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Many conservation and management problems can benefit
from mechanistic insights into how animals respond to
stimuli and learn about biologically important events
[1]. The growing attention toward using cognition to solve
real world conservation/management issues is exciting and
promising. We applaud the thoughtful review of Greggor
et al. of the relevant cognitive mechanisms that could be
applied to current conservation and management issues.
While the authors effectively communicate ‘why’ it is useful
to integrate the two fields, we feel that they fall short of
providing concrete ideas on ‘how’ cognitive mechanisms
can be applied in the real world. To this end, their most
progressive contribution is a generalized conceptual frame-
work/decision-tree that links cue assessment to cognitive
mechanisms, and provides a range of approaches for ex-
perimental manipulation. However, they omitted explicit
examples demonstrating how cognitive mechanisms can be
applied in the real world. In so doing, the paper of Greggor
et al. emphasizes the lack of and dire need to develop
evidence-based adaptive management protocols to apply
cognitive concepts to conservation/management.

Several recent publications sought to raise the aware-
ness of wildlife managers to the advantages of using exist-
ing knowledge of animal behavior and physiology to
improve conservation efforts (e.g., [2-4]). However, raising
awareness is only the first step toward improved conser-
vation outcomes. As we illustrate below, managers will
inevitably experience various constraints and problems
when attempting to apply behavioral principles, such as
associative learning. Thus, there is a pressing need for
reviews and guidelines that will detail (for example) the
types of stimuli managers may feasibly use, reinforcement
schedules, and specific ways to actually apply these prom-
ising cognitive mechanisms (e.g., [5,6]).

Greggor et al. clearly describe how cognitive mecha-
nisms such as associative learning may enhance deter-
rence, but they do not provide feasible suggestions
managers can use to implement this approach. They also
neglect to acknowledge the potential problems that may
arise from their application. We agree that an aversive
conditioning approach may be useful in situations where
the conditioned response to the target conditioned stimu-
lus (CS) is avoidance. However, managers face a difficult
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task of effectively manipulating animal behavior by using
deterrents to elicit aversion in one species while not simul-
taneously affecting other non-target species. Managers can
choose from a variety of stimuli across sensory modalities
that elicit aversion through mechanisms of pain, distrac-
tion, or sickness; each evoking unique behavioral
responses [7]. Sometimes, but not always, it is possible
to target species-specific sensory modalities.

The perceptual environment of an animal contains a
suite of stimuli such as landscape features, conspecifics,
heterospecifics, and background sounds, which often inter-
fere with conditioning processes. For instance, during
exposure to a deterrent stimulus, individuals likely asso-
ciate features of the environment (such as open space or
shadows), along with other cues that precede it. According
to the Rescorla—Wagner model of associative learning [8],
contextual stimuli compete with the CS to predict the
unconditioned stimulus (US). In contrast to simplified
experimental conditions in the laboratory where extrane-
ous ‘context’ is controlled, the natural world is full of
stimuli, and individuals may make associations between
competing contextual cues and salient deterrent stimuli.

This means that managers should use conditioned sti-
muli that are obvious, discriminable, and detectable [9]
when designing potential repellents. There is evidence that
CSs that are natural precursors to USs result in relatively
rapid and more durable associations [10]. From this func-
tional perspective, using biologically meaningful stimuli
such as predator calls that precede painful stimuli may be
particularly effective. The reinforcement schedule (how
often to pair CS/US versus CS alone) can be modified
depending on the nature of the conflict. More work is
needed to provide managers with this vital information.

Managers must be aware of the landscape and potential
issues involving non-target individuals or species. Greggor
et al. have suggested that an auditory warning device may
reduce ship strikes of whales. However, such sounds will
affect and elicit unwanted behavior in the target species and
other species [11]. Such acoustic stimuli could potentially be
matched to the spectral sensitivities of species, and tailored
to evoke a particular response, while still being outside the
sensory range of some non-target animals [12].

It is remarkable that while we have known about the
mechanistic processes of habituation, sensitization, and
associative learning for over a century, there are relatively
few concrete examples of managers effectively applying
such theory to address wildlife management problems. We
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applaud Greggor et al. for clearly articulating the potential
application of cognitive mechanisms in wildlife manage-
ment. Now is the time to develop realistic and effective
guidelines for their application.
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Our Opinion Piece [1] aimed to promote conversation
about cognition in behaviourally based conservation solu-
tions, and to spark further research into the field. We
welcome the comments of Schakner et al. as part of this
dialogue.

Their response mainly critiqued our decision to empha-
sise ‘why’ cognition is important in animal conservation,
asserting that we do not explore ‘how’ it should be applied
in sufficient detail. We agree with Schakner et al. that our
paper is not a comprehensive instruction manual for all
animal conservation problems. However, we offer broad
guidelines to highlight the cognitive processes that need be
considered for different classes of problems, and provide
examples where cognition has been successfully applied.
We chose this focus for two reasons. First, our goal was to
make comparative cognition accessible to a wide audience;
therefore explaining the ‘why’ was crucial for those unfa-
miliar with cognitive mechanisms. Without laying a gen-
eral foundation of cognitive theory, examples where
cognition is effectively applied would seem like isolated
cases of insight rather than applications of a widely studied
discipline. Second, it would be unfeasible to offer readers a
detailed solution to every conceivable conservation prob-
lem in the space of one manuscript. The behavioural
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manipulations that conservationists and wildlife man-
agers seek span widely different contexts. We agree that
tailored solutions are most likely to be successful and
wholeheartedly support the calls of Shakner et al. for fur-
ther research into the conservation applications of cogni-
tive theory. However, until a greater number of species-
specific guidelines are developed — such as the step-by-step
reinforcement schedules that Schakner et al. mention — the
fundamentals of perception and learning can still help
guide efforts to alter animal behaviour. As more detailed,
empirically tested guidelines are developed, it is critical
that these are consolidated and made widely available in a
format such as a freely accessible online database that
allows researchers and managers to search for solutions
based on their specific species or conservation issue. The
website [Sutherland, WJ (2014) Conservation Evidence
(www.conservationevidence.com)] provides an excellent
example of how this might be achieved.

Several points made by Schakner et al. illustrate some
of the priority areas for conservation-minded cognitive
research, such as specifying the cognitive biases of species,
and doing so in the context of animal communities. The
authors mention that the sterile laboratory is divorced from
the noise of a natural environment. Careful laboratory
studies should not be dismissed as irrelevant, as they have
helped develop the laws of associative learning, revealing
widely applicable patterns that most animals share. The
ability to learn associatively did not evolve in a laboratory,
thus, we know that animals are able to make associations
despite imperfect cue presentations. Learning rules govern
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