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Translocation programmes implying the movement of animals from one place to another

aim to sustain endangered populations in the wild. However, their success varies greatly,

with predation being a major contributing factor. This is particularly prevalent in released

captive-raised individuals which have a reduced or lost awareness of predators. Alarm

calls are an immediate response made toward a predator, mostly studied in highly

predated, social vertebrates. These warning vocalizations are a vital part of a prey

species’ anti-predator behavior, enhancing the individuals’ and surrounding listeners’

survival. To date, most translocation programmes have not considered this behavior

for release success. Here we review the literature summarizing alarm communication

systems of wild and captive vertebrates, aiming to establish recommendations and

actions which could encourage alarm communication behavior in captive vertebrate

species. Observations of wild animals show that alarm-call understanding is gained

through the experience of predation pressure from a young age, amongst conspecific

and heterospecific social groups, which captive individuals can lack. This information,

combined with consideration of a programme’s accessible resources and captive

individual’s developmental history, is pivotal to efficiently guide appropriate actions.

Focusing on preserving behaviors in captivity, we provide a list of recommendations and

actions to guide the reinforcement of alarm communication throughout the translocation

process. Ensuring predator awareness and the maintenance of alarm communication in

translocated individuals may greatly improve the likelihood of release success.
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INTRODUCTION

Changes in the Earth’s environment through overexploitation and habitat destruction are
threatening many species across the world (De Vos et al., 2015). Globally more than 5,300
vertebrates (10%) are considered to be endangered or critically endangered (IUCN, 2020). To
date, a myriad of direct conservation actions have been employed to temper the pace of species
declines. These include, but are not limited to, the creation of protected areas, the control of
invasive species, and establishment of insurance populations in captivity or the wild (Berger-
Tal and Saltz, 2016). In particular, translocation programmes are an important component,
with 16% of critically endangered vertebrates dependent on these for survival (IUCN, 2020).
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Captive breeding programmes underpin conservation
translocation programmes (from now on referred to as
translocations), providing sufficient individuals for intentional
release into former or new habitats, as a means of establishing or
supplementing wild populations (Wallace, 1994; Thévenin, 2019;
Berger-Tal et al., 2020).

Translocations have successfully prevented the extinction
of a number of species. For example, Brazil’s golden lion
tamarin (Leontopithecus rosalia) was almost extinct in 1984
but increased to an estimated wild population of 1,600
individuals by 2006 (Kierulff et al., 2012). Similarly, a successful
translocation programme for Western Australia’s noisy scrub-
bird (Atrichornis clamosus) increased its population size from
100 individuals to 770 over a five-decade period (Sooare, 2010).
In both cases, success was attributed to a range of measures
including long-term constant monitoring and adaptation of the
programmes, habitat modification, and focusing on the socio-
ecology and behavior of the species. The success of translocation
programmes depends on numerous factors, including: the
number of released individuals; the species’ reproductive rate; the
pertinent threat; active management; long-term post-monitoring
commitment; location of release sites; and quality of habitat
(Griffith et al., 1989; Fischer and Lindenmayer, 2000). The
success of release programmes for threatened and endangered
species is markedly lower (40% or less) than those for
game species (Griffith et al., 1989). Overlooking a species’
behavioral ecology is a likely reason for relatively low success
of released threatened and endangered species (Griffith et al.,
1989). On assessment of 293 case studies collated by the
IUCN Conservation Translocation Specialist Group, the most
reported issues limiting translocation success were associated
with animal behavior (Berger-Tal et al., 2020). Programmes
using wild source individuals have found success rates to be
14% higher than those using captive-born individuals (Fischer
and Lindenmayer, 2000). For example, in carnivores, Jule et al.
(2008) found projects to be three times more likely to succeed
when releasing wild-caught individuals compared to captive-
born. This highlights that the source of the released population
can strongly influence the success of a translocation programme
(Griffith et al., 1989).

