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Abstract Solid understanding of species’ range and local
population densities is important for successful wildlife
management and research. Specific behavioral and ecolog-
ical characteristics make brown bear Ursus arctos a difficult
species to study. We present a map of range and local
population densities of brown bears in Slovenia, made with
the use of a new approach similar to voting classifications
based on a combination of four datasets: Global Positioning
System telemetry data, records of bear removals, systematic
and opportunistic direct observations and signs of bear
presence, and noninvasive genetic samples. Results indicate
that the majority of bears in Slovenia live in Dinaric
Mountains in the southern part of the country where local
bear population densities exceed 40 bears/100 km2. This is
one of the highest population densities reported so far for
this species worldwide. Population densities decrease to-
wards the north (Alpine region) and are very low along the
border with Italy and Austria where almost no females are
present. This explains slow past and present expansion of
this transboundary bear population into the Alps and should
be considered in future bear re-colonization management
strategies. Results also showed that data from observations
and removals overestimate bear population densities at low
values, while mortality and genetic data overestimate popu-
lation densities in areas with more people. Nevertheless, all
data types appeared useful for describing the general bear
distribution patterns. Similar approach could be applied to

studies of other charismatic or game species, for which
several types of data are often available.

Keywords Brown bear . Distribution . Map . Population
density . Slovenia . Voting classifications

Introduction

Distribution of wildlife species is an important population
parameter reflecting several aspects of species’ ecology and
environmental characteristics, such as availability and use of
food and other resources, adaptability to climate, social orga-
nization, mating system, dispersal patterns, effects of preda-
tors, and other inter– and intraspecific interactions, as well as
past and present management regimes (e.g., Kobler and
Adamič 2000; Krebs 2009). This makes understanding of
the distribution of species important for efficient wildlife
management and research.

Distribution of wildlife species is often represented by map
of species’ range and/or map of species’ local population
density. Several types of data are used to estimate range and
local population densities, for example, direct observations,
telemetry, remote sensing, indirect signs of presence, and
removal data (e.g., Krebs 2009). Various methods are applied
to analyze these data, including classifications, regressions,
ordinations, kriging, and other methods of data spatial interpo-
lation and smoothing (e.g., Guisan and Zimmermann 2000).
Selection of the data and methods depends on the detectability,
abundance, mobility, and distribution of individuals, as well as
on the size of the study area, scale of the monitoring, purpose
behind the preparation of the maps, and funds available for
data collection.

Brown bear Ursus arctos is a solitary, non-territorial, pro-
miscuous, and polygamous species (Craighead et al. 1995;
Steyaert et al. 2012). Large size and omnivorous foraging

Communicated by A. Aguirre

K. Jerina (*) :M. Krofel : T. Skrbinšek
Biotechnical Faculty, University of Ljubljana, Večna pot 83,
1000, Ljubljana, Slovenia
e-mail: klemen.jerina@bf.uni-lj.si

M. Jonozovič
Slovenia Forest Service, Večna pot 2,
1000, Ljubljana, Slovenia

Eur J Wildl Res (2013) 59:459–467
DOI 10.1007/s10344-013-0690-2

Author's personal copy



behavior cause bears to typically have large home ranges and
occur in low population densities. Home ranges of different
bears are often overlapping. Bears, especially in human-
dominated landscapes, usually exhibit nocturnal and elusive
behavior, spending most of the time in forests and other
densely vegetated habitats (Ordiz et al. 2011). Between life
stages, seasons, and parts of day, bears can move over large
distances and use specific habitats, so local population densi-
ties in a given area can vary between different time periods
(Huber and Roth 1993; Ordiz et al. 2011). These behavioral
and ecological characteristics make the brown bear a difficult
species for determining range and local population densities,
both from the methodological as well as from the financial
perspective. Consequently, such estimates are frequently
made on the basis of subjective expert opinions, as is the case
for all bear distribution maps so far produced for Slovenia and
majority of other European countries (but see Swenson et al.
1998). Such distribution maps, while having some merit, do
not allow for error estimates and comparisons between differ-
ent study areas or different time periods.

