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Social information use is well documented across the animal kingdom, but how it
influences ecological and evolutionary processes is only just beginning to be investigated. Here we evaluate how social transmission may influence species interactions and
potentially change or create novel selection pressures by focusing on predator–prey
interactions, one of the best studied examples of species coevolution. There is extensive
research into how prey can use social information to avoid predators, but little synthesis of how social transmission among predators can influence the outcome of different
stages of predation. Here we review evidence that predators use social information
during 1) encounter, 2) detection, 3) identification, 4) approach, 5) subjugation and
6) consumption. We use this predation sequence framework to evaluate the implications of social information use on current theoretical predictions about predator–prey
dynamics, and find that social transmission has the potential to alter selection pressures
for prey defences at each predation stage. This suggests that considering social interactions can help answer open questions about species coevolution, and also predict
how populations and communities respond to rapid human-induced changes in the
environment.
Keywords: antipredator defences, information ecology, predator–prey interactions,
social information
To make adaptive decisions, animals must continuously gather information (Dall et al.
2005), either from direct interactions with their environment (‘personal information’),
or by observing the behaviour of other individuals (‘social information’). Social information can come from signals that have evolved specifically for communication, as
well as from cues that are provided inadvertently when individuals observe, or eavesdrop on, the behaviour of conspecifics or heterospecifics (Danchin et al. 2004). Social
information use has been demonstrated in many different contexts across the animal kingdom, including foraging, mate choice and habitat selection (Danchin et al.
2004, Gil et al. 2018, Whitehead et al. 2019, Penndorf and Aplin 2020). This flow of
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information can shape social structures and determine how
individuals interact with each other and the wider environment (Cantor et al. 2021). Social transmission, therefore,
has the potential to relax or intensify selection, or generate
novel selection pressures, including during species interactions (Thorogood and Davies 2012, Whitehead et al. 2019).
Although considering social information use can help answer
open questions about species coevolution and community
dynamics (Thorogood and Davies 2012, Gil et al. 2018,
Whitehead et al. 2019), there has been little synthesis evaluating how social information use can influence ecological and
evolutionary dynamics within the context of species interactions (Cantor et al. 2021). Here we address this knowledge gap using predators and prey, a text-book example of
coevolution.
The importance of social effects in predator–prey interactions was recognised already in early studies of socially foraging
birds (Emlen 1952, Turner 1964, Morse 1970, Pulliam 1973,
Powell 1974). Since then, there has been extensive research
into how prey can use social information to avoid predators
(reviewed in Brown 2003, Griffin 2004, Ferrari et al. 2010,
Magrath et al. 2015), but there is also a growing set of studies
on social behaviour of predators. Indeed, recent work suggests that social information transfer among predators can
affect the frequency-dependent dynamics of prey defences,
and resolve long-standing questions in evolutionary biology,
such as the maintenance of aposematism (Thorogood et al.
2018). However, we still know little about these populationand community-level effects (Gil et al. 2018).
To gain a comprehensive view of how social information
use by predators influences prey defences, it is essential to
investigate how and when selection can operate (Sheriff et al.
2020). Although often thought of with respect to its end result,
predation is a consequence of a sequence of decisions and
interactions between predators and prey (Ruxton et al. 2018).
The classic view of a predation event as described by Endler
(1991) consists of: 1) encounter, 2) detection, 3) identification, 4) approach, 5) subjugation and 6) consumption, and
this framework helps us to understand how and why different antipredator defences have evolved (Ruxton et al. 2018).
How predators use social information to decide whether to
continue a predation sequence can then be conceptualised
using a statistical decision theory approach (McNamara and
Houston 1980, Dall et al. 2005, Fig. 1) where predators are
considered to have prior ‘knowledge’ of the outcome of different actions (genetically determined or based on previous
experience, Iwasa et al. 1981, Olsson and Holmgren 1998,
van Gils et al. 2003, Olsson and Brown 2006, Kawamori and
Matsushima 2010, Norbury et al. 2021). To reduce uncertainty, predators gather personal and/or social information to
update this prior knowledge and this then generates a posterior probability distribution of different outcomes (Dall et al.
2005, Fig. 1). How animals integrate information, however,
also depends on the costs of gathering it relative to the value
of acting without the additional information. For example, a
predator may have previous experience that conspicuous prey
are usually unpalatable (i.e. optimal action is to reject the
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prey), but social information gathered from observing others consuming similar prey might change this prior expectation towards assuming that the novel conspicuous prey item
is palatable (i.e. optimal action would shift to attacking the
prey). Combining this statistical decision theory approach
with the predation sequence therefore provides a framework
for analysing a predator’s information use and behaviour, as
well as its potential evolutionary consequences for prey.
Here we discuss the adaptive use of social information by
predators in each of the predation stages (Fig. 2). Although
predators can use several cues, including eavesdropping
cues from prey (reviewed by Hughes et al. 2012), we focus
on social information gathered from observing the behaviour of other predators. We review empirical evidence of
social transmission at each predation stage, and discuss how
social information can influence the fitness of both predators and prey to evaluate potential effects on predator–prey
dynamics. While the predation sequence provides a useful
framework for our review, different predation stages are
not independent of each other and the distinction between
them is often not clear. For example, predators can acquire
social information at one stage and use it in their decisionmaking at another stage. As our aim is to consider how
social information shapes selection on prey defences, we
have classified the examples of social transmission to different predation stages based on the potential effects on prey
defences operating at that particular stage (as described by
Endler 1991). Some examples might, however, fit in several stages, and we have included them in sections where
we find them most relevant. Because the number of experiments testing social transmission explicitly in the context of
predator–prey interactions is still low, the emerging ideas
we discuss are relatively novel. Therefore, many of our predictions are tentative, and the aim of our review is to identify prospective areas for future research. Finally, we discuss
the potential implications for predators and prey in a rapidly changing world.

