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Abstract Voles are often considered as harmful pests in
agriculture and silviculture. Then, the knowledge of
their abundance may be of considerable economical
importance. Commonly used methods in the monitoring
of vole abundances are relatively laborious, expensive,
and spatially quite restricted. We demonstrate how the
mean clutch size of the tawny owl Strix aluco may be
cost-effectively used to predict relative densities of voles
over large areas. Besides installing a number of suitable
nest boxes, this vole monitoring system primarily in-
cludes only the inspection of the nest boxes and
counting the number of tawny owl eggs found two times
during a few weeks period in spring. Our results showed
a considerable agreement between the fluctuations in the
mean clutch size of tawny owls and the late spring
abundance indices of small voles (Myodes, Microtus)
in our study areas in southern Finland. The mean clutch
size of the tawny owl reflected spring vole abundance
over the spatial range examined, suggesting its suitabil-
ity for general forecasting purposes. From the pest man-
agement point of view, an additional merit of the present
method is that it may increase numbers of vole-eaters
that provide biological control of vole populations.
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Introduction

Voles and other rodents are commonly considered as
pests in agriculture (Myllyméki 1979; Stenseth et al.
2003; Brown et al. 2007) and silviculture (Gill 1992;
Baxter and Hansson 2001; Huitu et al. 2009). Therefore,
the knowledge of their abundance may be of consider-
able economical importance (Stenseth et al. 2003; Huitu
et al. 2009; Jacob and Tkadlec 2010; Jacob et al. 2014;
Jareno et al. 2014). Consequently, in terms of pest
control, monitoring of small rodents has been conducted
at large scales in various parts of the world (e.g., Huitu
etal. 2009, Witmer et al. 2009, Jareno et al. 2014). Such
projects, in general, provide regional data on the abun-
dance of voles. Knowledge about higher vole abun-
dance can allow agriculturalists and silviculturalists to
anticipate greater damage in the coming season and
make appropriate mitigation measures. However, due
to the well-known spatiotemporal heterogeneity in the
occurrence of voles (e.g., Goszczynski et al. 1993; Petty
and Fawkes 1997; Romanowski and Zmihorski 2009),
the network of sampling areas in a large-scale monitor-
ing project does not necessarily cover representatively
all local situations. Therefore, more detailed local data,
being more instructive and more usable in practical
actions, would be preferable.

Snap trapping is a commonly used, relatively easy,
and quite suitable method for monitoring vole
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abundances (e.g., Hansson and Hoffmeyer 1973;
Redpath et al. 1995; Christensen and Hornfeldt 2003).
Live trapping is a more laborious but also more infor-
mative alternative (Flowerdew et al. 2003; Sibbald et al.
2006; Huitu et al. 2009). Besides direct monitoring by
trapping, also various indirect methods based on differ-
ent signs of voles in the field have been used (e.g.,
Hansson 1979, 1986; Lambin et al. 2000; Gervais
2010; Krebs et al. 2012; Jareno et al. 2014). In many
countries, very simple vole indices are collected which
are based on counts of burrow entrances (e.g., Lisicka
et al. 2007). Such indices are probably relatively easy to
collect but their reliability should be evaluated. There
may be many practical problems such as how the bur-
rows are identified, how to separate the new and old
burrows, how do the burrows reflect the numbers of pest
species, etc.

So, it seems that all these methods are somewhat
problematic and their spatial coverage is in practice
relatively limited. As a tool for monitoring of small
mammals, the analysis of food remains of vole-eating
birds of prey (e.g., Glue 1971; Solonen and Karhunen
2002; Balciauskiené 2005; Balciauskiené and
Narusevicius 2006; Sibbald et al. 2006) may be spatially
more comprehensive than other indirect methods or
direct trapping, but the collecting of samples and pick-
ing and identifying prey remains is still quite laborious.