Predation is a dominant limiting factor in translocation
success, especially for released captive-born individuals, due to
predator naivety (Berger-Tal et al., 2020). Without prior exposure
to predators, released prey species have much lower odds of
survival (Griffin et al., 2000; Jule et al., 2008). Within 3 months,
up to 89% of captive-reared malleefowl (Leipoa ocellata) survived
when released at sites without foxes (Vulpes vulpes) whereas 0–
25% survived when released at locations with abundant foxes
(Short, 2004). Prior exposure to predators can help. A study
showed that 67% of greater bilbies (Macrotis lagotis) survived
when they were exposed to a low density of feral cats (Felis
catus) before release in comparison to only 29% of those with no
prior exposure (Ross et al., 2019). Predation risk may have been
reduced for cat-exposed bilbies as they took longer to emerge
from cover and showed signs of increased social cooperation
by sharing burrows in high predator pressure contexts (Ross
et al., 2019). This emphasizes that predation can undermine a

translocation programme’s efforts if anti-predator behavior is
not considered.

Sociality is an integral part of successful anti-predator
behavior (Goldenberg et al., 2019). Alarm calls are a vital
mechanism for many social prey species to quickly alert others
to dangers within a group, ultimately increasing survival and
fitness (Gill and Bierema, 2013; Kalb et al., 2019). “Alarm
communication” entails production of calls, using calls in the
right context, recognition of calls, and responding appropriately
given the type of call. Variations in calls alert listeners to react
in certain ways. For example, meerkats (Suricata suricatta) have
acoustically distinct recruitment, aerial and terrestrial calls made
in specific predator contexts, though the structure of each of
these call types also varies within contexts, becoming noisier
in high urgency situations (Manser, 2001). Japanese great tits
(Parus major minor) use two distinct calls to code avian vs.
snake nest predators, with physical mobbing occurring at a much
closer distance to snakes to deter them from entering their
nest cavities (Suzuki, 2014). Ensuring the maintenance of social
(Goldenberg et al., 2019; Armansin et al., 2020) and predator
awareness (West et al., 2018) behaviors throughout a captive-
breeding programme is likely to be a key factor in minimizing
predation, and therefore could increase the likelihood of a
successful translocation programme (Berger-Tal et al., 2020).

By reviewing the literature on alarm communication in the
wild and in captivity, and on current methods of addressing the
impact of predation on translocation programmes, the objective
of this paper is to provide recommendations and actions to
preserve and reinforce alarm communication in captive species,
to improve their chances of survival on release.

ALARM COMMUNICATION IN THE WILD

Alarm calls are short and repetitive vocalizations evolved to
enable distinct and fast communication when a predator is
present (Klump and Shalter, 1984; Magrath et al., 2015a). These
vocalizations are studied across a variety of highly predated
and social vertebrate species such as noisy miners (Manorina
melanocephala) (Cunningham and Magrath, 2017), black-
fronted titi monkeys (Callicebus nigrifrons) (Cäsar et al., 2012),
meerkats (Hollén and Manser, 2007), and Gunnison’s prairie
dogs (Cynomys gunnisoni) (Slobodchikoff and Placer, 2006).
Different calls can encode different levels of risk, influencing an
appropriate behavioral response by listeners to minimize their
chances of being attacked. Risk can be communicated by varying
acoustic properties, such as temporal and spectral structural
differences (e.g. pitch or call length), which are associated with
the function of the call (Marler, 1955; Klump and Shalter, 1984).
Calls made at a lower frequency and slower speed are often
classified as mobbing, recruitment or terrestrial calls (Kalb et al.,
2019), because they are easily detectable to recruit others to
the location of the predator to harass and deter it (Consla and
Mumme, 2012). Upon detecting a high-risk predator, a number
of fast and sometimes longer and higher frequency calls are made
(Marler, 1955; Jurisevic and Sanderson, 1994; McLachlan and
Magrath, 2020), which are classified as flee, aerial, or warning
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calls because they urge the listeners to hide and become difficult
to be located by predators (Klump and Shalter, 1984; Igic and
Magrath, 2014; Maziarz et al., 2018).

