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Abstract. The aim of the present paper was to compare the picture of habitat selection obtained by
using 1) different home ranges and core areas and 2) different methods (compositional analysis, Jacobs
index and selection ratio), in radio-tracking studies of mammals. The experimental animal was the
Eurasian badger Meles meles, radio-tracked in southern Finland in 2006-2007. The total home ranges
used in the study, minimum convex polygon (MCP) and 95% fixed kernel home range (K95) differed
in size, MCP being larger. Therefore its habitat composition resembled more that of the landscape,
and comparison between K95 and the study area revealed better habitat selection within the landscape
(second order selection). The proportions of two common habitat types (fields and spruce forests)
differed between the core areas used in the study. Comparison between the smallest core area (K50) and
MCP revealed best habitat preferences within the home range (third order habitat selection). Comparing
the distribution of individual location points in different habitats to the habitat composition of home
ranges did not reveal habitat preferences of badgers. The use of compositional analysis together with
Jacobs index in habitat selection studies is recommended, because the simple selection ratio was not
very sensitive.

Key words: kernel home ranges, minimum convex polygons, compositional analysis, selection ratio, Jacobs index, Meles
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Introduction

In radio-tracking studies, habitat selection of
mammals is often examined by comparing
the habitat compositions in the ‘core area’, in
the ‘total home range’ and in the landscape
(e.g. Hulbert et al. 1996, Breseth et al. 1997,
Rosalino et al. 2004, Dahl 2005). However,
both the total home range and the core area can
be defined in several ways (e.g. Samuel et al.
1985, Harris et al. 1990). The size and habitat
composition of home ranges and core areas may
differ greatly according to the method used to
estimate them (synthesis of different methods
in Harris et al. 1990). Depending on how they
are defined, highly different pictures of the most
frequently selected habitats in the landscape or
the most favoured habitats within the home
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range (second vs third order selection, Johnson
1980) may be obtained. When comparing the
results from different studies it is thus essential
to know how the home ranges and core areas
were calculated (e.g. Laver & Kelly 2008).
Minimum convex polygon (MCP, Mohr
1947) is still commonly used as the total home
range (e.g. Cresswell & Harris 1988, Lucherini
et al. 1995, Weber & Meia 1996, Elmeros
et al. 2005, Kaartinen et al. 2005). Also 95%
kernel home range (Worton 1989) is often
used as the total home range (e.g. McLoughlin
et al. 2003, Bender et al. 2004, Prange et
al. 2004, Kauhala et al. 2006, Drygala et al.
2008, Palphramand et al. 2007). Some people
recommend the use of a global smoothing
parameter when calculating kernel home ranges
(Whorton 1989, Kenward 2001, Hemson et al.



2005). Kernel 95% home range, calculated
with a smoothing parameter < 1 (the default
value = 1), is then used as a core area (e.g. Dahl
2005). However, 50% kernel home range is
more often used as a core area (e.g. Okarma et
al. 1998, Baghli & Verhagen 2004, Dahl 2005,
Elmeros et al. 2005). The core area can also
be determined from the utilization distribution
curve of kernel or harmonic mean home ranges
(% area plotted against % fixes, e.g. Jennrich &
Turner 1969, Harris et al. 1990, Kauhala et al.
2005): the slope discontinuity indicates, which
percentage value of fixes constitutes the core.

The distribution of location fixes in
different habitats in the home range is also
often compared with the habitat composition
of the home range, usually MCP, in studies of
habitat selection (Lucherini et al. 1995, Weber
& Meia 1996, Breseth et al. 1997, Revilla et
al. 2000, Elmeros et al. 2005, Kaartinen et al.
2005, Palphramand et al. 2007, Drygala et al.
2008).

The method used to estimate habitat
selection within the landscape or within the
home ranges may also affect the picture of
habitat selection. Different preference indices
have been used (e.g. Storch et al. 1990,
Lucherini et al. 1995, Kauhala 1996, Revilla et
al. 2000, Dahl 2005, Drygala et al. 2008). Also
compositional analysis (Aebischer et al. 1993,
Smith 2006) is nowadays commonly used in
studies of habitat selection (e.g. Hulbert et al.
1996, Revilla et al. 2000, Rosalino et al. 2004,
Elmeros et al. 2005, Kaartinen et al. 2005,
Palphramand et al. 2007, Rosalino et al. 2008).