Variation in breeding parameters of vole-eating birds
of prey has been commonly explained by the fluctuating
abundance of small voles (smaller than Arvicola,
weighing less than 100 g, such as Myodes and Microtus
spp.) (e.g., Linkola and Myllymédki 1969; Korpiméki
1984, 1992; Lohmus 1999; Solonen 2005, 2010). It
may be practical then to use breeding parameters of
vole-eating birds of prey as a method to monitor vole
abundance over large spatial scales in a cost-effective
way (cf. Petty and Fawkes 1997). Population dynamics
of vole-eating species of birds of prey commonly mon-
itored by both amateur and professional ornithologists
(Kovacs et al. 2008; Saurola 2008) provide useful cues
of cyclic abundance fluctuations of small voles over
large spatial scales (e.g., Lohmus 1999; Sundell et al.
2004). Particularly, Tengmalm’s owl (boreal owl)
Aegolius funereus (Linnaeus 1758) has been shown to
be suitable as such an indicator (e.g., Korpimiki 1984,
1992; Solonen 2004; Hornfeldt et al. 2005). The occur-
rence of nomadic Tengmalm’s owls is, however, highly
variable both spatially and temporally, and, in addition,
recently, this earlier common species has become rare or
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occasional breeder in several parts of its range probably
due to some unfavorable changes in environmental con-
ditions (e.g., Korpiméki and Hakkarainen 2012). In such
areas, at least, a more stationary, resident vole-cater
might be a more suitable indicator of vole abundance.

In this paper, we examine if the mean clutch size of
the tawny owl Strix aluco Linnaeus 1758 can be used as
a proxy for the occurrence of voles (cf. Petty and
Fawkes 1997). Clutch size has shown to be such a
relatively easily available breeding parameter that com-
monly vary in accordance with food supply in vole-
eating birds of prey (e.g., Korpimaki 1984; Korpiméki
and Hakkarainen 1991; Solonen 2005). The tawny owl
is a widespread bird of prey of rural and urban habitats
in Europe (Mikkola 1983; Cramp 1985). It commonly
occupies habitats in the vicinity of human settlements. A
suitable nesting cavity is an essential prerequisite for the
tawny owl’s breeding, which is otherwise strictly
governed by an adequate availability of food. In our
study areas in southern Finland, the availability of food
for breeding tawny owls is particularly affected by the
synchronous abundance fluctuations of small voles
(Solonen 2004, 2010; Sundell et al. 2004), the bank
vole Myodes glareolus (Schreber 1780) and field vole
Microtus agrestis (Linnaeus 1761). The bank vole is a
common pest in silviculture (e.g., Huitu et al. 2009) and
the field vole in agriculture (e.g., Myllyméki 1979) over
awide range in Europe and Asia (Shenbrot and Krasnov
2005). Though their main habitats differ (bank voles
mainly occupy forests and field voles fields), there is
also considerable spatial overlap between the species,
and their cyclic abundance fluctuations show consider-
able synchrony (e.g., Hansson 2002; Huitu et al. 2004;
Solonen and Ahola 2010; Korpela etal. 2013). Recently,
however, the regularity of the vole cycles has dimin-
ished, making the forecasting of vole abundance more
difficult than before (e.g., Hornfeldt et al. 2005; Korpela
etal. 2013).

Our reasoning goes as follows: When owls lay large
clutches (due to favorable food conditions based on
abundant vole supply), there may exist plenty of voles
still in late spring, whereas when small clutches prevail
(due to bad food conditions based on poor vole supply),
voles are probably scanty also in late spring. First, we
show the general suitability of our data for demonstrat-
ing a vole abundance indicator by examining if there are
significant positive relationships between our autumn
vole indices (derived from snap trappings) and the mean
clutch size of tawny owls in the next spring breeding
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season. Then, we study if the mean clutch size of tawny
owls reflects vole abundance in late spring (during the
last phases and after the breeding of owls). Such a
relationship over a large spatial scale should imply
general suitability of the indicator for forecasting
purposes.