Individuals in social groups benefit from alarm calls, both as
callers and as receivers (Brilot et al., 2012; Gill and Bierema,
2013). Even though vocalizing is likely to increase the caller’s
risk of predation by drawing attention to itself, calling improves
the individual’s odds of survival in a group context (Klump
and Shalter, 1984). Sound travels, so acoustic information can
influence a number of surrounding individuals at once and is
advantageous in the context of terrestrial and aerial calls. The
more individuals that respond to terrestrial calls by mobbing a
predator [which elevates stress levels and discourages predators
from hunting in the same area again (Consla and Mumme,
2012)], the more successful the group will be at driving the
predator away. The more individuals that flee and hide in
response to an aerial call, the less likely the high-risk predator
will quickly approach the area and the more likely that more
potential mates will survive (Smith, 1965). A predator’s search
area is also minimized when fewer prey are in the area after
fleeing, which potentially reduces future visits (Klump and
Shalter, 1984). Smaller populations of cooperative species have a
higher predation risk (Krause and Ruxton, 2002) as larger groups
help improve survival through increased vigilance (Sridhar
et al., 2009) and better mobbing outcomes (Morand-Ferron and
Quinn, 2011; Crates et al., 2017). A larger conspecific group is
important to improve population survival when facing predation,
a concept referred to as the Allee effect (Stephens et al., 1999).
This means that predation is an imminent challenge for species
that are close to extinction.

Vocalizations can be learned or inherited behaviors exhibited
by both sexes (Seyfarth and Cheney, 2010). Captive-bred animals
do not always have the same repertoire as wild individuals
(Campbell and Snowdon, 2009; Ouattara et al., 2009) and are
often naïve toward predators (McLean et al., 1999; Blumstein
et al., 2019), which indicates that predator awareness and
alarm communication are not purely instinctive. Learning
plays a valuable role in effectively responding to predators
because of the variability in predator encounters, such as
predation risk, context, surrounding environment and social
groups or networks (Griffin et al., 2000). Wild Diana monkeys
(Cercopithecus diana) demonstrate that the vocal repertoire can
develop in response to specific pressures in the immediate
environment. One site-specific group of monkeys made complex
call sequences specifically toward leopards (Panthera pardus),
whereas a different site-specific group, where leopards were not
present, did not (Stephan and Zuberbühler, 2008). Both monkey
groups were exposed to the same leopard growl playbacks. The
monkeys without leopard interaction used the same acoustically-
structured call as used toward other general disturbances rather
than a distinct call. Considering the value of alarm calls,
social learning likely plays an important role in effectively
understanding dangerous situations (Hollén and Radford, 2009;
Greggor et al., 2014; Potvin et al., 2018). This can be seen amongst
co-habiting species which can learn to identify unfamiliar calls
through experience (Magrath et al., 2009a, 2015b). Superb
fairy-wrens (Malurus cyaneus) which were not in the same

geographical area as noisy-miners did not respond to noisy-
miner alarm-call playbacks, highlighting that local interactions
are required to recognize calls, particularly if they are dissimilar
to their own (Magrath and Bennett, 2012). “Eavesdropping” on
heterospecific calls provides a survival advantage by increasing
the social response group size locally and across the wider
community (Marler, 1957; Magrath et al., 2007, 2009b; Haff and
Magrath, 2013). This commonly occurs in wild communities of
small, sympatric passerines (Fallow et al., 2013) and is likely
difficult to mimic in captive settings.

Studies of juveniles indicate the periods of time during
which animals become able to learn calls and respond to them.
Wild white-browed scrubwren (Sericornis frontalis) fledglings
respond to conspecific alarm calls but not to heterospecific calls,
presenting a “gradual learning response” (Haff and Magrath,
2013). Juveniles were found to have the same full-response
repertoire as adults, including heterospecific calls, just 2 weeks
post-fledging, highlighting a pivotal learning timeframe. An
exposure to calls is also important as scrubwren fledglings only
responded to heterospecific calls if brought up in the same
geographical area as the heterospecific species (Haff andMagrath,
2013). Young mammals have also been shown to require an
exposure to alarm calls in order to be able to rapidly understand
them (Hollén and Manser, 2007). Juvenile Belding’s ground
squirrels (Urocitellus beldingi) tend to freeze when first leaving
their burrows, not discriminating between calls, but quickly
learn within just 5 days (Mateo, 2010). How experience with
predators exactly influences this process is largely unknown, but
learning through the direct experience, maturation (Stephan and
Zuberbühler, 2008; Magrath et al., 2015b), and repeated exposure
to predators (Hollén and Manser, 2007; Hollén and Radford,
2009) is likely to play an important role.

