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Summary

1. Graham & Lambin (2002) have reported on a weasel-reduction experiment, concluding
that the impact of weasel predation on field vole survival was neither sufficient nor
necessary to initiate and drive the cyclic decline of field vole populations in Kielder
Forest, northern England. They also stated that their findings contradict conclusively
the specialist predator hypothesis put forward to explain population cycles of voles in

North Europe.

2. Straightforward inferences from Kielder Forest to the northern boreal zone are
misleading, because the population cycles of voles in Kielder Forest differ essentially
from North European vole cycles. The low amplitude of the vole cycles in Kielder Forest,
their restricted spatial synchrony in comparison to northern Europe and the virtual lack
of interspecific synchrony in Kielder Forest suggest that there are essential differences
between the mechanisms responsible for the two types of cyclic fluctuations of voles.
3. The weasel-reduction experiment may provide a misleading picture on the role of
predators, even in the Kielder Forest cycle. The experimental reduction of weasels alone
may not stop the population decline of voles, because competing larger predators are
expected to increase their hunting in the weasel-reduction areas. The small spatial scale
of the experiment, which produced only slight, short-term differences in weasel densities
between reduction and control areas, also suggests that other predators could have com-
pensated easily for the weasels that were removed.

4. We propose a new version of the predation hypothesis to explain low-amplitude
population cycles of voles in temperate Europe, including the Kielder Forest. The inter-
action between generalist predators and vole populations might account for these cycles
because generalists can have a functional response that is destabilizing in the neigh-
bourhood of the equilibrium point. As most generalists are orders of magnitude larger
than weasels, and thus need much more food for survival, generalist-driven cycles
should be characterized by high prey minima, as observed in Kielder Forest.
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Vole cycles in Kielder Forest and North Europe

Graham & Lambin (2002) have reported a weasel-
reduction experiment, concluding that the impact of
common weasel (Mustela nivalis vulgaris L.) predation
on field vole (Microtus agrestis L.) survival was neither
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sufficient nor necessary to initiate and drive the cyclic
decline of field vole populations in Kielder Forest,
northern England. They also stated that their findings
contradict conclusively the specialist predator hypothesis
put forward by North European ecologists to explain
population cycles of voles. Here we present an alternative
interpretation of the results, which may serve as a starting-
point for new research on temperate vole populations.

Inferences from the vole cycle in Kielder Forest to the
3-5-year population cycles of voles in northern Europe
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(referred to hereafter as northern vole cycles) should be
made with caution for the following five reasons. First,
the northern vole cycles cover hundreds of thousands
of km? in pristine boreal and arctic ecosystems, and in
man-made forest plantations and agricultural fields
(Kalela 1962), whereas the 3-year population cycle of
field voles in Kielder Forest is a small-scale phenom-
enon covering approximately 600 km? in man-made
forest plantations (Lambin, Petty & MacKinnon 2000).
Secondly, the low phases of northern vole cycles reach
densities 1-2 orders of magnitude lower than in Kielder
Forest (< 1 per ha vs. 25-50 per ha) (Henttonen et al.
1987; Oksanen et al. 1999; Lambin et al. 2000). Thirdly,
northern vole cycles are high-amplitude fluctuations,
characterized by 50-500-fold (sometimes up to 1000-
fold) differences between peak and minimum densities
(Hanski, Hansson & Henttonen 1991; Oksanen &
Oksanen 1992), whereas in Kielder Forest differences
between peaks and lows are only about 10-fold (Lambin
et al. 2000). Fourthly, the cycles of Kielder Forest are
spatially synchronous at small scales only (8-20 km;
Lambin et al. 1998), whereas the northern vole cycles
are synchronous at an essentially larger spatial scale
(70-500 km; Henttonen et al. 1987; Hanski et al. 1991;
Huitu, Norrdahl & Korpiméki 2003b; Sundell ez al. 2004).
Fifthly, in northern Europe field voles fluctuate in
close temporal synchrony with other herbivorous voles
(Microtus and Clethrionomys spp.) and even with in-
sectivorous shrews (Sorex spp.), all showing their
lowest densities simultaneously (Henttonen et al.
1987; Henttonen ef al. 1989; Hanski & Henttonen
1996; Korpiméki et al. 2005), whereas interspecific
synchrony with the forementioned species or other
small mammals has not been documented in Kielder
Forest or elsewhere in temperate Europe. These five dif-
ferences in the population dynamical syndromes between
the Kielder Forest and northern Europe indicate clear
differences in underlying mechanisms, i.e. large-scale
community dynamics vs. more local single-species
dynamics (see Hansson & Henttonen 1988).

