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Abstract
The main objective of our study was to analyse how different bumblebee species are influenced by the presence of
forest habitats in the surrounding landscape. The local abundance of bumblebee species was studied in 22 semi-natural meadows
located in Northeast Estonia. The proportion of forest cover and brushwood cover, the mean patch area of forest and the
edge density of forest were calculated at four spatial scales (i.e., radii of 250 m, 500 m, 1000 m and 2000 m). In total, we
found 597 individuals of bumblebees belonging to 24 species (gen. Bombus), including five species of cuckoo bumblebees
(subgen. Psithyrus). Our study shows that some bumblebee species seem to have different preferences in terms of the structure
of the landscape. Some species may benefit from a heterogeneous landscape with a high proportion of forest habitats (e.g.,
B. schrencki), whereas others seem to prefer open areas (e.g., B. veteranus). We also found that some bumblebee species
that have large foraging distances (e.g., B. terrestris) seem to be negatively affected by forest, as the presence of a high
quantity of forest patches in the surrounding landscape could narrow their foraging area. The joint effects of the set of
landscape variables related with forests appear to be important for some bumblebee species, specially, but not only, at the
largest spatial scale. Overall, our results indicate that the presence of forest is very important for bumblebees, even for
some species that prefer open areas, as forest habitats and edges may offer overwintering sites and nesting places for them.
In countries like Estonia, where forests are widely distributed and represent a relevant part of the landscape mosaic, this
type of habitat should be preserved if conservation of biodiversity is desired. In addition, conservation efforts targeting
particular species of bumblebees should consider the landscape preferences of the species under study, and these efforts
should aim to maintain the habitat types that are suitable for most bumblebee species.
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Introduction
Bees are considered a vital element of global biodiversity and an important pollinator group in agroecosystems. Their activities support both crops and
the diversity of wild plants (Sepp et al. 2004, Goulson
et al. 2006, Rundlöf et al. 2008, Knight et al. 2009, Potts
et al. 2010). However, mainly due to the intensification of farming practices in agriculture, bumblebees and
other pollinators are at risk (Mänd et al. 2002, Goulson et al. 2006, Holzschuh et al. 2008, Xie et al. 2008).
The decline of pollinators, particularly bees, has
been widely recognised based on evidence from many
countries worldwide (Mänd et al. 2002, Kells and Goulson 2003, Goulson et al. 2006, Williams and Osborne
2009, Potts et al. 2010). Bumblebees are considered the
best-documented group in the existing literature on the
topic (Potts et al. 2010). However, according to Goul2011, Vol. 17, No. 2 (33)