ALARM COMMUNICATION IN CAPTIVITY

Captive species may or may not have the same alarm-call
repertoire, or acoustic structure, as their wild counterparts.
Captive meerkats with little predator experience had the same
vocal repertoire as wild meerkats (Hollén and Manser, 2007).
However, low-urgency recruitment calls had a marginally
different acoustic structure which was closer to medium-urgency
terrestrial calls made in the wild, potentially caused by limited
predator experience and captive habitats dissimilar to the wild.
An investigation of whether a difference in acoustic structure
has an impact on anti-predator behavior success once released
into the wild would be valuable. Hollén and Manser (2007)
suggest that meerkats maintained their wild repertoire through
an exposure to similar predatory cues whilst in their outdoor
enclosure (from overhead buzzards, airplanes, and animals
in nearby enclosures), or because they were only up to five
generations from wild-caught and retained their innate calling
ability. Campbell’s monkeys (Cercopithecus campbelli) provide
an example where captive individuals are not described as
having as an extensive alarm-call repertoire as wild individuals,
likely due to limited predator exposure in general or during
infant development (Ouattara et al., 2009). Exposing captive
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monkeys to predators would help uncover whether the behavioral
difference is due to captive individuals’ not having particular calls
in their repertoire or not having an occasion to use particular
alarm calls. As calls are considered a costly behavior, the ‘use
it or lose it’ analogy may explain why captive animals do not
call or have the same repertoire as wild counterparts (Ouattara
et al., 2009). It is possible that being raised in a static, resource-
rich environment with routines and boundaries may explain
why captive-bred individuals do not succeed in translocation
programmes in comparison with wild individuals.

Inability of released individuals to respond appropriately to
predators (Fischer and Lindenmayer, 2000; Jule et al., 2008)
is highlighted as the main cause of low translocation success
(Heezik et al., 1999; Griffin et al., 2000; Grueber et al., 2017). The
length of time in captivity and a lack of diverse experience during
an animal’s ontogeny are both likely to contribute to behavioral
loss as shown in the following examples. Long-term captive
breeding of Tasmanian devils (Sarcophilus harrisii) resulted in a
reduction of behaviors necessary to survive in the wild (Grueber
et al., 2017) and predator awareness behaviors were rapidly lost
in northern quolls (Dasyurus hallucatus) within 13 generations
of living in a predator-free environment (Jolly et al., 2018).
Carrete and Tella (2015) compared the anti-predator response
of captive-bred vs. wild-caught parrots and songbirds. They
found that wild-caught individuals are more likely to sustain wild
populations because they are more likely to respond to predators
and reproduce. Consla and Mumme (2012) studied the response
of raptors to mobbing events, comparing the individuals which
were brought into captivity as juveniles and adults. Adults that
had grown up in the wild had a heightened stress response to
mobbing calls, whereas juveniles that had been in captivity from a
young age showed a reduced physiological response to alarm cues
(Consla andMumme, 2012). Captive-bred individuals are limited
in learning opportunities, adaptation, and selective pressures
which are significantly controlled in captive environments (Jule
et al., 2008). Integral behavioral knowledge is less likely to be
passed on over generations in captivity as there is no reason to
do so.

TRANSLOCATION SUCCESS:
ADDRESSING PREDATION

Predation is a problem for the release of captive-bred individuals,
but many of the issues associated with this can be attenuated
and/or resolved through ex-situ (in captivity) or in-situ (in the
wild) management actions of a translocation programme, as
discussed in detail below.