The differences outlined above help to discriminate
among the putative mechanisms responsible for cyclic
dynamics. Specialist-driven predator—prey cycles in-
evitably have high amplitude. To keep the amplitude from
becoming unrealistically large, population dynamic
models must include explicit or implicit refuges for prey
(Oksanen 1990), or a model structure assuming strong
interference between predators (Hanski et al. 1991).
Before the prey can recover, the vast majority of
predators must have starved to death and/or failed to
reproduce while having a relatively high mortality rate
(Klemola, Pettersen & Stenseth 2003). Obviously, the
specialist predator population will not vanish for these
reasons until vole densities are much lower than the
25-50 voles per ha, which is the minimum observed in
Kielder Forest. In fact, these ‘lows’ correspond to the
peak densities observed in North European taiga and
tundra habitats of moderate quality (Henttonen et al.
1987; Oksanen et al. 1999). Moreover, dynamics in

specialist-driven cycles must show wide geographical
synchrony, because specialists become mobile when
facing an acute shortage of prey (Korpiméki, Lagerstrom
& Saurola 1987; Oksanen, Oksanen & Norberg 1992;
Klemola et al. 1999).

Methodological issues

Methodological constraints appear to undermine
the conclusion of Graham & Lambin (2002) that ‘the
impact of weasel predation on field-vole survival was
neither sufficient nor necessary to initiate and drive the
cyclic decline of field-vole populations in Kielder Forest’.
Indeed, methodological issues may account for the lack
of response by voles to the weasel-reduction experiment
in Kielder Forest (Graham & Lambin 2002). While
previous papers by Lambin et al. (1998, 2000) render
us sympathetic to their claim that weasels hardly play a
major role in the field-vole dynamics of Kielder Forest,
we do not see that the experiment of Graham & Lambin
(2002) would have done much to strengthen this case for
the reasons discussed in the following three paragraphs.

It is well known that even least weasels (M. nivalis
nivalis L.), a very small and ecologically distinct sub-
species of North Europe adapted to hunt voles in their
tunnels below snow, can move several kilometres (Oksanen
et al. 1992; Klemola et al. 1999, Aunapuu & Oksanen
2003) and they, together with stoats (M. erminea L.;
body size closer to common weasel than least weasel)
can easily find local vole patches and rapidly bring
out-of-phase patches to the level of surrounding areas
(Korpiméki et al. 2002). However, the experiment by
Graham & Lambin (2002) was conducted at a small
spatial scale: three paired reduction and control areas,
each only 5—12 haand 2—-4 km apart. As the home-range
size of common weasels (body size double that of the
least weasel) is 10—40 ha at high densities and 120-220
ha at low densities of main prey (voles) (Jedrzejewski,
Jedrzejewska & Szymura 1995), each reduction area
was smaller than the home range of a single weasel.
In addition, invading individuals from surrounding
areas rapidly replaced most weasels removed from the
treatment areas, in particular when vole densities in the
reduction areas started to increase to higher levels than
in surrounding areas. This is a possible reason why only
a short-term difference in weasel densities during the
two study years (in midsummer 1999) was documented
in one of the three reduction areas, whereas during
most of the time and, particularly, in winter to spring,
weasel densities were similarly low in reduction and
control areas (Fig. 1 in Graham & Lambin 2002). The
lack of efficacy of the predator-density manipulationin
Kielder Forest resembles the situation in a large-scale
experiment in Finland, in which captive-born least weasels
released in three ‘predator addition islands’ soon starved
to death or were killed by larger predators, so that there
was an obvious treatment effect on population dynamics
of voles on only one of the three treatment-control island
pairs (Sundell 2003).
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Fig. 1. A phase plane presentation of predator (S, G) and
prey (H) isoclines in specialist-dominated (a) and generalist-
dominated (b) laissez-faire predation systems where the prey
guild is heavily dominated by Microtus spp. H} and H}
stand for the prey density at which the predator in question
has zero growth rate, H,,, represents the prey density at which
the generalist leaves the system, and 7 is the prey density at
which all female territories are occupied. The course of the
limit cycle is indicated by the grey line, where the pace of the
cycle is indicated by the shape of the arrows (round = slow,
pointed = fast) and their number.