1. Encounter
The first stage of predation requires a predator to get sufficiently close to prey to detect it. However, prey abundances
and distributions change over time and space, creating a
complex, rapidly changing environment (Pyke et al. 1977).
Efficient foraging decisions can be based on previous experience and individual search behaviour (Krebs 1973), but
there is also extensive literature showing that animals use
social information to locate high-quality food patches
(Elgar 1986, Templeton and Giraldeau 1995, Laland and
Williams 1997, Coolen et al. 2003, Clark 2007, Gillam
2007, Farine et al. 2015). This includes inadvertent information, such as visual or chemical cues, or echolocation
calls to locate prey patches (Clark 2007, Gillam 2007), and
signals that have evolved to recruit others to food sites (e.g.
food calls and odour trails; Elgar 1986, Judd and Sherman
1996, Hillemann et al. 2019). However, the use of social

Figure 1. A statistical decision theory framework (Dall et al. 2005) can be used to describe and evaluate the adaptive use of social information by predators. During a predation sequence, a predator has prior ‘knowledge’ that determines the probability (Pr) of a range of potential
decision outcomes (e.g. if a novel prey is red then, based on experience, it may be more likely to be identified as aposematic prey that should
be avoided). Sampling social information can transform this prior expectation into a ‘posterior probability’ distribution (i.e. using Bayes’
theorem). If the cost of acquiring information outweighs the utility of relying on prior knowledge, then the optimal action of the predator
will shift (e.g. if a predator observes others consuming red palatable prey, this can provide social information that a novel red prey is undefended and the optimal action is to attack it). Experiments and modelling can be used to parameterise these values and determine potential
evolutionary consequences for prey.

information to assess food patch quality seems to vary among
species: European starlings Sturnus vulgaris (Templeton and
Giraldeau 1995) and nine-spined sticklebacks Pungitius
pungitius (Coolen et al. 2003) use social information about
the profitability of food patches, but there is no evidence
for this in Parid tits (Hillemann et al. 2020) or three-spined
sticklebacks Gasterosteus aculeatus (Coolen et al. 2003).
Social information use by predators for food searching may
even drive formation of social structure: Ward and Zahavi’s
(1973) ‘information centre hypothesis’ proposes that communal roosts and breeding colonies evolved to serve as
information centres about the location of food. However,
local enhancement, where individuals are attracted to a site
by the presence or cues of others (Thorpe 1956), has often
provided a simpler explanation for how animals gain information about food sites (Mock et al. 1988, Richner and
Heeb 1995).
An important first step in understanding how social
effects can influence encounter rates is to determine which
predator species in a community are more likely to use
social information than others, and whether they use it to
locate prey patches and/or assess patch quality. Predictions
can be made based on the stochasticity or degree of patchiness of prey (Rafacz and Templeton 2003) as social information is expected to be of greater benefit when resources
are unpredictable (Boyd and Richerson 1985). For example, social information about the location of schooling fish
that are aggregated in constantly moving patches might be
of great importance for foraging seabirds (Thiebault et al.
2014, Boyd et al. 2016). However, individuals within the
same species also often vary in their tendency to use social
information (Mesoudi et al. 2016), with some individuals

