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Abstract The breeding suppression hypothesis predicts
that females of certain small mammal species will reduce
reproduction as a response to the odour of a specialised
mammalian predator. This was tested in a field experiment
with grey-sided voles (Clethrionomys rufocanus) during
three summer seasons (1997—1999) in the subalpine tundra
of northern Norway, which is a natural habitat of this
species. In a first phase free-ranging voles in six unfenced
1-ha plots were monitored by live-trapping from June to
August each year. In a second phase from August to
September, three of the plots were sprayed with weasel
(Mustela nivalis) odour to simulate increased apparent
predation risk, while the remaining three plots served as
untreated controls. On all plots voles were individually
marked with ear tattoos and were regularly live-trapped
during the whole breeding season to follow their
performance. On the treatment plots the recruitment rate
of juveniles did not increase in late summer as it did on the
control plots. The proportion of reproductively non-active
adult females was significantly higher on the treatment
plots for both old and young females. Our results thus
verify the breeding suppression hypothesis for the first
time under natural conditions. However, the response in
overwintered females is in conflict with the original
hypothesis because the assumed fitness benefits from
breeding delayed until the next season are inaccessible to
them. As an alternative explanation we propose a short-
term response of reduced activity and interrupted breeding
until the predator has exploited and left the feeding patch.
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Such a “duck and cover” strategy would increase the
fitness of females of all age classes when prey habitats are
patchy.
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Introduction

Due to the plus/minus interaction of fitness consequences,
predators and their prey are bound together by an intimate
relationship. For predators selection will favour optimised
hunting abilities, while efficient predator avoidance will
directly increase prey fitness. According to the life-dinner
principle (Dawkins and Krebs 1979), stronger selective
pressure is to be expected on the prey, providing the
decisive lead in the resultant evolutionary arms race.
Besides evolutionary consequences, a large body of
literature has been published on the mutual effect on
population dynamics and density, including the cyclic
population changes of small rodents in the north with large
amplitudes and sometimes extremely high densities during
the peak phase [first described by Elton (1924)]. Although
no single hypothesis could conclusively explain the
phenomenon [see e.g. Krebs and Meyers (1974), and
Stenseth and Ims (1993) for reviews], predator-prey
interactions seem to play a major role (c.f. Korpimaki
and Krebs 1996).

In addition to the direct reduction of prey numbers by
predators, indirect effects on prey behaviour have also to
be considered. Effects of perceived predation risk on
mobility were demonstrated in laboratory experiments by
Perrot-Sinal and Petersen (1997), in enclosures by
Abramsky et al. (1996), and in field experiments by
Norrdahl and Korpiméki (1998). Not only home range
size, but also the preferred microhabitats within a given
area can change under risk of predation (Bowers and
Dooley 1993; Abramsky et al. 1996; Carlsen et al. 2000).
Such microhabitat shifts are specific to the kind of
predation: Korpiméki et al. (1996) induced field voles
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(Microtus agrestis) to shift between microhabitats in an
aviary by different experimental assemblages of mamma-
lian (weasel, Mustela nivalis) and avian (kestrel, Falco
tinnunculus) predators, which demonstrated the flexibility
of behavioural responses to predation. Behavioural chang-
es may also encompass activity timing: Jedrzejewska and
Jedrzejewski (1990a) found bank voles (Clethrionomys
glareolus) in an enclosure to change their daily activity
rhythm from activity peaks at dawn to diurnal activity
when a weasel was present.

