e

Ethology Ecology & Evolution 3: 73-77, 1991

Predator avoidance and antipredator mechanisms:
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Prey may respond evolutionarily to predator pressure either by removing them-
selves from the foraging microhabitat of the predators (predator avoidance mechan-
isms) or by reducing the probability of successful predation when they are within the
perceptual field of the predators (antipredator mechanisms). These two categories of
survival mechanisms are under different selective regimes and the evolution of one
type of prey survival mechanism reduces selection on the other.
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There are two distinct categories of mechanisms mediating prey survival that
may result from different selective environments. First, there are characteristics that
enhance the survivorship of prey by reducing the probability that they will occupy the
foraging microhabitat of potential predators (predator avoidance mechanisms). Second,
there are characteristics of prey that reduce the probability of successful predation
when they occupy the foraging microhabitat and are within the perceptual field of
would-be predators (antipredator mechanisms).

Different types of predators can exert qualitatively and quantitatively different
evolutionary pressures on prey populations. Some predators have the ability to
eliminate local populations of prey (HEvER & MUEDKING 1976); here refered to as
«complete» predation. Such selective pressures can have the result of favoring preda-
tor avoidance mechanisms but cannot lead to the evolution of antipredator mechan-
isms. Other predators may reduce prey populations but do not cause their elimination
(Hever 1976, Formanowicz & Brobpie 1982); here refered to as «incomplete»
predation. Unsuccessful predation is necessary for the evolution of antipredator
mechanisms (VERMED 1982) but also can confer selective advantages to predator
avoidance mechanisms. Thus, antipredator and predator avoidance mechanisms are
under somewhat different selective regimes.
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Predator avoidance mechanisms eliminate the risk of predation by a specific
predator by removing the prey from the foraging microhabitat of that predator and
may evolve under either complete or incomplete predation of local prey populations.
These mechanisms are typically patterns of behavior exhibited by prey species, such
as occupying refugia (e.g., a burrow or dense vegetation), altering their foraging
habitats (spatial avoidance), or adjusting their activity periods (temporal avoidance)
(Epmunps 1974, S 1985). Recent studies have documented the survival advantage
of predator avoidance mechanisms (e.g., SiH et al. 1988).

Antipredator mechanisms reduce the probability that a predation sequence,
which begins when a prey enters the perceptual field (sezsu JAMIESON & SCUDDER
1979, FormaNowicz 1987) of a predator, will go to completion (ENDLER 1986). Such
mechanisms can only evolve if predation on prey populations is incomplete (VERMEL
1982, 1985). A variety of morphological and behavioral traits of prey are antipredator
mechanisms, including: crypsis or immobility which reduce the probability of detec-
tion by a predator; speed or protean movement allowing a prey to escape a pursuing
predator; shells, spines, claws, biting, autotomy, and distastefullness which allow a
prey to repulse predators; and aposematic and pseudoaposematic traits which com-
municate repulsiveness to predators (BrobiE 1983, ENDLER 1986, GREENE 1988).
Morphological and behavioral antipredator traits often interact synergystically to
increase the probability of surviving a predator attack (Brobie 1983).

The evolution of either antipredator or predator avoidance mechanisms reduces
the selective pressures on the other. The effect of one type of prey survival mechan-
ism on the evolution of the other may be examined with a simple model. Three
distinct factors affect the probability of survival (5) for a prey individual: the
probability that a prey avoids the foraging microhabitat of a predator (V, predator
avoidance mechanisms); the probability that a prey is within the perceptive field of a
predator (C) multiplied by the probability that the predation sequence is interrupted
by some trait of the prey (A, antipredator mechanisms); and the probability that a
prey within the foraging microhabitat will not come within a predator’s perceptual
field (1-C). The latter two factors are conditional on the probability of a prey
occurring within a predator’s foraging microhabitat (1-V). Thus, we can express the
probability of survival as the sum of these factors:

S=V+(1-V)*(1-C)+ (C*A)] (1

The probability that a prey avoids the foraging microhabitat of the predator (V)
and the conditional probability that a prey survives within the perceptual field of the
predator [(1-V)*(C*A)] are properties of the prey individual and therefore may evolve
through selection by the predator. However, the probability of not coming within the
perceptual field of a predator while within the foraging microhabitat of the predator
[(1-V)*(1-O)] is the result of unpredictable density-dependent properties of the preda-
tor-prey interaction and not the result of actions or traits of the prey. As such, the
probability of not coming within the perceptual field of a predator cannot evolve
through selection by the predator.

In order to examine selection on predator avoidance and antipredator mechan-
isms, we can examine the relationships between variation in these traits and variation
in survival. This is similar to a selection gradient analysis where the trait in question is
either predator avoidance or antipredator effects and survival is used as an estimate of
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fitness. This can be done by taking the derivatives of equation (1) with respect to each
of the types of mechanisms:

ds/dv =C(1-A) (2)
dS/dA=C(1-V) 3)

The resultant derivatives are analogous to selection gradients and describe the
selection pressure on prey survival mechanisms.