Ex-situ management focuses on training captive animals to
avoid predators. A variety of conditioning methods are used
to encourage predator awareness and post-release survival,
although they have mixed results (Blumstein et al., 2019; Rowell
et al., 2020). Using live predators has been documented as an
effective training method (Klump and Shalter, 1984; McLean
et al., 1999). For example, post-release survival of captive houbara
bustards (Chlamydotis undulata) improved for those exposed
to real foxes in comparison to using model foxes or having

little contact with humans (Heezik et al., 1999). However, using
real predators requires a consideration of ethical and welfare
implications. Other examples of training were unsuccessful, such
as training naïve cotton-top tamarins (Saguinus oedipus) to mob
a snake by coupling a moving, live, or novel predator with
mobbing calls (Campbell and Snowdon, 2009). Interestingly,
similar methods proved successful at training wild fairy-wrens
to respond to a previously unknown alarm call (Magrath
et al., 2015b), suggesting that training methods need to be
specific (actual predator experience vs. call playbacks) or require
more time to work with captive groups. Wild individuals have
developed under high pressures and in changing environments,
so they are likely to adapt quicker, unlike those in captive contexts
which have had limited experiences. Greggor et al. (2014)
highlighted the implementation of appropriate training methods
based on cues and cognitive mechanisms of the behavior. For
example, to promote continued avoidance frequent alteration
of cues and reduction of their predictability is recommended
to effectively manipulate a behavior (Greggor et al., 2014).
Determining suitable methods to successfully train captive
individuals how to defend themselves would likely require
species-specific research and depend on captivity parameters
(Griffin et al., 2000). Ideally, providing housing and upbringing
that are similar to wild conditions, such as outdoor (Campbell
and Snowdon, 2009) and mixed-species enclosures (Maziarz
et al., 2018), can encourage alarm communication and may help
sustain the diversity of anti-predator responses (Blumstein et al.,
2019). Measuring release success after training individuals is
most important for improving conservation outcomes (Rowell
et al., 2020).

The most successful case studies of releases of captive-born
individuals are associated with suitable predator control in-
situ (Short, 2004). Appropriate methods aim to slow down or
reduce the intensity of predation by releasing individuals into
predator-free areas, predator-proof habitats, or areas affected
by predator removal (Griffin et al., 2000; Canessa et al., 2019).
Many examples are seen in Australia, a country with particularly
high rates of reintroduction failure (56%) compared to the
rest of the world, linked to a high number of feral predators
(Fischer and Lindenmayer, 2000). Reducing numbers of cats and
foxes resulted in the successful reintroduction of brush-tailed
bettongs (Bettongia penicillata) and parma wallabies (Macropus
parma), whereas insufficient lethal control resulted in failed
reintroductions of golden bandicoots (Isoodon auratus) and
burrowing bettongs (Bettongia lesueur) (Short, 2004). Although
promising, predator management can be difficult to implement
and maintain for ongoing success. Large amounts of land, funds
and continued maintenance (e.g. fences and monitoring) are
required to keep areas predator-free. On top of that, strategies to
maintain predator awareness behaviors of released populations
in predator-free areas must be implemented (Jolly et al., 2018).
Predator-proofing of specific sites, for example using artificial
nests or burrows, may target only one predator type and released
individuals may ignore designated nests or burrows (Canessa
et al., 2019). Culling predators can improve release survival
outcomes in the short term (Fulton and Ford, 2001) but requires
multiple considerations including: the protected status of the
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predator(s); compliance to ethical standards; communicating
methods publicly for community understanding and approval;
culling a justified number of predator individuals to secure the
effectiveness of translocation; assessing opportunities for other
predators in response to culling; and estimating the time for
immigration and re-population of predators in the area. Effective
implementation of any of these methods requires project-specific
planning and application.

RECOMMENDATIONS

Here we provide recommendations and suggest actions to help
preserve and reinforce the alarm communication systems of
captive species that naturally have an alarm-call repertoire.
These are divided into four stages of a translocation programme:
(1) initial feasibility; (2) pre-release planning and preparation;
(3) release; and (4) post-release monitoring (IUCN/SSC,
2013). Each recommendation has a brief justification,
followed by bullet-pointed action options. Figure 1 provides
a flow diagram showing the decision-making process of the
provided recommendations.

STAGE 1: INITIAL FEASIBILITY

1A Collate available information on the species’ wild alarm
communication system:

This information is helpful to determine whether the
behavior/repertoire of captive individuals is similar or
dissimilar to wild individuals.