Only the densities of the smallest member of vole-
eating predator assemblage, the common weasel, were
reduced (Graham & Lambin 2002). Because the densities
of other mammalian and avian predators subsisting
on voles (particularly red foxes Vulpes vulpes L. and
tawny owls Strix aluco L.) were high in Kielder Forest
(Lambin et al. 2000; Petty et al. 2000), it seems likely
that, even in the absence of invading weasels, these
other predators could have compensated easily for the
weasels that were removed. In principle, the reduction
of one predator species decreases interspecific com-
petition for food among predators (Korpimiki &
Norrdahl 1998) and/or intraguild predation, which
should trigger a compensatory response of other pred-
ators. Earlier, using large-scale replicated experiments
(Korpiméki & Norrdahl 1998), we showed that the
reduction of the densities of the smallest member of
the vole-eating predator assemblage (in our case the
least weasel) is insufficient to prevent a summer decline
of northern voles, at least in a system where considerable
numbers of avian and generalist predators occur.

Small live-trapping grids were used to estimate
vole densities and survival (one permanent 0-3-ha

live-trapping grid per removal and control area)
(Graham & Lambin 2002). As daily movements of field
voles average 20-30 m and are even higher for males
and in the decline phase of the vole cycle (Norrdahl &
Korpimiki 1998; Banks, Norrdahl & Korpiméki 2000),
many voles may have emigrated from the live-trapping
grids. In addition, on trapping grids, live-traps were set
at 5-m intervals and prebaited with wheat and carrots
2-3 days before each monthly 3-day trapping session
(Graham & Lambin 2002). This apparently means that
live-trapping grids were food-supplemented during
about 1 week per each month (see also Henttonen 2000).
It is possible that food-supplemented grids attracted
voles, in particular adult individuals, from surrounding
areas, which may have masked effects of weasel reduction.

Predator-reduction experiments in the north

The extrapolation from Kielder Forest to boreal vole
cycles is especially surprising when seen against the
background of experimental work conducted in north-
ern Europe. Our earlier large-scale experiments, where
either least weasel densities or avian predator densities
have been reduced, showed that it is not sufficient to
manipulate only densities of one predator group to
alter the population dynamics of cyclic northern voles
(Norrdahl & Korpimaki 1995; Korpiméki & Norrdahl
1998). Compared to the experiment by Graham &
Lambin (2002), our experiments have been conducted
on > 10 times larger spatial scale and with as many or
more replicated study areas (3-5) in equally natural
settings (Norrdahl & Korpiméki 1995; Korpimiki &
Norrdahl 1998; Korpiméki et al. 2002, 2005; see also
May 1999). We have reduced experimentally the densities
of all main mammalian and avian predators in three (in
3 years) or four (in 3 years) large unfenced areas (2-:5—
3 km?each) in each phase of the 3-year vole cycle. These
large-scale replicated manipulations increased the autumn
density of Microtus voles (main prey of predators) by
fourfold in the low phase, by twofold during the increase
phase and by twofold in the peak phase. Moreover, the
manipulations retarded the initiation of decline of the
vole cycle and prevented the summer decline of vole
populations (Korpiméki & Norrdahl 1998; Korpimaki
et al. 2002). In addition, predator reduction also
increased the densities of bank voles (Clethrionomys
glareolus Schreb; the most important alternative prey
of predators) in the low and increase phases of the
cycle (Korpimaki et al. 2005). Nevertheless, Graham
& Lambin (2002) regarded these experiments as non-
instructive, because we used snap-trapping methods
to monitor the small mammal populations and could
therefore, in their opinion, say little about the demo-
graphic changes which supposedly accounted for changes
in vole numbers.