The aim of the present paper was to compare
the picture of habitat selection obtained by
using 1) different home ranges and core areas
and 2) different methods (compositional
analysis, Jacobs index and selection ratio),
in radio-tracking studies of mammals. The
experimental animal was the Eurasian badger
Meles meles (Linnaeus, 1758), radio-tracked
during summer in southern Finland. Although
badgers have been studied a lot in Britain and
in southern Europe, little is known about the
northern badgers. Here the aim was to test the
methods used to study habitat selection in order
to choose the best methods before examining
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larger data from several areas near the northern
limit of badger distribution area in Europe.

Material and Methods
Study area

The study area (50.4 km?) was located in Tuulos
(61°10°N,24°50’E), southern Finland (province
of Hdme). The study area was a polygon,
which included all badger home ranges. It was
formed by connecting the outermost corners
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Fig. 1. Habitat composition of the study area and the
mean proportions of different habitats in the total home
ranges (MCP and K95), and in the core areas (K75, K50
and K95 ..) of nine badgers radio-tracked in southern
Finland in 2006-2007. The mean proportion of location
points in different habitats is also given. K95 = 95% fixed
kernel home range, K95 .. = 95% fixed kernel home
range with smoothing parameter 0.35, K75 = 75% fixed
kernel home range, K50 = 50% fixed kernel home range

and MCP = minimum convex polygon.
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of the home ranges. The western part of the
area consisted of a mosaic of fields, pastures,
meadows, farmhouses and patches of deciduous
and mixed forests, whereas the eastern part of
the area consisted mainly of spruce dominated
coniferous forests and some clear cuttings,
sapling stands and small bogs (Fig. 1). There
were also few small lakes and rivers in the area,
bordered by reed beds. The mean temperature
of the year is 4.5 °C (Finnish Meteorological
Institute 2008). The warmest month is July
(17.2 °C) and the coldest February (-4.9 °C).
Winter (i.e. the period when the mean daily
temperature remains below 0 °C) usually begins
in November and ends in April. Permanent
snow cover falls on open ground about two
weeks after winter begins, and snow melts
during April.

Radio-tracking

Badgers were captured using baited wire
traps. The animals were anaesthetized with
ketamine hydrochloride, sexed, weighed and
fitted with radio transmitters (Biotrack, model
TW-3, 138-138.5 MHz). One badger was radio-
tracked in summer 2006 and eight badgers
in summer 2007. Radio-tracking was done
from a truck with a three-element Yagi-type
antenna. Animals were located from at least
two points, preferably within five minutes, the
angle between the bearings being as near 90° as
possible. If the angle was not close to 90°, we
took a third bearing to make the location more
accurate. Location error was tested earlier and
was < 150 m in 77% of the cases (Kauhala &
Tiilikainen 2002).

Badgers were radio-tracked mainly during
late evening and at night, i.e. during their
circadian activity bout (Kowalczyk et al. 2003),
from the beginning of May to the end of August.
Locations were taken at 15-20 minutes interval.
Although successive locations of each animal
may not be independent, 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. Data for
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both sexes (three males and six females) were
pooled because of small sample size.

Home range calculations

Home ranges were calculated using the fixed
kernel method (Worton 1989). The 95%
kernel home range (K95), calculated using
the smoothing parameter 1, was one of the
‘total home ranges’, the other one being the
minimum convex polygon (MCP) with 100%
of fixes (Mohr 1947). The core areas, i.e. areas
used more frequently than other parts of the
home ranges, were estimated using the fixed
kernel method. One core area was the 50%
kernel home range (K50) frequently used in
other studies, and one was estimated from the
utilization distribution curve (% area plotted
against % fixes). The point where the change in
the gradient of the slope is greatest indicates the
core (see e.g. Jennrich & Turner 1969, Harris
et al. 1990, Kauhala et al. 1993, Rosalino et
al. 2004, Kauhala et al. 2005, Palphramand et
al. 2007). This point was most often at 75% of
fixes. Thus the 75% kernel home range (K75)
was used as another core area. The core areas
were calculated using the reference value 1 of
the smoothing parameter. Using this value may
overestimate the home range size, because it
may over-smooth the range edges (Worthon
1989, Seaman & Powell 1996, Kenward 2001).
Using the fraction of the reference value results
in a home range, the contours of which follow
more accurately the area covered by the location
fixes. Thus the 95% kernel home ranges were
also calculated using the smoothing parameter
0.35 (K95,.,), which was the median of the
smoothing parameters calculated individually
for each home range. This home range was then
used as an additional core area. We calculated
all home ranges using the software Ranges6
(Kenward et al. 2003).