• Determine the minimum age at which individuals can
perceive and respond to alarm calls.

• If the wild call repertoire of the species is unknown,
determine the feasibility of obtaining this data over the
course of the breeding programme, or examine closely
related species.

1B Collate a thorough understanding of the species’
social network:

Understanding social interactions of a species, particularly
whether groups live among interspecific networks, can help
determine appropriate enclosure dynamics to match wild
conditions in the best way. This is also an important factor in
encouraging natural learning of conspecific and heterospecific
calls, which is advantageous for survival in the wild.

• Ensure that enough individuals are brought into the
breeding programme to be able to form a sufficient
conspecific group.

• Provide enclosures which match the species’ natural
networks, both conspecific and heterospecific, to encourage
natural learning. For example, ensure that a group of
conspecifics are kept together with a number of individuals
matching wild group sizes, or create an outdoor enclosure
with multiple heterospecific species which would naturally
co-habit in the wild.

1C Determine the primary reason why predation is a problem
for the released species:

Identifying the main concerns regarding predation
(naivety, wild predation pressure or a combination of both)
will help guide the most efficient actions during captive
breeding of the species. For example, if predation intensity is
high, translocation success may be low even if released species
have sufficient anti-predator behavior.

• Review past research and survey results of predation impact
on the declining species or undertake surveys if required.

• If naivety is likely the main concern, focus resources on pre-
release planning and preparation methods. Determine the
main predator in the wild and focus on training appropriate
alarm calling and alarm calling responses to this predator
in particular.

• If predation pressure is the main concern, focus on
addressing this threat in-situ.

1D Determine generation distance from the wild:
The generation distance from wild ancestors impacts

behavioral traits of captive individuals (Grueber et al., 2017;
Jolly et al., 2018). Those closer to wild generations are more
likely to innately express alarm communication behaviors
(Hollén and Manser, 2007).

• If individuals are generationally close to individuals
originated from the wild or wild-born sourced individuals,
then the programme could focus predominately on
maintaining behaviors through varied threat exposure
methods or dynamic enclosures (see recommendation
2C for more details). Testing for alarm communication
behaviors is still recommended (recommendation 2A).

• Conversely if individuals are generationally distant
to individuals originated from the wild or wild-born
sourced individuals, training and developing anti-predator
behavior will likely be important to prioritize through
appropriate training and/or through dynamic enclosures
(see recommendation 2C for more details).

STAGE 2: PRE-RELEASE PLANNING AND
PREPARATION

2A Ex-situ—test for suitable alarm communication behavior to
determine whether the captive-cohort has suitable predator
awareness behaviors:

Determining whether the captive group/individuals utter
suitable alarm calls to the appropriate threats and respond
suitably assists in targeting management actions.

• If call and response repertoire is similar to wild individuals,
focus on maintaining this behavior for the captive lifetime
of the individuals through appropriate continued exposure,
enclosure management, social group interactions and
releasing at suitable ages. Also, focus on implementing other
steps of the translocation process (such as in-situ methods)
to minimize predation risk on release.

Frontiers in Conservation Science | www.frontiersin.org 5 February 2021 | Volume 2 | Article 626311

https://www.frontiersin.org/journals/conservation-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/conservation-science#articles


Morris et al. Alarm Calls and Translocation Success

FIGURE 1 | The decision-making flowchart showing the key considerations and actions to preserve and reinforce alarm communication systems of captive species

during the translocation process. Dark gray boxes indicate relevant stages of the translocation programme, light gray boxes indicate important recommendations to

consider and light blue boxes provide outcomes to help guide the most useful recommendations to proceed with. Further details about specific recommendations can

be found next to the corresponding number and letter (e.g. 1A) within the text. Double-headed arrows found in Stage 2 mean that both recommendations can be

useful and applied together if sufficient resources are available for the programme.
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• If call and response repertoire is minimal/dissimilar
from wild individuals, focus on appropriate behavioral
conditioning of animals prior to release through training
and/or enclosure management.