preferring to search for food independently and some
scrounging for food from others. Models of these two strategies treat them as frequency-dependent and predict them to
occur at equilibrium when their payoffs are equal (Barnard
and Sibly 1981). Food patch richness and encounter rate, as
well as predator density, are predicted to influence the payoffs of each strategy (Beauchamp 2008) and competition
can in theory constrain an individual’s ability to use social
information (Lee et al. 2016). Although intuitively appealing, these predictions have been rarely tested in the wild.
Nevertheless, captive experiments have provided evidence
of foragers converging on the predicted producer–scrounger
equilibria (Mottley and Giraldeau 2000), and demonstrated
that the tendency to use either strategy often depends on
inherent individual characteristics, such as personality
(Kurvers et al. 2010), dominance (Liker and Barta 2002)
and learning ability (Katsnelson et al. 2011), or is influenced by current state (e.g. energy reserves, Lendvai et al.
2004) or ecological conditions (e.g. predation risk, Mathot
and Giraldeau 2008). Variation in population structure and
environmental conditions therefore adds a level of complexity to social transmission among predators that will need to
be accounted for.
Predator population dynamics and age structure could
also influence how social information use affects prey
encounter rates. For example, inexperienced juveniles can
acquire social information from their parents (‘vertical transmission’) either by responding to parents’ active recruitment
to good feeding sites (e.g. adult pied babblers Turdoides
bicolor call inexperienced fledglings to food sources, Radford
and Ridley 2006) or, more often, by following and observing
their parents’ foraging behaviour. This provides opportunities
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Figure 2. The predicted direction of selection on prey defences at each stage of the predation sequence when predators use social information. The predation stages include (Endler 1991): 1) encounter (getting within spatial and temporal proximity of prey), 2) detection (detecting prey against its background), 3) identification (identifying prey as edible), 4) approach (attacking and capturing the prey) and 5)
subjugation and consumption (prey handling and ingestion). Credit for blue tit graphic: milovelen, Adobe Stock. Credit for tiger moth
graphic: geraria, Adobe Stock.
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to learn about profitable food sites and may shape foraging
behaviour as adults: cross-fostering blue tit Cyanistes caeruleus and great tit Parus major nestlings shifted adult feeding
niches in the direction of the foster species (Slagsvold and
Wiebe 2007). However, socially acquired preferences may
also be modified later in life. For example, after Franks et al.
(2020a) experimentally seeded preferences for access-routes
at feeding stations in a population of wild hihi Notiomystis
cincta, they found that fledglings copied their parents, but
these preferences disappeared once fledglings became independent. Instead, juveniles updated their choice over time
and conformed to the behaviour of their peers (Franks et al.
2020a). The value of information from parents for young
predators is likely to be sub-optimal in environments where
prey abundance and distributions change over time, but
whether updating of behaviour due to changes in social
information occurs more often in stochastic environments
is yet to be tested.
Given that social effects can influence encounter rates,
social transmission among predators clearly needs to be
incorporated into our understanding of predator population dynamics (Gil et al. 2018) and prey coevolution.
For example, if predators are more likely to recruit others
to food sites when prey are aggregated, and aggregations
also provide more inadvertent cues about prey location,
then social information use by predators could potentially
alter selection and favour dispersed and solitary prey over
prey aggregations (Fig. 2). However, while group living is
expected to increase the risk of detection by predators and
the cost of resource competition, it may also benefit prey
by increasing antipredator vigilance and diluting individual
risk of predation (Krause and Ruxton 2002). These tradeoffs
vary among predator–prey systems, and further research is
needed to understand how social transmission can change
the relative costs and benefits of prey aggregation. In terms
of producer–scrounger dynamics, we might expect prey to
evolve crypsis (Fig. 2) or other characteristics that induce
high rates of scrounging by predators, because this would
lead to a smaller number of individuals searching for prey
and lower foraging efficacy (Barrette and Giraldeau 2006,
Hamblin et al. 2010). Support for this idea comes from
experiments by Barrette and Giraldeau (2006) who found
that nutmeg mannikins Lonchura punctulata increased
scrounging when prey were cryptic and suggested that
social predators could potentially favour crypsis. Similarly,
Hamblin et al. (2010) predicted that prey should evolve
more clumped distributions when predators are social
because this is expected to increase scrounging and reduce
individual search efficiency. However, their modelling
approach showed that social transmission among predators
actually selected for reduced clumping of prey, which was
likely to be explained by non-linear effects of clump size on
scrounging frequency (Hamblin et al. 2010). Apart from
these studies, there are few other examples where social
information transfer about prey location has been integrated into either verbal or explicit models of predator–prey
coevolution, and this is a critical area for development.

2. Detection
After finding a potential foraging site, predators must detect
the prey against its background. Previous work on crypsis
has mainly focused on predator vision, visual conditions and
viewing background (Ruxton et al. 2018), but not on how
predators can influence each other’s detection behaviour.
In theory, observing others finding prey could encourage
predators to pay more attention to their environment and
therefore increase the likelihood that they also detect prey. It
might also provide information on how to ‘look for things’ or
increase a predator’s persistence to search by providing positive information about the presence of prey (local enhancement, Thorpe 1956). Heterospecific information could be
particularly important in this context as predator species
differ in their visual abilities and their likelihood to detect
prey (Endler 1978). This variation could be modelled with a
producer–scrounger game (Barnard and Sibly 1981), where
the difficulty of detecting prey could increase the number of
scroungers that do not search for prey themselves (Barrette
and Giraldeau 2006).
Experimental evidence of social information improving
prey detection is, however, scarce. White and Gowan (2014)
found that naïve brook trout Salvelinus fontinalis consumed
more novel prey in the presence of a trained demonstrator
and suggested that trout used social information to develop
search images. In contrast, nutmeg mannikins did not increase
consumption of cryptic food in the presence of an experienced conspecific; instead, interference from a naïve or an
experienced conspecific actually reduced foraging efficiency
(Courant and Giraldeau 2008). Competition from conspecifics may also influence a predator’s decision to search for
different prey types. In domestic chicks Gallus gallus domesticus more adventurous consumers decreased the consumption of familiar cryptic prey in the presence of a conspecific,
and increased the acceptance of novel conspicuous prey that
were easier to find (McMahon et al. 2014). However, this
switch between familiar cryptic prey and novel conspicuous
prey was not observed in chicks with higher dietary conservatism (McMahon et al. 2014). This demonstrates that the
presence of other individuals can have complex effects on a
predator’s foraging behaviour, but how these different social
effects influence a predator’s search behaviour and prey detection is still poorly understood.
If social transmission improves the likelihood of predators
to detect prey, this should influence selection pressures on
prey defences (Turner 1964). However, mathematical models
on frequency-dependent selection on prey types have traditionally considered only predators’ personal search behaviour
(Greenwood 1984), and we do not know how the strength of
selection would change if social transmission of prey detection was included. For example, social acquisition of search
images could favour rare prey phenotypes, which might
speed up selection for diversity and polymorphism in cryptic prey (Fig. 2). Social transmission among predators could
also influence the efficiency of other defences. Some prey
confuse predators by performing unpredicted movements
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(Scott-Samuel et al. 2015), and social information could
provide a counter strategy for predators to quickly break this
illusion if predators could learn about prey movements by
observing the predation attempt of others. At the present,
however, these ideas rely on conjecture and need to be tested
experimentally.

