further question why a future-oriented sim-
ulation system should rely on episodic memory in this way,
rather than being trained on experiences as they occur, with
components of experienced events being stored separately,
ready for recombination, rather than in full episodes. Fur-
thermore, the computational mechanisms of extraction of
features from episodic memories and their recombination
are rarely articulated. As a result, the view that episodic
memory supports simulation by providing its raw materi-
als is underspecified in a way that makes it impossible to
robustly evaluate. Spelling out this hypothesis in more detail
is an important avenue for future work.

Future-oriented accounts also owe an account of why
we simulate the future, rather than considering it abstractly.
Future-oriented simulation is generally thought to be adap-
tive because it enables organisms to plan for the future,
engage in goal-oriented behaviour requiring several steps,
anticipate future rewards and harms, and anticipate how
future preferences might diverge from those in the present
(Suddendorf & Corballis, 2007). But just as accounts of epi-
sodic memory must address why it stores integrated memo-
ries for particular events in context rather than decontextu-
alised information, we might ask why organisms plan for
the future and so on through simulating particular possible

future scenarios rather than through using more general
models and rule-based approaches to prediction. One pro-
posal is that simulation provides a direct emotional engage-
ment with future events, increasing their motivational force
and counteracting a tendency to disregard temporally distant
future events (Boyer, 2008). However, it is currently uncer-
tain exactly how episodic future thinking relates to delay
discounting, with some results supporting this possibility
and others suggesting otherwise (Ye et al., 2022); for exam-
ple, episodic amnesics perform similarly to healthy controls
in temporal discounting despite being unable to engage in
future-oriented simulation (Kwan et al., 2013).

Whilst there is some evidence for a connection between
episodic memory and future-oriented cognition (see What
evidence is there concerning episodic memory and future-
oriented cognition), the puzzles discussed in this section
highlight areas where further theoretical work would be
useful. In particular, an account spelling out more precisely
how future-oriented cognition relies on episodic memory
and why it takes the form it does is needed. A potential
solution to both problems is to posit that episodic memory
emerged independently for a different function and was later
recruited to support future-oriented simulation. This might
explain why it was available to be recruited for imagination
in the first place, and why we use future-oriented simula-
tion: it might be that the latter took on the rich, contextual
character of episodic memory because it was co-opted from
episodic memory, not because of intrinsic advantages over
other potential forms of future-oriented cognition. This
possibility should motivate giving greater consideration to
other, perhaps older, functions of episodic memory.

Which aspects of episodic memory are relevant to future-ori-
ented cognition? A precise account of exactly which fea-
tures of episodic memory are relevant to future-oriented
cognition can only be given in the context of a theory of
precisely how and why future simulation draws on episodic
memory. However, we can point to various features of epi-
sodic memory that seem promising.

First, episodic memory’s rapid storage of large amounts
of detail may support future-oriented simulation by provid-
ing a rich, varied bank of raw materials for future-oriented
simulations, including structural information about the
ways in which various components have been combined in
the past. Second, episodic recollection and future-oriented
simulation share neural underpinnings (Box 2), are phenom-
enologically similar, and may rely on similar computations
(Addis, 2018; but see Robins, 2022). As such, episodic mem-
ory’s format may suit it particularly well to being re-used for
simulations. Finally, both episodic memory and simulation
seem to rely on constructive mechanisms and may both be
optimized to allow flexible recombination of different ele-
ments from stored information. It has been proposed that
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this could explain various memory errors: because retrieval
involves reconstruction drawing on a range of processes and
background knowledge, it does not result in perfectly faithful
representations of events (De Brigard, 2014; Michaelian,
2016; Schacter, 1999; Schacter et al., 2011, 2018). For the
by-product view, episodic memory is reconstructive simply
because it uses simulation machinery selected to produce
plausible scenarios rather than to accurately represent the
past; for the design feature view, episodic memory does need
to provide raw materials for simulations, but again need not
do so through accurate representations of the past.

What evidence is there concerning episodic memory
and future-oriented cognition? There are several lines of
research investigating animals’ capacities for future-ori-
ented cognition.