son et al. (2006), very little is known about the habitat requirements of bumblebees. Many bumblebee
species in Europe and North America have declined
and become extinct at local levels, whereas other species are still common and widely distributed (Ahrné
et al. 2009). The causes of these differences in response are not clear, but they appear to involve particular characteristics of single species such as diet
and foraging distances (Ahrné et al. 2009). Williams
(2005) suggested that some species have more specific habitat, but Goulson et al. (2006) argued that
bumblebees are generally not habitat specialists because all the bumblebee species that they studied were
found in more than one biotope; moreover, most species were found across a broad range of biotopes.
However, data from monitoring in Finland have shown
that some species prefer particular types of habitats
(Söderman 1999). According to Goulson et al. (2011),
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bumblebees have been well-studied in modern agricultural landscapes of Western Europe, the United Kingdom, Asia and North America. These areas usually
consist of large monoculture fields separated by field
margins and patches of woodlands. However, very little is known about the distribution and ecology of
bumblebees elsewhere. It seems important to study
the associations between bumblebee species and landscape-scale factors, particularly in areas that have
mosaic landscapes with high proportions of forest and
natural habitats. In addition, Jones (2011) argues that
the abundance and distribution of species are impacted
by processes that occur at multiple spatial scales. For
this reason, multiple-scale studies are currently needed (Jones 2011). Generally, bumblebees are studied in
regions having warmer climates and open landscapes.
Therefore, studies conducted on bumblebee populations on the northern areas and in more forested landscapes are of great interest.
Different kinds of relationships have been found
between forest cover and bees: e.g., Taki et al. (2007)
found that bee abundance and species richness were
positively related to forest cover (at a radius of
750 m), whereas Winfree et al. (2007) found negative
relationships between similar variables (at a radius of
1600 m). Other authors have found differences in the
behaviour between some species of bumblebees. There
is the case of B. pascuorum and B. terrestris that were
studied by Kreyer et al. (2004); they found that although forest cover did not represent a barrier for both
species, B. terrestris seems to prefer open landscapes.
However, there is still little knowledge about the influence of forest on bumblebees and species-specific
studies are currently needed (Kreyer et al. 2004). Estonia is a country with a landscape dominated by forest; for this reason, it is important to know how this
land cover type influences bumblebees and whether
forest could serve as a potential habitat for some
bumblebee species.
We analysed how the local abundance of different bumblebee species is influenced by the presence
of forest cover in the surrounding landscape. Our
study was carried out in Northeast Estonia, where
forests dominate the landscape. Our main objective
was to study the relationships of every single species
of bumblebees to a set of landscape variables related
to forest and calculated at various spatial scales. In
addition, we performed multiple regression analysis for
each bumblebee species with more than 20 individuals using the landscape variables at different spatial
scales as predictors; this was done to explain the joint
effects of the landscape variables on the abundance
of individual species.
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Materials and methods
Study area
Our research was carried out in Ida-Virumaa County, Northeast Estonia. The total area of the county is
336,400 ha, approximately 7.4% of the total area of
Estonia. The landscape in the region is generally dominated by forests, which occupy an area of 195,245 ha
(approximately 58% of the total area of Ida-Virumaa).
The region is also covered to a lesser extent by brushwoods having a total area of 21,701 ha (approximately
6.5% of the area of the county). The most common
types of forests in the study area are coniferous and
mixed and are dominated by pines and spruce trees.
We selected 22 semi-natural meadows in the region as
study sites. The areas of these meadows range from
0.10 to 3.83 ha.
Survey
Field work was done in 2008 and 2009, during June,
July and August, the warmest months of the year. The
visits were made twice each year. The first visit was
made in early summer in June and the second in late
summer, during the end of July or at the beginning of
August. We used a systematic walking survey to count
bumblebees (Kumar et al. 2009). The counting of individuals and identification of bumblebee species were
done by sight, mainly on the wing or by the colour of
the bumblebee when they were standing on the flowers. When the observer could not identify the bumblebee species on site, some individuals were captured
with an insect net for later identification in the laboratory. The surveys took approximately 45 min or more
per visit per study site, until all the species present
in the site were recorded. Our method was based on
Goulson et al. (2006). Individuals and species of bumblebees were counted between 10:00 h and 16:00 h
when the weather conditions were appropriate (i.e.,
temperature more than 18ºC and wind speed less than
5 by the Beaufort scale). Our source for the nomenclature of bumblebees was the Fauna Europaea Web
Service (2004). The average air temperature in Ida-Virumaa County during summer (including June, July and
August) was a bit higher in 2009 than in 2008 (15.1ºC
and 14.9ºC, respectively).
Proportion of forest and brushwood
We determined the percentage of forest cover and
brushwood cover within a radius of 250 m, 500 m, 1000
m and 2000 m around the centre of each study site.
The forest cover in our study region is mainly composed of managed mixed forest; birches, pines and
spruces are among the dominant trees. The brushwood cover is characterized by the presence of deISSN 1392-1355
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ciduous trees, woody seedlings, shrubs and young
trees, primarily willows, maples, birches, among others, which have become established on abandoned
agricultural land, in overgrown meadows or in forest
clearings. Calculations were performed using the digital Estonian Basic Map at a scale of 1:10,000 provided by the Estonian Land Board. We used the software ArcGIS 9.3.
Landscape indices
In addition to the proportion of forest and brushwood, we used two Fragstats indices in our study:
mean patch area of forest (AREA_MN) and edge density of forest (ED). AREA_MN equals the sum, across
all patches of the corresponding patch type (here,
forest) of the area of the patches, divided by the total
number of patches of the same type (McGarigal et al.
2002). We used mean patch size because it gives
information about the size of the patches and the
number of patches at the same time. ED equals the sum
of the lengths of all edge segments involving the corresponding patch type, divided by the total landscape
area and multiplied by 10,000 (to convert to hectares)
(McGarigal et al. 2002). These variables were also calculated at four spatial scales, i.e., radii of 250 m, 500
m, 1000 m and 2000 m. We used the software Fragstats,
version 3.3.
Statistical analysis
Data on bumblebees were collected during two
years, but we used the total numbers of species and
individuals in our analyses. Spearman rank order correlation analysis was applied to describe the relationships between the landscape variables (i.e., proportion
of forest, proportion of brushwood, mean patch area
of forest and edge density of forest) at various spatial scales (at radii of 250 m, 500 m, 1000 m and 2000
m) and local abundance of different bumblebee species. For each landscape variable and species combination the scale corresponding to the strongest relationship was selected and the statistical significance
of the selected relationships was tested, considering
24 tests (one for every species) performed with a single landscape variable (at the most suitable scale) and
the species abundance as one experiment, and applying the Benjamini-Hochberg correction to the p values. The relationships with corrected p value < 0.05
were considered statistically significant. When the
correlation coefficient (r s) was between 0.0 and ±0.3,
the correlation was considered to be weak; when r s
was between ±0.3 and ±0.6, the correlation was medium; and when r s was between ±0.6 and ±1, the correlation was strong. Additionally, multiple regression
analysis was performed to study the joint effect of the
2011, Vol. 17, No. 2 (33)
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four landscape variables at different scales on the local
abundance of individual species, using only the bumblebee species with more than 20 individuals. STATISTICA 9 software was used for all the statistical analyses.

