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Knowledge of badger density is important for their conservation especially in areas 
with low badger densities. Therefore, we aimed to build a simple model to estimate 
badger density in northern Europe on the basis of habitat characteristics. A radio-track-
ing study in southern Finland showed that habitat structure of the landscape affects 
home-range sizes of northern badgers. The data collected from the literature indicate 
that badger density and home-range size correlate negatively but the relationship was 
non-linear, with highest densities and smallest home ranges in England. Consequently, 
badger density can be estimated on the basis of habitat characteristics of the area: 
density is higher when the proportion of mixed forests is high and that of large spruce 
forests low and vice versa. Because other factors, such as hunting and predation may 
be involved, density values should be treated as rough estimates of the density in dif-
ferent landscapes in Finland.

Introduction

In Finland, the Eurasian badger (Meles meles) 
occurs close to the northern limit of its distri-
bution range and is virtually absent from the 
northernmost parts of the country (Kauhala 
1995). In a radio-tracking study (Kauhala et al. 
2006), badger density was estimated to be low 
(0.21–0.26 badgers km–2) in southeastern Fin-
land. Although badger density is probably also 
low elsewhere in the country, every year about 
10 000 badgers are killed by hunters in Finland 
(Finnish Game and Fisheries Research Institute 
2010). Estimates of badger density in different 
landscapes of the country are essential for con-

servation and management purposes, e.g. to pre-
vent too high hunting pressure towards badgers.

Because it is often difficult to count the 
number of animals directly, many indirect meth-
ods, such as remote cameras, track counts, hair 
collection and scent stations, are used to esti-
mate the density of carnivores (Long et al. 
2008). Density of the Eurasian badger can also 
be estimated by counting the number of their 
main setts (Thornton 1988, Virgós & Casanovas 
1999, Virgós 2001, Kowalczyk et al. 2003). 
Counting the number of badger setts to estimate 
badger density does not, however, work in Fin-
land because badgers in this country often use 
many small dens, which they change frequently 
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(Kauhala et al. 2006). Large main setts are less 
common in Finland. Multiple use of setts has 
also been reported in other areas with low badger 
density, e.g. by Revilla et al. (2001) in Spain, 
Kowalczyk et al. (2004) in Poland and Loureiro 
et al. (2007) in Portugal.

Badger density tends to correlate negatively 
with home-range size: in areas, such as England 
where badger home ranges are small, popula-
tion density is usually high and vice versa (e.g. 
Rogers et al. 1997, Kauhala 2002, Kowalczyk 
et al. 2003, Rosalino et al. 2004, Kauhala et 
al. 2006). Home-range size, in turn, is often 
influenced by the abundance of food or other 
resources and is thus connected to habitat qual-
ity (e.g. Boutin 1984, 1990, Hulbert et al. 1996, 
Okarma et al. 1998, Feore & Montgomery 1999, 
Kowalczyk et al. 2003, Prange et al. 2004, Pal-
phramand et al. 2007). Because habitat quality 
affects home-range size and home-range size 
and density tend to correlate, badger density is 
affected, at least partly, by habitat quality (Kruuk 
& Parish 1982, Thornton 1988, Reason et al. 
1993, Macdonald et al. 1996, Virgós & Casano-
vas 1999, Virgos 2001, Jepsen et al. 2005). By 
determining how habitat characteristics influ-
ence home-range size and how home-range 
size and density are connected we can estimate 
badger density on the basis of habitat character-
istics in different landscapes. Knowledge of the 
connection between habitat quality and badger 
density is important for their conservation and 
management especially in areas with low badger 
densities, such as northern Europe. Badger den-
sity should be taken into account in land use 
plans, such as silvicultural measures to increase 
biodiversity of the country.

The first aim of the present study was to 
reveal, by using radio tracking, landscape fea-
tures affecting home-range size of badgers near 
the northern border of their range (Finland). We 
assumed that home ranges are smallest where 
mixed and pine forests dominate, fields are 
common and spruce forests are scarce, according 
to the habitat preferences of badgers determined 
from radio-tracking studies in southern Finland 
(Holmala & Kauhala 2009, Kauhala & Auttila 
2010). Secondly, we aimed to determine the 
connection between home-range size and badger 
density using the data collected from the litera-

ture across Europe. Finally, we aimed to build a 
model illustrating the relationship between habi-
tat characteristics and badger density to be able 
to estimate badger density on the basis of habitat 
characteristics in different landscapes.