3. Identification as profitable
In addition to detecting prey, predators need to assess the
benefits of gaining nutrients against the potential costs of
consuming prey to make adaptive foraging decisions (Sherratt
2003, Skelhorn et al. 2016, Marples et al. 2018). Promoting
misidentification of these benefits and costs can be an effective defence. For example, masquerading prey avoid predation by resembling inedible objects, such as sticks, leaves
and bird droppings (Skelhorn et al. 2010). The efficacy of
masquerade depends on a predator’s previous personal experience (Skelhorn et al. 2010) but predators might also be
more likely to identify masquerading prey after witnessing
others’ attacks. This could make masquerade a less efficient
strategy in communities where predators are social, but to
our knowledge this has not been tested. By contrast, aposematic prey advertise their unprofitability (e.g. toxicity) with
conspicuous warning signals (Poulton 1890), but to be an
effective defence, predators must recognise the signal (Alatalo
and Mappes 1996). Aposematic prey are therefore expected
to suffer high predation from naïve predators, which makes
the evolution and maintenance of aposematism paradoxical (Fisher 1930, Guilford 1988, Alatalo and Mappes 1996,
Mappes et al. 2014). Social learning about prey defences provides one answer to this evolutionary puzzle because predators require fewer personal encounters with prey to adopt
accurate identification (Guilford 1988, Thorogood et al.
2018). Accurate identification by predators also determines
the success of mimetic defences. In Batesian mimicry, a palatable mimic resembles a defended model species and therefore
gains protection from educated predators (Bates 1862). This
creates a conflict between the model and the mimic as predators are predicted to increase their attacks on defended models
when harmless mimics are abundant (Lindström et al. 1997).
Similarly, palatable individuals (‘automimics’) in the population of an aposematic species can reduce predator avoidance learning (Brower et al. 1967). If social information use
shapes predators’ identification of prey, it could potentially
impact a broad suite of prey defences. What evidence do we
have that predators use social information to identify prey as
profitable? Note that many of the examples we discuss below
measure post-detection outcomes to attack or reject prey, but
these depend on identification.
The first experimental studies to investigate if animals
learn to avoid objects after observing aversive behavioural
stimuli were by Klopfer with Muscovy ducks Cairina moschata and greenfinches Chloris chloris, but the number of
tested individuals was too small to make strong conclusions about social information use (Klopfer 1957, 1959).
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Clearer evidence of ‘social avoidance learning’ came later
from experiments with red-winged blackbirds Agelaius phoeniceus and common grackles Quiscalus quiscula, where birds
avoided consuming food from a coloured cup after observing
a demonstrator’s negative foraging experience (Mason and
Reidinger 1982, Mason et al. 1984). Similarly, in domestic chicks a disgust response of a conspecific (beak wiping
and head shaking) influenced the observer’s foraging choices
(Johnston et al. 1998, Skelhorn 2011). However, there
was no evidence of this when tested in hens (Sherwin et al.
2002), suggesting that social avoidance learning might be
age-related. More recent studies have focused specifically on
chemically defended prey, demonstrating that social transmission among predators reduces predation on novel aposematic prey under both captive conditions (Skelhorn 2011,
Landová et al. 2017, Thorogood et al. 2018) and in the wild
(Hämäläinen et al. 2021). Juvenile great tits learn to avoid
aposematic firebugs faster after observing an educated conspecific refusing to attack them (Landová et al. 2017), and
blue tits and great tits consume fewer novel aposematic prey
after observing a negative foraging experience of a naïve conspecific (Thorogood et al. 2018, Hämäläinen et al. 2019)
or a heterospecific (Hämäläinen et al. 2020, 2021). While
most research has focused on avian predators, there is also
evidence that vervet monkeys Chlorocebus pygerythrus (van de
Waal et al. 2013) and cotton-top tamarins Saguinus oedipus
(Snowdon and Boe 2003) can acquire avoidance to unpalatable food by observing the negative experience of others.
Observing foraging on palatable prey can also provide
information that enhances predators’ identification of prey.
While there is evidence that Norway rats Rattus norvegicus
can acquire a socially transmitted taste aversion under some
conditions (Kuan and Colwill 1997), most studies find
they do not learn socially to identify food as unpalatable
(Galef et al. 1983, 1990, Galef and Whiskin 2000). Instead,
rats use social information gathered from odour cues
detected on the breath of others to identify palatable foods
(Galef et al. 1983, 1990, Galef 1993). Many examples also
exist from bird species, with red-winged blackbirds (Mason
and Reidinger 1981), sparrows Passer domesticus (Fryday
and Greig-Smith 1994) and domestic hens (Sherwin et al.
2002) preferring the same novel coloured food that they
have observed conspecifics feeding on, or with many species preferring to feed from the same coloured food dish as
the demonstrator (Mason et al. 1984, McQuoid and Galef
1993, Marchetti and Drent 2000, Benskin et al. 2002).
Social information about palatability can also override
previous experience of unpalatability. For example, fringelipped bats Trachops cirrhosus rapidly acquire a novel association between the call of a poisonous toad species and
palatable prey after observing a positive foraging experience
of a conspecific (Page and Ryan 2006). This type of reversal
learning is particularly important when thinking about the
identification, and fitness, of edible mimics (Turner 1964,
Alcock 1969). In an early experiment, Alcock investigated
fork-tailed flycatchers’ Tyrannus savana attack rates on distasteful Heliconius erato butterflies and their edible mimics,