One turns on intertemporal choice tasks involving
delayed gratification, where animals forego immediate
reward in favour of larger delayed rewards. However, it has
been pointed out that for many species and many environ-
ments, foregoing immediate reward is unlikely to be adap-
tive, insofar as greater rewards in the future are too uneven
and stochastic in those ecological niches to be relied upon,
so this may not be an ecologically valid method for inves-
tigating future-oriented cognition (for review, see Raby &
Clayton, 2009; Redshaw & Bulley, 2018).

Sequential tool-use tasks can also probe capacities for
complex, temporally extended action. Here, tools must be
used to obtain non-food objects, which can themselves be
used as tools to obtain food. New Caledonian crows have
completed three-step sequential tool tasks (Wimpenny
et al., 2009), whilst chimpanzees, orangutans, and bonobos
complete tasks with up to five steps (Martin-Ordas et al.,
2012). Studies have also investigated the ability to acquire
tools to solve anticipated future problems. In one relevant
study, chimpanzees and orangutans were found to select
tools which could be used to obtain a reward in another
room at a future time, in some cases preferring the tool to
an immediate reward and selecting the correct tool from
a range of options even where it had not been encoun-
tered before (Osvath & Osvath, 2008). A pre-registered
study using a similar design found that New Caledonian
crows could also select appropriate tools for future tasks,
preferring these to immediate food rewards and to tools
that had been more strongly associated with reward in the
past (Boeckle et al., 2020). Observations of wild chim-
panzees also suggest they plan tool use for foraging at
termite nests, arriving at the nest with tools appropriate
to the situation, including sets of different tools to be used
in sequence (Musgrave et al., 2023). Captive chimpanzees
have been observed storing piles of rocks in the morn-
ing before throwing them at zoo visitors later in the day
(Osvath, 2009; Osvath & Karvonen, 2012). Chimpanzees
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will also construct tools which they will later have the
chance to use to obtain rewards, though have difficulty
preparing the number of tools that will be required (Bréauer
& Call, 2015).

Another prominent line of evidence relates to whether
other animals can plan for their future preferences diverg-
ing from their current ones. The Bischof-Kohler hypothesis
postulates only humans can do this (Suddendorf & Corballis,
1997). However, Raby et al. (2007) found that when not hun-
gry, scrub-jays preferentially cache foods in locations where
they expect to be hungry in the future, preferentially storing
seeds in locations they had previously only been fed dog kib-
ble, and vice versa. By contrast, similar studies with Canada
jays and Eurasian jays did not find this pattern of behav-
iour (Amodio et al., 2021; Martin et al., 2021). Whilst this
may raise questions about the interpretation of the scrub-jay
results, it may be explained by differences between the spe-
cies and methods involved. In another study, Correia et al.
(2007) used specific satiety to dissociate scrub-jays’ current
and future preferences. When fed on one type of food, they
become sated on that food and prefer to eat something else.
When scrub-jays were given the opportunity to cache two
types of food, one of which was provided prior to caching
and the other prior to recovery, they preferentially cached
the food they would not be sated on at the time of recovery,
despite being sated on that food at the time of caching.

The interpretation of this body of evidence is the subject
of considerable debate, including about whether such behav-
iours might be explained by associative processes, whether
they require thinking about the future, and what the answers
to these questions imply (Brown, 2023; Hoerl & McCor-
mack, 2019; Redshaw & Bulley, 2018). Perhaps a more
important question for our purposes is whether these behav-
iours provide evidence for episodic memory playing a causal
role in future-oriented cognition in animals. The envisaged
role for episodic memory is providing the raw materials for
future-oriented simulation. However, just as it is difficult to
establish that information an animal retains about the past
takes the form of episodic memory, it would be difficult to
show that the behaviours described here involve episodic
future simulation rather than, say, semantic thought about
the future (Raby & Clayton, 2009). Whereas in the case of
episodic memory there may be behavioural signatures that
could aid in making that discrimination (Boyle, 2020), it is
less clear what the behavioural markers of episodic future
simulation might be (against Schulz & Robins, 2022). Estab-
lishing behavioural markers of episodic versus semantic
future thinking could be an important direction for future
work. Moreover, even if it is granted that animals engage
in future-oriented simulation, it may be a further question
what role, if any, episodic memory plays in this process.
Investigating this would require developing a more detailed
account of episodic memory’s causal role in future-oriented
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simulation which makes testable hypotheses, perhaps with
the aid of computational modelling.

