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demographic processes may be essential for augmenting
these conventional conservation approaches and
decision-making. Animal culture was the focus of a
ground-breaking resolution under the Convention on the
Conservation of Migratory Species of Wild Animals
(CMS), an international treaty operating under the UN
Environment Programme. Here, we synthesize existing
evidence to demonstrate how social learning and animal
culture interact with processes important to conservation
management. Specifically, we explore how social learning
might influence population viability and be an important
resource in response to anthropogenic change, and pro-
vide examples of how it can result in phenotypically
distinct units with different, socially learnt behavioural
strategies. While identifying culture and social learning
can be challenging, indirect identification and parsimo-
nious inferences may be informative. Finally, we identify
relevant methodologies and provide a framework for
viewing behavioural data through a cultural lens which
might provide new insights for conservation management.

1. Introduction
Akeygoalof conservation is to ensure theadaptivepotential and
long-termpersistence of viable populations bymaintaining gen-
etic and phenotypic diversity [1]. To achieve this, it is necessary
to identifypopulationunits inneedofconservation,and identify,
evaluate and mitigate threats. Standard rubrics for defining
units to conserve rely on identifying groups with distinct evol-
utionary or demographic trajectories (figure 1). International
and national conservation frameworks and laws consider the
threat status of units to conserve through the assessment of
population trajectories, abundance, range dynamics and extinc-
tion risk (e.g. IUCN Red List, Endangered Species Act (USA)).
We argue that considering animal social learning and animal cul-
ture (hereafter ‘culture’) could augment these conventional
conservation approaches and decision-making, by informing the
identification of units to conserve and assessing their viability.

The importance of behaviour for conservation biology has
been increasingly recognized [2,3]. However, a systematic
review of the literature reveals learning and social behaviours
were ‘rarely considered’ in wildlife conservation and manage-
ment ([4, p. 744]). Our objective is to provide a practical
framework to enable conservation managers to consider how
culture may impact the viability and structure of certain
animal populations and influence animals’ responses to conser-
vation strategies. We start by defining animal social learning
and culture. We then explore how these processes may influ-
ence the transmission of behaviours related to survival and
reproduction, and thus provide evidence that social learning
might influence demographic processes in a way that impacts
population persistence and viability. Next, we delve deeper
into the interface of social learning and culture across several
behavioural contexts (figure 2). We provide examples where
the linkages between conservation and social learning have
beendemonstrated forendangered species.However, to further
elucidate some of the underlying cultural and demographic
processes, we also provide examples from species of lower con-
servation concern, to assist researchers and practitioners in
identifying scenarios where social learning may be important
for the conservation of endangered species, or for distinct popu-
lation segments. Finally, we provide a framework (figure 3) to
guide the integration of culture and social learning into current
conservation and management efforts for social species.

Acknowledging the bias in the existing literature towards
the most studied species, which are often more social and/or
viewed as cognitively ‘advanced’, we highlight the crucial
role that cultural transmission can play in guiding effective
conservation responses. For example, this was recently
achieved through the integration of culture and sociality
into aspects of the management framework of the Conven-
tion on the Conservation of Migratory Species of Wild
Animals (CMS) [5] (electronic supplementary material S1).
‘Concerted Actions’ approved by the Parties to the treaty,
based on cultural data now inform the conservation manage-
ment of eastern tropical Pacific sperm whales (Physeter
macrocephalus) and ‘nut-cracking’ western chimpanzees (Pan
troglodytes verus) (electronic supplementary material, S1,
S4a, S4c) under CMS. Importantly, the aim is not to divert
resources from critical conservation needs, or towards
cultural species, but to apply scientific knowledge from
this field to advance conservation priorities and assist
conservation practice.
2. Social learning and culture
Social learning has been defined as any learning process that
is facilitated by the observation of, or interaction with,
another animal or its products [6–8]. An individual may
learn new behaviour, like how to open a nut, asocially.
Social learning, in contrast, involves the transmission of infor-
mation from one animal (model) to another (observer), which
results in the observer learning the behaviour. Social learning
can occur along differing sensory channels (e.g. visual, olfac-
tory) and through a variety of mechanisms such as local
enhancement and emulation [8] (electronic supplementary
material, S2, glossary). Socially learnt behaviour can flow
via: vertical transmission from parent to offspring; oblique
transmission from older to younger, often unrelated, individ-
uals; horizontal transmission between peers of the same
generation [9]; and even between species [10]. All except
the first of these pathways of transmission differ significantly
from the dynamics of genetic transmission in the spread of
behaviours. It should be noted that, like genetic variation,
socially learnt behaviour can be adaptive, non-adaptive or
neutral with respect to fitness [11]. However, unlike genetic
inheritance, in many circumstances, social learning can facili-
tate the rapid transmission of behaviour across a diversity of
contexts including foraging, migration routes and mate
choice [12–16], with potentially significant implications for
conservation management.