Results
Local abundance of bumblebee species
A total of 24 species of bumblebees (gen. Bombus),
including five species of cuckoo bumblebees (subgen.
Psithyrus), were found in Ida-Virumaa. Currently, 29
species of bumblebees, including seven species of
cuckoo bumblebees, occur in Estonia. The total number
of individuals recorded was 597, including 150 males,
84 queens and 363 workers. The bumblebee species
with the highest number of individuals were B. pascuorum, B. lucorum and B. ruderarius with 140, 70 and 58
individuals, respectively. In contrast, B. muscorum and
B. distinguendus were the bumblebee species having
the lowest abundance (Table 1).
Table 1. Total number of individuals of bumblebees per species found in 2008 and 2009
Number of
individuals
2008
2009

Species
Bombus cryptarum (Fabr.)

13

11

Bombus distinguendus Morawitz

1

0

Bombus hortorum (L.)

5

6

Bombus hypnorum (L.)

3

6

Bombus jonellus (Kirby)

2

16

Bombus lapidarius (L.)

5

21

Bombus lucorum (L.)

18

52

Bombus muscorum (L.)

1

0

Bombus pascuorum (Scopoli)

70

70

Bombus pratorum (L.)

6

9

Bombus ruderarius (Müller)

26

32

Bombus semenoviellus Skorikov

0

7

Bombus schrencki Morawitz

6

10

Bombus soroeensis ssp. Soroeensis (Fabr.)

9

5

Bombus soroeensis ssp. Proteus (Fabr.)

1

15

Bombus soroeensis ssp. soroeensis x proteus (Fabr.)

8

13

Bombus sylvarum (L.)

5

13

Bombus terrestris (L.)

2

16

Bombus veteranus (Fabr.)

3

24

Psithyrus bohemicus Seidl.

6

27

Psithyrus campestris (Panzer)

3

13

Psithyrus norvegicus (Sparre-Schneider)

3

8

Psithyrus rupestris (Fabr.)

9

9

Psithyrus sylvestris (Lep.)