The autumn vole densities and the winter survival of
voles are the basic elements determining the clutch size
of vole-eating owls. So, if the clutch size should be a
good indicator of vole abundance, there should be a
significant relationship between the clutch size and both
the autumn and spring densities of voles. Although the
data on autumn densities of voles were lacking, the
clutch size of vole-eating birds of prey should indicate
the order of magnitude of vole densities both in the
preceding autumn and current spring. After evaluating
the indicator of vole abundance, we conduct a simple
cost-benefit analysis between the methods used (snap
trapping vs. mean clutch size of the tawny owl). We also
formulate some recommendations for the effective use
of the indicator.

Material and methods
Study areas and the field work

Our two local study areas on owls and voles were
situated in Uusimaa, between the southern coast of
Finland and the northern border of the hemiboreal zone
(Solonen 2010). They mainly consisted of low-lying
rural habitats of mixed fields and forests. The
hemiboreal zone halfway between the temperate and
subarctic boreal zones is characterized by mixed conif-
erous forests, relatively cold winters, and mild summers.
Both data sets were collected following similar
guidelines.

We monitored population dynamics of the tawny owl
in a western study area of ca. 250 km* (1981-2012;
Karell et al. 2009) and in an eastern study area of ca. 500
km? (1986-2000; Solonen and Karhunen 2002). The
areas were situated about 50 km apart from each other.
Nest boxes for the tawny owl were installed in trees ca.
3—4 m above the ground in suitable habitats (parks,
gardens, forest edges, etc.) relatively uniformly over
the study areas. The number of nest boxes was ca. 100
in the western study area and ca. 300 in the eastern study
area. Thus, the densities of nest boxes in the study areas
were about 0.4/km? and 0.6/km?, respectively.

Minimum dimensions of the wooden nest boxes were
approximately as follows: height 60 cm, floor diameter
30 cm, and entrance diameter 12 cm. Because owls do
not build a nest, the floor of the nest boxes was covered
by a ca. 10 cm layer of sawdust or rotten wood. All the
nest boxes were checked usually during the most prob-
able incubation period of tawny owls in April, and the
active nests found were re-examined after 1-3 weeks in
order to determine the clutch size. The annual number of
tawny owl nests found averaged 18 =9 (SD, n=32) and
25 + 8 (SD, n = 15) in our western study area and our
eastern study area, respectively.

We characterized the general abundance of voles
during the breeding season of owls by the results of
snap trappings. We caught voles in both autumn and
spring at three sites in two periods of time between 1981
and 2012. The longer-term trapping in two western
study sites (situated 13 km apart in Lohja, 60° 16’ N,
24° 12" E and Kirkkonummi, 60° 13’ N, 24° 24’ E),
situating in our western owl monitoring area covered the
whole study period. The smaller-scale trapping effort in
our easternmost study site (Sipoo, 60° 18’ N, 25° 10’ E)
in the eastern owl monitoring area was conducted be-
tween 1986 and 2000. In the western study sites, we
conducted snap trappings along four transects (two in
Lohja and two in Kirkkonummi) (Solonen and Ahola
2010). At each line, we used 16 points of three traps, the
points located about 25 m from each other, during two
24-h trapping periods (totalling 384 trap nights in each
trapping). On the assumption of a minimum radius of
about 25 m of effective catching, the spatial coverage of
trapping in these two sites totalled about 0.1 km?. In the
eastern study site (Sipoo), we trapped small mammals at
30 standard points of three snap traps along a 1.5-km
transect (total of 90 traps) throughout a 24-h period
(Solonen and Karhunen 2002). The spatial coverage of
the effort can then be estimated as about 0.1 km?. The
results (abundance of voles) were expressed as catch
indices, indicating the number of individuals caught per
100 trap nights. We conducted the autumn trappings
before the first snowfalls in October—-November and
the spring trappings after the snow melt in May.