2B Ex-situ—establish suitable alarm communication
training methods:

Training can help minimize predator naivety by promoting
suitable alarm communication behaviors. Methods will
depend on the species, their current behavioral representation,
context, ethics and feasibility.

• Know where the species will be released so training can be
targeted on predators found in the release site or only on the
main predator (e.g. nest or aerial predators with alarm calls
being unique for each predator type).

• Target conditioning training at an earlier stage of
development (Mateo, 2010).

• Have regular predator exposure, taking habituation into
consideration and using different cues throughout the
captive life to maintain behaviors (Greggor et al., 2014).

• Set a specific goal for behavioral change (Rowell et al., 2020).

2C Ex-situ—Create dynamic enclosures (i.e. large, outdoor
enclosures with mixed species) as similar to natural habitats
as possible:

Enclosure environments can assist in maintaining
or encouraging alarm communication behaviors. Also,
development in an environment that mimics wild
environments may help reduce adaptation time (Berger-Tal
and Saltz, 2016).

• Outdoor enclosures allow for interactions with cues which
may be the same or similar to predator cues in the wild.

• Mixed-species enclosures, similar to wild communities,
may encourage learning of interspecific networks
such as understanding heterospecific calls
(Hollén and Radford, 2009).

• Moving groups between different enclosures and providing
them with new environments and different species to
interact with and learn from may increase the call diversity
and the speed at which animals learn to react in new and
different environments.

• Ensure that there are enough individuals to support
group dynamics and social learning. Different age
ranges may be required to support learning skills
(Hollén and Radford, 2009).

• Supplement captive groups with wild animals over time to
assist with training alarm calls.

• If required and possible, implement this recommendation
in conjunction with training.

• Consider controlled predator exposure by including a
low density of predators within a suitable enclosure or
release-pen at the intended location of release (Ross et al.,
2019). This may happen in place of other forms of
training (recommendation 2B) or could be performed as a
multi-stage part of pre-release preparation, occurring after
training and/or time in a dynamic enclosure but prior to
release into the wild.

STAGE 3: RELEASE

3A Release social groups together:
A group may have formed social bonds, hierarchy and

reliability of communication, and this can be beneficial for
survival success (Goldenberg et al., 2019).

• If a social group has bonded in captivity, releasing
together may improve the odds of survival through alarm-
call reliability.

• Ensure that captive husbandry can support training,
learning and social dynamics of new individuals/groups
brought into captivity if a whole group (likely at different
ages) is intended to be released together.

3B Release individuals at suitable ages:
Age can impact learning ability.

• Learning to recognize and respond to alarm calls in the wild
by being released at an earlier age may improve long-term
ability of the behavior. Although juveniles are at a higher
risk of predation due to limited knowledge and skills, it is
the crucial time for learning. A risk-based ethical approach
should be considered.

3C Consider population dynamics in release sites:
Knowing precisely where a captive cohort will be released

can help determine if integration with wild or prior-released
conspecifics is possible.

• Releasing captives with a current group of conspecifics
of wild origin may provide an enhanced opportunity for
learning alarm calls from wild groups.

STAGE 4: POST-RELEASE MONITORING

4A Report results publicly:
Any insight and experience of incorporating maintenance

and reinforcement of species’ alarm communication systems
into a programme, successful or not, is useful, practical and
worth sharing.

• Clarify the methods used throughout the translocation
process to encourage alarm calls, providing generation
details on the species and how success was measured
on release.

• Determine suitable measure of improved survivorship.

CONCLUSION

Translocations are an important conservation tool to assist
the global biodiversity loss, but their success is variable.
Predation is a significant inhibitor of success in translocation
programmes. Alarm communication is vital for survival
(Anthony and Blumstein, 2000) and its development and
maintenance should be encouraged, potentially improving the
translocation outcomes. Identifying the key factors of a captive
population such as the distance from the wild source and
testing the naivety of captive animals are important to efficiently
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address actions which shape appropriate behaviors. We believe
that actions encouraging learning and development in captivity,
such as direct training and enclosure management, can increase
alarm communication behavior. Identifying and appropriately
implementing these actions will improve the success rates of
translocation programmes and the species they aim to conserve.
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