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————Habitat Selection and
Predator-Prey Dynamics

In their recent TREE article, Kacelnik
et al' reviewed the Fretwell-Lucas
models of ideal free and ideal despotic
habitat choice?® and explored the
implications for predator-prey dy-
namics. It ought to be pointed out that
what is referred to as ‘the most
simple Fretwell-Lucas model’ of ideal
free habitat choice is a later modifi-
cation, containing several assump-
tions which were not parts of the
original model. Contrary to the state-
ments of Kacelnik et al.,, Fretwell and
Lucas did not make any assumptions
concerning prey distribution or the
relation between prey density and
predator fitness. Fretwell and Lucas
assumed that all habitats have some
basic suitability, which can be
measured as the average fitness of its
irhabitants at very low population
densities. Moreover, they assumed
that the suitabilityof the habitat nor-
mally decreases with increasing popu-
lation density. Whether this is due
to intensified resource competition or
predation was not specified. The con-
ciept of interference competition was
not even mentioned by Fretwell and
Lucas, nor did they assume that
resources are not depleted by con-
sumers (this assumption is in direct
conflict with the thrust of Fretwell’s
contributions®®, and the approach of
the whole MacArthur school, empha-

sizing indirect competitive inter-
actions via depletion of shared
rasources).

Tests of the two models should
thus focus on the relationship be-
tween population density and some
measurable parameter that can be
associated with fitness (e.g. repro-
cuction, survival or growth). Examples
of such studies are Fretwell's study
on field sparrows in temperate North
America®, Andrén’s study on com-

rnon jays in Swedish coniferous
forests’ and Power's study on
eérmored catfish in Panamanian
streams®,

By themselves, the Fretwell-Lucas
rmodels of habitat choice do not
gienerate any predictions on pred-
ator-prey interactions, although such
predictions can be derived by inte-
grating the models of habitat choice
with models of predator—prey interac-
tions. Kacelnik et al. do this using pri-
sarily a model based on the assump-
tion of strong feeding interference
and infinitely high searching ef-
ficiency. These premises seem to be
tealistic when resources are provided
at a constant rate in a given spot and
overt aggression does not occur®, |t
remains to be seen how common
such situations are in nature.

If resources are more evenly dis-
tributed, searching costs will count.

Thus, even in systems with feed-
ing interference, intake rates will
depend on both predator-prey ratios
and absolute prey densities. In sys-
tems without substantial inter-
ference, the fithess of predators will
only depend on absolute prey den-
sities (this assumption is routinely
made in mechanistic competition
models'®"?). In explicit predator-prey
models, an assumption of purely
exploitative competition translates to
a vertical predator isocline’", imply-
ing that each habitat with any pred-
ators at all will have exactly the same
prey density. Increasing productivity
will result in higher predator den-
sities, higher rates of prey turnover
and higher numerical predator-prey
ratios, as was the case in Power’s
study of the interaction between
armored catfish and stream algae®.
These predictions are in sharp con-
trast to the prediction of Kacelnik et
al. that mortality risk due to predation
and the numerical predator-prey ratio
will be the same in all habitats.

In systems where territories are
actually defended, intruding individ-
uals must weigh the expected fitness
within the habitat against the risk of
losing territorial contests and the fit-
ness costs of such losses. This will
create ideal despotic habitat choice?,
where the average fithess of pred-
ators is positively correlated to the
productivity of their habitat. Stable
social hierarchies™ and pre-emptive
competition for territories'® have a
similar impact. At equilibrium, all
these mechanisms create source-
sink dynamics'®, where the best habi-
tats are characterized by net emi-
gration and the poorest habitats are
characterized by net immigration. In
predator-prey models, net emi-
gration implies a rightwards curved
predator isocline, whereas net immi-
gration creates a hyperbolic predator
isoclineg, which meets the predator
axis above the origin'. In such
predator-prey systems, the relation-
ship between predation pressure
and the productivity of the habitat is
ambiguous and depends, for ex-
ample, on the abundance re-
lationships between different habitat
types in the landscape and on the
reproductive potential of the prey in
different habitats”’.

In the last sections of their article,
Kacelnik et al. discuss systems with
positive search costs, exploitation
competition and second-degree pre-
dation. The article creates the
impression that these modifications
are at variance with the original
model. However, similar predictions
have been derived by integrating the
two models of habitat choice with

Rosenzweig-type models of pred-
ator-prey interaction®'®. The results
are thus consistent with the
Fretwell-Lucas models of ideal free
and ideal despotic habitat choice.
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—Reply from Kacelnik, ———

Bernstein and Krebs

Oksanen et al. object to some points
in our recent review of ideal free
distribution models. Some of the
issues they raise are terminological
and result from our attempt to relate
recent work to Fretwell's original
work. They state that the
Fretwell-Lucas model did not make
any assumptions about prey distri-
bution or about the relation between
prey density and predator fitness.
They also point out that interference
was not mentioned. In fact, they refer
to ‘habitats’ with different ‘basic
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