Material and methods

Study areas

We selected three study areas in different land-
scapes of southern Finland (Fig. 1): Ruissalo 
island near the city of Turku, SW Finland 
(60°26´N, 22°10´E), Tuulos in the province of 
Häme, south-central Finland (61°10´N, 24°50´E) 
and Virolahti in the province of Kymi, SE Fin-
land (60°32´N, 27°41´E). Study areas were 
defined as the outer convex polygons including 
all location fixes of radio-tracked badgers. The 
surface area was 7.3 km2 in Ruissalo, 43.7 km2 
in Tuulos and 59.7 km2 in Virolahti. Ruissalo is 
an island and a ‘periurban’ area in the extreme 
southwestern tip of Finland where the climate 
is mildest and marine (mean annual temperature 
= 6.2 °C). Tuulos and Virolahti are rural, partly 
agricultural areas with fields and farmhouses, 
and partly commercial coniferous forests. In 
Virolahti in particular, the landscape is hetero-
geneous with small deciduous forests and fields 
in the south and poorer coniferous forests in the 
north. In Virolahti, the climate is more continen-
tal with warm summers but cold winters (mean 
annual temperature = 4.2 °C). The climate in 
Tuulos is intermediate (mean annual temperature 
= 5 °C). Human density in all areas is low: in 
Ruissalo, there are some old villas with large 
gardens, mainly used as summer houses, and in 
the other areas there are small villages with scat-
tered farmhouses and summer cottages.

Habitat types

We identified 12 habitat types in the home 
ranges: gardens, fields (both fields of grain and 
hayfields), pastures, deciduous forests, mixed 
forests, spruce forests, pine forests, meadows, 
open woodland, rock, bogs and reed beds. This 
classification was based on the CORINE data-
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base (CORINE land cover data 2000, ©EEA). 
Meadows and open woodlands are open biotopes 
on mineral soil with tree canopy cover of < 10% 
and 10%–30%, respectively. Meadows in partic-
ular have dense and tall undergrowth. In Tuulos 
and Virolahti, meadows also included clear cuts, 
and open woodlands included sapling stands.

In forests, tree canopy cover is > 30%. 
Spruce forests consist of > 75% coniferous trees, 
mainly Picea abies, growing on mineral soil. 
The undergrowth in these forests consists of e.g. 
of bilberries (Vaccinium myrtillus) and May lilies 
(Maianthemum bifolium) due to the rich mineral 
soil. Pine forests consist of > 75% coniferous 
trees, mainly Pinus sylvestris, on rocky soil. 
Pine forests are very barren, the undergrowth 
being mainly lichens. Deciduous forests con-
sists of > 70% deciduous trees on mineral soil, 
mainly birches Betula pendula and B. pubescens, 
alders Alnus incana and A. glauca, willows Salix 
spp., aspen Populus tremula and rowan Sorbus 
aucuparia in Tuulos and Virolahti. Deciduous 
forests in Ruissalo are old and dominated by 
oak Quercus robur, lime Tilia cordata and Euro-
pean hazel Corylus avellana, but there are also 
woods with e.g. Betula spp., Populus tremula 
and Sorbus aucuparia. Mixed forests are rich 
forests on mineral soil where the proportions of 
both coniferous and deciduous trees are < 70%. 
The forests in Tuulos and Virolahti are commer-
cial forests, whereas large areas of Ruissalo are 
protected and the forests are only slightly man-
aged mature forests.

Radio tracking

Home ranges of badgers were estimated using 
VHF radio telemetry. The badgers were captured 
with wired box-traps, anaesthetized by an intra-
muscular injection of ketamine hydrochloride 
and fitted with radio collars (weight ca. 100 g, 
model TW-3, 138-138.5 MHz, Biotrack, Dorset, 
UK). Only animals of adult size were fitted with 
radio-collars.