About 10 years ago H. Ylonen and co-workers
described for the first time another possible trait of
adaptive behavioural response to predation: in laboratory
and enclosure experiments bank voles suppressed breed-
ing when they perceived a high predation risk by small
mustelids (Ylonen 1989; Ylonen et al. 1992; Ylonen and
Magnhagen 1992; Ylonen 1994; Ylonen and Ronkainen
1994; Ylonen et al. 1995). This was interpreted as a
strategy of maximising individual lifetime reproductive
success under varying predation risk. The so-called
“breeding suppression hypothesis” (BSH) is based on
the fairly high predictability of population trends in areas
with cyclic small mammal populations. After high popu-
lation densities and—as a consequence—high predator
activity during a peak summer, the prey population will
probably crash during the following winter, and also the
number of predators will decrease drastically. According
to BSH assumptions, during the summer peak, young
adult females, which are in their first year of maturity, may
increase their survival chances by avoiding copulation and
not getting pregnant. When actually surviving until the
next summer they will find favourable conditions with few
intraspecific competitors and low predation risk. Success-
ful reproduction at low population density will result in a
high fitness reward, but since winter survival is a
precondition this would represent a high risk strategy
because the females totally rely on the residual reproduc-
tive value (Pianka and Parker 1975) during their first
summer. BSH also predicts that old females, which already
have survived one winter, should produce a maximum of
offspring even under high predation risk during the
summer peak, because they do not have a realistic chance
of surviving a second winter (Ylénen 1994; Ylonen and
Ronkainen 1994).

In the field, voles (and other small mammals) can hardly
estimate the risk of predation by the number of encounters
with their predators, because such encounters are usually
deadly. In order to allow for behavioural responses there
must be other cues to get information about the predation
pressure. Scent marks of the predators seem to fit this
requirements, and responses of small rodents to the odour
of their predators were indeed ascertained in several
laboratory and enclosure studies (Stoddart 1976; Ylonen
1989; Jedrzejewska and Jedrzejewski 1990a; Ronkainen
and Ylonen 1994; Koskela and Ylonen 1995; Koskela et
al. 1996; Perrot-Sinal and Petersen 1997; Andelt and Beck
1998; Burwash et al. 1998). The picture is, however, not
conclusive since other enclosure experiments have not
shown any effects (Wolff and Davis-Born 1997; Jonsson et

al. 2000). Mappes et al. (1998) criticised the positive
findings as possibly being laboratory or methodological
artefacts. It was further questioned whether the observed
responses do in fact represent a specific anti-predator
strategy, or can rather be interpreted as a general
neophobic effect induced by any novel and pungent
olfactory signal (Lambin et al. 1995; Kemble and
Bolwahnn 1997; Mappes et al. 1998). However, field
experiments with voles under natural conditions and
removal or exclusion of predators have recently verified
that at least some behavioural and physiological patterns
of voles were directly influenced by the abundance of their
mammalian predators (Steen 1994; Norrdahl and Korpi-
maki 1998; Carlsen et al. 2000).

In this study we conducted a field experiment to test for
the first time whether evidence for the breeding suppres-
sion hypothesis can also be found in free-living popula-
tions in their natural environment. Indeed, field studies are
burdened with a tremendous amount of uncontrollable
variation and other methodological deficiencies. Never-
theless, experimental testing in the field is obviously the
only way to judge whether or not findings from enclosures
—and even more so from cages—are of any relevance for
animals in the wild, where behaviour is affected by many
extrinsic factors at the same time. Weak effects that are
prevalent under laboratory conditions with reduced
environmental complexity may be masked or even over-
whelmed by other factors in the field, which would put
into question the biological significance of findings from
artificial habitats.

Materials and methods
Study area

The experiment was conducted during three summer seasons (1997—
1999) in Finnmarksvidda, northern Norway (Fig. 1). The study base
was at Joatka Fjellstue (69°45'N, 23°58'E, 390 m altitude), situated
about 45 km south-east of the city of Alta. The lower tundra
between 400 and 500 m altitude south of the station is characterised
by hills poorly covered with lichens (Cladina, Cladonia) and
heathland species (Vaccinium, Empetrum), and by wet, lower areas
with lakes, swamps (Carex, Equisetum, Rubus) and thickets of birch
(Betula nana) and willow (Salix ssp.). Resident grey-sided vole
populations could only be found in the wet, lower areas. A detailed
description of the study area is provided by Oksanen et al. (1999).