Which aspects of episodic memory might be irrelevant
or counterproductive for future-oriented cognition? In
addition to the open questions above about precisely how
and why episodic memories are involved in future-oriented
simulation, some features of episodic memory seem espe-
cially hard to explain if its evolutionary explanation is
exhausted by its relationship to future-oriented cognition.
For one thing, although much has been made of the system-
atic errors to which episodic memory is subject, episodic
memories are frequently accurate in many respects. If epi-
sodic memory is primarily supposed to furnish raw mate-
rials for future-oriented simulation, we might expect such
accuracy to be rare (Mahr & Csibra, 2018; but see Schacter
et al., 2018, for an opposing view). By the same token, epi-
sodic memory is ubiquitous (Brown, 2024): we frequently
access our episodic memories in a wide range of circum-
stances besides future simulation. Again, if episodic mem-
ory primarily serves to provide raw materials for future-ori-
ented simulation, we might not expect these memories to be
so prominent in our mental lives. Finally, episodic memo-
ries often carry a temporal component, indicating when
the remembered event happened. Episodic memory’s role
in future-oriented cognition might make it useful to mark
simulations according to whether they concern ‘past’ or
‘future’ to avoid confusing them (Michaelian, 2016). How-
ever, more granular information about when in the past an
event occurred would not be required for this purpose. Note
that none of these points raises a problem for the idea that
future-oriented cognition is one of episodic memory’s func-
tions; they do, however, undermine the commonly espoused
idea that it is its only or primary function.

Learning

Why might episodic memory help with learning? Intui-
tively, episodic memory is closely entwined with learning.
We often remember the exact circumstances in which we
learned some piece of information. Memory of the circum-
stances of learning can be so bound up with the information
learned that we can mentally retrace our steps and use the
experience to cue retrieval of the information. We also often
learn by reflecting on our past experiences, thinking about
what we might have done differently, what lessons can be
learned, and so on, as well as gleaning insights from recall-
ing, comparing, contrasting and categorising experiences.
Learning theory, however, especially as applied to ani-
mals, rarely gives a central role to episodic memory. Deep
learning models and traditional reinforcement learning
approaches often imply that subjects learn by incremen-
tally updating their patterns of behaviour in response to

new experiences, rather than reflecting on any one event
after the fact. This means it is not obvious what exactly
the function(s) of episodic memory might be for learning,
or how its role in learning might be adaptive. Episodic
memory is clearly relevant to learning about the details
of particular past events, but the evolutionary benefits of
this are unclear.

Several possibilities have been developed, however. All
give episodic memory an important causal role function (see
above) within a broader learning mechanism which may
have been selected for. Many revolve around the idea that
episodic memory allows for extremely rapid acquisition of
information about a particular event, and therefore can sup-
plement incremental (hence slow) kinds of learning.

In ‘episodic control’ algorithms (Lengyel & Dayan,
2007), when faced with a decision, agents remember events
involving similar decisions and take whatever action was
most successful in those scenarios — although more complex
versions allow for different past episodes to be combined
(Gershman & Daw, 2017). By contrast, in standard rein-
forcement learning algorithms, those past successes will
have had only a tiny effect on the agent’s value function,
and would need to be repeated many times to reliably bring
about similar behaviour.

More general kinds of learning from episodic memory
are possible, which can be useful for a few reasons. Firstly,
the memories can effectively provide extra training data,
with more insights being mined from them each time they
are replayed. One trick this allows is reassessing the source
and significance of old information upon the receipt of new
information (Cosmides & Tooby, 2000). In turn, this can
allow for the learning of complex patterns which cannot be
learned from a single look at an experience, especially in
environments with kinds of complexity and instability that
traditional machine-learning approaches will struggle to cap-
ture (Boyle, 2019; Brown, 2024; Gershman & Daw, 2017). A
special form of learning from past experience could involve
coming to regret that experience upon reassessing it, and
using this reassessment to guide future decision-making that
anticipates regret (Hoerl & McCormack, 2016). Secondly,
replay of past experiences can allow for interleaved training,
in which the learning system is exposed to a variety of dif-
ferent learning events. This facilitates ‘continual learning’,
ensuring that new information is gradually incorporated into
the system’s broader knowledge structure without overrid-
ing existing information (so-called ‘catastrophic forgetting”)
(McClelland et al., 1995). Related ideas are developed in
Boyle (2021) and Nadel and Moscovitch (1998).