Sample size may affect the estimate of
home range size (e.g. Harris et al. 1990, De
Solla et al. 1999, Seaman et al. 1999, Borger
et al. 2006, Wauters et al. 2007). In the present
study the number of locations per home range
was almost constant (78-85). Furthermore, the
aim was to compare results obtained using



different methods/home ranges/core areas and
the same data set was used in all cases. The
possible differences in the results cannot thus
be a consequence of different sample sizes.
The proportion of location points in
different habitats were also calculated, because
they are often used in habitat selection studies.

Habitat selection

Nine habitat classes were used in the analyses:
farmyards, fields, pastures, meadows,
deciduous forests, spruce forests, pine forests,
mixed forests and clear cuttings (including
sapling stands). Reed beds and small bogs
were excluded, because they were sparse and
not all home ranges included them. Habitat
selection within the landscape (second order
selection) was studied by comparing the habitat
composition in the total home ranges (MCP and
K95) with that in the whole study area. Habitat
selection within the home ranges (third order
selection) was examined by comparing the
habitat compositions of the core areas to those
in the total home ranges. We also compared
the proportion of location points in different
habitats to the habitat compositions in the home
ranges. The software ArcView 3.2 was used and
the home ranges and core areas were overlaid
on top of a digital habitat map to determine the
habitat compositions of the total home ranges
and core areas. The map (CORINE land cover
data) was produced by the Finnish Environment
Institute (SYKE; www. environment.fi).
Habitat selection was studied by using the
compositional analysis (Aebischer et al. 1993),
selection ratios (% habitat used / % habitat
available) and Jacobs index (index D in Jacobs
1974), used in habitat selection studies by
Revilla et al. (2000) and Drygala et al. (2008).
Contrary to the selection ratio, Jacobs index is
independent of the relative abundance of each
habitat available to the animals (Jacobs 1974).
Jacobs index was calculated according to the
formula: D = (r - p)/(r + p — 2rp), where r is the
proportion of habitat used and p the proportion
of habitat available. D varies from -1 (strong
avoidance) to +1 (strong preference), and values
close to zero indicate that the habitat is used in
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proportion to its availability. An individual was
the sample unit in all analyses.

Statistical tests

The normality of the distributions of different
variables was tested with Kolmogorov-Smirnov
one sample test. When distributions were not
normal or the variances of different samples
were not homogenous, nonparametric tests were
used. The 95% confidence limits for the means
were calculated for Jacobs indices and selection
ratios to test whether they differed significantly
from the ‘neutral’ value 0 (Jacobs index) or 1
(selection ratio). If 0 or 1, respectively, was not
included within the range of confidence limits,
the use of the habitat type was considered not
random but the habitat was either favoured or
avoided (P < 0.05).

Results
Total home ranges and core areas

MCP was larger than K95 (paired t-test: t =2.34,
df = 8, P = 0.048). K95 ,, was smaller than
MCP (t=-6.93, P <0.001) and K95 (t =-8.28,
P < 0.001; Fig. 2). K75 was larger than K50
(t =4.84, P =0.001) but almost equal in size
with K95 ...

The habitat compositions of the total home
ranges (MCP and K95) were fairly similar
(Fig. 1). The proportion of farmyards tended,
however, to be larger in K95 (Wilcoxon signed
ranks test, P = 0.051) and the proportion of
spruce forests and clear cuttings tended to be
larger in MCP (P = 0.066 for spruce forests and
P =0.051 for clear cuttings).

The proportions of fields (Friedman two-
way analysis of variance, P = 0.003), pastures
(P = 0.003), spruce forests (P = 0.035) and
pine forests (P = 0.003) differed between the
different core areas and location points, the
proportion of fields being the largest in K50 and
that of pastures and spruce forests in K95 ...
The proportion of pine forests was the largest
when estimated on the basis of the location
points.
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Fig. 2. Sizes (mean + SD) of total home ranges (MCP
and K95), and core areas (K75, K50 and K95 ..) of nine
badgers radio-tracked in southern Finland in 2006-2007.
K95 =95% fixed kernel home range, K95 .. = 95% fixed
kernel home range with smoothing parameter 0.35, K75
= 75% fixed kernel home range, K50 = 50% fixed kernel
home range and MCP = minimum convex polygon.