Social learning may also lead to the transmission of infor-
mation through groups, giving rise to local behavioural
(cultural) variants that persist over time and generations. Cul-
ture is defined here as information or behaviours shared
within a group and acquired from conspecifics through
some form of social learning [7,17]. While this is a broad defi-
nition, it allows researchers to identify and measure potential
cultural behaviours of conservation value [7]. Culture and its
critical foundation, social learning, are observed in a wide
variety of different social systems (see [18]). While socially
learnt behaviour—and in some cases culture—have increas-
ingly been documented across a wide range of invertebrate
and vertebrate species [18], many adaptive behaviours do
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evolutionary
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the particular form or variant of the
cultural trait (behaviour) displayed by a
group or population (derived from [9]) 

IUCN species or sub-species;
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Figure 1. (a) Description and overview of conservation units (ESUs, DIPs and CVs) and how they are used in current conservation frameworks. (b) Example of the
potential relationship between ESUs, DIPs and CVs: one ESU comprises three DIPs of different sizes, with two CVs found at different frequency in each of the DIPs.
(Online version in colour.)
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not require social input to develop. Conversely, socially learnt
behaviour does not necessarily generate sustained or stable
cultures, if, for example, it is related to transient resources.
Nevertheless, group-wide behavioural variants (or their pro-
ducts) can be assessed to evaluate the possibility that they are
socially learnt from conspecifics.

The precautionary principle (electronic supplementary
material, S2, glossary) should be applied when assessing
the conservation significance of behavioural patterns against
the strength of evidence for social learning. For example, in
species with endangered populations, information on social
learning should rapidly be incorporated into management
plans if there is suggestive evidence that these processes
might play a role in survival or reproductive rates, even if
it is not conclusive [19]. In many species, it is difficult to
determine the mechanism of social learning through obser-
vation alone. Nevertheless, in a small number of species,
including bluehead wrasse (Thalassoma bifasciatum), great
tits (Parus major), meerkats (Suricata suricatta), vervet mon-
keys (Chlorocebus aethiops) and chimpanzees, controlled
studies have provided strong evidence that behaviours
spread through groups and over generations via social learn-
ing [15,16,20–22]. Such work represents a ‘gold standard’ of
evidence for social learning and culture. However, these con-
trolled studies may have ethical implications, or may not be
feasible, particularly in the wild or in endangered species,
where observed patterns of behavioural expression can
instead be used to infer the presence of cultural processes
[23–25]. Indeed, controlled studies can be vital for informing
conservation by shaping our understanding of the fundamen-
tal principles of social learning and cultural transmission,
and how they interface with demographic processes (e.g.
anti-predator and survival training [26]).