Anartia amathea, and found that birds were more likely to
handle mimics after observing a conspecific consuming them
(Alcock 1969). This suggests that social information about
mimics can decrease their protection by shifting identification. However, more recent studies with artificial prey have
provided mixed evidence of social information overriding
personal experience with defended prey (Hämäläinen et al.
2019, 2021).
Taken together, we now have good evidence that social
information about prey defences can reduce attacks on
novel aposematic prey, and therefore facilitate the evolution of aposematism (Landová et al. 2017, Thorogood et al.
2018, Hämäläinen et al. 2019, 2020; Fig. 2). Because social
transmission of avoidance is assumed to be beneficial for
defended prey, we could also expect selection to favour
prey traits that maximize opportunities for social learning about identification, such as increased distastefulness
to elicit strong disgust responses (Brooke 2019), or more
salient, multimodal warning signals (Rowe and Halpin
2013). However, understanding how prey can manipulate
a predator’s response to enhance social information use is
unexplored. Social transmission also has potential to select
against masquerade, automimicry and Batesian mimicry by
providing predators with information about the presence of
‘cheats’ (Alcock 1969, Hämäläinen et al. 2021; Fig. 2), or
facilitate generalisation of prey profitability to similar-looking prey. This could have implications for Müllerian mimicry where unprofitable species share a warning signal to
reduce the cost of predator learning (Müller 1879), but how
predators generalise socially acquired avoidance remains
untested. More generally, if predators acquire enhanced
identification of prey profitability through social transmission, this should influence how frequency-dependent selection operates. First, it may reduce selection for polymorphic
prey by increasing identification of rarer morphs: predators
are often hesitant to attack novel prey (Marples et al. 1998,
Thomas et al. 2003), but social information from experienced or more adventurous individuals (Thornton 2008,
McMahon et al. 2014), or simply the presence of another
individual (Lalot et al. 2017), can decrease wariness and help
predators to broaden their diet. Second, it may reduce protection for profitable mimics by reversing incorrect identification (Turner 1964, Alcock 1969, Mappes and Lindström
2012, Thorogood and Davies 2012, Hämäläinen et al.
2021). Nevertheless, there are differences among studies in
how predators respond to social information about palatable and unpalatable prey, and understanding when, why
and how predators combine social information to adjust
their foraging requires investigation. Finding the answer to
these questions is likely to depend on determining the costs
and benefits of misidentification (Lynn 2005, Hämäläinen
and Thorogood 2020) in relation to predator state (Sherratt
2003, Skelhorn et al. 2016) as well as determining the
abundance of mimics and alternative prey, or different levels
of competition among predators, which could all influence
a predator’s willingness to sample prey once they have been
identified.

