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Conservation behaviour is a growing field that applies insights from the study of
animal behaviour to address challenges in wildlife conservation and manage-
ment. Conservation behaviour interventions often aim to manage specific behav-
iours of a species to solve conservation challenges. The field is often viewed as
offering approaches that are less intrusive or harmful to animals than, for exam-
ple, managing the impact of a problematic species by reducing its population
size (frequently through lethal control). However, intervening in animal behaviour,
even for conservation purposes, may still raise important ethical considerations.
We discuss these issues and develop a framework and a decision support tool,
to aid managers and researchers in evaluating the ethical considerations of
conservation behaviour interventions against other options.

The goals of conservation behaviour

Conservation behaviour is a growing field that applies insights and knowledge from the study
of animal behaviour to address conservation challenges [1]. In comparison to traditional ap-
proaches, including lethal management, behavioural interventions can offer novel opportuni-
ties or outcomes and are generally viewed as being less intrusive and less harmful (Box 2).
However, modifying and manipulating animal behaviour (Box 1), even for conservation and
management purposes, can raise important ethical considerations that must be understood
so they can be evaluated relative to alternate options when determining appropriate
management practices. Ongoing biodiversity decline [2] makes addressing these questions
increasingly urgent.

Berger-Tal et al. [3] describe the field of conservation behaviour as consisting of three core
activities: understanding and quantifying anthropogenic impacts on animal behaviour; devel-
oping tools for behaviour-based management (see Glossary); and using behaviour as an
indicator of environmental change or population viability or health. While each of these areas
may raise ethical questions, our focus is on behaviour-based management, which raises un-
derexplored issues pertaining to animal welfare, interference in the expression of animals’
normal behaviours, impacts on nontarget species, and impacts on local human communities
(Figure 1).

Animal welfare
Inflicting harms on other (sentient) beings is widely considered to be morally undesirable
[4]. An ethical dilemma can arise when some animals are harmed for their own or others’
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Box 1. What is behaviour?

Behaviour can be defined in various ways. At the simplest level, it is a quantifiable change in motor response to a
stimulus. These changes may ultimately result from changes in gene expression and physiology; conventionally, be-
havioural changes are externally detectable. Behavioural responses can be described by their structure or conse-
quences (what an animal does - foraging behaviour, reproductive behaviour, antipredator behaviour, habitat
selection), or it can also define what an animal is (i.e., its location on a personality spectrum which can be viewed as
a trait). Focusing on how behaviour is defined is essential to frame a discussion of the ethics of intervening to change
behaviour.

For example, when we view behaviour as a trait — essentially who animals are — we may select individuals with particular
personality traits to translocate because they do better once released. A suite of behavioural outcomes follows as a result
of this intervention, because what animals ‘do’ in part depends on what they ‘are’, behaviourally. Alternatively, when we
think about behaviours as what animals do, we may intervene and attempt to teach them not to do something (like eating
a specific prey). Such interventions can be done irrespective of underlying behavioural traits. However, these interventions
may be more likely to succeed if we can identify the trait and intervene in a way that best caters for that. For instance, shy
animals may need a different form of intervention than bold ones to alter their predatory behaviour. It is important to realise
that changing what animals do may ultimately change their underlying behavioural traits (e.g., through social learning and
ecological inheritance).

conservation. Behavioural interventions may significantly reduce the need for some forms
of harm and killing. Indeed, one of the core elements of conservation behaviour is that it
can shift the focus, for example, from reducing the population size of a problematic species
(often through lethal control), to managing the specific problematic behaviours of the
species, or even of a subset of individuals. However, even if behavioural approaches
lead to a net reduction in harm, it is important to acknowledge that these approaches
may also create other ethical considerations such as those listed in the following section
(Figures 1 and 2).

Trauma and distress

Lethal control might be avoided in some cases of human-wildlife conflict by using aversive
stimuli to alter animal behaviour and teach animals to associate unpleasant experiences,
such as fear, physical discomfort, and pain, with contexts humans want them to avoid [5].
Such techniques, however, impose distress and potential trauma [6,7]. There are no perfect
solutions here. In some cases, this distress will be what keeps the animals alive, encourag-
ing them to avoid potentially deadly interactions with local communities [8]. However, the
fact that the alternative to distress is often death — either at the hands of managers or local
people — does not negate the need to consider, and ideally minimise, this form of harm.
This situation is complex because distress is less amenable to observation and quantification
than physical harm and mortality but may be required for the behavioural intervention to be
effective.