Indeed, the use of snap-trapping (10 trap lines with
11 snap-traps 10 m apart in each; see Korpiméki &
Norrdahl 1998; Korpimiki ez al. 2002) instead of
live-trapping was the only feasible choice in experiments
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conducted on such a large spatial scale. Moreover,
snap-trapping is practically the only method that can
yield reliable estimates of vole densities, even in the low
phase of the northern vole cycle when densities are
normally of the order of 0-1-0-5 voles per ha (see above),
making it very difficult to obtain reliable density
estimates with live-trapping (Viitala 1977; Henttonen
et al. 1987; Oksanen et al. 1999). As the areas were large
and trap lines were at least 100 m apart, snap-trappings
hardly affected the dynamics of vole populations (see
also Christensen & Hornfeldt 2003). There also is no
logical mechanism by which snap-trapping could have
inflated the estimate of treatment effect. Besides being
the only feasible method in large-scale experiments in the
north, snap-trapping provides knowledge of several demo-
graphic parameters (age structure, sex ratio, proportion
of breeding females and litter size) and body condition
of voles (Klemola et al. 1997; Klemola, Norrdahl &
Korpimiki 2000; Norrdahl & Korpiméiki 2002a,b).

Moreover, we have conducted experiments in an
arctic—alpine habitat complex in North Norway. In one
of the experiments, a large (2 ha) mammalian predator-
proof enclosure was maintained for five summers. Vole
densities on this treatment area and on five comparable
control areas with free access to predators were quan-
tified by live-trapping (Oksanen et al. 1999; Ekerholm
et al.2004). The 2-ha enclosure encompassed the entire
range of habitat variation available in the landscape
and allowed free dispersal from optimal to suboptimal
habitats within the enclosure. In the increase phase of
the cycle, vole density did not differ between the reduc-
tion area and control areas, in the peak phase of the
cycle density on the reduction area was 30% higher
than on control areas and in the decline phase of the
cycle vole density on the reduction area was two- to
fourfold greater than on control areas (Ekerholm ez al.
2004). As the treatment lacked replication for logistic
reasons, interval estimates for the magnitudes of treat-
ment effects cannot be computed, but the existence of a
significant treatment effect can nevertheless be inferred,
as the enclosure became a statistical outlier every autumn.
In the other experiment, voles were introduced to four
treeless islands in a large lake. The densities of island
populations were compared to the reference areas
with vegetation comparable to the two most productive
islands and to the reference areas in heath-dominated
tundra, comparable to the less productive islands. Even
the most conservative comparisons (all islands against
the most productive mainland references) revealed two-
to fourfold higher vole densities on the islands, where
recurrent severe devastation of woody vegetation
indicated that voles had increased to carrying capacity
(Hambéck et al. 2004). Due to the virtual lack of vole
immigration, the island populations were not only
protected against predators but possibly also against
pathogens potentially present on the mainland. Note that
the islands cannot be regarded as fenced, because the
lake is frozen for most of the year, enabling emigration,
and the voles in question can also swim.

The collective message of these experiments is that
the reduction of predators changes the dynamics of cyclic
vole populations profoundly throughout the boreal
and arctic zones of northern Europe (Korpiméki &
Norrdahl 1998; Korpimiki et al. 2002, 2005; Norrdahl
et al. 2002; vs. Oksanen et al. 1999; Ekerholm et al. 2004;
Hambick et al. 2004). In addition, collared lemming
(Dicrostonyx groenlandicus Traill) abundance in Canadian
tundra was two- to ninefold higher in a predator exclos-
ure than in control areas in the peak and decline years
of the cycle, and protection from predators prevented
the decline of lemming populations (Wilson, Krebs &
Sinclair 1999). In another site of Canadian tundra,
control populations of collared lemmings declined in
summer, whereas a population protected from predators
remained more stable (Reid, Krebs & Kenney 1995).
Observational evidence for the importance of preda-
tors in governing cyclic dynamics of collared lemmings
has also been obtained in Greenland: the 4-year
lemming cycle appears to be driven by a 1-year delay in
the numerical response of stoats, whereas the cycle is
apparently dampened by direct density-dependent
predation by arctic foxes (4lopex lagopus L.), owls and
skuas (Gilg, Hanski & Sittler 2003). This consistency
of results is remarkable, given the marked differences in
habitats, in small rodent and predator assemblages and
in the methods used to manipulate predator densities
and to quantify rodent abundances.