4. Approach
Once predators have identified prey as profitable and made
a decision to attack, the next stage is to approach and capture prey. Social information can play an important role in
improving the attack success if predators learn socially about
hunting techniques (Krützen et al. 2005, Kitowski 2009,
Brumm and Teschke 2012, Allen et al. 2013). In addition,
prey have evolved many antipredator defences to avoid capture (Ruxton et al. 2018), and social information from other
predators could help to overcome these. One example is deimatic displays where prey under attack suddenly undergo a
transition, such as a change from cryptic to aposematic colouration, to frighten their predators (Umbers et al. 2015). This
is an efficient strategy to stop the attack of naïve predators,
but experienced individuals can learn to ignore the display
(Umbers et al. 2019), and social transmission could facilitate this learning if predators observe others not responding to the display. However, it is also possible that observing
a naïve individual being startled might instead reduce a
predator’s likelihood to approach the same prey, and these
predictions need to be experimentally tested. In addition,
predators might gain social information about the difficulty
of capturing prey. Predators are predicted to avoid attacking
evasive prey because of time and energy costs of unsuccessful attacks (Hasson 1991), and witnessing others failing to
capture a prey could make predators less likely to approach
it. Prey can also fight back when attacked (Mukherjee and
Heithaus 2013), and an observation of others getting injured
could warn predators about these defences, similar to social
transmission of prey unprofitability (Mason and Reidinger
1982, Johnston et al. 1998, Thorogood et al. 2018). Social
information about capture success might indeed influence a
predator’s initial decision to attack the prey (identification
stage), rather than affecting their behaviour during capture,
however, this has not received much experimental work.
Social transmission of hunting skills, on the other hand,
is documented in several species, including extensive work
in humans (Garfield et al. 2016). In non-human animals, a
study with humpback whales Megaptera novaeangliae showed
that social transmission had a major role in the spread of an
innovative feeding technique, ‘lobtail feeding’ (Allen et al.
2013). Similar to other stages of a predation sequence,
social information is expected to be particularly important
for inexperienced juveniles that could improve their foraging success by observing predation events of adults. This was
demonstrated in juvenile brown pelicans Pelecanus occidentalis that improved their foraging efficiency by following
the plunge diving movements of adult birds (Brumm and
Teschke 2012), and in marsh harriers Circus aeruginosus that
performed more successful dives on prey when they were
hunting with adults (Kitowski 2009). In some cases, predators have been suggested to learn tool-use behaviours by
observing others (Krützen et al. 2005, Kenward et al. 2006,
Schöning et al. 2008). This includes a bottlenose dolphin
population (Tursiops sp.) where two foraging innovations,
‘sponging’ (carrying sponges on the rostra to probe into the
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substrate for fish; Krützen et al. 2005), and ‘shelling’ (feeding on prey trapped inside conch shells; Wild et al. 2020)
were found to spread socially among individuals. While both
behaviours might improve prey capture, ‘sponging’ could also
help dolphins to find the prey, and therefore influence prey
detection stage. Tool-use in hunting has also been demonstrated in chimpanzees Pan troglodytes (Sanz et al. 2010) and
New Caledonian crows Corvus moneduloides (Hunt 1996)
that use stick tools to forage on invertebrates. However, these
behaviours might be acquired through individual problemsolving and the role of social transmission remains unclear
(Kenward et al. 2006, Schöning et al. 2008).
Social transmission of hunting skills can improve the foraging efficiency of predators (Kitowski 2009, Brumm and
Teschke 2012), but its potential implications for prey are
poorly understood. For example, the spread of novel foraging techniques among predators could be predicted to create
new selection pressures for prey counter-defences (Fig. 2),
and this is an underexplored mechanism for the evolution of
multimodal defences. Selection could also favour evasiveness
and defensive behaviours, such as aggression, if information
about these defences spread socially among predators (Fig. 2).
Alternatively, some prey benefit from mimicking a prey that is
difficult to capture (‘evasive Batesian mimicry’; Ruxton et al.
2004, Páez et al. 2021), and social transmission could alter
these frequency-dependent model-mimic dynamics by providing predators with information about the presence of
mimics. Similarly, social information could help predators to
overcome other bluffing behaviours, such as deimatic displays
in non-defended prey species (Fig. 2). There is therefore the
intriguing potential of an arms race between predator and
prey. However, failed predation attempts might happen very
quickly and be difficult to observe, and it is possible that the
opportunities to gather social information about capture success are fewer than at other stages of the predation sequence.
Further work is therefore needed to understand how social
information gathered from the attacks of others influences
predators’ attack decisions (identification stage) and capture
success (approach stage).