The selective pressure on predator avoidance mechanisms (V) and antipredator
mechanisms (A) can be estimated from (2) and (3) respectively and decreases linearly
as a function of the other type of mechanism (Fig. la-b). The y-intercept of these
relationships is C and the slope is negative C. Thus, the probability of a prey coming
within the perceptual field of the predator (C) defines the upper limit of selection
pressure on A or V and determines the rate of change in selection with increases or
decreases in V or A. Greater values of C allow for stronger selective pressures and a
more profound effect of A on dS/dV (Fig. 1a) and of V on dS/dA (Fig. 1b). For any
given C, selection pressure increases with decreases in V or A (Fig. la-b). When the
probability of being in the perceptual field is zero, there is no selection for either
antipredator (dS/dA=0) or predator avoidance mechanisms (dS/dV =0). When this
probability is one, selection on these two mechanisms simplifies to:

4S/dV = (1-A) 4)
dS/dA=(1-V) (5)
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Fig. 1. — A graphical representation of the relationship between (a) selection on avoidance mechanisms

(dS/dV) and the efficacy of antipredator mechanisms (A) and (b) selection on antipredator mechanisms
(dS/dA) and the efficacy of avoidance mechanisms (V). The y-intercept and slope of the curve are
determined by the probability that prey come within the perceptual field of the predator (C). The curves
drawn are for different values of C (C,=1, C,=0.75, C;=0.5, C,=0.25). When C=0, the curve lies
along the x-axis.
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Under these conditions, selection on predator avoidance mechanisms (dS/dV) is
inversely proportional to the efficacy of antipredator mechanisms (A4) and selection on
antipredator mechanisms (dS/dA) inversely proportional to the efficacy of avoidance
mechanisms (V). In general, selection on prey survival mechanisms (dS/dV or dS/dA) is
the result of the interaction between the probability of the prey coming within the
perceptual field of the predator (C) and the effectiveness of the other type of
mechanism (A4 of V). This interaction can be illustrated by examining how the limits
of A and V affect selection.

Case 1. Perfect avoidance or antipredator mechanisms.

If prey, as the result of some predator avoidance mechanism, never occur within
the foraging microhabitat of the predator, then V=1 (that is 1-V=0; Equation 1).
The overall probability of survival is one and there is no selection on antipredator
mechanisms (dS/dA=0) or any additional predator avoidance mechanisms. If prey
always survive coming within the perceptual field of a predator, then A=1 and the
selection on predator avoidance mechanisms (dS/dV) goes to zero. The probability of
survival is one and, intuitively, selection on antipredator mechanisms is zero. When
either type of mechanism is perfectly effective, there can be no selection on either
because of the absence of successful predation.

Case 2: No predator avoidance or antipredator mechanisms.

If prey never avoid the foraging microhabitat of the predator, then V=0 and
selection on antipredator mechanisms is equal to the probability of coming within the
perceptual field of the predator (dS/dA=C; Fig. 1b). The evolution of predator
avoidance mechanisms is possible as long as C>0 and there is some successful
predation (A< 1).

It is also possible that prey may have antipredator mechanisms that are effective
against some predators but are totally ineffective against others. If prey were exposed
to the latter type of predator, then A=0 and selection on predator avoidance
mechanisms is also equal to the probability of a prey coming within the predator’s
perceptual field (dS/dV =C; Fig. 1a). Antipredator mechanisms cannot evolve under
these conditions because no prey survive coming within the perceptual field of the
predator (VERMED 1982). The above cases illustrate that the existence and efficacy of
one type of prey survival mechanism can affect the strength of selection on the other.
As used in our model, antipredator (4) and avoidance (V) mechanisms represent suites
of characters that contribute to prey survival. Our intent is not to describe the
evolution of specific prey survival traits; rather, it is to examine the conditions that
allow the evolution of suites of antipredator or predator avoidance mechanisms.

The relationship between the strength of selection on either antipredator (A) or
predator avoidance mechanisms (V) and the effectiveness of the other suite of
mechanisms is determined by the probability of coming within the perceptual field of
the predator (C). In our paradigm, these relationships are linear, but may take other
forms. For example, variation in predator state (e.g., hunger level) or the existence of
fitness costs associated with specific prey survival mechanisms may alter the shape of
these curves. These additional parameters do not, however, alter the qualitative
relationships between C, A, and V described above.

Previous considerations of antipredator and predator avoidance mechanisms
have not distinguished between these aspects of prey survival. While in extreme cases
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either antipredator or predator avoidance mechanisms reduce the probability of the
evolution of the other, it is likely that both contribute to survival in natural systems.
Recognition of the differences between these two components of prey survival is
critical to a full understanding of the evolution of adaptive responses of prey to
predators. Predator-prey relationships are dynamic and depend upon learning and
adaptation by predators to the antipredator and predator avoidance mechanisms of
their prey. These factors as well as evolutionary constraints will influence the
coevolution of predator-prey interactions.
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