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theory and (psychological) learning theory: are options with proba-
bilistic outcomes (food after variable numbers of bar presses or wait-
ing times) evaluated in terms of short- or long-term rates and how is
past experience weighted in terms of current information (Bateson
and Kacelnik 1996; Kacelnik and Bateson 1996)? Perhaps it is
time for Foraging Theory and its links with behavioral economics
and economic psychology to become fashionable again. With toxic
effects and nutritional gains following different time courses and
cues varying in reliability, aposematic animals (and their shadows,
Batesian mimics) would seem to offer an excellent empirical test-bed
for extending the theories developed for, typically, simple foraging
choices in rather sparse laboratory paradigms.
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What do predators do? A response to
comments on Skelhorn et al.

John Skelhorn, Christina G. Halpin, and Candy Rowe
Centre for Behaviour and Evolution, Newcastle University, Henry
Wellcome Building, Framlington Place, Newcastle NE2 4HH, UK

It has long been recognized that predators include aposematic prey
in their diet when it is beneficial to do so (Marshall 1908; Sherratt
2003; Skelhorn and Rowe 2007; Barnett et al. 2012; Halpin et al.
2014). Indeed the commentaries on our recent review (Skelhorn
ct al. 2016) show that this is now widely accepted and noncontro-
versial (Cuthill 2016; Merilaita 2016; Sherratt 2016; Stevens 2016).
Yet whilst many authors pay lip service to this idea, it has been
slow to influence the mainstream literature on aposematism and
mimicry. For example, a quick review of papers published so far
this year on Google Scholar with “aposematism” as a search term
reveals only one study (Vesely et al. 2016) that has specifically been
designed to explore this. This failure to fully consider predator deci-
sion-making is hardly surprising given our limited understanding of
the subject. Consequently, the purpose of our review was to high-
light this major gap in our knowledge, explain why it is important
that we fill it, and encourage others to consider predator decision-
making when designing experiments and interpreting results. Our
review should therefore be read as a “call to arms” rather than a
traditional review article.

In a series of thoughtful commentaries on our review, several
authors have highlighted a number of mathematical/theoretical
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approaches that could potentially be adapted to enhance our under-
standing of predators’ decisions to attack aposematic prey (Cuthill
2016; Merilaita 2016; Sherratt 2016). We absolutely agree that these
approaches have vast potential, and could enable us to identify the
optimal decisions of predators when faced with aposematic prey. But
it is worth noting that these approaches do not necessarily tell us how
predators arrive at these decisions (Sherratt 2016; Skelhorn et al.
2016). This may not seem important from an evolutionary perspec-
tive. After all, if we can identify the decisions being made, we can
identify the selection pressures acting on defended prey. However, we
would argue that if we do not understand how predators arrive at
these decisions it is impossible to determine whether they are capa-
ble of making them. If there are constraints on what predators can
learn, how they integrate conflicting information or how they weight
information when making-decisions, then the decisions that preda-
tors actually make may be very different from those that models pre-
dict (Halpin et al. 2008; Halpin et al. 2012). This brings us nicely
back to the main message of our review: we currently have nowhere
near enough information about predator cognition to even begin
to determine whether mathematical/theoretical models accurately
reflect predator behavior let alone assess the role of predator cog-
nition in driving the evolution of aposematism. There is an urgent
need for studies investigating how predators gather and use informa-
tion about defended prey, and it is crucial that studies investigating
the evolution of aposematism attempt to determine why predators
are behaving as they do. In short, whenever we consider the evolu-
tion of aposematism we should ask ourselves what do predators do?

Address correspondence to J. Skelhorn. E-mail: John.Skelhorn@ncl.ac.uk.

Received 14 June 2016; accepted 17 June 2016; Advance Access publication
1 July 2016.

doi:10.1093/beheco/arw109

Editor-in-Chief: Leigh Simmons

REFERENCES

Barnett CA, Skelhorn J, Bateson M, Rowe C. 2012. Educated predators
make strategic decisions to eat defended prey according to their toxin
content. Behav Ecol. 23:418-424.

Cuthill IC. 2016. OFT reloaded? A comment on Skelhorn et al. Behav
Ecol. 27:967-968.

Halpin CG, Skelhorn J, Rowe C. 2008. Being conspicuous and defended:
selective benefits for the individual. Behav Ecol. 19:1012-1017.

Halpin CG, Skelhorn J, Rowe C. 2012. The relationship between sympat-
ric defended species depends upon predators’ discriminatory behaviour.
PLoS One. 7:e44895.

Halpin CG, Skelhorn J, Rowe C. 2014. Increased predation of nutrient-
enriched aposematic prey. Proc Biol Sci. 281:20133255.

Marshall GAK. 1908. On Diaposematism, with reference to some limi-
tations of the Miillerian hypothesis of mimicry. Trans R Entomol Soc
Lond. 56:93-142.

Merilaita S. 2016. Broadening the angle of view on aposematism: a com-
ment on Skelhorn e/ al. Behav Ecol. 27:966-967.

Sherratt TN. 2003. State-dependent risk-taking by predators in systems
with defended prey. Oikos. 103:93-100.

Sherratt TN. 2016. State-dependent optimization: a comment on Skelhorn
el al. Behav Ecol. 27:965.

Skelhorn J, Rowe C. 2007. Predators’ toxin burdens influence their strategic
decisions to eat toxic prey. Curr Biol. 17:1479-1483.

Skelhorn J, Halpin CG, Rowe C. 2016. Learning about aposematic prey.
Behav Ecol. 27:955-964.

Stevens M. 2016. When to attack defended prey? A comment on Skelhorn
el al. Behav Ecol. 27:966.

Vesely P, Ernestova B, Nedvéd O, Fuchs R. 2016. Do predator energy
demands or previous exposure influence protection by aposematic col-
oration of prey? Current Zoology. 052016:1-9. doi:10.1093/cz/zow057

220z 1snbny 0z uo 1senb Aq 0L0GY . L/896/¥/.Z/e191ME/008Yaq/W0d dnodlwapede//:sdiy woly papeojumo(


mailto:i.cuthill@bristol.ac.uk?subject=
mailto:John.Skelhorn@ncl.ac.uk?subject=