Incidental harms

Animals that are not explicitly considered are sometimes harmed or killed in conservation behav-
iour interventions. For example, sandhill cranes (Grus canadensis) were injured and killed when
used as surrogates in the development of techniques to teach whooping cranes (Grus americana)
to migrate with ultralight aircraft [9]. Even some approaches labelled as ‘nonlethal’ can involve the
killing of nontarget species to produce necessary inputs, for example, in the production of baits
for taste aversion conditioning [10].

Approaches to learning
Sometimes the specific learning requirements of target species require approaches that would
otherwise be avoided to support animal welfare. For example (Box 2), efforts to condition yellow-
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spotted monitor lizards (Varanus panoptes) not to consume toxic cane toads (Rhinella marina) are
far more effective when carried out with live toads [10], whereas blue-tongued lizards
(Tiliqua scincoides) can be deterred from eating toads through encounters with dead animals
[11]. Conservationists must attend to how animals perceive and learn, and modify their approaches
accordingly, balancing effectiveness of the intervention against the harm that it produces for all
animals involved. Doing so may lead to counterintuitive approaches. For example, aversive
conditioning of elk (Cervus canadensis) appears to be more effective if it subjects animals to
isolation, which is stress-inducing for herding species, and might also reduce habituation to
subsequent human encounters [12].

Impacts on human communities

It is important to consider the perceptions, needs, and values of human communities when
planning behavioural interventions [13]. Biodiversity conservation projects can have significant
negative impacts on local communities, including on livelihoods, traditional cultural practices,
and access to land [14]. For example, farmers might be asked to replace traditional manage-
ment practices with novel and unfamiliar behaviour-based approaches to protect crops or live-
stock such as biofences or coloured flags as deterrents, and benefit from but also bear much
of the risk of these methods in terms of impacts on lives and livelihoods [15-17]. These inter-
ventions can also have positive impacts on human communities and human/wildlife relations
(Box 2).

Valuing behaviours

It is important to identify which kinds of behavioural changes are ethically acceptable, and under
what contexts. While animals regularly modify their behaviour in response to novel environmental
factors [18], including anthropogenic impacts, managers should still critically scrutinise efforts to
deliberately alter the behaviour of wild animals. Doing so requires them to consider how and why
specific animal behaviours might be valued.

One of the core arguments offered for conserving animal behaviours is their functional ecolog-
ical role in maintaining biodiversity [19]. Other instrumental values associated with conserv-
ing specific behaviours include their aesthetic, scientific, and cultural values to human
communities (e.g., altering migratory routes or summering locations of birds [20]). Some animal
behaviours may also be viewed as intrinsically valuable natural phenomena that ought to be
conserved irrespective of any other values they may hold to others, including unique cultural
practices like the use of sponges for foraging by some bottlenose dolphins (Tursiops sp.)
[21]. Of course, some animal behaviours can also conflict with important values, for example,
by undermining the integrity of ecosystems or human safety and livelihoods. In these cases,
as discussed further in the following section, it is necessary to find ways to maximise desired
values.

What is acceptable behavioural change?

When considering deliberately altering animal behaviours for conservation, managers
should consider the behavioural autonomy of individual organisms, that is, the extent to
which wild animals ought to be allowed to express their natural behavioural repertoires
without human interference. This is particularly pertinent in case where altered behaviours
may become self-perpetuating such as through social learning. For example, habituating
the critically endangered Hawaiian crow (Corvus hawaiiensis), a frugivorous forest bird, to
human presence and introducing them to anthropogenic food sources was dismissed as
a conservation option, in part because this change was considered an unacceptable
modification to ‘naturalness’ [22].
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Glossary

Aversive conditioning: a form of
operant conditioning where animals
learn to associate a naturally feared
unconditioned stimulus (e.g., pain) with a
conditioned stimulus that is not feared
(e.g., the appearance of a person) to
avoid future conflict.

Behaviour-based management:
management actions that are aligned
with valued behaviours (e.g., corridor
planning that matches a species home
range or migratory path), or that change
behaviours (e.g., by reducing the
frequency of a problem behaviour or by
inculcating antipredator behaviour in
predator-naive individuals) or that exploit
normal behaviours (e.g., attractants or
deterrents that work with normal
foraging and/or risk avoidance
behaviours).

Behavioural bycatch: the observed
and unobserved welfare and fithess
costs on nontarget individuals
(conspecific or heterospecific) as a result
of interaction with a behaviour-based
management action.

Behavioural diversity: the total
number of behavioural variants
observed within and among species,
populations, and individuals.

Biofence: the use of scent or other
biologically relevant cues to
communicate information, such as a
territorial boundary, that restricts animal
movement.