2

7

Total

207

390

Average per meadow

9.41

17.73

Standard error

0.90

1.87
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Relations between bumblebees and proportion
of forest
We found that two species of cuckoo bumblebees
have medium positive correlations with the proportion
of forest: P. bohemicus and P. norvegicus at 250 m
(r s = 0.54, p = 0.04; r s = 0.57, p = 0.04, respectively).
Among the bumblebee species known to prefer forest
and forest margins, we found that B. schrencki was
positively associated with the proportion of forest at
500 m (r s = 0.58, p = 0.04). In addition, the most abundant species in the study area, B. pascuorum , was
medium positively correlated with this variable at 250
m, but the relationship was nearly statistically significant (r s = 0.49, p = 0.07).
In contrast, negative correlations were found between some species of bumblebees and the proportion
of forest. B. veteranus and B. terrestris, both species
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have negative relationships with the proportion of
forest in a similar progressive trend, i.e., the larger the
spatial scale, the stronger the relationship between the
variables (Figure 1); the strongest relationship was
found at the spatial scale of 2000 m (in the case of B.
veteranus, r s = -0.63, p = 0.03; and in the case of B.
terrestris, r s = -0.55, p = 0.04). On the contrary, B.
ruderarius and B. lapidarius had nearly significant
negative correlations with the proportion of forest at
the smallest spatial scale, i.e., 250 m (r s = -0.46, p =
0.09; r s = -0.50, p = 0.06, respectively).
Relations between bumblebees and proportion
of brushwood
We found a medium positive correlation between
B. schrencki and the proportion of brushwood at a
large spatial scale (at 1000 m, r s = 0.60, p = 0.03). B.

Figure 1. Relationships between the local abundance of bumblebee species and the studied landscape characteristics at
various spatial scales based on the Spearman rank correlation coefficients (r s). The width of the circle indicates the strength
of the relationship (the bigger the circle, the stronger the relationship between the variables) and the colour determines the
direction of the relationship (black circles correspond to positive relationships and white circles to negative relationships).
The stars (*) inside the circles indicate the statistically significant correlations, after Benjamini-Hochberg correction (p <
0.05), for the spatial scale with the strongest relationship
2011, Vol. 17, No. 2 (33)
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pascuorum was also positively correlated with this
variable at 1000 m, but this correlation did not remain
statistically significant after Benjamini-Hochberg correction (rs = 0.44, p = 0.12). In addition, we found that
the subspecies B. s. soroeensis and B. s. proteus
showed opposing relationships with the proportion of
brushwood (Figure 1): B. s. soroeensis was positively
correlated at 500 m, whereas B. s. proteus was negatively correlated at 250 m; however, these correlations
were not statistically significant after the correction
(rs = 0.44, p = 0.12; r s = -0.45, p = 0.12, respectively).
Other negative correlations were detected between the
proportion of brushwood and some species of bumblebees, i.e., B. terrestris at 500 m (rs = -0.56, p = 0.04),
B. veteranus at 1000 m (rs = -0.63, p = 0.03), and B.
lapidarius with a nearly significant correlation at 500
m (r s = -0.54, p = 0.05). Also, P. bohemicus appeared
to have a nearly significant negative correlation with
the proportion of brushwood at 250 m (r s = -0.52, p =
0.06); in contrast, this species was found to be positively correlated with the proportion of forest at the
same spatial scale (see previous section) (Figure 1).
Relations between bumblebees and landscape indices
Some bumblebee species showed significant positive relationships with edge density, i.e., B. pascuorum, B. pratorum and P. sylvestris at 2000 m; however, none of these correlations remained statistically
significant after Benjamini-Hochberg correction (r s =
0.45, p = 0.15; r s = 0.43, p = 0.15; rs = 0.46, p = 0.15,
respectively). In addition, medium negative relationships were detected between the edge density of forest and some bumblebee species (but these correlations were not statistically significant after the correction): B. sylvarum at 250 m (rs = -0.49, p = 0.15), B.

Species

Scale
with the
best fit
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s. proteus at 1000 m (rs = -0.46, p = 0.15) and B. veteranus at 2000 m (r s = -0.46, p = 0.15).
We found medium negative relationships between
the mean patch area of forest and some bumblebee
species: B. terrestris and B. veteranus at 2000 m (rs =
-0.59, p = 0.04; rs = -0.65, p = 0.02, respectively). There
were other nearly significant negative correlations
between this variable and two bumblebee species at
500 m, i.e., B. ruderarius (rs = -0.51, p = 0.09) and B.
lapidarius (rs = -0.52, p = 0.09).
Joint effects of landscape variables on individual species
The joint effects of landscape variables on the
abundance of individual species had the best fit at
different spatial scales (Table 2). The highest association for two of the most abundant species, B. pascuorum and B. ruderarius, was found at the scale of
2000 m; for both species the models were statistically
significant and explained 51% and 43% of the variation in their abundance, respectively (Table 2). Other
species that showed the best fit at the largest spatial
scale were B. cryptarum and B. veteranus, and their
models explained 50% and 30%, respectively; however, only the regression model for B. cryptarum was
statistically significant (Table 2). In contrast, P. bohemicus was mostly influenced by the landscape variables at the smallest spatial scale (250 m); this model
explained 62% of the variation and it was statistically
significant (Table 2).
Previously, the bumblebee species B. cryptarum
was not significantly associated with any of the single landscape variables (Figure 1). However, this species showed strong associations with the combination
of landscape variables at the largest spatial scale, as
it was mentioned above. In addition, B. cryptarum