Episodic memory may also have an important func-
tion in usefully organising other information, so that the
right pieces of information are accessed at the right time.
Its specialisation for rich associations and spatiotemporal
information may make it well suited for this kind of role,
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as suggested by the use of ‘memory palace’ techniques for
advanced memorisation (Boyle, 2021).

Which aspects of episodic memory are relevant to learn-
ing? Which aspects of episodic memory are most relevant
depends on which of these proposed learning-related func-
tions we consider. Primarily, these functions draw on epi-
sodic memory’s rapidly storing rich structures of informa-
tion. Several also draw on the fact that episodic memory
provides access to particular past events rather than gen-
eral patterns (even very detailed, specific, but nonetheless
repeatable patterns).

For example, episodic control requires recalling
sequences of events in enough detail to determine which
actions were previously successful in highly specific con-
texts. Learning from replaying episodic memory requires
that each memory includes enough information to be inform-
ative, and keeps the specific circumstances of each event
distinct. Specific forms of replay-learning impose further
requirements: for example, regret might turn on episodic
memory having special ties to emotion, both in recalling
emotions one was feeling at the time and being able to form
new emotions about past events now. Incorporating new
information into existing knowledge structures and consoli-
dating it more firmly requires only that episodic memory
be as rich as the information that is stored. But gaining new
insights from old data or reassessing the circumstances in
which information was learned requires making extremely
rich information available, especially for discovering com-
plex or subtle patterns that were not noticed at the time of
the relevant experiences. Meanwhile, for a role in organisa-
tion of stored non-episodic information, episodic memory
needs to be not just richly associative but highly structured,
with spatiotemporal and other frameworks allowing for reli-
ably stored, complex structures that can be ‘navigated’ to
find relevant information later.

What evidence is there concerning episodic memory
and learning? Evidence for the use of episodic memory
for specific learning algorithms in humans and other ani-
mals is harder to come by than for more directly observable
behaviours like food caching. Ultimately, it requires devel-
oping computational models of learning and fitting them to
detailed neural and behavioural data.

Algorithms using states that are in some ways akin
to episodic memory are beginning to be developed and
tested in detail (see Boyle & Blomkvist, 2024, for review).
For example, Mnih et al. (2015) develop a reinforcement
learning algorithm with a kind of replay which excels in
video game performance relative to more standard RL
algorithms, and Zeng et al. (2023) compare three RL
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algorithms with different memory structures: a standard
RL algorithm without anything like episodic memory; an
algorithm using offline replay to drive learning; and an
algorithm inspired by episodic control. Zeng et al. find, in
line with theoretical predictions, that the ‘episodic mem-
ory’-based algorithms learn faster (i.e., with fewer new
experiences) than algorithms without it, with episodic con-
trol algorithms learning fastest but tending to explore less
and get stuck at local optima, such that replay-based learn-
ing algorithms display better performance in the long run.

If different episodic memory-based learning systems
have distinctive costs and benefits, then evolution may
favour minds using multiple learning systems, for exam-
ple relying on fast-learning episodic control style systems
early in the learning process and more thorough kinds of
learning later on. Different environments may also affect
which learning processes are best, including how change-
able the environment is and what the costs of failure in an
environment may be (Gershman & Daw, 2017).

We expect further work in this vein, incorporating more
detailed models of episodic memory and other ideas about
memory and learning surveyed above, to provide further
insights. However, computational modelling on its own
does not tell us about which algorithms are in fact used
in humans and other animals, and we also expect that as
such algorithms are better understood, they will be tested
more directly.