5. Subjugation and consumption
The last two stages of a predation event are subjugation
(preventing prey escape) and consumption (ingesting prey).
Although they are traditionally considered as separate predation stages (Endler 1991), both of these happen after physical contact between the predator and the prey, and we have
therefore combined them here. Predators must learn how to
handle captured prey that vary in their ability to fight back
and escape, and can also have mechanical defences, such
as hairs, spines and stings (Mukherjee and Heithaus 2013,
Ruxton et al. 2018). Observing others handling prey could
influence a predator’s decision to attack, but also provide
social information on how to overcome these defences. For
example, some avian predators have learned to remove stings
(Davies 1977) or the most toxic parts of prey (Calvert et al.
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1979, Fink and Brower 1981, Beckmann and Shine 2011)
before consumption, and social transmission could facilitate
this learning. These predators include black-backed orioles
Icterus abeillei and black-headed grosbeaks Pheucticus melanocephalus that feed on toxic monarch butterflies Danaus plexippus by removing the body parts with the highest cardenolide
content (Calvert et al. 1979, Fink and Brower 1981). Brower
and Calvert (1985) suggested that the birds may learn and
maintain this feeding behaviour via cultural transfer from
one generation to the next, but this remains untested. So
far, the only evidence of social transmission of prey-handling
skills comes from meerkats Suricata suricatta that teach their
pups to handle scorpions by gradually providing them dead,
disabled (stings removed) or intact prey (Thornton and
McAuliffe 2006). However, many species have been shown
to use social information to solve novel artificial foraging
problems (Palameta and Lefebvre 1985, Boogert et al. 2014,
Gunhold et al. 2014, Aplin et al. 2015). This indicates that
there is potential for similar learning about how to handle
prey even though this has not been tested directly.
How social transmission during subjugation and consumption influences selection for prey defences has also
received little attention. If predators could overcome prey
defences by observing others removing mechanical defences
or the most toxic parts of prey, this could potentially accelerate selection for stronger defences, such as increased toxicity
(Fig. 2). Another antipredator defence to avoid consumption, and described in a wide range of taxa (Humphreys and
Ruxton 2018), is death feigning. Social information could
help predators to overcome this bluffing behaviour (Fig. 2),
but this is yet to be investigated. Social transmission also has
the potential to influence a predator’s behaviour after consumption. Geophagy, the ingestion of clay soils, is observed
in several bird (Downs et al. 2019) and mammal species
(Krishnamani and Mahaney 2000), and is suggested to protect animals from toxic compounds in the diet due to its high
capacity to absorb toxins (Krishnamani and Mahaney 2000,
Downs et al. 2019). This behaviour could be transmitted
socially in predator populations, but to our knowledge this
has also not yet been investigated.

Conclusions
Throughout this review, we have discussed social information
use by predators and drawn on existing empirical examples
to explore whether this may shape the ecology and evolution of prey defences (Fig. 2). Many of our conclusions
are tentative as studies testing the potential consequences
of social transmission explicitly on predator–prey evolution are few. Furthermore, of the studies investigating social
information use by predators specifically in the context of
prey defence evolution, most have used only a few ‘model
predators’ encountering simple prey communities with
one palatable and unpalatable prey type (Johnston 1998,
Skelhorn 2011, Landová et al. 2017, Thorogood et al. 2018,
Hämäläinen et al. 2020). Heterogeneity among predators is

an important factor influencing the evolution of warning signals (Endler and Mappes 2004, Valkonen et al. 2012), and
the complexity of the prey community influences the costs of
predator learning and information use (Ihalainen et al. 2012).
Similarly, most of this previous work has been conducted in
captive conditions and with artificial prey, and only recently
have studies started to investigate social transmission in wild
predator populations (van de Waal et al. 2013, Aplin et al.
2015, Hämäläinen et al. 2021). Although captive work provides important insights into the mechanisms of social information use in controlled conditions, more field studies are
needed to understand the efficacy of social transmission in
complex environments with multiple information sources
and varying costs and benefits. Nevertheless, the evidence
gathered here suggests that testing predictions across the predation sequence would be a fruitful line of research (Box 1)
and luckily, the expanding number of studies on animal
social behaviour over recent decades mean that we have many
well-established methods that can be adapted to investigate

how social transmission can influence the ecological and evolutionary dynamics of predators and prey (Fig. 3).
More broadly, many questions still remain about information use and its effects on species coevolution and community
dynamics that reach beyond predators and prey (Cantor et al.
2021). However, our review suggests that predator–prey
interactions provide a useful paradigm. For example, we still
understand little about among- and within-species variation
in information use (Mesoudi et al. 2016) which is critical
when considering interactions within ecological communities. Producer–scrounger dynamics could influence population demography and spatial distribution, for example, and
also drive mixed species interactions in communities where
heterospecific information is important (Gil et al. 2018).
Mathematical models have also demonstrated that social
information can induce positive density dependence on population growth rate, and result in information-mediated Allee
effects (Schmidt et al. 2015). Schmidt et al. modelled information use in breeding habitat selection but similar models