In the first year the experimental plots were chosen on the basis of
whether they had established vole populations but a very low
abundance of mammalian predators. Otherwise the treatment effects
of experimentally applied weasel odour would have been con-
founded by natural scent marks. There were no fences or nets around
our study sites, but from other extensive studies in the same area it
was known that stoats and weasels visit the lower tundra habitat
only occasionally (M. Aunapuu, T. Oksanen and L. Oksanen,
personal communication). Also owls and raptors were only seen
occasionally, but long-tailed scuas (Stercorarius longicaudus)
hunted quite frequently in the area. As another condition for the
selection of study plots, differences in vegetation and topography
had to be as small as possible, especially between the two plots
which made up one pair of a treatment and control plot (a- and b-
plots, see below). According to these standards, six plots—each of
1 ha in size—were selected within 2—5 km south of Joatka and 250—
3,000 m from each other (see Fig. 1).



Trapping

On each plot 100 Ugglan multiple-capture live-traps baited with oats
were set in a regular grid of ten rows with ten traps each and a trap
mesh size of 10x10 m. The traps remained in their position for the
whole time during summer and winter. Every year the arrangement
of treatment and control plots within each pair was switched, i.e. in
the summers of 1997 and 1999 the three a-plots served as controls
and the three b-plots were treated with weasel odour, while in
summer 1998 the three a-plots were treated and the b-plots served as
controls. We trapped grey-sided voles on the plots from the end of
June, i.e. the period of snow melt, until the first half of September
when the first snow was falling again. Thus, the study period
covered most of the grey-sided vole’s breeding season, which spans
from June to October in that region (Henttonen and Viitala 1982).
Due to the drastically changing photoperiod in high latitudes, the
experiments started in the constant day light of the subarctic
summer, while there was about 15 h light and 9 h darkness at the end
of the field seasons in early September. With the exception of
constant day light conditions during summer, the trapping schedule
always covered the twilight periods of dawn and dusk, which are
times of particularly high vole trappability.
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We always trapped one pair of plots (a and b) in parallel, so that
within 3 days all six plots were trapped once. On day 1 of a trapping
session we activated the traps at 0500 hours on one plot, and at
0700 hours on the second plot of a pair. Traps were then checked
after 4 and 8 h, respectively, continuously switching between the
two plots every 2 h. After the last trap check the traps were
deactivated. Starting from day 4, this schedule was repeated with
traps activated at 1700 and 1900 hours, respectively. This second
part of a trapping session was finished in the early morning of day 7.
After a break of 2 or 3 days we started the next session and followed
this trapping regime for the whole field season. In total this resulted
in 18 trapping sessions (1997, n =4; 1998, n =8; 1999, n =6) with
288 trapping hours per plot (1997, 64 h; 1998, 128 h; 1999, 96 h).

At the first capture each vole was sexed, individually marked, and
its age was estimated from body weight, fur characteristics and the
visible state of vagina or scrotum. Marking was done with ear
tattooing as described by Klimisch (1986) and Boye and
Sondermann (1992). One ear was marked with a number (tattoo
pliers with a revolving head; Ebeco, Germany), and the other ear
with a letter (second pair of pliers that had to be changed manually;
Hauptner, Germany). The ears were first perforated with the pins of
the pliers, then a dark green or black tattoo colour (Hauptner) was
rubbed into the skin with the fingertips. Markings were read with

Fig. 1 Map of the study area in
Finnmarksvidda, northern Nor-
way, the Joatka field station, and
the surrounding tundra habitat.
The lower map depicts the lo-
cation of the base camp, and the
three pairs of plots (1a/lb,
2a/2b, 3a/3b; 100x100 m with
100 Ugglan multiple-capture
live-traps each). One of the two
plots in a pair was treated with
weasel (Mustela nivalis) odour
(a-plots in 1997 and 1999, b-
plots in 1998), while the other
served as a control. Treatment
plots differed with respect to the
concentration of weasel odour
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(plot 1, 25%; plot 2, 50%;
plot 3, 100%; see text)
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light from a halogen micro-torch held behind the ear. The reliability
of this marking technique was estimated to 89.9% [see Lindner and
Fuelling (2002) for a detailed report]. Body weight and reproductive
state of an individual were noted again at every subsequent capture.
Individuals that were recaptured at least twice on one plot were
considered as residents.