One common tool to detect the presence of culture is the
ethnographic method or the method of exclusion, where cul-
tural processes are inferred if ecological and genetic processes
can be ruled out [24]. This may reveal a regionally distributed
checkerboard of behavioural variants through the examin-
ation of multiple populations or social groups spread across
the landscape (e.g. [25,27]). However, the exclusion method
is vulnerable to both over and under-attribution of cultural
causes where researchers fail to recognize subtle environ-
mental factors shaping individual plasticity or genetic
change. For example, chimpanzees’ use of long versus short
stems to dip for ants was originally thought independent of
habitat differences [27], but later detailed studies suggested
the choice reflected local variations in the severity of ants’
defensive biting [28]. Conversely, the approach may neglect
cultural behaviours that are adaptations to different local
environments [24], such as tool use to crack shellfish in
long-tailed macaques (Macaca fascicularis) [29].

Correlational studies can identify culturally transmitted
behaviours where social learning experiments are not poss-
ible (e.g. [12]). For example, if the vertical transmission is
suspected to play a role in learning foraging strategies, corre-
lations can be assessed between neutral genetic markers, as
proxies for relatedness or parental lineages, and stable iso-
tope markers, as proxies for foraging patterns (e.g. [12]). It
can be parsimonious to infer that social learning plays a
role if a correlation is detected, particularly in species with
multiple or generalist foraging strategies which suggest
behavioural plasticity or phenotypic variation within a popu-
lation, or in species where social learning has been previously
observed. Vertical culture may be reasonably inferred as a
determinant of foraging behaviour, if there is a strong corre-
lation between the foraging measure and a uniparentally
inherited genetic marker (e.g. mtDNA) that is unlikely to
influence foraging directly [30]. Correlation between func-
tional nuclear DNA markers and foraging behaviour could
be indicative of a genetic component to the behaviour, but
gene-culture coevolution can also create such patterns [31].

This approach has been questioned in the past due to the
assumption that genetics plays a strong role in determining
many behaviours [32]. However, the patterns of genetic
diversity within populations and species are shaped by the
demographic, adaptive and stochastic processes that govern
genetic drift, gene flow, mutation and Darwinian selection.
In this context, the genetic component of behavioural traits
is considered to be shaped by many genes that often have
only small effect sizes and moderate heritability [33]. Neutral
genetic markers typically used to assess relatedness and
parentage are, by definition, less likely to be influenced by
Darwinian selection than genes underpinning behavioural
variants. While it is sometimes possible to conclusively rule
out genetic effects in the described scenario by cross-fostering
experiments to discover if they acquire their adopted or
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1. evidence for social learning
and/or animal culture

2. interaction of social
learning/culture with conservation

3. precautionary approach and
management implications

Q1.1 Is there an indication of culture? Q2.1 Interaction with vital rates? 

Q2.2 Interaction with habitat use?

Q2.3 Implications for conservation?

Q2.4 Implications for species diversity?

survival rates

influences foraging

population not behaviourally homogeneous

cultural differences lead to distinct evolutionary 
trajectories

long-term population monitoring photo-ID mark-recapture analysis population viability
isotope analysisbiologging

citizen science
acousticsgeneticsNBDASNAanalysis

modelling
habitat

methods

vs

repositories of knowledge

re-introductions

influences migration

reproduction dispersal

laboratory or field studies

vocal dialects

factors facilitating vertical transmission

factors facilitating oblique or horizontal
transmission

foraging strategies

Q1.2 Is there direct evidence for social
learning?

Q1.3 Is there indirect evidence for social
learning?

Q1.4 Is there opportunity for social 
learning?

e.g., as in chimpanzees, New Caledonian crows, bighorn sheep
e.g., as in golden lion tamarins and sperm whales

e.g., vocal dialect proxy for group foraging strategy in sperm
whale

e.g., vocal dialect and conservative foraging strategy defines
killer whale groups

e.g., sites to which migratory baleen whales show fidelity are
identified as Important Marine  Mammal  Areas (IMMAs) 

i.e. CV= manage acoustic clans as separate units = CMS
concerted action

= Designated Units (DUs) Canada
= managed as distinct cultural units

e.g., multiple foraging  cultures = multiple resource
requirements = vulnerability to human-induced rapid
environmental change

e.g., cultural conservatism to migration route susceptible to
changing cultural habitat quality

e.g., differences in sperm whale clan survival require
management of clans

e.g., elephant matriarchs

e.g., competent models  with relevant behavioural repertoires 

e.g., killer whale ecotypes

e.g., as in meerkats, great tits and bluehead wrasse

e.g. corn buntings

e.g., killer-whale longevity, post-reproductive lifespan, extended
parental care

e.g., group living, reproductive skew, social tolerance 

e.g., lobtailing, bubblenetting in
humpback whales

Q3.1 Assessing ESU/DIP/CV? 