Habitat selection within the landscape
(second order selection)

Comparison K95/study area was the only one
which gave a significant result (randomised P
< 0.05) according to compositional analysis
(Table 1). Fields, pastures and farmyards were
ranked highest, whereas pine and spruce forests
and clear cuttings were ranked lowest.

According to Jacobs index, fields were
favoured when K95 was compared to the study
area, whereas coniferous forests, meadows and
clear cuttings were avoided (Table 2). The index
MCP/study area failed to reveal any habitat
preferences. These results were equal to those
obtained with compositional analysis.

Both selection ratios showed that fields were
favoured but the ratio MCP/study area failed to
reveal avoidance of coniferous forests indicated
by the comparison K95/study area (Table 3).

Table 1. Habitat preferences of nine badgers, radio-tracked in southern Finland in 2006-2007, according to compositional
analysis. The ranked habitat sequence and test statistics lambda (1), %>, P and randomised P are given. >>> indicates
a significant difference between the use of two consecutive habitat types. The comparisons, which gave significant results
(randomised P < 0.05) are included. K95 = 95% fixed kernel home range, K50 = 50% fixed kernel home range and MCP

= minimum convex polygon.

Comparison Ranked habitat sequence A e P Rand P
Second order selection:
K95/study area field>pasture>yard>deciduous>mixed>>>meadow>pine>

clear c.>spruce

0.0004 712 <0.001 0.039

Third order selection:
K50/MCP
>spruce>pasture

field>yard>meadow>mixed>clear c.>deciduous>pine

0.000  73.0 <0.001 0.047

Habitat selection within the home
ranges (third order selection)

The picture of third order selection differed
somewhat depending on which of the
core areas or total home ranges we used in
the comparisons but only the comparison
K50/MCP  was  significant  according
to compositional analysis (Table 1).
Fields, yards and meadows were ranked
highest and pastures and coniferous forests
lowest.
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All Jacobs indices, except those based
on location points, indicated that fields were
favoured and spruce forests avoided within
the home ranges (Table 2). The other indices
(points/MCP and points/K95) did not reveal
any habitat preferences.

Also five selection ratios revealed the
preference for fields. The two ratios based
on location points differed from the others
and indicated that pine forests were favoured
(Table 3). The ratio K95 ./K95 failed to

0.35
reveal any habitat preferences.



Table 2. The habitats preferred and avoided by nine badgers, radio-tracked in southern Finland in 2006-2007, according
to Jacobs indices. The habitat was included in the list, when P < 0.05 (the ‘neutral’ value 0 was not within the 95%
confidence limits of the mean Jacobs index for that habitat). K95 = 95% fixed kernel home range, K95 .. = 95% fixed
kernel home range with smoothing parameter 0.35, K75 = 75% fixed kernel home range, K50 = 50% fixed kernel home
range and MCP = minimum convex polygon.

Index Habitats preferred Habitats avoided
Second order selection:
K95/study area field meadow, pine forest, clear cutting, spruce forest

Third order selection:

K50/MCP field spruce forest, pasture
K50/K95 field spruce forest, pasture
K75/MCP field clear cutting, spruce forest
K75/K95 field spruce forest, pasture
K95,,/MCP field spruce forest

K95,./K95 field spruce forest, pasture

Table 3. The habitats preferred and avoided by nine badgers, radio-tracked in southern Finland in 2006-2007, according
to selection ratios. The habitat was included in the list, when P < 0.05 (the ‘neutral’ value 1 was not within the 95%
confidence limits of the mean selection ratio for that habitat). K95 = 95% fixed kernel home range, K95 .. = 95% fixed
kernel home range with smoothing parameter 0.35, K75 = 75% fixed kernel home range, K50 = 50% fixed kernel home
range and MCP = minimum convex polygon.

Index Habitats preferred Habitats avoided

Second order selection:
K95/study area field
MCP/study area field

meadow, pine forest, clear cutting, spruce forest

meadow, clear cutting

Third order selection:

K50/MCP field
K50/K95 field pasture
K75/MCP field clear cutting, spruce forest
K75/K95 field spruce forest, pasture
Points/MCP pine forest pasture
Points/K95 pine forest pasture
K95,./MCP field
Discussion home range probably is the most accurate

estimator of the area the animal uses during its
normal activities (Worton 1989). Using K95
also excludes some outliers, such as the worst
location errors.