Predator odour treatment

We started each year with monitor trapping on all six plots without
applying any predator odour for about 1 month (hereafter called the
“monitoring phase”), while the experimental treatment started in
early August (hereafter called the “treatment phase”). The two
phases of the experiment allowed us to consider three aspects: (1)
comparison among plots and years during the monitoring phase, i.e.
the unaffected early breeding season; (2) comparison between
treatment and control plots during the treatment phase, i.e. the late
breeding season; and (3) comparison between monitoring and
treatment phase for each single plot. In 1997 there were only four
trapping sessions (two during the monitoring and the treatment
phase, respectively) and the treatment did not started before mid
August. This delay was due to a late start of the field season caused
by exceptionally late snow thaw, and the need for grown vegetation
in the first year of the experiment to select the study plots according
to the criterion of similar vegetation cover.

As predator odour we used bedding material from Least weasels
(Mustela nivalis) that were kept in cages at the University of
Helsinki. The bedding—saw dust soaked with urine, faeces and
gland extracts from weasels—was sent by parcel to Joatka. About
500 cm® of the material was mixed with 5 | water, left for about 2 h
and then filtered through coarse cloth to remove solid material. The
resultant strongly smelling fluid was distributed with a spray bottle
on the treatment plots every morning or evening before trapping
started. On each spraying spot the spray bottle was activated 3 times
which corresponded to approximately 3—5 ml fluid. Spraying spots
were in the middle of the trap grid meshes, i.e. on the intersection of
diagonals in the 10x10-m squares outlined by the surrounding four
traps. To test whether the concentration of weasel odour had an
effect on vole behaviour we applied three different densities of
sprayed spots: for the lowest concentration (=25%, plots 1) only
every fourth mesh was sprayed with three untreated grid meshes in
between; for the second concentration (=50%, plots 2) we sprayed
every second mesh; and for the highest concentration (=100%,
plots 3), every mesh of the trap grid was sprayed.

Data analysis

We compared the reproductive output of females on treatment and
control plots by means of the recruitment rate. In this open-field
experiment it was not possible to determine the litter size of
individual females since the trapping data did not reveal the
matriline relationships reliably enough and we did not search for
nests with young in order to keep the level of disturbance low.
Therefore, we calculated the average per capita recruitment per plot
from the total number of juveniles (animals between 10 and 20 g
when they entered a trap for the first time) divided by the number of
adult resident females (caught 3 times or more) on this particular
plot. Juveniles trapped in the outermost trap lines only were not
taken into account to diminish possible edge effects. Data were
analysed with an ANOVA model using the four groups (control and
treatment plots in the monitoring and the treatment phase,
respectively), year, and treatment intensity as factors, and recruit-
ment rate as the dependent variable.

Total recruitment rate per plot does not provide information on
whether all females reduced their litter size, or whether some
females stopped reproduction entirely while the others continued
breeding at the same rate. Therefore, we compared the number of
females that showed no signs of oestrus, pregnancy or lactation
during the whole time of observation with the number of

reproductively active females (plotwise comparison). The number
of active and non-active females was compared between control
plots and treatment plots for pooled data from the entire experiment.
Additionally, we considered the body weight development of
individual females. During pregnancy female body weight increases
continuously and decreases in a sudden step at birth. We used this
weight pattern to estimate the number of birth events for every
resident adult female, searching for differences on control and
treatment plots in the monitoring and the treatment phase. Finally,
we looked for differences in the number of birth events of
reproductively active young and overwintered females. All compar-
isons were tested by G -tests. Statistical analyses were done with
Statview 4.5 (Haycock et al. 1994) and SuperANOVA 1.11
(Haycock et al. 1989).

Results
Trapping records

According to long-term monitoring in the Joatka area (L.
Oksanen and T. Oksanen, personal communication) the
grey-sided vole population showed a slight increase in
1997 and fairly high numbers in 1998. Density went down
in winter 1998/1999, but vole numbers in summer 1999
were still high. So neither a major outbreak nor a severe
population crash occurred during the 3 years of our study.
Thus the experimental design was not seriously burdened
with cyclic density fluctuations as a confounding variable.