Slovenia hosts the northwestern part of the Alps–
Dinaric–Pindos brown bear population (Zedrosser et al.
2001). These bears are currently considered the only viable
potential source population for natural re-colonization of the
large part of the Alps (Austria, Italy, Switzerland, Germany,
Slovenia, and Lichtenstein), where bears are today almost
extinct, but where enough suitable habitat exists to support a
viable bear population (Boitani et al. 1999; Güthlin et al.
2011). Solid knowledge of range and local population den-
sities of bears in Slovenia is, therefore, important not only
for bear management at the level of the country but also
from the broader European perspective, as Slovenia is the
strategic key area for re-establishment of a pan-Alpine bear
metapopulation, which is receiving increasing conservation
attention (e.g., Güthlin et al. 2011; Kaczensky et al. 2011).

In this paper, we present a map of range and local
population densities of brown bears in Slovenia based on
four types of data. We developed a new method based on the
voting classifications approach, commonly used in the field
of machine learning (e.g., Bauer and Kohavi 1999;
Hullermeier and Vanderlooy 2010). We also evaluated the
reliability of the results by comparing results (maps) gained
by different types of data and estimated the potential sources
of bias for each of the data types.

Methods

Data used

We prepared range and population density maps from four
types of spatial distribution data of brown bears in Slovenia
as follows:

Global Positioning System telemetry data

We used Global Positioning System (GPS) locations of 33
GPS-collared bears gathered within several projects be-
tween 2005 and 2012 (for details, see Jerina et al. 2012).
To ensure representativeness of the data, we captured bears
in numerous locations systematically distributed throughout
the bear range in Slovenia and from all age groups and both
sexes. The exceptions are bear cubs and yearlings (up to
2 years of age), which were not fitted with GPS collars
because of the problems this might present for the animal
as it grows. The collars were programmed to attempt a GPS
fix every 1–2 h, 24 h per day for 1 year. They were sched-
uled to automatically drop off from the animal after this
period, but the actual duration of monitoring varied due to
bear mortalities and failures of the GPS or drop-off systems.
On average, each bear was monitored for 249 days. In total,
all bears together were monitored for 22.5 bear years, and a
total of 108,425 GPS fixes were collected. Stratified sam-
pling was used to remove bias from the data, which were
caused by differences in the success rate of GPS positioning
affected by different types of bear behavior, vegetation,
terrain topography, and GSM signal coverage (Graves and
Waller 2006; Horne et al. 2007). After application of this
bias removal procedure, 81,328 GPS fixes remained for
downstream analysis.

Removal data

The second dataset were locations of all bears removed from
the population after 1997 (i.e., bears shot, killed in vehicle
collisions, found dead, etc.). According to the national leg-
islation, all detected brown bear mortality in Slovenia must
be recorded, and the data are collected in a database main-
tained by Slovenia Forest Service (Krofel et al. 2012). The
quality of data is strictly controlled as they traditionally
represent an important data source for bear management,
especially for setting of the culling quota. For the 1998 to
2003 period, these data were geo-located only at the hunting
ground level (the average area of a hunting ground in
Slovenia is approximately 50 km2). Since 2003, the exact
coordinates are recorded. For this study, we used locations
of 908 removed bears.

Direct observations from systematic monitoring at feeding
sites and opportunistic observations of bear presence

Since 2003, bear monitoring is conducted at fixed counting
sites in order to monitor trends in population dynamics, birth
rate, proportion of females with cubs, and litter size (Krofel
et al. 2012). This monitoring takes place throughout the
entire bear range where females with cubs are present. The
area is systematically covered with a grid of 165 counting
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sites (usually at supplemental feeding sites) located approx-
imately 3 km apart from each other. The counting is con-
ducted simultaneously at all counting sites three times per
year at predefined dates from 6 p.m. until midnight. All
observed bears are recorded, including their category (cubs
of the year, yearlings, females with cubs, and adult bears),
time of appearance, and specific body or behavioral charac-
teristics. Since 2003, in total, 3,401 bears were recorded
during cumulatively 3,465 counting days.

Sporadically or in low population densities, bears also
occur outside the area included in the systematic monitoring
at feeding sites. To determine relative population densities in
these areas, we used extensive data from opportunistic
records of bear presence (e.g., bear damages on human
property, tracks, and direct observations), which are de-
scribed in detail in Jerina and Adamič (2008).