Radio tracking was done from a car with 
a three-element Yagi antenna. Bearings were 
taken from at least two points usually within five 
minutes, the angle between the bearings being as 
close to 90° as possible.

Badgers were radio tracked in summer (May–
August), because in Finland badgers hibernate 
from October until March or April, depending on 
weather conditions and snow cover. Data were 
collected between 2001 and 2003 in Virolahti 
and between 2006 and 2008 in Ruissalo and 
Tuulos. During some nights the animals were 
located once every 15 minutes between 19:00 
and 06:00, but we also located them now and 
then during other times. The mean number of 
tracking nights per animal was 18 (SD = 8.4).

Data

Data were collected for 25 badger home ranges 
(10 males and 15 females; 6 in Ruissalo, 11 in 
Tuulos and 8 in Virolahti). We used only indi-
vidual home ranges in the analyses, because 
most badgers seemed to be solitary. It is, how-
ever, possible that not all badgers were trapped, 
because badgers in Finland are fairly ‘trap shy’.

The number of locations varied greatly 
in Virolahti and was sometimes much larger 
than in the other areas. Therefore, we excluded 
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Fig. 1. Study areas in southern Finland.
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every second or third location (depending on 
the number of locations) in some cases from the 
data of Virolahti. This was done because it is 
possible that the number of location fixes affects 
the estimates of home-range size. After this pro-
cedure, the number of locations per home range 
was fairly stable, 72 ± 12.7 SD, in all study areas 
and did not correlate with home-range size (p = 
0.392). We thus aimed to have approximately the 
same number of locations per home range in each 
area to ensure that the number of locations would 
not affect the estimated home-range sizes. How-
ever, we also compared the home-range sizes in 
Virolahti calculated from all locations with those 
calculated using the reduced number of locations 
and found that the home ranges were almost 
equal (mean 950 ha with reduced n and mean 
990 ha with all locations). In all further analyses 
concerning Virolahti we thus used home ranges 
calculated from the reduced number of locations. 
The final number of locations used was 1812.

Although successive locations of an animal 
may be auto-correlated, they can be used in home 
range calculations if there are several tracking-
nights per home range (Smith et al. 1981) and 
the time interval between successive locations is 
relatively constant (de Solla et al. 1999). Our data 
fulfilled these criteria. Eliminating data due to 
autocorrelation reduces the biological relevance 
of kernel home range estimates.

Home range calculations

We calculated badger home ranges using the fixed 
kernel method (Worton 1989), applying the ref-
erence smoothing parameter (1.0). We used the 
software RANGES 6, Anatrack Ltd. (Kenward et 
al. 2003). Kernel 95% home ranges (K95) were 
considered the area the animal uses during normal 
activities (Worton 1989). Using 95% kernel home 
range excludes the most severe outliers, such as 
location errors and hazardous trips by the animals 
outside their normal home range.

Habitat analysis

We imported the home ranges from Ranges 6 to 
ArcView 3.2 (ESRI®). Home ranges were inter-

sected from a digital habitat map to calculate 
habitat compositions of the home ranges (K95), 
i.e. the percentages of each habitat type described 
above. We also calculated habitat patchiness 
(number of habitat patches per ha) and the mean 
sizes of different habitat patches for each home 
range. Habitat patchiness and patch sizes were 
obtained from Patch Analyst 3.1 for ArcView 
3.2. The map (CORINE land cover data 2000, 
©EEA) for Finland was produced by the Finnish 
Environment Institute (©SYKE; www.environ-
ment.fi). The digital maps were vectorised from 
a raster map and the resolution was 25 ¥ 25 m.

Statistical analyses

The normality of distributions was tested using 
the Kolmogorov-Smirnov one-sample test. We 
used General linear models (GLM) to determine 
whether study area or sex affected home-range 
size. We used classical discriminant analysis 
with the percentages of the different habitat 
types and habitat patchiness as predictors to test 
whether habitat structure of the home ranges dif-
fered between the study areas. We thus wanted 
to include all habitat types into a single test to 
evaluate how well the analysis could classify the 
home ranges correctly to the three study areas 
on the basis of their habitat compositions. We 
then used an ANOVA to determine which habitat 
types differed between the study areas.