There is some evidence that is germane to some of these
ideas, if not a direct test of different learning algorithms.
One line of evidence relates to hippocampal lesions, which
tend to both impair episodic memory and slow learning,
whether in humans (O’Kane et al., 2004; Rosenbaum
et al., 2005) or rodents (Kosaki et al., 2014; Wiltgen et al.,
2006). Another testable prediction of several of the func-
tions of episodic memory for learning canvassed above is
that episodic memory should make available information
which is not immediately incorporated into broader knowl-
edge structures, including information whose relevance to
tasks is not obvious at the time of storage. ‘Unexpected
question’ tasks, also known as ‘incidental encoding’ tasks,
can be interpreted as tests of this prediction. For example,
dolphins can follow unexpected commands to retrieve hid-
den objects whose locations would not have been salient
to them before receiving the command, suggesting inci-
dental encoding of the object’s location (Davies et al.,
2022). Such tasks have been administered to a wide range
of animals, including pigeons (Zentall et al., 2001, 2008),
dogs (Fugazza et al., 2016), rats (Sato, 2021; Zhou et al.,
2012), dolphins (Davies et al., 2022) and jays (Davies
et al., 2024a, 2024b). Memories of the source of infor-
mation (e.g., which sensory modality was used) can also
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be especially useful for various kinds of retrospective
learning, and have been found in cuttlefish (Billard et al.,
2020)."

While learning-based proposals have been articulated
in deeper, more fine-grained detail than those relating to
future-oriented cognition (see above), in some cases speci-
fying algorithmically how and why episodic memory may
contribute to learning, they largely await more detailed and
direct tests. Many promising ideas about the uses of episodic
memory for learning have not been directly implemented in
concrete working algorithms, let alone tested in animals.
However, we see the work of developing such algorithms
and testing their promise as models of animal cognition,
with both neural and behavioural data, as a major promising
route for future development in the field.

Which aspects of episodic memory might be irrelevant
or counterproductive for learning? While learning-related
functions seem to require episodic memory to be rich, rap-
idly formed, and highly structured, it seems less important
that it always involves a distinctive kind of phenomenol-
ogy. Indeed, those uses that refer to repeated replay for the
purposes of consolidating information or reappraising and
learning from past experiences seem to require a great deal
of episodic remembering, such that much of it would need
to be unconscious — including during sleep.

Episodic memory’s reconstructive properties are also
not straightforwardly predicted by these accounts. As noted
above, these reconstructive properties are thought to be
mechanistically connected to episodic memory’s role in sim-
ulation and to give rise to memory errors. If episodic mem-
ory is unreliable as a guide to details of past events, then it
may be a poor basis for learning — indeed, some have argued
on this basis that accurately conveying information about the
past is not among episodic memory’s functions (see espe-
cially De Brigard, 2014). On the other hand, whilst episodic
memories are undeniably reconstructive, the prevalence of
episodic memory error may be overstated: reconstruction
and unreliability are not the same thing. The fact that mis-
remembering can be reliably induced by certain procedures
under lab conditions does not show that episodic memory is
unhelpful for learning in normal circumstances — just as we
use vision for learning in normal circumstances, even though
visual illusions can be reliably induced. Indeed, it has been
argued that these errors are evidence of mechanisms that, on
the whole, result in accurate memories (Michaelian, 2016;
Puddifoot & Bortolotti, 2019; Roediger III, 1996). For exam-
ple, one prominent case of memory reconstruction is the

! The term ‘source memory’ is also used by Crystal et al. (2013),
but arguably with a different meaning. This study shows that rats can
remember contextual information about whether they found a loca-
tion themselves or were placed there by an experimenter.

DRM (Deese-Roediger-McDermott) effect, in which sub-
jects attempting to recall a list of words are likely to falsely
report having seen words semantically related to those in the
list (Deese, 1959; Roediger & McDermott, 1995). Whilst
this does imply some memory errors, it is probable that the
mechanism responsible also makes it more likely that sub-
jects correctly recall the words they did see. On the whole,
in natural settings, this reconstructive mechanism may make
memory more helpful for learning and decision making, by
increasing the availability of memory content of a tolerable
level of accuracy.