Noninvasive genetic samples

An intensive noninvasive genetic survey was conducted in
2007, with the aim to get the best possible estimate of the
bear population size in Slovenia (Skrbinšek et al. 2008). The
sampling was organized in the Dinaric part of the bear range
in Slovenia, where the majority of bears occur, but it also
included pre-Alpine areas towards the west of the country
where bears appear sporadically. Collection of scats was
conducted from 7th of September until 30th of November
by over a thousand volunteers, mainly the members of local
hunting clubs, professional hunters, and foresters (employ-
ees of the Slovenia Forest Service). Genotyping was per-
formed using 12 polymorphic microsatellite loci and a sex-
determination locus, with strict contamination prevention
and data quality controls (Skrbinšek et al. 2009). In total,
1,057 noninvasive samples were collected, of which 931
were successfully genotyped, and 354 different bears were
identified (Skrbinšek et al. 2008). Locations of most sam-
ples were recorded in a 1×1-km square grid (national grid
for monitoring of ungulates; Adamič and Jerina 2010), and
some samples had exact coordinates recorded. A small
number of samples (61) were geo-located only at level of
the hunting ground where they were found, and we excluded
them from analysis.

Data analysis

For each dataset, we produced a GIS layer of relative bear
population densities with a 1×1-km grid size covering entire
Slovenia. These layers formed a basis for the final map and
evaluation of its quality. Preparation and analysis of the
spatial data were done with Idrisi 32 (Clark Labs, the
Idrisi Project, Worcester, Massachusetts, USA) and ArcGis
9.3 (Esri, Inc., Redlands, California, USA).

The map of bear population densities from telemetry data
was produced by summing all GPS fixes of all bears within
each grid cell. Locations were weighed so that the sum of
weighted locations was the same for each month and for
each bear. In this manner, we adjusted the collected data for
the differences in intensity of telemetry monitoring among
bears. We have smoothed the resulting map with a 3×3-km
mean filter, removed all the cells outside the country border,
and relativized population density values so that the sum of
values over entire Slovenia equalled 100.

The removal data were separated into lower precision
(only name of the hunting ground available) and higher
precision records (exact coordinates available). With the
lower precision data, we calculated relative population den-
sities for each hunting ground, using only the areas covered
with forests as bears in our landscapes rarely use open
habitats (Jerina et al. 2003). For the higher precision data,
we calculated frequencies of the removal records for each
1×1-km cell and then smoothed them with a 3×3-km aver-
age filter. This filter size corresponds to the daily movement
distances of brown bears in Slovenia (Jerina et al. 2012). For
each grid cell, we then summed the data from both maps and
relativized population density values as described for the
telemetry data.

For analysis of data from the systematic counting of
bears, we assumed that during the monitoring the bears lived
around the counting site where they were observed and that
the number of observed bears at each site is directly related
the local bear population density. We produced Voronoi
polygon for each counting site, calculated its area, and
determined the average relative population density of ob-
served bears for this area. Relative population densities for
regions not covered with counting sites were calculated
from opportunistic observations of bear presence (for the
latter, the population densities were calibrated with use of
the areas that were also covered by the systematic counting
sites). Final map was smoothed with a 3×3-km average
filter and relativized so that the sum of values over
Slovenia equalled 100.

The same procedures were applied for the genetic sam-
ples as for the telemetry data. Scats of some bears were
found at numerous times, sometimes over a large area,
indicating that individuals were not sampled homogenously.
We weighted individuals in regard to the number of samples
collected for each individual. A weigh equal to the inverse
value of the square root of the number of collected samples
of an individual (1/√n) was arbitrarily attributed to each
location.

We expected each of the four produced maps to have its
own advantages and weaknesses—for example, monitoring
from counting sites should likely do a good job describing
relative bear population densities at a larger scale but suffer
from poor small-scale accuracy, while the opposite is
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probably true for the telemetry data. According to the sta-
tistical law of large numbers, the mean errors are decreasing
with increasing number of experiments. Extreme values can
be caused by an inherent weakness of a sampling method.
To avoid this, we extracted cell density values from all four
sets of data and ranked these values for each cell. We
removed the highest and the lowest value and calculated
average from the two in the middle for each cell. Similar
approach is regularly applied in machine learning methods
and is known as voting classifications (e.g., Bauer and
Kohavi 1999; Hullermeier and Vanderlooy 2010). It is based
on the assumption that the most correct estimate is the one
that is predicted by the largest number of different methods
(in our case, the largest number of datasets). This approach
generally produces results that are superior compared to the
analysis based on a single method/dataset (Bauer and
Kohavi 1999; Hullermeier and Vanderlooy 2010). We
smoothed the resulting map with a 3×3-km average filter
and calculated basic statistics from the final map with dif-
ferent bear population density thresholds.