We built a model (GLM, model 1) to show 
the impact of habitat characteristics on indi-
vidual home-range size (stepwise analysis, back-
ward procedure, variables with p < 0.05 included 
in the model). The dependent variable was the 
size of K95. We selected the set of independent 
variables used in the final test from a correlation 
matrix. The independent variables tested were 
the percentages of the main habitat types, the 
mean sizes of habitat patches and habitat patchi-
ness. The independent variables in the final test, 
chosen from the correlation matrix, were the 
proportions of habitat types, the sizes of spruce 
forest, mixed forest and field patches and habitat 
patchiness. Because the proportions of spruce 
forests and bogs correlated strongly (r = 0.79, 
p < 0.001), we added bogs to the spruce forests 
variable.
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Literature review

We collected data on badger home-range sizes 
and density from 23 papers from different coun-
tries across Europe to determine the connec-
tion between home-range size and density. We 
assumed the relationship between home-range 
size and badger density to be correlative but to 
describe the relationship between them we per-
formed a linear regression model (model 2) to be 
able to substitute home-range size with density 
in model 1 (above). The final model (model 3) 
thus gives the relationship between badger den-
sity and habitat variables. We also calculated 
correlations between latitude and home-range 
size and badger density. Because we know that 
badger densities in England are much higher 
than in most other areas (e.g. Johnson et al. 
2002), ‘latitude’ used here was the absolute 
value of latitude, calculated as the true latitude 
of each study area — the latitude of southern 
England (52 °N), because we aimed to see how 
home-range size and density change when dis-
tance from England increases either to the south 
or north.

Results

Home-range sizes

Mean home range (K95) size differed signifi-
cantly between the study areas, home ranges 
being smallest in Ruissalo and largest in Viro-
lahti (means ± SD: Ruissalo 134 ± 53.0 ha, n 
= 6; Tuulos 306 ± 111.7 ha, n = 11; Virolahti 
949 ± 444.6 ha, n = 8). Home-range sizes of 
males and females were not significantly differ-
ent (Table 1). Therefore, the data for both sexes 
were pooled in the subsequent analyses.

Habitat analyses and model 1

Habitat compositions of the home ranges differed 
between the study areas, as shown by classical 
discriminant analysis (Fig. 2), which classified 
home ranges correctly into the study areas on the 
basis of habitat characteristics of the home ranges 
(classification 100% correct, Jackknifed classifi-
cation 92% correct, Wilk’s λ = 0.005, F18,28 = 21.3, 
p < 0.001; Fig. 2). Deciduous forests, open wood-
lands, rocks and reed beds were more common 
in the home ranges in Ruissalo than in the other 
study areas (Fig. 3). Mixed forests were most 
common in the home ranges in Tuulos whereas 
spruce forests and bogs were most common in the 
home ranges in Virolahti. Habitat patchiness was 
greater in Ruissalo (2.8 patches per ha) than in 
Tuulos (1.6) and Virolahti (1.5; p < 0.001).
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Fig. 2. Result of the classical discriminant analysis. 
Percentages of different habitat types and habitat 
patchiness were the predictors and study area was the 
grouping variable.

Table 1. Results of the general linear model (GLM) with kernel 95% home range (K95) of badgers as the dependent 
variable and study area and sex as the independent variables. r 2 = 0.65, n = 25.

Source	 Type III SS	 df	 Mean squares	 F	 p

Study area	 2440476	 2	 1220238	 16.8	 < 0.001
Sex	 1493	 1	 1493	 0.02	 0.887
Error	 1520996	 21	 72428
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Since there were only three study areas (land-
scapes) and there was individual variation in 
home-range sizes within the study areas (each 
of which in fact consisted of different subareas, 
e.g. forested and agricultural areas), we pooled 
the data from all the areas to determine the habi-
tat features influencing individual home-range 
sizes. GLM indicated that home ranges were 
small when the percentage of mixed forest was 
high and that of spruce forest low and vice versa 
(Table 2). The model explained 60% of the vari-
ation in home-range size. Model 1 was:

Home range (ha) =
 348 – 18.2 ¥ percentage of mixed forest
 + 21.1 ¥ percentage of spruce forest. (1)

Models 2 and 3

The literature indicated a negative correlation 
between log(home-range size) and log(badger 
density) (r = –0.84, n = 35, p < 0.001; Fig. 4A). 
The relationship between home-range size and 
badger density was, however, not linear (Fig. 
4B). There was large variation across Europe 
and badgers in England seemed to differ from 
the rest of Europe. In England, badger density 
increases with increasing group size even when 
territory size does not change (e.g. Kruuk & 
Parish 1982). Therefore, we calculated the final 
model (model 2) excluding data from England. 
Again there was a good fit between log(home-
range size) and log(badger density) (r = –0.78, n 
= 24, p < 0.001). Model 2 was:
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Table 2. Results of the general linear model (GLM) when the effects of habitat variables on kernel 95% home range 
size (K95) of badgers were tested. r 2 = 0.60, F2,22 = 16.6, n = 25, p < 0.001.

Effect	C oefficient	 SE	 Standard	 Tolerance	 t	 p
			   coefficient

Constant	 348.1	 157.7	 0	 2.21	 0.038
Mixed forest	 –18.2	 5.8	 –0.42	 1.0	 –3.13	 0.005
Spruce forest	 21.1	 4.4	 0.65	 1.0	 4.79	 < 0.001
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Log(badger density) (badgers km–2) =
 a + b ¥ log(home-range size) (ha), (2)

where a = 2.28 and b = –0.95.
We furthermore calculated the model by 

excluding both England and the Mediterranean 
region to obtain a model which would better 
illustrate the situation in central and northern 
Europe. This model was also significant (r = 
–0.73, n = 9, p = 0.025). In this model a = 1.97 
and b = –0.82.

By combining models 1 and 2, badger den-
sity can be estimated on the basis of habitat char-

acteristics of the landscape (model 3):

Log (badger density) (badgers km–2) = a + b
 ¥ log(348 – 18.2 ¥ percentage of mixed forest
 + 21.1 ¥ percentage of spruce forest), (3)

where the a and b values are the same as for 
model 2.

There was also a positive correlation between 
latitude (true latitude – 52 °N) and home-range 
size (r = 0.58, p < 0.001) and a negative corre-
lation between latitude and badger density (r = 
–0.60, p < 0.001).
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and badger density based 
on a literature review. Lit-
erature used: England: 
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& Harris 1988, Rogers et 
al. 1997, Johnson et al. 
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czyk et al. 2003; Ireland: 
Feore and Montgomery 
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Discussion

Habitat characteristics affecting home-
range size

Home-range sizes of individual badgers differed 
between the study areas. Home ranges were 
small when the proportion of mixed forest was 
high and that of spruce forest low (model 1). 
Our prediction thus came partly true. Patchiness 
was also one of the variables tested, but did not 
increase the coefficient of determination (r2) of 
the model significantly, because patchiness and 
the percentage of spruce forest correlated nega-
tively (r = –0.72, p < 0.001). Consequently, only 
one of them could be included in the model. The 
negative correlation between patchiness and the 
percentage of spruce forests indicates that spruce 
forests usually occur in large patches. This kind 
of environment is not ideal for badgers.

Home ranges were smallest in Ruissalo where 
mature mixed and deciduous forests covered one 
third of the home ranges and patch size was 
small and spruce forests were sparse. Because 
of mineral soil and sparse undergrowth in the 
mixed and deciduous forests of Ruissalo it may 
be easy for badgers to dig earthworms (Lumbri-
cus terrestris). Other studies have also shown 
the connection between good quality habitat and 
small home-range size. In the Białowieża Pri-
meval Forest (Poland), in Norway and in Scot-
land, home-range size was influenced by the 
distribution of deciduous forests rich in earth-
worms (Kruuk 1978a, Kruuk & Parish 1982, 
Kruuk 1989, Brøseth et al. 1997, Kowalczyk 
et al. 2003). In southern England, badger ter-
ritories were small (50–150 ha) in an area with 
earthworm-rich deciduous and mixed forests and 
farmland (Kruuk 1978b). Furthermore, variation 
in rainfall correlated negatively with territory 
size in Britain because temperature and moisture 
affect earthworm abundance (Evans & Guild 
1947, Woodroffe & Macdonald 1993). In North-
ern Ireland, badger-group territories were small-
est where mixed woodland was common (Feore 
& Montgomery 1999). In Denmark, badger home 
ranges were large in an area where the earthworm 
biomass was low (Elmeros et al. 2005).