Selecting the total home range for
habitat analysis

When studying second order selection, using
K95 reveals better than MCP the habitats the
animal selects from the landscape, because the
habitat composition of MCP differed less than
that of K95 from the habitat composition of the
whole study area (Fig. 1). Furthermore, Kernel
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However, MCP may reflect more neutrally
than K95 the area available for an individual,
because it covers roughly the area where the
animal has moved but does not weigh any sub-
areas inside it, i.e. there is no indication of the
intensity of range use (Harris et al. 1990). K95
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gives a better picture of range use, especially
if the range use is patchy, and therefore its
habitat composition resembles those of core
areas. Consequently, when third order habitat
selection was studied only the comparison
K50/MCP gave a significant result according to
compositional analysis. It can be assumed that
the habitat use of an animal is never random. All
animals prefer some habitats to other habitats
(e.g. Samuel et al. 1985, Harris et al. 1990). The
comparisons, which do not reveal any habitat
preferences, are thus unlikely to be the best.
Therefore, when studying third order habitat
selection, it is better to use MCP instead of K95
as the total home range to which the habitat
composition of the core area is compared.
However, Jacobs index and selection
ratio revealed similar preferences (third order
selection) irrespective of the total home range
used. Thus, depending on the method, also K95
can sometimes be used as the total home range.

Selecting the core area for habitat
analysis

Choosing the right core area is important in
habitat selection studies, because the habitat
compositions tended to differ to some extent
between the core areas. For instance, the
proportions of fields and coniferous forests,
two abundant habitat types, were not equal
in different core areas. As stated above, only
the comparison between K50 and MCP gave
a significant result of third order habitat
selection according to compositional analysis.
It thus seems that choosing a small core area,
such as K50, probably reveals better than
a larger core area the habitat preferences
within the home range. However, all core areas
revealed the preference for fields, when Jacobs
index or selection ratio was used. It thus seems
that compositional analysis is more sensitive as
to the core area used in the comparisons.

If there were large data and no location
error, the distribution of location points in
different habitats would reveal the most
favoured habitats. But when data are limited,
there is some location error, and habitat patches
are small, the use of single location points may
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give erroneous results (Kauhala & Tiilikainen
2002, Kauhala & Holmala 2007). In the present
study, location points either did not reveal
any habitat preferences or revealed different
preferences than when kernel core areas were
used in the analyses. The use of a kernel core
area results in a more truthful picture of habitat
use.

Selecting the best method

Compositional analysis compares the use of
each habitat to the use of all other habitats
and should thus give more reliable results than
simple selection ratios (% used / % available).
Compositional analysis takes into account
the fact that the use of a certain habitat is not
independent of the use of other habitats: for
instance, if an animal is in the field, it cannot
be at the same time in the forest (Aebischer
et al. 1993). Compositional analysis ranks the
habitat types in order of relative use. However,
compositional analysis can be used only, if
the number of individuals is at least equal to
the number of habitat classes and in no case
smaller than six. Furthermore, the number of
locations per animal should not vary widely.
If the number of individuals is too small for
compositional analysis, Jacobs index (Jacobs
1974) should be used. In the present study
the results for both second and third order
selection (K95/study area and KS50/MCP)
obtained by using Jacobs index were equal
to those obtained by using compositional
analysis. Furthermore, if the aim is to study
whether the use of a certain habitat type
differs from random use, Jacobs index can be
used to add information to that obtained by
using compositional analysis (Revilla et al.
2000). Also, if one aims to compare habitat
preferences with environmental variables,
such as food availability, then the use of the
Jacobs index is a good solution (Revilla et al.
2000).

Drygala et al. (2008) used Jacobs index
in their study of raccoon dogs (Nyctereutes
procyonoides) in Germany. According to their
study, raccoon dogs used all habitat types
opportunistically and Jacobs index was almost



neutral for most habitat types. The animals
avoided some habitats (open farmland,
meadows and settlements) but did not favour
(significantly) any habitat. Thisis anunexpected
result, because all animals certainly have some
habitat preferences. The result may be due to
the fact that they compared location points to
K95, because the use of location points failed
to reveal habitat preferences also in our study.

Selection ratio failed to reveal the
avoidance of spruce forests and pastures
when K50 was compared to MCP, although
the comparison K50/MCP gave the most
significant result according to compositional
analysis. However, Jacobs index, selection
ratio and compositional analysis gave similar
results, when K95 was compared to the study
area. Thus, also the selection ratio may reveal
the habitat selection in some cases.
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