Statistical time-series analyses and mathematical
models have suggested that population cycles of northern
voles are generated by the combined effects of delayed
and direct density-dependent mechanisms (Stenseth
1999; Hanski et al. 2001; Klemola et al. 2003). On the
basis of our observational and experimental results,
regulation by predators is the most likely candidate for
delayed density dependence, and food limitation in
winter for direct density dependence (Korpimiki &
Norrdahl 1998; Oksanen et al. 1999; Korpiméki et al.
2002; Huitu et al. 2003a; Ekerholm et al. 2004). More-
over, cycles give way to relative stability in areas where
transit distances between favourable patches are long
(Oksanen et al. 1999), as predicted by the predation
theory (Murdoch 1977). We have previously refined
the specialist predation hypothesis (Henttonen et al.
1987; Hanski ef al. 1991), so that the delayed density-
dependent regulation by all the main predators, not
only weasels, is the main cause of population cycles of
northern voles (the synergic predation hypothesis)
(Norrdahl & Korpiméki 2002c). At present, there are
large-scale replicated experimental results in North
Europe that provide support for this hypothesis, and
also for a more general hypothesis that northern vole
cycles are indeed generated by predators.

Can generalist predators induce cyclic dynamics?

The tacit point of departure in the work of the Kielder
team and in its interpretation (Graham & Lambin
2002; Lambin & Graham 2003; Oli 2003a,b) appears
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to be that the existence of sustained population cyclesis
something peculiar that needs to be explained prefer-
entially with a single factor, accounting for all cyclic
population fluctuations. For us, the existence of cycles
is trivial. Instability and multi-annual cycles emerge
easily from all kinds of simple consumer-resource
models, and complexity per se simply confuses matters
(May 1972; Pimm 1982). As residents or frequent
visitors of boreal and arctic life zones, we see cycles
wherever we decide to look: in arvicoline rodents (see
above), in forest grouse (Lindstrom et al. 1995), in hares
(Krebs et al. 2001), in folivorous insects (Klemola ef al.
2002) and even in reindeer (Oksanen 1998). Different
cycles are associated with different population dynam-
ical syndromes. The cycles are displayed both in the
presence of predators (voles, hares) and in their virtual
absence (reindeer, lemmings). The impacts of cyclic
herbivores on main winter food plants are variable
(only reindeer and lemmings having strong and long-
lasting impacts: Moen et al. 1993; Johansen & Karlsen
1998). The heterogeneity of the causal mechanisms
accounting for these cycles thus seems obvious. For us,
the interesting issue in the context of cyclic populations
is therefore not ‘why cycles’ but ‘what drives a given set
of cyclic populations?’. Indeed, a considerable mystery
is the relative rarity of violent population cycles at
middle and low latitudes. In this context, intermediate
cases such as Kielder Forest, displaying regular cycles
with low amplitude, may prove pivotal, especially if the
empirical studies are connected to theoretical analyses
of the impact of specific, potentially stabilizing types of
food-web complexity on population dynamics (Oksanen
et al. 2001).

True numerical responses of consumers (deriving from
changes in natality and mortality) have inevitably a
built-in time delay, which is potentially destabilizing.
Hence, the occurrence of sustained population cyclesis
not especially remarkable, nor is it necessary to assume
that the same consumer—resource interaction would
account for all sustained population cycles. Indeed, the
difference between the northern vole cycles, character-
ized by extended peak phases and gradual declines,
and the boom—crash dynamics of high arctic lemming
populations, characterized by sharp, short-lived
peaks, abrupt crashes with profound impacts on the
vegetation, and extremely deep lows (Batzli et al. 1980;
Moen et al. 1993; Turchin et al. 2000; Ekerholm,
Oksanen & Oksanen 2001; Turchin & Batzli 2001)
suggest that even the arvicoline rodent cycles at high
latitudes may be a heterogeneous phenomenon, where
different trophic interactions account for different
cycles. Moreover, the case of the Kielder Forest
(Graham & Lambin 2002) and data from other areas of
temperate Europe (Mackin-Rogalska & Nabaglo 1990;
Jedrzejewski & Jedrzejewska 1996; Tkadlec & Stenseth
2001) suggest that the influence of predators on
population fluctuations of voles is more multifaceted
than previously thought. Besides, in temperate zone
with high minimum vole densities diseases may have

a larger role than in cold northern areas (Cavanagh
et al. 2004).