Q3.2 Inclusion in design of protected areas? 

Q3.3 Inclusion in national and international
         threat classification? 

Q3.4 Inclusion in ecosystem and large 
         scale biodiversity strategies? 

Convention on the Conservation of Migratory
Species of Wild Animals (CMS) 
Australia: Environmental Protection and
Biodiversity Protection Act (EPBCA)
USA: Marine Mammal Protection Act (MMPA) and
Endangered Species Act (ESA)

? Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES) 
? Living Planet Index 

Figure 3. A conceptual framework for incorporating evidence and inference on social learning and animal culture into conservation policy and practice (silhouettes
indicate examples discussed in main text and electronic supplementary material; see text for details). Image credits—Chris Huh: humpback whale, killer whale,
sperm whale; Kent Sorgon: wrasse (https://creativecommons.org/licenses/by-sa/3.0/). (Online version in colour.)
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biological parents’ foraging strategy [34,35], this is often not
ethical or feasible for endangered species.

Culture can be one of many influences that shape behav-
iour and new modelling approaches now integrate ecological,
social and genetic factors into analyses of behavioural vari-
ation (e.g. [36]). For example, network-based diffusion
analysis (NBDA) has been used to investigate the social trans-
mission of behaviours in chimpanzees [37], humpback
whales (Megaptera novaeangliae [38]) and bottlenose dolphins
(Tursiops sp. [39]) by quantifying the extent to which social
network structure explains the spread of behaviour [36].

There is no one-size-fits-all method to identify social
learning or culture. Feasibility, financial or ethical constraints
make it unlikely that some behaviours would ever be defini-
tively shown to be socially learnt. While the inference
approaches listed above do not directly test social learning
through experiments, they can provide robust, parsimonious
inference for the presence of cultural processes underpinned
by social learning based on patterns of behavioural
expression. Identifying social learning per se is important
whether or not this social learning gives rise to local cultural
variation. Social learning can be a cause, a consequence or a
marker of phenotypic diversity, of demography and vital
rates, of population genetic structure, and of ecological
niche separation (e.g. [40,41]). Conservation outcomes
depend on demographic processes. If social learning can
influence demography, then it follows that conservation prac-
titioners may benefit from considering cultural processes.
3. Conservation through the lens of social
learning and culture

Given the conservation challenges associated with rapid
environmental change and habitat degradation, maintaining
the long-termpersistence of viable natural populations requires
conservationists to focus onmaximizing survival prospects and
reproductive outputs of individuals, social groups and popu-
lations. To illustrate the links between these demographic
parameters and social learning, we draw on examples from a
wide variety of species, of the varying threat level. The pro-
cesses elucidated in these examples have relevance for the
management of many species, regardless of their conservation
status. Indeed, while some examples in this section may not
be of immediate conservation concern,many countries actively
manage species and populations to avoid them slipping into
such categories; therefore, understanding the influence of cul-
ture on demographic processes is highly relevant. Multiple
sources of social information can generate the diversity of
responses to resource availability and predation pressures
[42,43]. What conservation relevant insights might be over-
looked by assuming that populations—and social groups—
are behaviourally homogeneous? We contend that increasing
evidence on social learning and culture provides novel
perspectives for addressing this question.