The view that the vole densities only changed
moderately was also supported by our trapping records
(Table 1). During the three field seasons a total of 2,662
captures of 726 individuals was made, and the number of
individuals marked divided by the number of trapping
sessions (i.e. a measure of trapping intensity) remained
fairly constant over the years (1997, 44.5; 1998, 37.0;
1999, 42.0). The overall average recapture rate was
3.7 captures per individual, but trappability differed
markedly among individuals. One hundred and fifty-two
adult voles (=20.9%) were captured at least 3 times and
were thus classified as residents, while a few adults
(20=2.8%) were only captured once or twice and were

Table 1 Total trapping records of grey-sided voles (Clethrionomys
rufocanus) in the Joatka area of northern Norway during the three
field seasons (late June—September) of 1997-1999. Individuals were
considered as residents when they were captured at least 3 times on
one plot. Overwintered individuals were marked the previous
summer and were recaptured on the same plot the following field
season. Other individualsAdult voles that were caught <3 times,
subadults, and juveniles

1997 1998 1999

Trapping sessions 4 8 6
Captures 540 1,256 866
Individuals 178 296 252
Resident adult males 11 13 15
Resident adult females 26 33 27
Overwintered males - 9 5
Overwintered females - 5 8
Other individuals 141 237 197




considered transients. The vast majority of 555 individuals
(=76.4%) were marked as subadults or juveniles and
disappeared or died before they reached maturity.

Considering the open-field situation and the long and
harsh winter conditions in the subarctic tundra, a
surprisingly high proportion of individuals from the
previous field season was recaptured when trapping
resumed in 1998 and 1999 (Table 1). With 14 out of 60
(1998) and 13 out of 55 (1999), respectively, overwintered
voles made up >1/5 of the overall resident population, and
many of them could be followed until August and
September of their second summer. Out of the 27
overwintered voles, 14 were males (1998, nine; 1999,
five) and 13 were females (1998, five; 1999, eight).

Reproduction

To test for effects of the predator odour on reproduction
we compared the number of resident females (caught
3 times or more on a plot) and the number of juveniles
(recruits) when they were caught the first time (Table 2).
Neither the year of observation (ANOVA, F =0.05, df =2,
P =0.949) nor the different densities of spraying spots on
the 25%, 50% or 100% treatment plots (ANOVA, F =2.25,
df =2, P =0.138) had a significant effect on average
recruitment rate as the dependent variable, which allowed
us to pool the data for statistical analyses. We found
weasel odour to have a statistically significant effect on the
recruitment rate on treatment plots as compared to the
control plots (ANOVA, F =6.30, df =2, P =0.010; Fig. 2).
During the monitoring phase, recruitment rates were
comparable on the monitoring and treatment plots (Fish-
er’s protected LSD, P =0.833). Recruitment rate increased
considerably from early to late summer on the control
plots (Fisher’s protected LSD, P =0.003), but remained
low or even slightly decreased on the plots treated with
weasel odour (Fisher’s protected LSD, P =0.795).

Apart from the obvious overall trend in the pooled data
set, breaking down data to single plots and years revealed
a considerable amount of variance in the seasonal
dynamics of recruitment rates (Fig. 3). Out of the nine
control plots, six showed an increasing recruitment rate in

Table 2 Total number of resident females and juveniles on three
treatment and three control plots during the two different
experimental phases in the 3 study years. Females were regarded
as resident if they were caught 3 times or more on a plot. Juveniles
that occurred only in the outermost traps of a plot were not taken
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Fig.2 Mean recruitment (+SD) of grey-sided voles (Clethrionomys
rufocanus) on control and treatment plots. Recruitment was
estimated plotwise as the average number of juveniles per adult
resident female, based on the pooled trapping data (1997-1999)
during the monitoring phase (m, early summer) and the treatment
phase (7, late summer). The black column indicates recruitment
under treatment with weasel odour

late summer (Fig. 3a). On one control plot the recruitment
rate decreased, while estimates for the remaining two plots
were not possible because data sets were incomplete (no
adult females observed during the monitoring phase on
plot 2 in 1997, and during the treatment phase on plot 1 in
1999). A decreasing or stagnating recruitment rate in late
summer was found in six out of the nine treatment plots
(Fig. 3b), while two plots showed an increase, and on
plot 3 no adult females were trapped during the treatment
phase in 1999.