The time trajectories documented from Kielder
Forest (Graham & Lambin 2002) have a roughly similar
shape to the northern vole cycles, but the characteris-
tics of Kielder trajectories are nevertheless inconsistent
with the conjecture of weasel-vole limit cycles. The
diagnostic features in this context are the high minima
and the low amplitude (see above), which imply that only
such predator species which have much larger daily
energy needs than weasels can possibly be in a pivotal
role for the dynamics of the voles in Kielder Forest.
On the basis of profound differences between the low-
amplitude cycles at Kielder Forest and the high-amplitude
northern vole cycles, we suggest that the Kielder cycle
might be driven by the interaction between field voles
and their generalist, resident predators. The argument
for generalist-driven cycles has been presented formally
by Oksanen et al. (2001) and was inspired by the extensive
Polish data from vole—predator interactions (review
in Jedrzejewska & Jedrzejewski 1998). Below, we will
summarize briefly the main points.

Specialists, generalist and predator—prey cycles

The classical argument that systems dominated by
generalist predators have a locally stable predator—prey
equilibrium point (Andersson & Erlinge 1977; Hanski
et al. 1991) derive from Holling’s (1959) inference that
some predators appeared to concentrate on the most
abundant prey types, thus generating a potentially
stabilizing type I11 functional response curve. However,
Oksanen et al. (2001) found that this interpretation has
little support in the cited data. Normally, the experi-
mental predators included the most profitable resource
in their diets regardless of its density. The much-discussed
‘switching’amounted to abandonment of less profitable
resources when the density of the profitable one exceeded
a threshold. Rather than indicating a type I11 functional
response, the results thus supported the optimal foraging
theory (Stephens & Krebs 1986), generating an ‘odd’
type of functional response (a combination of two
or more type II functional response curves; Abrams
1987), which is destabilizing for almost all densities of
preferred prey.

Evidence for a type III functional response was
obtained only in those cases where different resource
types were found in different habitats, so that simul-
taneous searching for both was not possible. Even so,
it took several additional assumptions to generate a
functional response curve that actually leads to local
stability of the predator—prey equilibrium point, even
in the absence of density-dependence in prey (see
Oksanen et al. 2001). One central premise was that the
predator had to perceive both habitats as roughly
equally profitable when prey density was barely suffi-
cient for zero population growth of predators. Below,
we will explore what happens when the secondary hab-
itat provides enough resources for survival but not for
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reproduction. The point of departure of the analysis is
laissez-faire predation models (Rosenzweig 1977), which
suit for qualitative analyses of stability conditions in
predator—vole systems (Oksanen 1990; Oksanen et al.
2000).

Let H and Cstand for the densities of voles and their
predators, respectively. Let r be the intrinsic growth
rate of the vole population, g(H) be a function rep-
resenting direct density dependence in voles, a be the
intrinsic searching efficiency of predators, f(H) be
the part of the functional response of predators, which
is influenced by prey density, m be the maintenance
cost of predators and their per capita death rate when
starving, and k be the efficiency by which predators
convert captured prey to energy for maintenance and
reproduction. Then:

dH|dt =rHg(H) — af(H)HC and eqn 1

dCldt =—mC + kaf(H)HC eqn 2

The equations for zero isoclines can be solved setting
the partial derivatives equal to zero.

dH/dt=0:>C=£@and eqn 3
a f(H)

ACldt=0= H*=—" eqn 4
kaf (H*)

Because arguments uniquely define function values,
equation 4 implies that the equilibrium prey density is
constant (i.e. the predator isocline in a predator—prey
phase space is vertical) regardless of the details of the
predator’s functional response. Basic theory of differ-
ential equations tells that, with this isocline structure,
the local stability of the predator—prey equilibrium
depends only on the slope of the prey isocline at H =
H*, where H* is the prey density at which predators are
barely acquiring enough energy to replace themselves
during their lifetimes (Rosenzweig 1971). Because r/a
is a constant, the slope is determined by the behaviour
of the ratio g(H)/f(H) when H= H*. If the ratioisa
decreasing function of H in the neighbourhood of H*,
the equilibrium is locally stable. In the converse case,
the equilibrium is locally unstable and generates cyclic
dynamics.