Regression coefficients
Proportion
Model
Model p
2
Proportion
R
ED a AREA_MNb
of
intercept of forest
value
brushwood (m/ha)
(ha)
(%)
(%)
3.231
0.081*
0.049
-0.066*
-0.061*
0.500 0.014

B. cryptarum

2000

B. lapidarius

500

2.354

-0.070

-0.103

0.019

0.030

0.370

0.081

B. lucorum

250

4.247

0.028

-0.084

-0.001

-0.533

0.290

0.189

B. pascuorum

2000

2.032

0.061

0.359

0.040

-0.109*

0.508

0.013

B. ruderarius

2000

11.368

0.202*

0.321

-0.210*

-0.181*

0.427

0.041

B. s.
soroeensis x
proteus
B. veteranus

1000

1.505

-0.023

0.208

0.002

-0.019

0.295

0.179

2000

2.555

-0.005

-0.058

-0.005

-0.028

0.297

0.177

P. bohemicus

250

-1.215

0.087*

-0.103*

0.007

-0.471*

0.618

0.002

Table 2. Results of the
multiple regression analyses. For each bumblebee
species with over 20 individuals, four models corresponding to the different
spatial scales were fitted;
regression coefficients and
model fit characteristics of
the best model (with the
highest R 2 and the smallest
p-value) are presented

Edge density of forest; Mean patch area of forest
* Regression coefficients significant at p < 0.05

a

b
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showed some significant associations inside the regression model: a positive relationship with the proportion of forest, and negative relationships with edge
density and mean patch area of forest (Table 2).

Discussion
Our results showed that the presence of forest in
the surrounding landscape of the habitat is an important factor for some species of bumblebees. In our
study, B. pascuorum (the most abundant and widely
distributed species in the study area), B. schrencki and
particularly two species of cuckoo bumblebees (i.e.,
P. bohemicus and P. norvegicus) seemed to prefer landscapes having high proportions of forest in the surrounding areas. This finding is consistent with a study
on bumblebees in Finland that recognised these species of cuckoo bumblebees as forest species (Bäckman and Tiainen 2002). On the other hand, B. pascuorum seemed to be positively influenced by the presence of forest cover at a small spatial scale. A possible explanation for this positive association was given by Goulson et al. (2010). They argued that B. pascuorum tends to nest above the ground in areas of
leaf litter and thickets, and woodland areas are likely
to offer these types of nesting sites (Goulson et al.
2010). In addition, we found clear indications that B.
schrencki was positively influenced by the presence
of forest. This species is said to prefer forest and
forest margins (Söderman 1999). According to Söderman (1999), the expansion of this bumblebee in the
Baltic countries was promoted by the rapid afforestation of open fields.
Other bumblebee species, particularly B. terrestris, B. veteranus, B. lapidarius and B. ruderarius,
showed negative trends with the proportion of forest.
These species seemed to prefer open areas. Mänd et
al. (2002) found that the species B. lapidarius, B.
veteranus and B. lucorum were particularly numerous
in agricultural habitats, which are open areas. The
bumblebee B. lapidarius belongs to a group of specialists on Fabaceae, a large family of flowering plants
that are commonly found in grasslands (Goulson et al.
2005). Also, species such as B. terrestris and B. lapidarius are considered spatial generalists because they
have large foraging distances (Walther-Hellwig and
Frankl 2000a, Walther-Hellwig and Frankl 2000b). In a
recent study, Hagen et al. (2011) found that some
bumblebee species are able to flight long distances
(maximum distances of 1.3  2.5 km) and to use large
areas (0.25  43.53 ha); e.g., they found that B. terrestris can flight a maximum distance of 2.5 km. These
bumblebee species may prefer an open landscape to
have more freedom for their long-distance flights. Simi2011, Vol. 17, No. 2 (33)