Home ranges were largest in Virolahti where 
mixed forests were scarce but large commercial 

spruce forests covered almost one third of the 
home ranges. In the coniferous forests of Viro-
lahti, badgers are omnivorous and require vast 
home ranges to fulfill their energy needs (Kau-
hala et al. 1998). Also in Belarus, in an area char-
acterized by a low biomass and uneven distribu-
tion of earthworms, badgers were generalist pred-
ators (Sidorovich et al. 2011). In the Białowieża 
Primeval Forest, where almost half of the study 
area consisted of coniferous forests, individual 
badger home ranges were almost equal to those 
in Virolahti (mean 930 ha; Kowalczyk et al. 
2003). Home ranges were also large in Spain in 
areas dominated by dry scrubland, marshland and 
pinewood habitats where badgers prey mainly on 
rabbits (Oryctolagus cuniculus; Rodriques et al. 
1996, Revilla & Palomares 2002).

Other factors besides habitat, e.g. sex, age and 
body mass of badgers may also affect their home-
range size (Kowalczyk et al. 2003). Home-range 
size did not vary with sex in the present study 
or in a coniferous habitat in northeast England 
(Palphramand et al. 2007). The effect of age on 
home-range size could not be tested in the present 
study, because we did not know the age of the 
radio-tracked badgers. Furthermore, the distri-
bution of badger setts can determine the size of 
badger territories (Doncaster & Woodroffe 1993, 
Roper 1993) but this is unlikely in areas such as 
northern Europe, where badger density is low and 
badgers use many different dens (Brøseth et al. 
1997, Kowalczyk et al. 2004).

Habitat, home-range size and badger 
density

We found a negative relationship between home-
range size and density of badgers (model 2). 
Other studies have also shown that badger den-
sity tends to correlate negatively with home-
range size (e.g. Feore & Montgomery 1999, 
Kauhala 2002, Molina-Vacas et al. 2009). Con-
sequently, because habitat characteristics affect 
home-range size, we can expect that they also 
influence badger density: in northern Europe den-
sity is expected to be highest in areas which con-
stitute of a small-scale mosaic of habitat patches 
and where mixed forests are common but large 
spruce forests and bogs are scarce (model 3). The 
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relationship between habitat and density has also 
been observed in many other studies (e.g. Thorn-
ton 1988, Reason et al. 1993, Seiler et al. 1995, 
Macdonald et al. 1996, Virgós & Casanovas 
1999, Kowalczyk et al. 2000, Virgos 2001). Fur-
thermore, Kowalczyk et al. (2003) found a cor-
relation between habitat (oak–lime–hazel forest) 
and home-range size and between earthworm 
abundance and badger density across Europe. 
The latter correlation was also shown by Kruuk 
(1989) in Scotland. Because earthworm abun-
dance depends on habitat, especially soil type, it 
can be concluded that habitat affects both home-
range size and badger density. It is thus possible 
to estimate badger density from the habitat char-
acteristics of the landscape. It is, however, evi-
dent that our model does not accurately provide 
absolute densities but it can be used, for instance, 
to compare badger density/relative abundance in 
different landscapes for management or conser-
vation purposes.

The relationship between home-range size 
and badger density was not linear (Fig. 4B). 
Home ranges were smallest (< 100 ha) and den-
sity highest (up to 25 badgers km–2) in England 
where food, mainly earthworms, is abundant. 
When badger density was > 12 badgers km–2, the 
mean territory size did not decrease any further 
with increasing density (p = 0.680). In these 
areas the distribution of suitable den sites may 
determine the smallest territory size and highest 
density of badger social groups (Woodroffe & 
Macdonald 1993, also reviewed by Kowalczyk 
et al. 2003). A further increase in badger density 
may occur with an increase in group size only 
in good quality habitats, rich in a rapidly renew-
able food source, e.g. earthworms, and therefore 
badgers in England live in large clans when 
food is abundant (Kruuk 1978a, Kruuk & Parish 
1982, Woodroffe & Macdonald 1993, Kowalc-
zyk et al. 2000).