Social learning can create phenotypic variation among
individuals and groups that can lead to differences in locating
food, developing and propagating specialized foraging

https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
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strategies, accessing important habitat or avoiding predators
or other risks [18]. Such differences can generate variation in
individual fitness within a population and—when such
benefits are conferred widely across a social group—can influ-
ence vital rates and structure populations [44,45]. First,
cultural knowledge may act as a buffer, providing an opportu-
nity to flexibly exploit environments in periods of resource
scarcity. Second, in spatially variable environments, social
learning can act to ‘fine-tune’ behaviour to local conditions,
a ‘resident knowledge’ that transient or inexperienced individ-
uals cannot exploit, unless they are able to learn from residents
[34]. Third, innovations in response to novel challenges and
opportunities can spread via social learning to establish new
cultural behaviours, providing a route to exploit new
resources [22]. In one of the most famous examples of inno-
vation spread, great and blue (Cyanistes caeruleus) tits learnt
to break the foil tops of milk bottles delivered to doorsteps
and drink the cream beneath, a behaviour that subsequently
spread across Britain and Ireland [46]. However, cultural con-
straints can also limit the spread of adaptive behaviour,
depending on the species and context (e.g. [47]).

Quantifying how social learning and culture generate be-
havioural variation and influence the dynamics of social
groups and populations can yield important insights for con-
servation by examining effects on vital rates. Distilling
precisely how social learning and culture can scale up to
influence abundance and density, and thus population
dynamics, under different scenarios, is challenging. A practi-
cal starting point is examining the influence of social learning
on two key vital rates—survival and reproduction—as well
as the central conservation question of what units to con-
serve. How population resilience may be impacted is
explored in electronic supplementary material, S3.
(a) Influence of social learning on survival
Building on innovative research on model organisms
[20,22,37], consideration and utilization of social learning
has proved important for increasing survival in managed
populations [2] (electronic supplementary material, S4a). In
the case of golden lion tamarins (Leontopithecus rosalia), survi-
val rates of reintroduced animals were initially extremely low
(13%) [48]. An intensive post-release programme involving
supplemental feeding and nest-site provisioning allowed
reintroduced animals to survive for long enough to learn
basic life skills, doubling survival rates. The offspring of
these captive-born re-introduced animals then showed a sur-
vival rate of 70%, suggesting that social learning and
scaffolding from elders can make a critical contribution to
survivorship during reintroductions [26]. In another example,
to maximize post-release survival of captive reared critically
endangered Hawaiian crows (Corvus hawaiiensis), young
birds are conditioned to recognize a potential natural preda-
tor, the Hawaiian hawk (Buteo solitarius), and to exhibit
context-appropriate anti-predator behaviour (A. L. Greggor
et al., unpublished data). In addition to learning to avoid
danger, Hawaiian crows may socially learn key skills required
to forage efficiently, communicate in a species-typical manner
and breed successfully [49] (see electronic supplementary
material, S4a). These examples illustrate the importance of
seeking to maintain individuals as ‘repositories of knowl-
edge’ that may span a number of behavioural contexts and
ensuring individuals scheduled for release are behaviourally
competent, thus impacting conservation success.

Social learning can also provide access to novel, high-
quality forage, potentially via less energy expenditure than
through individual exploration. Socially learnt foraging strat-
egies can also buffer against adverse effects of environmental
variability. For example, long-term behavioural studies show
bottlenose dolphins in Western Australia have multiple fora-
ging strategies, including socially learnt use of sponges as
tools to help extract prey [50]. A recent marine heatwave
led to a 5.9% and 12.2% decrease in the survival rate of dol-
phins that did and did not use tools, respectively. These data
indicate that socially transmitted tool use may have buffered
a section of the population against the cascading effects of
habitat loss on prey species [14]. More broadly, this example
highlights how survival in bottlenose dolphins is linked to
phenotypic variation. This lesson may be applicable to the
conservation and management of other species that show het-
erogeneity in foraging strategies that could stem from social
learning.