240

I. DIAZ-FORERO ET AL.

larly, Bäckman and Tiainen (2002) classified B. ruderarius, B. lapidarius and B. veteranus as species preferring open habitats. Other species, such as B. pascuorum, are considered ubiquitous as they can be
found in different types of habitats (Bäckman and
Tiainen 2002, Goulson et al. 2006).
Medium and strong relationships involving brushwood were found for some bumblebees. Some species
were positively related with the proportion of brushwood, i.e., B. schrencki and B. pascuorum, whereas
others were negatively related, i.e., B. terrestris, B.
veteranus, B. lapidarius and P. bohemicus. In addition,
we found that the subspecies B. s. soroeensis and B. s.
proteus seem to be ecologically different: B. s. soroeensis appears to prefer brushwoods, whereas B. s. proteus does not. Positive relationships may occur because
many patches of brushwood have grown in areas that
were former meadows. The soil of these areas is rich in
calcium and can therefore support more flowering plant
species. Additionally, brushwood areas are dominated
by willows that offer food during their spring flowering period. However, brushwood areas dominated by
willows might also represent an ecological trap for bumblebees. Food resources would become scarce in summer and these areas would no longer be able to provide good forage places for bumblebees.
Relationships involving edge density of forest
seem to be positive for some species of bumblebees,
i.e., B. pascuorum, B. pratorum and P. sylvestris,
whereas negative relationships were found for B. sylvarum, B. s. proteus and B. veteranus. A positive relationship between B. pascuorum and edge density
may occur because this species prefers bell-shaped
flowers. Flowers having this shape occur commonly
in berry-bearing plants, and these plants often grow
close to forests or in forest margins. In general, edges may support a greater abundance and diversity of
flowering plants. The species B. pratorum was also
positively associated with forest edges. This finding
is consistent with Goulson et al. (2005); they suggested
that early-emerging species like B. pratorum are related to woodland and woodland edges. Sepp et al.
(2004) suggested that edges are particularly important
in April and May as bumblebee queens forage from
the flowering willows that are commonly found in the
forest edges of Estonia.
Negative associations were found between the
mean patch area of forest and some species of bumblebees (i.e., B. terrestris, B. veteranus, B. lapidarius and
B. ruderarius). Kreyer et al. (2004) have found that
even though forest did not seem to represent a barrier
for the bumblebee B. terrestris, this species seems to
prefer open areas. Overall, mean patch area of forest
showed a negative pattern of relationships with the local
ISSN 1392-1355
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abundance of the bumblebee species that were significantly associated with this variable, even when the
joint effects of the landscape variables were analysed
in multiple regression. Moreover, this landscape index
appears to be important for the bumblebee species that
seem to prefer open areas, judging from the negative
relationships found with the proportion of forest. One
possible explanation is that a high number of patches
of forest may be seen as potential obstacles in the landscape for some species of foraging bumblebees (Kreyer et al. 2004, Goulson et al. 2010), particularly for those
like B. lapidarius and B. terrestris that have large foraging distances (Walther-Hellwig and Frankl 2000a,
Walther-Hellwig and Frankl 2000b).
The joint effects of the set of landscape variables
related with forests appear to be important for some
bumblebee species (i.e., B. pascuorum, B. ruderarius,
B. cr yptarum and P. bohemicus), specially, but not
only, at the largest spatial scale.