We used parametric and nonparametric correlation anal-
ysis (Statistica 8.0; StatSoft, Inc., Tulsa, USA) to estimate
agreement between the four datasets and, thus, the reliability
of the final map. This was performed only for the grid cells
in which bears were present according to at least one of the
four data sources; otherwise, correlation between the maps
would be overestimated, as it would also include large areas
in the part of the country with no bear presence where all
maps would agree perfectly.

To evaluate the reliability for each of the four data types,
we also analyzed how the densities determined from a given
data type change in relation to the population densities
determined from all data using voting classifications ap-
proach (hereafter, final population densities) throughout
the entire population density gradient. For this purpose, we
used values from the map with final population densities for
all pixels with value of >0, arranged them in lowest-to-
highest order, and grouped them in 20 classes, so that
relative cumulative frequency for each class was 5 %. We
then calculated for each data type and all classes an arith-
metic mean and standard deviation. Results are shown in
four graphs with final population densities on x-axis and
means with standard deviations for a given data type on y-
axis (Fig. 3). If deviations (for each data type) in the gradi-
ent of final population densities are random, the mathemat-
ical expectation of x–y pairs of mean values should be equal
in each class (graphs would be linear, y=x). Larger system-
atic deviations from linearity would, on the other hand,
indicate bias for a given data type.

For easier comparison and visual detection of strengths
and weaknesses for each type of data, we also prepared
maps of local population densities for each dataset
(Fig. 2). For better comparison, we used the same thresholds

for 20 classes for all four datasets as explained above and
removed all pixels with value 0.

To estimate absolute densities of brown bears in
Slovenia, we joined data from relative densities (this study)
and absolute population size for Slovenia, estimated during
the mentioned genetic capture–mark–recapture study in
2007 (Skrbinšek et al. 2008). Population size was estimated
at 434 individuals (95 % CI from 394 to 475) in December
2007, i.e., after finished cull of 108 bears in 2007 and before
the next reproduction. Therefore, we used 500 bears as
population size for further calculations.

Results

Local bear population densities vary considerably between
different parts of the country (Fig. 1). Areas of the higher
bear population densities are in the south-central part of the
country, with highest values at high-karst plateaus in Dinaric
Mountain Range. Bear population densities decrease to-
wards the north (Alpine region) and are very low along the
border with Italy and Austria.

When all areas with presence of bears are included, bears
occur on 8,987 km2 or 45 % of Slovenian territory. Ninety-
five percent of all bears live in an area of 3,855 km2 or 19% of
the Slovenian territory (i.e., areas with bear population densi-
ties over 2 bears/100 km2; on average, 13 bears/100 km2). The
highest bear population densities amount to over 40
bears/100 km2. However, such areas are relatively small and
fragmented.

All four datasets produced similar results and agreed with
the final map (Figs. 1 and 2). Nonparametric correlation
coefficients between the four maps produced by different
datasets and between the map with final population densities
are between 0.72 and 0.78 (parametric correlation coeffi-
cients are between 0.75 and 0.80; Table 1). The highest
correlation was estimated for the map based on the GPS
telemetry data, followed by the map from genetic samples.
Analysis of deviations from final population densities along
the population density gradient indicated that data from
removals and observations overestimate bear population
density when it is low and underestimate it when the pop-
ulation density is high (Fig. 3). Removal and genetic data
gave higher population density values than final densities
for areas with higher density of human population (e.g., area
between Kočevje, Ribnica, and Sodražica; Fig. 2).

Discussion

We used four unrelated data sources to produce relative
local population density maps. Since a reliable abundance
estimate was available for the studied population, we also
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estimated absolute local population densities. All sampling
approaches provided useful results that showed reasonably
high agreement. We believe that the final map provides a
useful estimation of range and local population densities of
brown bears in Slovenia with sufficient precision for man-
agement and research.