Let us assume that the only source of density depend-
ence in the prey is female territoriality (reflecting, e.g.
quality and quantity of food). With this assumption,
the g(H) function will be specified as follows:

g(H) = min(l, %) eqn S

where 7T is the population density at which all territo-
ries available for maturing females become occupied.
As for functional response, we must assume that there
is some H,;, such that f(H)=0 for all H < H,;,. This

parameter represents the vole density at which hunting
in the vole habitat is no longer profitable, and the predators
either move out of it (generalists) or become passive and
try to survive on caches and on body reserves. When
hunting in the vole habitat, both generalists and specialists
can be expected to have type II functional response (see
above). Consequently, we can assume that for H,;, < H,
the f(H) function corresponds to equation 6:

1

S = am

eqn 6

where / is the time used by the predator when handling
one prey. Substituting equation 6 to equation 4 we
obtain the equation for the predator isocline as:

H* = _m eqn 7
a(k — mh)

where H* refers to prey density at the predator isocline.
The vertical form of the predator isocline now becomes
visible without excursions to higher mathematics. For
H,,, < H< T, the prey isocline obtains the following
shape:

L
af(H) a

eqn 8

which is a linearly increasing function of H. For T< H,
we obtain:

_ rg(H) _ rT + ahrTH :£+ T
af (H) aH aH

eqn 9

i.e. the prey isocline declines asymptotically towards
C = hrT when H goes to infinity (although, in reality,
other factors such as depletion of winter forage, not
included in the equation system, would enter the scene
at very high values of H). For H< H,;,, prey isocline is
not defined, which means that this range represents a
‘technical prey refugium’ where predators have no
impact on prey dynamics (as they are in another habi-
tat or do not hunt at all).

The contrast between specialists and generalists lies
in parameter values. For specialists we can expect a to
be large, because a specialist should, almost by defini-
tion, be very efficient in finding its prey, and m to be
very small, because a specialist need not be larger than
it takes to safely tackle its prey, and small size means
low costs of maintenance and locomotion. Moreover,
the parameter H,;, is likely to be very close to zero, as
no significant alternative prey exists. For generalists,
the converse applies: a is likely to be smaller, m larger
and H,, larger by orders of magnitude.

These differences have major dynamical con-
sequences. The isocline for the specialists, running at
H= H* (Fig. la), is almost guaranteed to meet the
vole isocline where it has a positive slope (i.e. H* < T'),
unless either resources of the prey are so scanty that the
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females defend very large territories (e.g. in the case of
taiga populations of bank voles, see Oksanen et al.
2000) or the occurrence of prey is so patchy that the
long transit times (increasing the value of the para-
meter m) boost the value of H* (see Oksanen et al.
1999). For productive Microtus-dominated systems we
can safely assume that H* <« T. Hence, large ampli-
tude limit cycles are generated (Fig. 1a).

Next let us assume that the small specialists have
been replaced by medium-sized generalists (which
could, in practice happen, e.g. so that the generalists act
asintraguild predators on specialists; see Latham 1952;
Korpimiki & Norrdahl 1989; Oksanen et al. 2001).
Because of their considerably higher mi/a ratio, the
predator isocline of the generalists ( H ;‘) is likely to lie
at a much higher H-value than the isocline of the spe-
cialists (i.e. H* < HY). It is thus likely that < H,
which means that the prey isocline has a negative slope
at the equilibrium, making it locally stable. Note that
stability is obtained here in spite of a destabilizing func-
tional response and the existence of alternative prey
plays no stabilizing role whatsoever. (If alternative prey
were available in the same habitat, their impact would
be destabilizing because they would add a positive term
to the predator equation 2, thus reducing the magni-
tude of H ;,".) The high likelihood for stability is simply
a consequence of the relative inefficiency of generalists
as predators on voles and their large daily energy
requirements, which increase the value of H.

While the low searching efficiency and large food
needs of a medium-size generalist increase the like-
lihood of a stable equilibrium point, this is by no
means guaranteed. For systems where voles have many
resources and are thus characterized by weak female
territoriality (e.g. field voles in a productive grassland,
see Myllyméki 1977) T can be very large, rendering
a situation where H < T likely. Such systems will
display limited cycle dynamics (Fig. 1b). However, the
relatively high value of H,,;,, guarantees that the minima
of the vole cycles are orders of magnitude higher than
in the case of specialist-dominated cycles. Even prey
maxima will be higher, as limit cycles inevitably cross
the prey isocline well past the point where its slope
becomes negative. Where they occur, generalist-driven
cycles should thus have low amplitudes, high maxima
and extraordinarily high minima (Fig. 1b), compared
to specialist-driven cycles in a similar habitat (Fig. 1a).
The characteristics of the Kielder Forest cycle (Lambin
et al.2000; Petty et al. 2000) conform to these theory-based
predictions of generalist-driven population cycles.