Conclusion

As Clayton’s work shows, it is crucial to consider the func-
tion of episodic memory when investigating which ani-
mals have it. Like investigating episodic memory in ani-
mals, though, developing a functional account of episodic
memory is extremely challenging. As a complex capacity,
episodic memory is likely to have multiple functions, and
may have different functions in different animals. A func-
tional account should consider how these functions relate,
both to one another and to functions of the hippocampus,
and how they might be distributed across species. Devel-
oping such a detailed picture of episodic memory’s emer-
gence over evolutionary time is a demanding task, given the
available evidence. As this review illustrates, a cross-disci-
plinary approach can help meet this challenge: traditional
approaches from comparative cognition and neuroscience
can be supplemented with both computational and philo-
sophical work.

By surveying three of the most prominent proposed func-
tions for episodic memory in detail, we have highlighted
areas where future work of different kinds may prove par-
ticularly fruitful. There is an important body of evidence
relating to episodic memory and food caching in a number
of species. Here, further theoretical elaboration would be
useful in articulating the generality of this function, and
computational modelling could further specify the under-
lying mechanisms. Similarly, future-oriented cognition has
been extensively investigated in a range of animals, but there
are outstanding questions about precisely why and how epi-
sodic memory might be involved in future-oriented cogni-
tion which raise questions about the interpretation of this
evidence. Further theoretical and computational work would
be useful here, too. By contrast, learning-related functions
for episodic memory have recently been articulated in some
detail in philosophy and investigated using computational
methods, but are yet to be fully explored in comparative
cognition. Further work to empirically investigating these
learning-related functions in animals is a significant, highly
promising avenue for future behavioural research.
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Box 1: How many functions? Box 2: Possible functions of the hippocampus

It is common to speak of ‘the function of episodic memory’. How- The role of the hippocampus in unifying different kinds of informa-

ever, researchers should be live to the possibilities that episodic

memory may have more than one — or, indeed, zero — functions, to

avoid unhelpful debates about the function.

Traits commonly evolve in response to multiple selective pressures.
This can occur when one innovation has multiple selective advan-
tages from its inception, or when traits initially conferring one
advantage later come to be used in other advantageous ways. For

example, feathers are useful both for insulation and for flight; both

of these have likely shaped the form feathers take today. Similarly,
it is likely that episodic memory has survived due to conferring
several different advantages: for example, it could have initially
evolved for food caching and subsequently taken on broader
functions related to learning. Each function may have shaped con-
temporary manifestations of episodic memory in different ways,
including via trade-offs between different functions. Furthermore,
different functions may have emerged or been retained in differ-
ent lineages, leaving episodic memory with different functions

in different animals. Finally, episodic memory may have many
functions, each conferring only a small selective advantage, but
collectively justifying its expense. So it does not follow, for exam-
ple, from episodic memory’s having a large metabolic cost, that it
must have a correspondingly large single benefit.

Some traits have no evolutionary function, arising through develop-
mental or non-selective processes. It is also common for traits to
emerge as ‘spandrels’, non-selected by-products of other adaptive
traits (S. J. Gould & Lewontin, 1979). As with the architectural
feature after which ‘spandrels’ are named, which initially arose as
a by-product of building arches but came to be used for elaborate
decoration, such non-functional traits may take on functions over
time (Godfrey-Smith, 1994). This is also a possible history for
episodic memory.

tion into a representation of the overall current context closely
relates to the its role in event segmentation, marking bounda-

ries of events (Clewett et al., 2019). This is crucial to episodic
memory, but is also important for shorter term memory and learn-
ing processes (Kurby & Zacks, 2008). The hippocampus shows

a distinctive signal at event boundaries, which seem to reset its
representation of context, and is also involved in coding hierarchi-
cal structure, with sub-events composed into longer events.

Another closely related causal role function is in supporting sce-

nario construction or event simulation. Imaging and lesions show
that the human hippocampus is involved in simulating possible
future scenarios and counterfactual scenarios (what would have
happened if...), as well as in dreaming (De Brigard & Parikh,
2019; Hassabis et al., 2007; Maguire & Mullally, 2013; Schacter
et al., 2015; Spano et al., 2020). A potentially related phenomenon
found in numerous species is ‘replay’, where neural representa-
tions rapidly fire in sequences corresponding to past or potential
future courses of action: the best-studied instance of replay is in
hippocampal place cells (Liu et al., 2022; Olafsdéttir et al., 2018).