Box 1. Future areas of research

Social information transfer can change species dynamics by modifying the behaviour or ecology of interacting species.
However, models of coevolution or population and community dynamics have rarely considered how social transmission
can change individuals’ fitness. In the context of predator–prey interactions, social information use by predators could
help to answer major ecological and evolutionary questions, such as the evolution and maintenance of prey defences,
selection for prey distribution and composition of predator–prey communities. However, understanding whether and
how social effects influence predator–prey dynamics requires 1) incorporating social transmission into models of predator–prey coevolution, 2) empirical studies in different predator–prey systems, preferably with both parties and 3) determining whether variability among individuals to use social information has adaptive significance (i.e. how different
social learning strategies influence individuals’ fitness). Social transmission among individuals also has the potential to
shape how populations and communities respond to ongoing environmental change. There is therefore a pressing need
to address these fundamental questions and consider how social transmission among predators and prey might affect
practical decisions for conservation and resource management. Here we identify outstanding questions regarding social
transmission among predators using the predation sequence framework; however, the stages are not independent of each
other and some questions might fit in several categories.
1. Encounter
• Do predators use social information about prey location more often in unpredictable environments?
• How does social transmission among predators influence selection pressures for prey distribution?
2. Detection
• Do predators use social information to develop search images?
• Does social transmission among predators enhance selection for diversity in cryptic prey?
3. Identification
• Can predators use social information to overcome masquerade?
• How does the prey community’s complexity influence predators’ social information use?
• How do predators generalise socially acquired avoidance/preference to similar-looking prey?
• Do prey evolve traits that maximise social transmission of avoidance when predators are social (e.g. higher
distastefulness)?
4. Approach
• Can social information help predators overcome prey bluffing behaviours, such as deimatic displays in non-defended
species?
• Does social information about capture success influence a predator’s decision to attack prey?
5. Subjugation and consumption
• Do predators use social information to learn how to handle or ingest prey with mechanical defences or toxins?
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Figure 3. Examples of methods to study the role of social information use in predator–prey coevolution. (a) Social networks collected using
radio-frequency identification tags on Parid tits can demonstrate social transmission of prey avoidance (Hämäläinen et al. 2021). Image by
Liisa Hämäläinen. (b) Video playback to manipulate information provided by demonstrators can provide proof-of-concept for social learning (Thorogood et al. 2018). Image by Liisa Hämäläinen. (c) Robotics is an emerging method to manipulate demonstrator information
(Bonnet et al. 2019). Image courtesy of Alain Herzog, EPFL. (d) Puzzle boxes can be used to study social learning of prey subjugation
(Thornton and Malapert 2009). Images courtesy of Alex Thornton.
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could be applied to a predator–prey context. For example, if
predators rely strongly on social information to locate prey,
this could result in Allee effects when the number of information producers in the predator community is low, which in
turn could influence growth rates in prey populations. Social
information use may also vary among populations depending
on ecological conditions, such as food availability and predation pressure, but whether these differences are driven by evolutionary and/or developmental processes remains unknown
(Chouinard-Thuly and Reader 2019). Nevertheless, heterogeneity among predators creates variable selection pressures
for prey (Endler and Mappes 2004), and understanding
variation in information use is therefore important if we are
to explain complex predator–prey interactions. While we
focused here on predators, social transmission among prey
can similarly play an important role in predator–prey dynamics. Social information use by prey might, for example, influence predator detection (Ferrari et al. 2010, Magrath et al.
2015) or recognition (Brown 2003, Griffin 2004), and future
work should therefore consider the information ecology of
both parties.
Social transmission has the potential to modify how selection acts, and these genetic changes can in turn feedback
on social transmission, but research on such gene-culture
coevolution in many non-human animals, and particularly
in predators, is only just beginning (Whitehead et al. 2019).
One potential example comes from a recent study with
killer whales Orcinus orca that found divergence between
mammal-eating and fish-eating ecotypes in genes associated with digestion (Foote et al. 2016). This was suggested
to result from cultural differentiation between the ecotypes,
although demonstrating this causal association remains difficult (Foote et al. 2016). Similarly, we still understand little
about how social transmission influences how selection is
exerted on co-evolving species. A recent study incorporated
social dynamics into modelling of evolution of host sociality
and parasite virulence and found that it had striking implications for assumptions about host–parasite dynamics (Ashby
and Farine 2021). Using a similar approach would provide
insights into the effects of social transmission on coevolution
between predators and prey at each stage of the predation
sequence. Predictions from these models could then be tested
with different predator–prey systems both in controlled laboratory experiments and with wild populations.
Finally, understanding social transmission among predators and prey has potential implications for conservation
biology. For example, reintroduction is a common wildlife
conservation strategy that rarely takes social structure and
information transmission pathways into account (Brakes et al.
2019, Goldenberg et al. 2019, Franks et al. 2020b). However,
social transmission could be harnessed to improve outcomes,
both before and after release of the species to be conserved.
For example, social information can provide a more efficient
way to train individuals to recognise novel predators before
their release (Brown and Laland 2001, Griffin 2004, Shier
and Owings 2007, Rowell et al. 2020), or to train resident
predators to avoid a novel prey species before it is introduced

(Umbers et al. 2020). Maintaining or enhancing social transmission pathways during reintroductions may also reduce the
time needed by reintroduced predators to recognise novel prey
at the new site (Thorogood et al. 2018). Another successful
technique is conditioned taste-aversion training that can be
used to protect naïve local predators against toxic invasive
potential prey species (Ward-Fear et al. 2016, Indigo et al.
2018), and understanding social transmission of avoidance
could make these conservation efforts more effective. How
animals use social information is also likely to change in future
as many environments are changing rapidly because of human
actions. For example, noise pollution can impair acoustic
information, such as alarm calls (Grade and Sieving 2016,
Templeton et al. 2016), and chemical pollutants can disrupt
chemical information transfer about predators in aquatic
systems (reviewed by van Donk et al. 2016). Understanding
how social transmission shapes both evolutionary and ecological interactions among predators and prey is therefore both
within our grasp, and becoming increasingly important if we
are to predict how different species will respond to rapid and
increasing human-induced changes in the environment.
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