(b) Influence of social learning on reproduction
Variation in reproductive output among females in a popu-
lation can provide a quantifiable indicator of population
health [51] and can be influenced by social learning in com-
plex ways across different scales. For example, individual
female bottlenose dolphins in Brazil that specialize in socially
learnt cooperative foraging with fishermen may have a
fecundity advantage related to increased seasonal prey
resources [52]. At a group scale, the sharing of social infor-
mation by experienced older African elephant (Loxodonta
africana) matriarchs increases group survival and reproduc-
tive success, by providing information on the level of threat
posed by elephants from other social groups and by preda-
tors in the wider environment [53]. Management plans
should incorporate the understanding that matriarchs act as
‘repositories of knowledge’ and that the loss of these individ-
uals (e.g. culling or translocation) can have population-level
impacts that persist for decades [54].

Considering broader population units, sperm whale
social units cluster into ‘clans’ identified by acoustic dialects.
Reproductive success varies between clans, which is thought
to be associated with socially learnt foraging strategies [7,55]
and perhaps alloparental care patterns [56], with potential
population-level consequences. Foraging variation among
clans can lead sub-populations to respond differently to
environmental change, such as the El Niño oceanographic
phenomenon. Noting this differential success between acous-
tic clans, in 2017 the Parties to CMS agreed a Concerted
Action to further explore the implications of the clan structure
for the conservation of sperm whales in the eastern tropical
Pacific [57]. While the influence of social learning on repro-
ductive success is apparent, it is not yet clear how
environmental changes influencing feeding success impact
clan survival; such information is essential for understanding
population dynamics within clans and across the species.

(c) Influence of social learning and culture on units to
conserve

Social learning and culture can promote demographic iso-
lation between groups or populations with relevance to
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management and conservation (demographically indepen-
dent populations (DIPs); figures 1 and 2 [3,47]). For
example, killer whales (Orcinus orca) can exhibit highly con-
servative socially learnt prey specializations to the extent
that separate, endangered fish-eating Southern Resident
killer whale social units forage on fish (e.g. chinook salmon,
Oncorhynchus tshawytscha) specific to individual river systems
[58]. The population abundance of this social unit has
declined along with its preferred prey. This reliance on a
single river system and cultural reluctance to switch food
sources clearly links the importance of understanding
foraging culture with conservation management. This demo-
graphic isolation can also lead to genetic divergence and
speciation through mechanisms such as assortative mating
[59]. Figure 2 highlights examples where culture provides
valuable data on the delineation of units to conserve at differ-
ent scales (DIPs [60,61] and evolutionary significant units
(ESUs) [59,62]). We direct readers to recent reviews [11,59]
that delve into the role of culture as an evolutionary force
leading population segments towards distinct evolutionary
trajectories as ESUs (figure 1) [41,63] and highlight the role
of gene–culture coevolution in this process.
8

4. Ecological studies through the lens of social
learning and culture

Evidence for social learning can be identified across several
behavioural contexts, perhaps most commonly across the
contexts of foraging, migration and communication. These
contexts are often the focus of conservation actions. There-
fore, our aim is to provide a roadmap to understand the
contexts under which social learning may be relevant and
to consider ways the field can contribute to promoting con-
servation outcomes. We hope the examples (electronic
supplementary material, S4a–c; figure 2) will encourage read-
ers to re-examine their data using a cultural lens to investigate
whether social learning is important for managing and
conserving their species.

(a) Foraging
Social learning plays a vital role in the development of fora-
ging behaviour in many species. Where foraging strategies
are socially learnt, innovations can spread rapidly through
a social group, facilitating the exploitation of new resources
in the environment. For example, young male elephants
learn crop-raiding techniques from experienced older males
[43] leading to negative conservation outcomes (figure 2).
Alternatively, cultural conservatism may lead to an inability
to switch prey species despite dwindling resources, as chan-
ging foraging techniques to exploit alternative prey may be
costly. Failure to recognize that species with multiple
foraging cultures may have multiple resource requirements
(e.g. killer whales [47]) could undermine conservation efforts.