We trapped significantly (G-test, P=0.024) more
reproductively non-active females on the treatment plots
(55 active, 15 non-active) than on control plots (59 active,
five non-active). Based on the curves of individual long-
term weight development which allowed us to exclude
phases of increased body weights due to pregnancies, the
non-active females were always among the lightest of all
adult females and gained very little weight over the whole
summer. Among the reproductively active females on
treatment and control plots there was no significant (G -
test, P =0.841) difference in numbers between the
monitoring (control plots 29, treatment plots 26) and the

into account to correct for a possible edge effect. Juveniles were
counted only once but an individual female might be included in
both the number of females during the monitoring phase and the
following treatment phase

1997 1998 1999

Control Treatment Control Treatment Control Treatment
Monitoring phase
Resident females 6 5 13 11 7 8
Juveniles (recruits) 20 12 34 31 24 32
Treatment phase
Resident females 7 6 8 11 12 11
Juveniles (recruits) 55 23 54 17 64 39
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Fig. 3 Changes in recruitment (average number of juveniles per
adult resident female) of grey-sided voles between the m phase
(early summer) and t phase (late summer) on control and treatment
plots. Data as in Fig. 2, but split by year and plot to show the degree
of variance in the observed pattern. Concentrations of weasel odour:
plots 1 (diamonds)=25% sprayed spots, plots 2 (triangles)=50%
sprayed spots, plots 3 (squares)=100% sprayed spots. Three data
points are missing because no adult resident females were captured
(1997, control plot 2, m phase; 1999, control plot 1, t phase; 1999,
treatment plot 3, t phase). For abbreviations, see Fig. 2

treatment phase (control plots 30, treatment plots 29).
Likewise, no significant difference (G-test, P =0.196)
could be found between the number of litters (birth events
recorded as a sudden drop in body weight) of females
which were born the previous year and had overwintered
(control plots 19, treatment plots 11) as compared to adult
females in their first summer (control plots 12, treatment
plots 14).

Discussion
Breeding suppression under field conditions

Effects of predation pressure on home range size, habitat
preferences, activity patterns, and breeding are expressions
of anti-predatory behavioural responses related to two
crucial aspects of the prey’s life, i.e. foraging and

reproduction. Several studies have shown that small
mammal foraging is risk-sensitive (e.g. Brown et al.
1988; Holmes 1991; Kotler et al. 1991; Kotler et al. 1993;
Otter 1994). Oksanen and Lundberg (1995) have analysed
the fitness consequences of maximum individual survival
(i.e. foraging), maximum reproductive output, and inter-
mediate strategies at different levels of predation risk by a
modelling approach. Reduced reproductive activity in the
face of high predation pressure may increase individual
survival, but will—on the other hand—inevitably decrease
the number of produced offspring. Hence, an awkward
evolutionary trade-off with respect to the reproductive
value and lifetime reproductive success has to be solved in
order to maximise individual fitness.

Predator odour, which serves as a cue for prey to
estimate predator abundance, was applied in this experi-
ment to simulate high apparent predation risk in the
natural tundra habitat of grey-sided voles. Although we
intentionally selected plots with no or very little actual
predator presence to avoid a confusing experimental
design, weasels are a very common source of predation
risk for grey-sided voles in tundra habitats. Hence strategic
responses of predator avoidance are to be expected as
general behavioural traits even in populations that do not
suffer from acute predation pressure. In accordance with
the breeding suppression hypothesis, we found lower
average per capita recruitment rates on the plots treated
with weasel odour as compared to untreated control plots.
During the monitoring phase, the plots that later became
the treatment plots showed recruitment rates similar to the
control plots, but in most cases the rates did not increase in
the later breeding season, which is the natural pattern in
the area (L. Oksanen, personal communication) and which
was observed on the control plots. Since predation was
only simulated with no actual removal of individuals, and
since the lack of recruitment increase was independent of
the year of observation or particular plots, it is reasonable
to assume that the lower recruitment rate on treatment
plots was a response of the voles to the olfactory signal
alone.