Habituation: a nonassociative form of
learning in which, after repeated
exposures to a stimulus that lacks
positive or negative consequences, an
animal reduces its behavioural response
to its occurrence.

Instrumental value: possessing value
for someone or something other than
itself, generally as a means to another
end.

Intrinsic value: possessing value in
and of itself, irespective of its potential
utility or value to others.

Olfactory misinformation: can work
to either camouflage or mask olfactory
cues of a species or resource or devalue
food odours to trick foragers into
dismissing the food as unavailable.
Personality: consistent behavioural
differences among individuals within a
species over time and context. Often
defined in ecology by axes (traits) such
as the bold-shy continuum, exploration,
activity; and may exist as correlated traits
in a behavioural syndrome.
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In contrast to valuing past behaviours, it might be argued that organisms and species are con-  Relational values: cultural and other
. . . . . . | d ibilities that

stantly changing, with or without human involvement, and that in this context it does not make oo 2 ESPONSIDINES that emerge

- . . . . . ) ) . from the relationships between people

sense to prioritise stasis, especially when a given behaviour is threatening the survival of a species  anq species or ecosystems.

(e.g., [23]). Navigating these competing perspectives may require managers and the publicto find  Translocation: the capture, transport,

new ways to characterise and value different forms of behavioural continuity and change that may ~ and release of animals into a new

. . . environment or an environment where
occur from conservation interventions [22,24]. they previously occurred, It may include

animals sourced from the wild or from a
In some contexts, modifying a species’ behaviour may even give rise to the question of whethera  captive-breeding environment.

species has genuinely been ‘conserved’ or has actually been ‘lost’. An example of this comes
from the polarised debate surrounding the conservation of the California condor (Gymnogyps
californianus), in which some conservationists were so strongly opposed to the possible behav-
ioural impacts of bringing the birds into captivity that they viewed the extinction of the species as a
preferable outcome, arguing that the condor was ‘better dead than bred’ [25]. Here too, there is
arguably a need to move beyond static notions of animal behaviour and identity to value both
continuity and change.
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Figure 1. The motivations and consequences of conservation behaviour interventions illustrated with the behavioural intervention of olfactory
misinformation (chemical camouflage) to reduce invasive species predation on threatened native shorebirds (e.g., see [46]). This technique has the
potential to avoid suffering associated with traditional lethal control methods such as 1080 poisoning and trapping. Decision-makers must identify the set of
stakeholder values, for example, animal welfare, conserving biodiversity, and maintaining or restoring ecosystem functioning, which are relevant at different spatial
scales (individual, populations, species, community). These values inform the goals which might include reducing suffering of both predators and threatened prey
species, increasing nesting success of a threatened shorebird, and maintaining a functional ecosystem. In other contexts, this might include the conservation of an
apex predator that consumes endangered prey. These goals might be achieved using the behavioural intervention of chemical camouflage. The behavioural
intervention has direct and indirect, long-term and short-term effects at varying spatial scales. For example, a direct short-term effect is that fewer eggs are predated,
and a direct long-term effect is increased nest survival. An indirect short-term effect could conceivably be that more individuals of the predators’ primary prey (rabbits)
could be consumed if predators ignore the camouflaged threatened species, an instance of behavioural bycatch. In other contexts, where the endangered or predatory
species has a cultural and/or livelihood significance for local people, this conservation intervention would also impact on their relationships with those species. For
example, culturally significant nesting birds and their predators (e.g., pigs) might become available for harvesting/hunting (in accordance with traditional knowledge
practices that could maintain ecosystem functioning [47]). This hypothetical addition to the use of olfactory misinformation is represented in the bottom right corner of
Figure 1. In these cases, value 3 and goal 3 might also be suitably revised to include sustainable harvest. Icon images courtesy of Phylopic 2.0.
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Figure 2. A decision support tool for evaluating the ethics of behavioural interventions relative to other options. This tool could aid researchers and managers
in contrasting the ethics and efficacy of actions that include a behavioural intervention to address a conservation issue. This tool does not aim to rank possibilities, instead
supporting critical and inclusive analysis of potential ethical considerations with the practical and pragmatic limitations of available resources, expertise, timeframes, and so
forth. Prior to using the tool, it is necessary to consider the values the intervention should protect/maximise and identify the conservation goals that allow this to be achieved.
Doing so will generally require consultation with stakeholders. The tool can then help users to identify the specific conservation interventions (behavioural and otherwise)
that will achieve all or most of these core goals. Each intervention (or group of interventions) can be assessed against the five general categories of ethical considerations:
‘core conservation goals’, ‘animal welfare’, ‘human communities’, ‘valuing behaviours’, ‘Behavioural bycatch.” Users should also evaluate the scenario in which no
intervention occurs.