Statistical methods
To evaluate the indictor of vole abundance, we fitted the
data to linear mixed-effects models (Pinheiro and Bates

2000), using the statistical package “nlme” in R (version
2.14.1; R Development Core Team 2011; Venables et al.
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2014). When examining the general suitability of our
data for the present purpose, the response variable was
the mean clutch size (reflecting productivity) of the
tawny owl. The explanatory variables included the vole
abundance index of the preceding autumn (fixed effect)
and year (random effect). When evaluating the predictor
of vole abundance, the response variable was the spring
vole abundance index. The explanatory variables in-
cluded the mean clutch size of the tawny owl (fixed
effect) and year (random effect). The fixed effects were
centered to zero mean, describing average conditions.

Results

The relationship between the preceding autumn vole
abundance and the mean clutch size of the tawny owl
was significantly positive in our western study area and
nearly significantly positive in the eastern one (Table 1).
Particularly, the effect of the field vole abundance
seemed to be considerable.

The mean clutch size of the tawny owl reflected
significantly positively the late spring abundance of
voles in the western study area (Table 2, Fig. 1a) where
the trapping effort was 384 trap nights/0.1 km?. In the
eastern study area, where the effort was only 90 trap
nights/0.1 km?, the respective relationship was not sig-
nificant (Table 2, Fig. 1b). According to a simple linear
model of the most significant relationship studied
(Fig. 1), the mean clutch sizes of three, four, and five
eggs approximately corresponded spring vole abun-
dance indices 0.5, 2.0, and 3.5, respectively.

An approximate cost-benefit analysis showed that the
basic costs of vole monitoring by the mean clutch size of

Table 1 Mixed-effects models (response variable ~ explanatory
variable, random = ~1 year) for the relationships between the
preceding autumn vole abundance indices (explanatory variables)
and the mean clutch size of the tawny owl Strix aluco (response

tawny owls may be about twofold compared to those of
snap trapping (Table 3). However, their annual costs in
h/km? might be orders of magnitude less than in snap

trapping.

Discussion
Evaluation of the vole indicator

On the basis of the present study, there was a consider-
able agreement between the abundance fluctuations of
small voles in autumn and variations in the mean clutch
size of neighboring tawny owls in the next spring. The
positive relationship between the autumn vole abun-
dance and mean clutch size of tawny owls was observ-
able over the spatial range examined. This suggests a
close association between the vole and owl populations
studied, confirming the general suitability of our data for
demonstrating a vole abundance indicator. The mean
clutch size of the tawny owl in turn indicated well the
relative abundance of voles later in spring. The mean
clutch size of the tawny owl reflected spring vole abun-
dance over the spatial range examined, suggesting its
suitability for general forecasting purposes. Only the
most local and minor catches of voles were not signif-
icantly predictable on the basis of clutch size of owls.
Owls probably scan voles quite evenly throughout
their hunting range, in any case much more evenly and
wider ranging than is possible in conventional trapping
projects (e.g., BalCiauskiené and Narusevicius 2006).
Our results and the cost-benefit analysis conducted
(Table 3) suggest that effective monitoring of local vole
abundance by snap trapping required an annual effort of

variable). For each model, the first line refers to the response
variable. The explanatory variables have been indented.
W = western study area, E = eastern study area

Variable Value SE df t P Random SD

Mean clutch size W 3.389 0.164 28 20.624 <0.001 0.516
Autumn field voles 0.144 0.043 28 3.309 0.003
Autumn bank voles 0.009 0.020 28 0.459 0.650

Mean clutch size W 3.390 0.178 29 19.095 <0.001 0.557
Autumn voles 0.045 0.016 29 2.870 0.008

Mean clutch size E 3.084 0.302 12 10.200 <0.001 0.554
Autumn voles 0.044 0.022 12 1.983 0.071
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Table 2 Mixed-effects models (response variable ~ explanatory
variable, random = ~1 year) for the relationships between the
mean clutch size of the tawny owl Strix aluco (explanatory vari-
able) and the spring vole abundance index (response variable). For

each model, the first line refers to the response variable. The
explanatory variables have been indented. W = western study area,
E = eastern study area