Bear population densities in core areas exceed 40
bears/100 km2, and in the region that supports 95 % of all
Slovenian bears, the average density is 13 bears/100 km2.
Similar densities as we observed in Slovenia could probably
also be expected in the neighboring parts of the population in
Croatia. These are one of the highest population densities
recorded so far for the brown bear in Europe and other parts
of the world. For example, in Europe, brown bear population
densities were estimated to be 1.1–2.9 bears/100 km2 in
Scandinavia (Støen et al. 2006), 3 bears/100 km2 in the
Italian Alps (Groff et al. 2012), 5–11 bears/100 km2 in
Slovakia (Rigg and Adamec 2007), and on average, 9 and,
locally, over 20 bears/100 km2 in Romania (MAPDR and
MMGA2005). In North America, bear densities usually range
between 0.3 to 8.0 bears/100 km2 (McLellan 1989; Wielgus
and Bunnell 1994;Mace andWaller 1998; Kendall et al. 2008,
2009).

High bear population densities in Slovenia could be a
consequence of high natural carrying capacity (e.g., short
winters and long vegetation period), successful conservation

management (Jerina and Adamič 2008), and possibly also of
very intensive supplemental feeding. The latter could explain
the extremely high local densities we detected in some areas,
as feeding sites provide a rich food source. Supplemental
feeding of bears and wild ungulates has a long tradition in
Slovenia and has been practiced in some areas for more than a
century (Jerina 2012). High-energy supplemental feed, espe-
cially corn, is available to bears year-round and in high quan-
tities (on average, 12,500 kg/100 km2 per year) at numerous
regularly maintained feeding sites (on average, 19 feeding
sites/100 km2). This supplemental feed represents approxi-
mately 35 % of annual dietary energy requirements for brown
bears in Slovenia; bears spend 12.1 % of their active time at
feeding sites and are there able to gain 3.9 times more energy
per time unit as compared to surrounding natural habitats
(Kavčič et al. 2011).

Population densities of bears in Slovenia are the highest in
the Dinaric Mountain Range (southern Slovenia) and quickly
decrease towards the north.We can explain this distribution of
the species as a function of habitat characteristics (Jerina et al.
2003) and past management regimes. By the late nineteenth
century, brown bears were nearly extirpated in Slovenia, with
only 30–40 bears remaining in the south of the country
(Simonič 1994). In 1966, the Core Bear Protective Area was
established within the Dinaric Range, where bear hunting was
strictly regulated (Simonič 1994). In contrast, bears outside

Fig. 1 Map of distribution and local population densities of brown
bears U. arctos in Slovenia produced using four data types (telemetry,
removals, direct observations, and genetic samples). Density values are

grouped into 20 classes, each representing 5 % of cumulative relative
density with darker areas indicating higher density. Maximum popu-
lation densities are over 40 bears/100 km2

Eur J Wildl Res (2013) 59:459–467 463

Author's personal copy



this area were unprotected and experienced higher harvest
rates until 1994 (Jerina et al. 2003; Krofel et al. 2012). A
spatial expansion of the population occurred over the last
two decades, but the male-biased dispersal made the pro-
cess slow (Jerina and Adamič 2008). Currently, only few
bears live in the Alpine region along the border with
Austria and Italy (Skrbinšek et al. 2008; Kaczensky et
al. 2011). They are almost exclusively males with large
home ranges, and during the mating season, many of them
return to the core area in search of females to mate with
(Krofel et al. 2010).

In the western part of the country, the Dinaric Mountain
Range meets the Eastern Alps. The Alps provides large
areas of suitable brown bear habitat that could support a
viable bear population (Boitani et al. 1999; Güthlin et al.

2011). However, the only bears currently living in the Alps
are a small reintroduced population in Trentino (33–36 bears
in 2011; Groff et al. 2012) and few dispersers from the core
area in Slovenia (Kaczensky et al. 2011). In the past two
decades, there were several initiatives from Italy, Austria,
and Slovenia to establish a pan-Alpine brown bear metapo-
pulation (e.g., Preatoni et al. 2005; Kaczensky et al. 2011).
Since direct reintroductions are expensive, often require
complicated administrative procedures, and are frequently
meet with low public support (Clark et al. 2002; Clark
2009), a natural expansion of the bear population from
Slovenian was usually regarded as the most convenient
way for the bear re-colonization of the Alps (Adamič
1992; Jerina and Adamič 2008). Consequently, it was often
proposed that bear management in Slovenia should change