Only two exceptions from the general pattern occurred,
i.e. per capita recruitment rate increasing in late summer
on treatment plots (see Fig. 3b). Interestingly, both
exceptions occurred on plots with the lowest spraying
spot density (plots 1, 25%), but since an influence of
treatment intensity could not been proven statistically with
the ANOVA model used, these exceptions might also have
been stochastic variations due to low vole densities on
these plots. Note that the recruitment rate also decreased
on one control plot in late summer, suggesting some
defective variation occurring in our field experiments
which indeed were impeded by many uncontrollable
factors. Taking these deficiencies into consideration, the
pattern of responses depicted in Fig. 3 was fairly
conclusive.

For the interpretation of the general pattern it is crucial
to consider the underlying processes that resulted in
reduced recruitment rates on the treatment plots in late
summer. We found more non-breeding adult females on



the treatment plots, while the number of reproductively
active females on control and treatment plots did not differ
between the monitoring and the treatment phase. This
indicates that the mechanism behind lower recruitment
rates was probably not a general reduction in litter size.
Rather, some individual females responded with a total
suppression of breeding, whereas the majority of the
females continued to breed unaffected by the olfactory
cue.

A question that could not be answered by our study is
whether breeding suppression was a specific response to
apparent predation risk or a general response to a novel
smell in the environment. Koskela et al. (1996) found an
equal weight reduction in non-breeding females in
response to weasel and rabbit odour, so Mappes et al.
(1998) and Korpiméki and Krebs (1996) hypothesised that
breeding suppression may simply be a side-effect of
reduced food intake when voles are confronted with
unfamiliar olfactory signals. Several findings in the
literature confirm a response to novel olfactory cues per
se, but the responses are in general stronger with predator
scent marks as compared to non-predator odours (Kemble
and Bolwahnn 1997; Perrot-Sinal and Petersen 1997,
Bramley et al. 2000). A stronger response to predator
odours was even found in Norway rats unfamiliar with
mammalian predators in their natural habitat (Bramley et
al. 2000), suggesting that the responses are triggered by
sulphurous odours, a signal for carnivore digestion (Nolte
et al. 1994). Other studies (e.g. Calder and Gorman 1991;
Perrot-Sinal et al. 1996) failed to show any effect of non-
predator odours on prey behaviour.

Still, the possibility of a neophobic effect has to be
tested properly by experiments with predator, non-preda-
tor, and no odours. In our study we decided not to include
a non-predator odour as a neophobic control due to the
limitation of plots and replicates. No treatment and
predator-odour treatment are the two extremes, while
effects of non-predator odours are to be expected some-
where in between. Since field experiments are already
burdened with much environmental noise, experiments
under more controlled conditions in enclosures seem to be
more appropriate to solve this question. However, from a
theoretical point of view, breeding suppression as a
response to novelty as such does not seem to be an
adequate explanation, because there would be no direct
fitness benefit compensating for a considerable loss in
actual reproductive output. Breeding suppression as a
specific response to predator odours, however, would
provide such a payback and would fit into the scenario of
an evolutionary “arms race” in which the prey minimises
predation risk by every means accessible. Interestingly, the
only positive finding for a neophobic effect in voles so far
(Koskela et al. 1996) was related to feeding and weight
development, while reproduction, measured as the number
and length of oestrous cycles, in the same experiment, was
significantly lower when females were confronted with
Least weasels than with rabbits. Since controls for no
odour were not included in the study of Koskela et al.
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(1996), the claim for the existence of a neophobic effect
(Mappes et al. 1998) is questionable anyway.

Breeding suppression—a new interpretation

Although numbers were small we found clear indications
that non-breeders were not only young adult females in
their first summer, but also old females from the previous
year. This is in obvious conflict with the predictions from
Ylonen’s breeding suppression hypothesis (Ylonen and
Ronkainen 1994) and with the originally assumed selec-
tive benefit from breeding delayed until the next summer.
Interestingly, Ylonen and Ronkainen (1994) also found
breeding suppression in young as well as in old females in
a laboratory experiment, and the assumed lifetime repro-
ductive benefit from long-term breeding suppression has
always been controversial (Hansson 1995; Lambin et al.
1995; Kokko and Ranta 1996; Kaitala et al. 1997; Prevot-
Julliard et al. 1999; Kokko and Ruxton 2000).