Box 3: How are functions investigated?

Box 2: Possible functions of the hippocampus

The hippocampus is involved in numerous processes, and likely
has many functions, several of which overlap. Some of the most
widely discussed include the following:

The hippocampus is involved in forming rich and complex associa-
tions, including cross-modal associations combining different
sensory modalities and streams of information, and associations

involving complex structures (Allen & Fortin, 2013; Henke, 2010;

Zacks et al., 2022), although see Rattenborg and Martinez-Gonza-
lez (2011). It is also crucial to rapid, flexible learning, including
trace conditioning (associations between stimuli separated in
time) (Bangasser et al., 2006; Henke, 2010). In some taxa it may
play additional roles in integrating and manipulating information
which in mammals are performed neocortically — potentially even
including orchestrating a ‘global workspace’ (Zacks & Jablonka,
2023).

Famously, the hippocampus is involved in representing spatial
structure, thanks to place cells, which fire when animals are in
particular locations. Their overall ensemble seems to support
a ‘cognitive map’ in many animals (Bingman & Sharp, 2006;
Moser et al., 2008; O’Keefe et al., 1978). However, some have
suggested that the hippocampus is specialised for coding abstract
structure in general, with space as a special case (Eichenbaum,
2017b).
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Several disciplines are relevant to investigating the functions of

episodic memory.

The emphasis on food caching comes from the tradition of

ethology: careful observation of animals’ behaviour in their
natural habitat. Important work leading up to Clayton and
Dickinson (1998) — reviewed in (Sherry, 2011) — combined
such observation with investigation of factors like the size of
different birds’ hippocampi. More recent work has also inves-
tigated related phenomena in the wild (Davies et al., 2024a,
2024b; Harten et al., 2024; Janmaat et al., 2006a, 2006b).
Ethological observation can be supplemented by experimental
work, both purely behavioural work like many of Clayton’s
now-classic papers on scrub jays, and in combination with
neural methods such as optogenetics and electrophysiology
(e.g., Chettih et al., 2024; Crystal, 2021; Panoz-Brown et al.,
2018; Sato, 2021). In addition to shedding light on the mecha-
nisms underpinning episodic memory, these methods can be
especially helpful for discerning the causal role functions of
episodic memory, which in turn can support investigations
into which causal role functions were selected for.

Ideally, such observation would be supplemented with direct

evidence concerning the ecological demands and oppor-
tunities faced by the relevant ancestors of today’s species,

and evidence for natural selection (including evidence that
variations in the trait have a genetic basis; and that the trait
improves reproductive success), or a well-specified and
-supported developmental form of selection. In the absence
of such evidence, we can make more moderately supported
inferences about when certain traits likely arose on the basis of
the distribution of the trait of interest today, for example using
considerations of cladistic parsimony (Currie, 2021; Halina,
2023; Schnell, Amodio, et al., 2021; Sober, 2005, 2009, 2015;
Van Horik et al., 2012).
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Box 3: How are functions investigated?

Computer science is also useful here, particularly in articulat-
ing proposals about episodic memory and related cognitive
traits in detail and testing them, as exemplified by Zeng et al.
(2023) (see Learning section). Computational work can also
aid in developing detailed proposals about the mechanisms
underlying performance in episodic memory tasks studied in
comparative cognition, as exemplified by Brea et al. (2023).

Philosophy, meanwhile, has multiple roles to play. Work
like that of Boyle (2019, 2021), Brown (2024), De Brigard
(2014), Mahr and Csibra (2018), Schulz and Robins (2022)
and Schwartz (2020) has articulated different possibilities
for the evolution of episodic memory with greater precision.
Philosophical work has also carefully articulated different
understandings of what episodic memory is and what forms
it could take in different animals, synthesizing insights from
quite different literatures, and worked through thorny meth-
odological issues which are hotly disputed amongst scientists
(see especially a review in Boyle and Brown (In Prep.)).
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