Variable Value SE df t P Random SD
Spring field voles W 0.576 0.106 30 5.429 <0.001 0.562
Mean clutch size 0.531 0.162 30 3.286 0.003
Spring bank voles W 1.063 0.154 30 6.924 <0.001 0.813
Mean clutch size 0.876 0.234 30 3.745 <0.001
Spring voles W 1.640 0.204 30 8.041 <0.001 1.080
Mean clutch size 1.408 0.311 30 4.532 <0.001
Spring voles E 1.438 0.424 13 3.393 0.005 1.537
Mean clutch size 1.084 0.685 13 1.582 0.138

more than 100 h/km?. The respective value for the owl
clutch size method was approximately only a percentage
of'this. Even the clutch size of one pair of owls may give
a rough estimate of the local vole abundance. A larger
number of clutches was, of course, preferable. The
number of clutches available depends both on the den-
sities of tawny owls in the district and on the (minimum)
size of the area to be monitored. General densities of
tawny owls in southern Finland are about 5-10 pairs/
100 km?® while local densities may be as high as 4050
pairs/100 km? (Solonen 1993). Depending on breeding
densities, the area effectively monitored by owls may be
more or less discontinuous. However, it gives a repre-
sentative general picture of the relative abundance of
voles in the surroundings.

Spatial and temporal heterogeneity of the environ-
mental conditions no doubt affects the efficiency of the
mean clutch size of the tawny owl to indicate vole

a
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Fig. 1 The annual mean clutch size in a local population of the
tawny owl Strix aluco (x) in relation to the spring abundance of
small voles (vole index; y) in southern Finland a in 1981-2012 in

abundance. When voles are scanty, only low numbers
of owls breed and only the best territories, providing
enough alternative prey, are occupied by breeding birds
(e.g., Solonen and Karhunen 2002). When there are
plenty of voles, the conditions allow more pairs to breed
and the distribution of occupied territories covers the
potential nesting territories—even the less preferred
ones—more evenly. The inclusion of the clutch sizes
of the less preferred, poor nesting territories somewhat
decreases the mean clutch size. The higher clutch sizes
of the preferred territories in good vole years as com-
pared to those of poor vole years, however, keep the
annual difference between the mean clutch sizes still
considerable. Thus, the wide range of variation and
largely parallel fluctuations in the mean clutch size of
owls and in the spring abundance index of voles suggest
that the mean clutch size works properly as an indicator
of relative abundance of voles.

b

Vole index
35F
30F
25¢L

20F

Mean clutch size

our western study area (v = —3.67 + 1.41x) and b in 19862000 in
our eastern study area (y = —2.48 + 1.08x)
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Table 3 An approximate cost-benefit analysis of the vole moni-
toring methods investigated in the present study. “Locality” refers
to the western (W) and eastern (E) study areas. “Points” means
snap trapping points or tawny owl nest boxes. “Area” refers to the
potential “effective” monitoring area for voles on the assumption
of a minimum radius of about 25 m of effective snap trapping and
expecting that one pair of owls might indicate vole abundance of

an area of about 1 km? (based on recorded maximum densities of
owls; Solonen 1993). “Basic costs” for the snap trapping consist of
the price of traps (a 2 €) and those for the owl clutch size
monitoring of the price of nest boxes (a 10 €) as well as of the
time requirements for the setting of nest boxes. “Annual costs” are
measured as the time requirements of the field work

Method Locality Points Area Basic costs Annual costs

N km? € h Total (h) h/point h/km?
Snap trapping w 64 0.1 400 - 20 0.3 200
Snap trapping E 30 0.1 200 - 10 0.3 100
Owl clutch size w 100 100 1000 100 120 12 1.2
Owl clutch size E 300 300 3000 300 325 1.1 1.1