« Explore whether these
goals are broadly
compatible. If not, what

behavioural diversity.

Key considerations

The cultural perspective through which we approach conservation challenges may also influ-
ence whether it is deemed appropriate to modify animal behaviours. For example, many Indig-
enous communities view animals as kin and have intimate knowledge of behavioural
idiosyncrasies, which can be bound up with cultural practices and traditional ecological
knowledge [26,27]. What some cultures may view as positive human-wildlife interactions,
others view as negative forms of conflict [28]. In this context, some people may be averse
to changing animal behaviours that are important to the identity of a species or a related
cultural association.

Behavioural diversity matters

From an ethical perspective, it is also important to note that behavioural diversity itself might
have animal welfare and ecological values. Behavioural diversity is a form of biodiversity which
is gaining increasing attention [29]. Within species, individuals exhibit personality-consistent
behavioural differences across time and contexts [30]. Such differences can directly bear on
the reproductive and survival prospects of individuals and, in so doing, influence the stability,
resilience, and adaptive capacity of populations [31]. It is surprising, therefore, that
individual-level variation in behaviour — and how this variation can be affected by conservation
interventions — is not more widely considered. Behavioural diversity may increase the chances
that a population can adapt to future environmental changes, such as changing climates [32].
Populations that are more behaviourally diverse also exhibit higher population growth and per-
sist longer than those that are less diverse [33,34]. Indeed, reduced behavioural diversity within
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Box 2. Behavioural interventions can improve conservation outcomes

Behavioural interventions have improved the effectiveness of a broad range of conservation projects. Here, we
present several examples where incorporating behavioural techniques has successfully avoided lethal control,
reduced mortality, or otherwise changed a focal species’ behaviour and led to improved conservation outcomes.

Improving post-release survival of large carnivores and primates following reintroductions

Large carnivores and primates have historically suffered from high rates of post-release mortality following
reintroductions [48-50]. Captive-bred individuals require complex foraging skills to survive in the wild and may
be unable to find food, die of starvation, and/or succumb to predation or disease (e.g., the golden lion tamarin
(Leontopithecus rosalia), Figure |A). Behavioural interventions such as pre-release training that includes foraging
enrichment and predator recognition as well as incorporating social behaviour and group dynamics into release
protocols has significantly improved the success of translocations for both captive-bred and wild-origin
individuals [51].

Reducing mortality of native predators from toxic invasive cane toads

The spread of introduced toxic cane toads (Rhinella marina) across northern Australia has led to population declines of
native reptilian predators that eat the poison prey, including freshwater crocodiles (Crocodylus johnsoni) (Figure IB),
yellow-spotted monitor lizards (Varanus panoptes), and blue-tongued lizards (Tiliqua scincoides; [52]). Toxic baits
made of dead (or sometimes small live) cane toads are now deployed ahead of the invasion front to provide a nonlethal
but aversive experience and accelerate learning by predators to avoid consuming wild toads [10,53]. Population de-
clines of native species have been reduced because this technique permits native predators to learn to avoid toads.
In addition to their intrinsic value and important ecological function, native reptiles have cultural value to Aboriginal
and other local communities.

Protecting livestock, reducing human-wildlife conflict and improving conservation outcomes for lions

In combination with husbandry practices, use of behavioural techniques, including hazing, has reduced livestock
losses and retaliatory killing of lions (Panthera leo) in Southern Africa (Figure IC) [54]. Within each pride, at least one lion
is fitted with a GPS collar and early warning messages are sent to local communities if the animals approach areas with
livestock. Volunteers then chase the lions using horns to move them away. This technique has been shown to be par-
ticularly successful when the aversive events are repeated regularly and before animals have developed problematic
behaviours [8].

Trends In Ecology & Evolution

Figure . Species that have been involved in behavioural interventions. (A) Golden lion tamarin (Leontopithecus rosalia)
(Source: Daisyree Bakker, CC BY 2.0 via Wikimedia Commons); (B) Freshwater crocodile (Crocodylus johnsoni)
(Source: Benchill, CC BY 3.0 via Wikimedia Commons); (C) African lion (Panthera leo) (Source: https://www.vecteezy.
com/free-photos).
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populations may even result in higher extinction risk [35]. In the context of reintroduction and
translocation programmes, a growing number of studies in taxa as diverse as turtles [36]
and mammals [37] have reported an important link between different behavioural characteris-
tics and post-release survival (Box 2).

