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Antipredatory behaviour: a “hot spot” of evolutionary

ecology of the nineties

To enjoy a delicious dinner or to have a date with
someone you like is nice. But if this means that
you risk to getting into a dangerous situation or
even being killed, you would have to think about
how important these things are and maybe change
your preferences, and avoid activities or places
with such a high risk. The same is true for various
aspects of animal behaviour. As a link of a food
web most organisms live with a permanent con-
flict between different demands, and must opti-
mise foraging and breeding and avoid being at-
tacked by a predator at the same time.

The “hot spots” of special interest among
evolutionary and behavioural ecologists have
changed over the years, from the island bioge-
ography and population ecology of the seventies,
and the predation and competition theories of the
eighties to the behavioural ecology of today, in-
cluding trade-offs, plasticity, and sexual selection.
Beside the last topic — which currently forms
the major part of the presentations of behavioural
ecology conferences — the antipredatory needs
of individuals have gained an increasing interest
among empirical researchers and theoreticians.
An individual is often susceptible to predation
when foraging, trying to attract a mate, or caring
for offspring, and predation should be a strong
selective force for evolving adaptations to mini-
mise the risks. Recent reviews of the behaviour
of animals under risk of predation (Lima & Dill
1990, Magnhagen 1991) document the progress
of research activities in this field during the
eighties.

The plans for the present special issue, focus-
ing on antipredatory behaviour of individuals,
were launched at a Nordic Council for Ecology

course, held at the Konnevesi Research Station
25-29 November 1991. During this intensive
week, nine invited lecturers from Canada, Israel,
England, USA, Sweden and Finland and twenty
graduate students from the Scandinavian countries
discussed various aspects of the evolution and
ecological significance of antipredatory behav-
iour. The talks given at this course have formed
the bases for most of the articles presented in this
special issue, which focus on theory and model-
ling of antipredatory behaviour as well as on
empirical data on mammals, birds, fish and in-
vertebrates. Here we attempt to form a package
of the current knowledge and on-going research
in this interesting field, to give the reader access
to some new experimental studies on both ter-
restrial and aquatic organisms, to future perspec-
tives of advanced researchers in the field of
antipredatory adaptations, and to recent literature
on antipredatory behaviour documented in several
review papers. Our goal was to publish an issue
with fresh ideas, reviews and good empirical
data on both invertebrates and vertebrates from
different habitats and continents. We think we
have succeeded in our efforts, at least regarding
the last point, since the empirical studies describe
antipredatory mechanisms in a range of aquatic
and terrestrial invertebrates and vertebrates in-
habiting areas from the South American pampas
to Finnish Lapland.

Andy Sih (Kentucky, USA) starts the issue
with a broad review where he strongly argues for
an integrative approach in ecological research.
His empirical work is drawn from studies of
antipredatory adaptations of salamander larvae.
His ideas about the evolution of antipredatory
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traits in the behaviour of salamander larvae are
thought-provoking and will definitely be dis-
cussed further among ecologists.

The two following empirical studies deal with
antipredatory adaptations of rodents against their
main predators in desert environment and boreal
forests. Burt Kotler, Leon Blaustein and Joel
Brown (Sede Boker, Israel; Chicago, USA) test
the predation facilitation hypothesis experimen-
tally, using gerbils of the Negev desert and their
predators the eagle owl and the sand viper as
subjects. In the carefully planned enclosure ex-
periment the authors illustrate the dilemma of
individual prey in a multipredator environment:
they cannot be safe from two types of predators
at a time. “The fangs of a snake drive gerbils into
the talons of owls”.

The bank vole is a common rodent species in
the boreal and deciduous forests of Europe and
the predator community around it is probably
more diverse and geographically variable than
that of the gerbils of Negev. The authors of the
third paper, Hannu Ylonen, Bogusia Jedrze-
jewska, Wlodek Jedrzejewski and Jari Heikkild
(Biatowieza, Poland; Jyviskyld and Helsinki,
Finland) have separately been working on
antipredatory behaviour of the bank vole and its
“close relatives” for several years. In their review
they sum up the knowledge on short- and long-
term changes in the behaviour of bank voles
under high risk of predation and also present
some new results from their experimental studies.
If the evolution of the bank vole’s antipredatory
adaptations can be described with the analogy of
David’s and Goliath’s fight, the most dangerous
Goliath in the environment of this vole species
seem to be a very small one, i.e. the weasel.

Previous articles dealt with a prey species in
a multi-predator environment, and showed that
there seem to be differences in the coevolutionary
relationship of the prey and its various predators.
This subject is discussed further in the theoretical
paper by Steve Lima (Terre Haute, USA) dealing
with antipredatory vigilance in a multi-predator
system. He addresses the importance of different
approaches to study antipredatory behaviour in a
single vs. multi-predator environment. Most
studies tend to follow the response of prey indi-
viduals to the most dangerous predators and ig-

nore the — often great number — of less impor-
tant predators. Lima’s approach is important in
integrating behavioural studies with the predator-
prey interactions going on in natural multipredator
communities.

So far, only a few studies have dealt with
antipredatory adaptations of individual animals
as a direct fitness component. However, under
certain environmental conditions it could be of
advantage for an individual not to breed (e.g.
Ylonen 1989). Studies on breeding and predation
risk are rare, especially in mammals, which was
pointed out in a recent review (1991) by Carin
Magnhagen (Umed, Sweden). In her present pa-
per she concentrates on one aspect of fitness, on
parental care, and deals in her review with the
behaviour of fish. Factors of importance for how
much risk a nest-guarding fish should take in-
cludes brood size and age, and parent age, influ-
encing the reproductive value of the offspring
and the parent’s probability of future reproduc-
tion .