The importance of small voles in the diet of
tawny owls vary temporally and spatially (e.g.,
Goszczynski et al. 1993; Balciauskiené and
NarusSevicius 2006; Romanowski and Zmihorski
2009), affecting the relationship between the mean
clutch size of owls and the abundance of voles. In
our eastern study area, 26.7 % of the prey items of
breeding tawny owls were small voles (Solonen
and Karhunen 2002). Variation between nests
was, however, considerable (range 2.7-67.7 %,
mean 22.5 + 14.3 SD, n = 51). Before breeding,
when there are less alternative prey available than
later in the season, the proportion of small voles
in prey is probably higher. Therefore, it can be
expected that the clutch size of tawny owls largely
indicated the abundance of small voles.

Among the vole-eating birds of prey owls, in general,
begin breeding early in spring. Therefore, their clutch
size provides forecasts on vole abundance earlier than
that of many other vole-eaters. In a large part of Europe
and in some neighboring areas as well, the tawny owl
fulfills also various other criteria of a good indicator
species (e.g., Ellenberg 1981; Weiss 1981; Solonen and
Lodenius 1990; Chausson et al. 2014). Among
others, tawny owl populations can be effectively
manipulated and controlled by providing nest box-
es which enables an easy sampling of various
kinds of data (such as breeding parameters, indi-
vidual characteristics, diet). Another advantage of
the increased population of owls is the enhancing
of biological control of pests (cf., e.g., Paz et al.
2013). In any case, owls eat considerable numbers
of voles (e.g., Linkola and Myllyméki 1969;
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Solonen and Karhunen 2002; Balciauskiené and
Narusevicius 2006).

Outside the breeding range of the tawny owl, some
ecologically similar species may serve as a correspond-
ing indicator species. The species monitored should be
the key prey species of the indicator species in the
district considered. So, in practice, the monitoring sys-
tem outlined here could and should be modified accord-
ing to the local or regional conditions.

For an earlier forecasting of spring vole abun-
dances, the numbers of over-wintering vole-eaters
(such as buzzards, kestrels, and owls) provide a
promising alternative indicator (e.g., Cheveau et al.
2004). The number of occupied territories or nests
of tawny owls could also provide an earlier indi-
cator of spring vole abundance than the mean
clutch size. The censusing of hooting owls over
a wide range is, however, a relatively hard task
compared to the checking of nests in a nest box
population. Therefore, it was considered to be out
of the scope of the present study focused to find a
simple, easy, and cost-effective indicator of vole
abundance.

Recommendations

The present study exemplifies the potential of breeding
parameters of vole-eating birds of prey as indicators of
general abundance of small voles in spring. It calls for
collaboration between land owners (agriculturalists,
silviculturalists) and (professional and amateur) orni-
thologists who are interested in birds of prey, for in-
stance, in ringing them. An additional merit of the
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present method is that it may increase numbers of vole-
eaters that act as biological control of vole populations.
Based on our results, a simple but comprehensive
vole monitoring system, using the mean clutch size of
the tawny owl as an indicator of vole abundance, could
be introduced as follows. (1) Install a number of suitable
nest boxes for tawny owls throughout the monitoring
area (as described in the present “Material and methods”
section). In many areas, the proper density of nest boxes
might be about 1/km?, and the suitable number of boxes
at least 20-30. Possible earlier installed nest boxes in the
surroundings are worth to take into consideration. (2)
Check the nest boxes and count the number of eggs (at
least) in two evenings (to lessen the risk of disturbance)
separated by about 1-3 weeks during the early phases of
(local and annual) breeding season of owls so that at
least one visit occurs during the incubation period. (3)
After the fledging of young, it is possible to analyze the
composition of owls’ diet, including the occurrence of
voles, from the prey remains in the nest bottom litter.
This provides a usable additional indicator of local vole
abundance if more detailed information is needed.
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