Therefore, we want to put forward an alternative idea
for explaining the breeding suppression phenomena on a
much smaller spatial and shorter temporal scale. In our
experiment we exposed the vole populations to a constant
odour treatment from late July/early August until the end
of the breeding season in early September, which
simulated continually high predation pressure over a
period of 6 or 7 weeks. However, this might have been
an unrealistic assumption. The tundra of northern
Fennoscandia is not a continuous habitat (Wielgolaski
1975), but rather shows considerable heterogeneity with
respect to patches of high and low productivity, and totally
barren ground. This also applies to the Joatka area where
our experiment was conducted. In this kind of landscape,
voles are not continuously distributed, but reside in
patches with uneven abundance. Mustelid predators will
visit profitable foraging patches occasionally and change
to another patch when the first one is exploited to the
threshold of profitability (Oksanen and Schneider 1995).
Hence the time a predator spends on a particular patch will
depend on prey density (Charnov 1976; Oksanen et al.
1981).

Under these conditions, voles might not suppress
breeding for the whole season, but only for the limited
time interval of high predation pressure, i.e. as long as a
predator is actually present in a particular patch. The
observed breeding response was combined with reduced
growth rates during summer and a significant reduction of
activity ranges on the plots treated with weasel odour
(Fuelling 2001). Females in oestrus increase their activity
(Cushing 1985), and predation risk is generally higher in
wide-ranging voles (Norrdahl and Korpimiki 1998; Banks
et al. 2000). So the reduction of female mobility under
predation risk might be part of a complex behavioural
strategy of generally reduced activity, comprising both
reproductive activity and use of space. Such a short-term
“duck and cover” strategy would be advantageous for both
young and old females, which is more consistent with our
findings than the original breeding suppression hypothesis.
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In accordance with this short-term view, our adult voles
did not leave the area contaminated with weasel odour, as
observed by Jedrzejewski and Jedrzejewska (1990b).
However, immigration into and emigration from the
treatment plots may have been decreased and increased,
respectively, in juveniles, which could have contributed to
the pattern that we have observed. But since we have no
data on the unmarked juveniles, this additional or even
alternative explanation must remain speculative.

Obviously the intrusion of a mustelid predator is
unpredictable for the voles, so some females might already
be pregnant or have to take care of a litter when predation
risk increases. Consequently, not all of the females can
stop breeding immediately in the presence of a predator,
and the option of the duck and cover strategy will be
restricted to a relatively small proportion of the patch
residents. Therefore, an observable decrease in breeding
which affects the population level will only be prevalent
under experimental conditions or in high density patch
populations that cause the predator to be present for a
longer time interval. This might also contribute to the still
enigmatic rapid decline of vole densities during the crash
phase of a population cycle: high prey density during the
peak phase will increase the number of predators visiting a
particular patch and the time intervals of their presence.
We predict that the longer predation pressure remains high
the more females—young and old—will switch to the
duck and cover strategy and cease breeding. In this
situation the duck and cover strategy would have an even
stronger effect on density dynamics than the original
breeding suppression hypothesis, according to which only
young females should delay breeding.

However, an alternative explanation of the duck and
cover strategy would be that it is an evolutionary trait
driven by frequency-dependent selection, i.e. that it is not
evolutionarily stable unless the trait is restricted to a
minority. These conflicting assumptions have to be tested
by a combination of laboratory studies, enclosure and field
experiments as well as by modelling approaches, which
have to explicitly consider the fitness consequences of
breeding suppression and the patchy habitat structure. Our
results suggest that breeding suppression under high
predation risk is a natural behavioural pattern, and not a
mere laboratory artefact. It might be primarily based on the
patchiness of small mammal abundance and would,
therefore, not necessarily be limited to cyclic populations.
However, the underlying physiological mechanisms and
the individual fitness consequences in particular have to be
further investigated in detail.
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