Fig. 2 Maps of distribution and local population densities of brown
bears U. arctos in Slovenia produced with four different data types:
telemetry (a), removals (b), direct observations (c), and genetic

samples (d). Density values are grouped in 20 classes, each represent-
ing 5 % of cumulative relative density with darker areas indicating
higher density

Table 1 Nonparametric and
parametric correlation coeffi-
cients between the maps of
brown bear population densities
produced using the four different
data types and the final map

Removal data Direct
observations

Genetic
samples

Final
(Spearman R)

Final (r)

Telemetry 0.62 0.67 0.69 0.75 0.80

Removal data 0.65 0.70 0.78 0.75

Direct observations 0.67 0.77 0.75

Genetic samples 0.72 0.77
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to promote this expansion (Kaczensky et al. 2011).
However, the extent of changes needed in bear management
in Slovenia to achieve this was unknown so far. The map
produced, in the present study, indicates that the bear pop-
ulation in Slovenia should probably grow and expand con-
siderably to achieve any substantial expansion of females.
Considering the high potential for conflicts between this
species and humans, this should be preceded by a significant
improvement of conflict prevention measures and done with
intensive communication and in agreement with the local
residents (sensu Bath and Buchanan 1989).

Among the types of data used in this study, it appears that
in general, telemetry and noninvasive genetic data provide
superior results, while data from direct observations and
removals perform somewhat poorer. However, discrepan-
cies are small for all four datasets, indicating that all four
explored types of data can be used to obtain at least a rough
estimate of the bear distribution. We can expect the perfor-
mance of each individual data type to primarily depend on
the intensity of data collection and study design.

The observation that telemetry data provided the best
results might be unexpected considering of sample size of
33 animals. However, it should be noted that Slovenia is a
small country from the perspective of a brown bear. Average
bear home range in Slovenia is 350 km2 (Jerina et al. 2012);
the total area of bears monitored using GPS telemetry sums
to 11,550 km2, which is considerably more than the entire
bear range in Slovenia. If this ratio between the size of the
study area and the number of monitored animals was larger,
the method would likely decrease in its utility.

Data from direct observations, and especially the removal
data, seem to overestimate bear densities when the densities
are low and vice versa. For direct observations, this might be
a consequence of intraspecific interactions among bears
visiting feeding sites, where the majority of these data were
obtained. We can assume that at low population densities,
nearly all bears have access to feeding sites, while at high
densities, the less dominant individuals and females with
cubs, which are vulnerable to infanticide, could be avoiding
sites (sensu Wielgus and Bunnell 2000). The observed

Fig. 3 Density estimates (means with standard deviations) for each of
four different types of data in comparison with population densities
estimated with combination of all data types: telemetry (a), removals

(b), direct observations (c), and genetic samples (d). Dashed lines
represent expected values (y=x)
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higher relative removal rates of bears in areas with lower
population densities could be explained by lower tolerance
of local people that are not used to having bears around
(e.g., Boitani 1995; Bath and Majić 2001; but see
Kaczensky et al. 2004). This can result in an increased
pressure on managers to remove bears that are perceived
as being conflict bears. The latter is indicated by the higher
proportion of management removals among all recorded
bear mortality outside the core area (24 %), compared to
the entire bear range in Slovenia (18 %; Krofel et al. 2012).

Estimated population densities from noninvasive genetic
data and removals are probably overestimated in areas with
more people. For removals, this bias could be explained by
higher mortalities around human settlements that are
connected with management removals of conflict bears as
human–bear conflicts typically take place at such areas. For
noninvasive genetic data, bias is likely because of different
field coverages by people, which was higher around human
settlements since sampling was done by volunteers that
were mainly local residents. A similar observation was
made in a study from Scandinavia, which showed that
records on bear presence are more frequently reported in
areas with more people (Solberg et al. 2006).

For some wildlife species, especially charismatic and
game animals, there are often intensive monitoring efforts
that collect various types of presence data (e.g., harvest
records, direct observations, genetic samples, vocalizations,
signs of feeding, tracks in snow or sand, and other signs of
presence; Mech and Boitani 2003; Apollonio et al. 2010).
All these data have limitations when used on their own, with
errors and possible biases that are frequently difficult to
quantify. We showed that when several types of such data
are available, they can be efficiently combined to produce
reliable, data-based maps of a species distribution, and rel-
ative local population densities, which can be converted to
absolute population densities if abundance data are available
for the population.
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