Direct assessment of diet can be achieved through obser-
vations of feeding or using morphological or DNA-based
assessments of prey remains found in scat, stomach contents
or lavages (e.g. [64]). Stable isotope or fatty acid analyses of
tissue or scat can be used to infer foraging location and
trophic level [65], where opportunities for direct observations
are limited. In one recent example, stable isotope analysis of
whisker samples provided strong evidence that young
banded mongooses (Mungos mungo) inherit their foraging
niche from specific (non-parent) adult cultural role models
[35]. Importantly, intraspecific foraging specialization may
have real-world consequences for survival and reproduction
for endangered species (see electronic supplementary
material, S4a). For example, multiple lines of evidence have
now established nut-cracking, a foraging specialization lim-
ited to sub-populations of critically endangered Western
chimpanzees, as a socially learnt and culturally transmitted
behaviour that may be essential to survival through the dry
season when the fruit is scarce. Noting this specialization
and the critically endangered status of these sub-populations,
in 2020, the Parties to CMS agreed a Concerted Action to
further explore the implications of nut-cracking culture for
the conservation of this species (electronic supplementary
material, S1 and S4a).

(b) Migration
In some group-living species or those with extended periods
of parental care, the first migration of an individual’s life is
often with conspecifics. The migration route and/or site
learnt can therefore be horizontally transferred from conspe-
cifics [66] or vertically transmitted from parent to offspring
(e.g. in whooping cranes, Grus americana [67] and southern
right whales, Eubalaena australis [12]: figure 2), helping
ensure that offspring are able to find ephemeral resources
in highly patchy environments [68]. Individuals can maintain
these socially learnt migratory behaviours across time, lead-
ing to a form of cultural conservatism, which can be of
relevance to conservation. For example, migratory route fide-
lity influences management unit designation and the
spatially patchy recovery from the hunting of some baleen
whale species [40].

Migration movements have been studied directly using
field observations and marking methods (e.g. genotypes
and photo-identification), and indirectly using stable isotopes
and DNA from tissue [12,69]. Genetic pedigrees have been
combined with long-term field data, for example, to demon-
strate fine-scale extended kin structure at migratory
destinations in light-bellied Brent geese (Branta bernicla
hrota), supporting the hypothesis that site choice has a cul-
tural component [66]. Increasingly, migration movements
are studied directly using animal-attached bio-loggers,
which provide high-quality fine-scale movement data [70],
used to infer links between breeding, stopover and feeding
grounds. For example, translocation experiments exploring
the cultural basis of migratory behaviour, such as those con-
ducted on big horn sheep (Ovis canadensis) and moose (Alces
alces), provide strong evidence for the importance of cultural
behaviour for conservation reintroductions [71] (electronic
supplementary material, S4b). Similar patterns are found
comparing genetic relatedness and proxies for foraging
grounds, such as stable isotopes, in cetacean species (e.g.
[12]; figure 2; electronic supplementary material, S4b).
Adults with migratory experience and knowledge of suitable
habitats may be particularly important as ‘knowledgeable
individuals’ for reintroduction efforts or for preserving
existing populations.