Conclusions and suggestions for future research

We agree that the documentation of the low-amplitude
cycles of Kielder Forest (Lambin et al. 2000) and cyclic vole
populations in Central and Eastern Europe (Jedrze-
jewski & Jedrzejewska 1996; Tkadlec & Stenseth 2001)
has vastly increased our understanding of vole dynamics
in the temperate zone, as has the documentation of

destabilizing functional responses in many medium-
sized predators of the temperate zone (Zalewski,
Jedrzejewski & Jedrzejewska 1995; Jedrzejewski et al.
1996; Jedrzejewska & Jedrzejewski 1998; Oksanen
et al. 2000). The bottom line of these studies is that
the generalist vs. specialist issue is but one aspect of the
question, whether predator—vole interactions lead to
stable or oscillatory dynamics. While the task of con-
structing a testable hypothesis for the low-amplitude,
asynchronous cycles of the Kielder Forest is primarily
the task of ecologists working with the system, we
can point out that a plausible hypothesis for the low-
amplitude temperate zone cycles is that they are
driven mainly by generalist predators. Such a conjec-
ture places these systems under the same umbrella of
consumer—resource cycles, which has proved a fertile
point of departure in studies of many cyclic popula-
tions (reviews in Hansson & Henttonen 1988; Oksanen
1990; Norrdahl 1995, Batzli 1996, Korpiméki & Krebs
1996, Stenseth 1999, Oksanen et al. 2000, 2001; Hanski
et al. 2001, Krebs et al. 2001, Turchin & Batzli 2001,
Berryman 2002; Hanski & Henttonen 2002, Klemola
et al. 2002, 2003, Turchin 2003, Korpiméki et al. 2004).

While we appreciate the contribution of the studies
in Kielder Forest and East Europe to the understand-
ing of vole dynamics in the temperate zone, we regard
the experiment of Graham & Lambin (2002) and its
interpretations (Graham 2001; Lambin & Graham
2003; Oli 2003a, 2003b) as representing a somewhat
backward step (see also Korpimaiki et al. 2003). Several
examples of compensatory predation and intraguild
predation among vole predators did exist prior to their
study (e.g. Norrdahl & Korpiméki 1995; Oksanen et al.
1999; see also Sundell 2003), where we learnt the hard
way that nature is not a laboratory where ecological
field experiments could be conducted as controlled
manipulation of the putative causal factor without
the need for other precautions. Besides the factors with
which we wish to work, nature harbours many mobile
predators whose fitness is determined largely by their
ability to assess prey density and to redistribute their
hunting effort accordingly. Thus, these predators are
likely to outperform our capture-recapture methods in
the reliable assessment of vole density, and the changing
habitat use of these predators can abolish detectable
treatment responses. In temperate and south boreal
zones of Europe, where the predator guild is reasonably
species-rich and both mammalian and avian predators
are at least moderately abundant, the critical experiment
is to remove all predators of voles or to essentially
reduce their collective density. This can be achieved by
non-lethal means, e.g. by enclosing the sites with a
chicken-net fence with a nylon-net roof. This method
excludes large predators, but allows the movement
of voles and small predators. Small predators can be
manipulated by removal trapping, covering sufficiently
large areas around the trapping grids (see Korpimaki &
Norrdahl 1998). More specific predator manipulations
may turn out to be competition experiments between
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predators, where the predicted response is that other
predators increase their use of the treatment areas
and prevent any detectable impacts on vole dynamics.
Moreover, we do not see any logical connection between
the conjecture that a given population cycle is driven by
predators and the ‘prediction’ that removal of predators
should stop the cycle. Predator removal amounts to
simplification of the food web. If stability is generated
by some specific forms of food-web complexity (Hanski
et al. 1991, 2001; Oksanen et al. 2001; Klemola et al.
2002), further simplification of a cyclic system may, rather,
increase the amplitude of cycles or make dynamics totally
chaotic, depending on the characteristics of herbivore—
plant interactions (Oksanen 1990; Turchin et al. 2000,
Turchin & Batzli 2001).

If we are to make progress in our studies on cyclic
and non-cyclic herbivore populations, it is vital (1) to
define the problem before trying to solve it, (2) to have
clear, theory-based predictions concerning the outcomes
of planned experiments and (3) to understand the
community-level mechanisms that can interfere with
our experiment and to eliminate these confounding
factors by appropriate countermeasures.
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