Is it acceptable to modify an animal’s behaviour instead of modifying our own?
As with wildlife management and conservation more generally, the root causes of most issues
that conservation behaviour addresses are anthropogenic. One significant category of such is-
sues is human-wildlife conflict as animals adapt their behaviour to exploit new resources in an-
thropogenic environments. Aversive behavioural interventions seek to make these resources,
the landscapes that contain them, or people themselves, less attractive, sometimes through
the creation of fear and perhaps trauma [8,38,39]. In these cases, animals are often required to
change their behaviours because of an inability or unwillingness to alter human societal practices.
While vastly different socio-ecological dynamics underlie these situations in different parts of the
world, in developed countries these conflicts are often driven by avoidable and irresponsible
human activities (including poor urban planning and waste disposal). It is essential that this dy-
namic be recognised and addressed wherever possible so that conservation behaviour does
not become a band-aid solution that sidesteps more difficult social and economic interventions
[40]. This is especially pertinent where there are high costs in animal welfare of the proposed be-
havioural intervention.

‘Behavioural bycatch’ should be expected and actively explored

Any intervention occurring within a natural area may have consequences for nontarget individuals,
both conspecific and heterospecific. Behavioural bycatch refers to these unexpected welfare
and fitness costs on nontarget individuals as a result of interactions with a behaviour-based man-
agement action. A common objective of nonlethal behavioural interventions is to limit access to a
resource (e.g., livestock, rubbish, or a prey species). In these cases, deterrents across modalities,
such as the smell, sight, or sound of predators, may impact multiple species in a community. In
multi-trophic ecological systems, these nontarget effects can drive apparent competition as
well as facilitation [41] cascading beyond the initial intervention target. Understanding the poten-
tial for nontarget effects depends on understanding the perceptual abilities and motivations of po-
tential nontarget species. This will be particularly important when stimuli are broadcast widely into
the environment. For example, attempts to limit pinniped predation on aquaculture using acoustic
seal scaring devices led to unintended impacts on nontarget odontocetes [42]. Odontocetes may
e more sensitive to the frequencies of the acoustic devices and less likely to habituate to their
sound. Consequently, these nontarget animals may be more prone to abandoning the area
than the target animals.

The likelihood of this bycatch is not simply dictated by whether a species can perceive the
aversive stimulus, but also how it values the resource. For instance, some subordinate birds
are likely to return to forage at a patch sooner after a predator has visited than dominant
birds because there will be less competition [43]. Similarly, a resource may have different
value to different species and this will influence its cost/benefit trade-offs [44]. The potential
for bycatch exists even when the management action exploits species-specific signals, be-
cause many species eavesdrop on the cues and signals of others to acquire information
about their environment [45].

From an ethical perspective, the potential for bycatch requires adoption of a precautionary
approach via adaptive management with more focus on continued exploration of how animals

perceive and learn about their environments.

828  Trends in Ecology & Evolution, September 2023, Vol. 38, No. 9
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Drawing the strands together: identifying and maximising values in conservation
behaviour

Values underlie all conservation goals and drive conservation actions (Figures 1 and 2). These
include economic, cultural, heritage and aesthetic values, valuing the welfare and sentience of
animals, as well as ecological and evolutionary values. Importantly, once values are identified,
we often find that they conflict, and so an ethical inquiry must explore and consider which values
ought to take precedence and when. The ethical development of the field of conservation behav-
iour requires the interrogation of values to guide decision-making about when specific ap-
proaches will be utilised and how they might be further developed to maximise desirable values.

Figure 1 is a framework to assist in making values explicit and to illuminate tensions and disagree-
ments within and between stakeholder groups. Considering as many values as possible can
allow decision-makers to identify behavioural conservation interventions that align with many
values and goals at once. This framework helps decision-makers consider the relationships be-
tween values, goals, and the consequences of possible conservation interventions. Figure 2 is
a decision support tool that can subsequently be used to compare and contrast the ethical di-
mensions of a set of possible conservation interventions where at least one of those interventions
is behavioural in nature.

Concluding remarks

Conservation behaviour should not be viewed in a vacuum; it provides a useful set of tools to ad-
dress conservation problems. Like all management interventions, conservation behaviour raises
important ethical considerations. To design ethically robust behavioural interventions, we must
clearly identify our goals and interrogate their underlying values, as well as any collateral impacts
and wider consequences of our actions (Figures 1 and 2). The complexity of these interventions
will continue to make this a challenging task, but future research might reduce some of those
areas of uncertainty (see Outstanding questions). We hope that this framework, which explores
the unique ethical challenges to behavioural interventions, and their relationship to values and
goals, will improve ethical applications of behavioural interventions and, more broadly, improve
conservation outcomes.
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