(c) Communication
Vocal communication—the transfer of information or influ-
ence between individuals using sound signals—is routinely
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studied within the context of social learning and culture
using acoustic recordings often supplemented with genetic,
identification marks and bio-logging information to provide
context (e.g. [72]). Comparisons of vocal differences among
groups or populations can require large geographic ranges
to be covered, and long-term monitoring for those species
that change their vocalizations over time (e.g. via cultural
evolution; see electronic supplementary material, S4c).
Group-specific or geographic dialect differences become
apparent when examining displays across a region and can
be used as a cost-effective measure in rapid assessment of
population structure [44]. In many cases, cultural conformity
to a vocal display within a group appears a key factor in the
formation and maintenance of dialects [73]. Acoustic clans in
sperm and killer whales offer clear examples of vocal dialects
defining groups to conserve, with linkages to vital rates and a
CMS Concerted Action in the former, and COSEWIC DIP,
USA MMPA and ESA management protection in the latter
(figures 2 and 3; electronic supplementary material, S4c).
Such vocal differences can be very long lasting and/or lead
to reproductive isolation between populations, correlating
with genetic differences (e.g. [72,74]). Finally, severe popu-
lation declines can result in loss of song culture, as shown
in critically endangered regent honeyeaters (Anthochaera phry-
gia) [75]; cultural decline may be a precursor to extinction
thus providing an important conservation indicator [75].
5. Conceptual framework and future directions
Maintaining the adaptive potential and ensuring the long-
term persistence of viable natural populations requires con-
servation managers to focus on maximizing the survival
prospects and reproductive outputs of individuals, social
groups and populations. An understanding of animal social
learning and culture has significant potential to help maxi-
mize the impact and efficiency of conservation efforts
(electronic supplementary material, table S1). Specifically,
understanding linkages between culture and vital rates, cul-
tural evolution, and adaption to rapid global change, will
be critical for incorporating culture into management plans.
Central to the approach we advocate here is a need to under-
stand the circumstances under which social learning and
culture are likely to impact population viability through phe-
notypic variation (figures 1–3, §3). Additionally, we argue
that social learning and culture can be important indicator
(§3c) and a resource for resilience in the face of anthropogenic
change (figure 2). Social learning and thus cultural evolution
may provide opportunities for adaptive behaviours to spread
in response to environmental change [76]. Conversely, social
learning may prevent the spread of adaptive behaviour,
potentially hindering recovery, if conformity is high or
some other mechanism promotes cultural ‘conservatism’
(e.g. killer whale [47]). It may also have a subtle and complex
role in resistance to disturbance as the result of knowledge-
able elders acting as repositories of social knowledge, as for
example in African elephants and killer whales [53,77].
The examples given here are relevant to endangered species,
but may also provide insights for those species not currently
of conservation concern; managers work to ensure that
populations do not decline into threatened status, after all.

Identifying culture and social learning is challenging.
While there are a growing number of relatively well-studied
species, in the majority of cases, detailed behavioural data
are sparse. Indirect identification and parsimonious infer-
ences (e.g. correlation) may therefore be informative. With
this perspective in mind, figure 3 provides a framework to
guide the integration of data on culture and socially learnt be-
haviour into current conservation management, and
electronic supplementary material, table S1 provides specific
recommendations. Within this framework, the first step is to
review the evidence, or opportunity, for culture or social
learning. Second, how social learning/culture may interact
with demographic processes and impact conservation efforts
is evaluated and suitable assessment tools are proposed.
Third, we suggest how culture could be brought into current
conservation frameworks and assessments. For example, if
data show that culture or social learning is influencing vital
rates of discrete social groups, it could be integrated into
population viability analyses. Thus, where salient, phenoty-
pic variation arising from cultural, as well as ecological and
genetic processes, could be informative for assessing demo-
graphic separation between potential units to manage and
conserve [3], and incorporated into national and international
conservation frameworks (e.g. IUCN), following published
examples (figure 2).

This framework is intended to help guide practitioners
towards ‘future-proofing’ populations by conserving both
cultural variation and the capacity for innovation and social
learning to maximize the resilience of vulnerable populations.
Human activities can both threaten existing cultures and
provide a catalyst for new cultural behaviour [13]. The
COVID-19 anthropause may provide an opportunity to
examine—with an unusual degree of control—the role of
social learning in species’ responses to significant environ-
mental perturbation [78]. We argue resilience relies on
preserving three building blocks of cultural capacity: demo-
graphy and phenotypic variation; social network structure
and population connectivity. Given that such an approach
is common to preserving other aspects of biological diversity,
and that culture and social learning can interface in multiple
ways with conservation efforts, we recommend that the
IUCN establish a cross-taxa specialist group to incorporate
such information into IUCN assessments. It is only through
enhanced collaboration between scientists, conservation prac-
titioners and policy makers that animal culture and social
learning can be embedded into conservation practice and
policy.
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