Aquarium experiments on prey inspection in
fish have been carried out by several research
groups on a number of species (e.g. Magurran &
Pitcher 1987), and the first paper on TIT for
TAT (Milinski 1987) is one of the citation classics
in the study of antipredatory adaptations. These
experiments have provoked a lot of theoretical
thinking about the evolution of co-operation and
general game theory. One of the recent researchers
developing these ideas further is Lee Dugatkin
(Kentucky, USA) who here, together with Jean-
Guy Godin (Sackville, Canada), has reviewed
costs and benefits of prey approaching predators.
In their paper they also present a new game
theory model based on the cost-benefit perspec-
tives of approach behaviour and group size, pre-
dicting frequency of approachers and non-
approachers as well as approach distance.

Two articles deal with crayfish predation by
fish and backswimmers. Bjorn Soderbéck
(Uppsala, Sweden) compared the effect of perch
on behaviour and survival of two crayfish species,
one native and one introduced. The two species
responded in a similar way to predation risk.
However, Soderbick suggests that the native
species may have a higher total risk of predation
during the juvenile period due to a lower growth
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rate, leading to a longer time spent in a vulner-
able size. Heikki Hirvonen (Helsinki, Finland)
has looked at the indirect effect of backswimmers
on juvenile crayfish. The backswimmers do not
kill the crayfish, but instead take their chelae.
This results both in a reduced growth rate and
survival of the crayfish.

The only paper dealing — at least partly —
with chemical defence against predators is by
Piivi Palokangas and Seppo Neuvonen (Turku,
Finland) with experiments on two Chrysomelid
beetles in Finnish Lapland. This paper describes
preliminary results on differences in the predation
vulnerability for two species of herbivorous in-
sects living on host plants with different chemi-
cal composition and that larvae probably increase
their abilities to produce defensive chemicals with
increasing age.

For all researchers using live trapping tech-
niques on rodents, their different — often strong
— species-specific odours are well-known.
Microtus-voles have strong odours but these are
not used for chemical defence against predators.
Instead, there could exist adaptations of social
behaviour in different species that serve as anti-
predatory mechanisms. Harri Hakkarainen, Erkki
Korpimiki, Pdivi Palokangas and Tapio Mappes
(Turku and Jyviskyld, Finland) have tested ex-
perimentally if the different social behaviour —
living in groups or solitarily — exposes the two
species differently to avian predation. The results
are partly contradictory to field observations made
by one of the authors (see Norrdahl & Korpimiki
1992), which expresses the difficulty in the
planning of laboratory experiments in higher
vertebrates, birds and mammals.

Marcelo Cassini and Monica Galante (Ox-
ford, UK.; Buenos Aires, Argentina) report on a
simple method to monitor the feeding behaviour
of wild guinea pigs in an indirect way by count-
ing the droppings of feeding animals. There exists
a good correlation between the feeding sites of
the guinea pigs and the vegetation height which
can be explained by the nutritional value of young
grass but also by the antipredatory behaviour of
foraging guinea pigs.

A characteristic feature of the shrew behaviour
is the high foraging frequency with short bouts
of activity and resting due to their high energy

demands. This sets limitations to antipredatory
behaviour of shrews as can be seen in the study
by Jarmo Saarikko (Helsinki, Finland). Individual
variation in the change of foraging activity is
extremely high and seemingly only large animals
can afford to avoid a potential predator by de-
creasing their activity in predators presence.

Studies on the foraging behaviour of desert
rodents have produced a number of good em-
pirical and theoretical articles on topics discussed
in the present issue. Therefore two papers on the
patch use of individuals under predation risk by
Joel Brown and his co-authors, Robert Morgan
and Beverly Dow (Chicago, USA) are a good
finale of this issue. Joel gave, during the Konne-
vesi symposium, three enthusiastic talks — based
on his desert rodent studies. His method of esti-
mating the trade-off between safety and foraging
using seed trays (determination of giving-up
densities) has been adopted in several other
studies. In the present issue the theory and pre-
dictions are supported by the empirical data on
fox squirrels.

The symposium, organised during the long
November nights at the Konnevesi Research
Station, was financially supported by the Nordic
Council for Ecology, the Finnish Academy and
the University of Jyviskyld. We are grateful for
this opportunity to have been able to organise the
meeting. A number of colleagues have been of
great help during the editorial process of this
issue by reviewing one or more manuscripts. We
thank (in alphabetical order): Jan Bengtsson
(Uppsala), Mats Bjorklund (Uppsala), Joel Brown
(Chicago), Lee Dugatkin (Kentucky), Jan Ekman
(Stockholm), Sam Erlinge (Lund), Robert Fritz
(Poughkeepsie), Lennart Hansson (Uppsala),
Ilkka Hanski (Helsinki), Bogumila Jedrzejewska
(Biatowieza), Masakado Kawata (Shizuoka),
Erkki Korpiméki (Turku), Burt Kotler (Sede
Boker), Richard Law (Julich), Kai Lindstrom
(Helsinki), Anne Magurran (Oxford), Manfred
Milinski (Bern), Robert Montgomerie (Kingston),
Lauri Oksanen (Umed), Cynthia Paszkowski
(Edmonton), Esa Ranta (Helsinki), Martine
Rowell-Rahier (Basel), Mikael Sandell (Umed),
Andrew Sih (Kentucky), Nils Stenseth (Oslo),
Jukka Suhonen (Jyviskyld), Jorma Tahvanainen
(Joensuu), Mari Walls (Turku) and Patrick
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Weatherhead (Kingston). Anne Magurran is ad-
ditionally acknowledged for checking the lan-
guage of this preface and of the concluding re-
marks. The Finnish Zoological Publishing Board
is acknowledged for the possibility of using this
forum and Dr. Samuel Panelius for the great help
in the final editing of the papers.
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