With distance from England, either to the 
north or south, home-range size increased and 
density decreased. Woodroffe and Macdonald 
(1993) also found a positive correlation between 
latitude and territory size in data from the Medi-
terranean region and Britain. At lowest densities 
(0.21–0.8 badgers km–2), mean home-range size 
varied between 242 and 949 ha. However, in 
Belarus the mean size of group territories was 

2550 ha in one summer (Sidorovich et al. 2011). 
Most of the low-density areas were either in the 
dry forests or shrublands of the Mediterranean 
region (e.g. Molina-Vacas et al. 2009) or in 
central and northern Europe where winters are 
harsh (e.g. Kowalczyk et al. 2003, Kauhala et al. 
2006; Fig. 4). Furthermore, Johnson et al. (2002) 
found an association between climate, especially 
seasonality, and badger densities. In low-density 
areas badger density is limited by food abun-
dance and badgers are often solitary or live in 
pairs (Ahnlund 1980, Revilla & Palomares 2002, 
Kowalczyk et al. 2003). Earthworm abundance, 
which is influenced by habitat type and climate 
(Woodroffe & Macdonald 1993, Kowalczyk et 
al. 2003), thus affects not only home-range size 
and density, but also the social system of badgers.

The greatest increase in density (from 2.1–
12.3 badgers km–2) occurred when mean home-
range size decreased from 206 ha to 41 ha. These 
areas were in central and western Europe (Ger-
many, England, Scotland and Ireland).

Besides habitat, latitude and the social 
system of badgers, other factors may influence 
badger density. One of these is hunting, which 
is common in Finland. Badgers are caught with 
traps or hunted with earth dogs, the hunting bag 
being about 10 000 each year (Finnish Game and 
Fisheries Research Institute 2010). Furthermore, 
badgers commonly fall victim to traffic in south-
ern Finland (pers. obs.). Also Molina-Vacas et al. 
(2009) suggested that sett disturbance, poaching 
and road kills may affect badger density. Addi-
tionally, predation may influence badger density, 
or avoidance of predation may influence badger 
behaviour and thus their movements and home-
range sizes (Sidorovich et al. 2011). Predation 
by large carnivores, such as lynx (Lynx lynx) may 
indeed affect badger density in Finland, since the 
lynx population has increased rapidly in the coun-
try during the last decade (Heikkinen & Kojola 
2010). Sidorovich et al. (2011) calculated that 
wolves (Canis lupus) and lynxes can exterminate 
half of the local badger population in Belarus. 
Bevanger and Lindström (1995) also suggested 
that killing of large carnivores increased the 
number of badgers in northern Europe.

Badger density in Finland is naturally low, 
mainly due to a poor environment but also possi-
bly due to predation. Furthermore, the reproduc-
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tive rate of badgers is low. Under these circum-
stances hunting may have an impact on badger 
population densities, especially in areas where 
badgers occur close to the northern border of its 
distribution. These factors should be taken into 
account in game management.

Conclusions

The home-range size of northern badgers is 
affected by habitat structure of the landscape 
and because home-range size and density tend to 
correlate, we can estimate badger density on the 
basis of habitat characteristics of the landscape. 
Because other factors, such as hunting, predation 
and road kills may be involved, density values 
should be treated as rough estimates of density in 
different landscapes in northern Europe.

Knowledge of the relative density of badgers 
in different landscapes and the factors influenc-
ing it is needed for badger population manage-
ment and conservation. Badgers could also be 
an indicator species in northern areas: where the 
relative density of badgers is high, other species, 
for example roe deer (Capreolus capreolus), 
wildboar (Sus scrofa) and many birds living in 
rich mixed forests may also thrive. Taking these 
factors into consideration in silvicultural meas-
ures (e.g. by favouring mixed forests instead of 
large spruce forests) the biodiversity of northern 
areas could be enhanced.
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