Conclusions
Our study shows that some bumblebee species
seem to have preferences related to the structure of
the landscape. Some species may benefit from a heterogeneous landscape with a high proportion of forest habitats (e.g., B. schrencki), whereas others seem
to prefer open landscapes (e.g., B. veteranus). Some
bumblebee species that have large foraging distances
(e.g., B. terrestris) also seem to prefer open landscapes because the presence of many forest patches
in the surrounding landscape could narrow their foraging area, affecting their long-distance flights. Other studies have also found differences in behaviour
and preferences between some bumblebee species (e.g.,
Kreyer et al. 2004).
In general, our results indicate that the presence
of forest is very important for bumblebees, even for
those species that seem to prefer open areas, because
forest habitats may provide overwintering sites and
nesting places. Similarly, Taki et al. (2007) concluded
in their study on potential pollinators that forest loss
at the landscape scale may cause negative impacts on
bee communities. In countries like Estonia, where forests are widely distributed and represent a relevant part
of the landscape mosaic, forest habitats seem to be
very important for some species of bumblebees and
therefore should be preserved if conservation of biodiversity is desired. In addition, conservation efforts
intended to protect particular species of bumblebees
should consider their preferences for surrounding
landscapes. These efforts should aim to maintain the
habitat types that are suitable for the target species.
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ÂËÈßÍÈÅ ËÅÑÍÛÕ ÌÅÑÒÎÎÁÈÒÀÍÈÉ ÍÀ ËÎÊÀËÜÍÎÅ ÎÁÈËÈÅ ÂÈÄÎÂ
ØÌÅËÅÉ: ÈÑÑËÅÄÎÂÀÍÈÅ Ñ ÈÑÏÎËÜÇÎÂÀÍÈÅÌ ÐÀÇÍÎÌÀÑØÒÀÁÍÎÃÎ
ÀÍÀËÈÇÀ
È. Äèàç-Ôîðåðî, Â. Êóóñåìåòñ, M. Mÿíä, A. Ëèèâàìÿãè, T. Kààðò è ß. Ëóèã
Ðåçþìå
Ãëàâíîé öåëüþ íàøåãî èññëåäîâàíèÿ áûë àíàëèç âëèÿíèÿ íàëè÷èÿ ëåñíûõ ìåñòîîáèòàíèé â îêðóæàþùåì
ëàíäøàôòå íà ðàçëè÷íûå âèäû øìåëåé. Îáèëèå âèäîâ øìåëåé áûëî èññëåäîâàíî íà 22 ïîëóïðèðîäíûõ ëóãàõ â
Ñåâåðî-Âîñòî÷íîé Ýñòîíèè. Äîëÿ ëåñîâ è êóñòàðíèêîâ, ñðåäíÿÿ ïëîùàäü îáëåñåííûõ ó÷àñòêîâ è ãóñòîòà îïóøêè
îöåíèâàëèñü â ÷åòûðåõ ìàñøòàáàõ: â ðàäèóñå 250 ì, 500 ì, 1000 ì è 2000 ì. Âñåãî áûëî îáíàðóæåíî 597 îñîáåé
øìåëåé, ïðèíàäëåæàùèõ ê 24 âèäàì (gen. Bombus), âêëþ÷àÿ 5 âèäîâ øìåëåé-êóêóøåê (subgen. Psithyrus). Íàøå
èññëåäîâàíèå ïîêàçàëî, ÷òî íåêîòîðûå âèäû øìåëåé, î÷åâèäíî, èìåþò ðàçíûå ïðåäïî÷òåíèÿ â îòíîøåíèè ñòðóêòóðû
ëàíäøàôòà. Íåêîòîðûå âèäû ìîãóò ïîëó÷àòü ïðåèìóùåñòâî îò îáèòàíèÿ â ãåòåðîãåííîì ëàíäøàôòå ñ áîëüøîé äîëåé
ëåñíûõ ìåñòîîáèòàíèé (íàïðèìåð, B. schrencki), òîãäà êàê äðóãèå, ïîõîæå, ïðåäïî÷èòàþò îòêðûòûå ïðîñòðàíñòâà
(íàïðèìåð, B. veteranus). Ìû îáíàðóæèëè ò àêæå îòðèöàòåëüíîå âëèÿíèå ëåñà íà íàëè÷èå íåêîòîðûõ âèäîâ,
ñîâåðøàþùèõ äàëåêèå âûëåòû çà êîðìîì (íàïðèìåð, B. terrestris)  íàëè÷èå â ëàíäøàôòå áîëüøîãî ÷èñëà îáëåñåííûõ
ó÷àñòêîâ ñîêðàùàåò ïëîùàäü èõ êîðìîâûõ óãîäèé.
Îáùåå âëèÿíèå ñâÿçàííûõ ñ ëåñîì ïàðàìåòðîâ îêàçàëîñü âàæíûì äëÿ íåêîòîðûõ âèäîâ øìåëåé, îñîáåííî â
ñëó÷àå ìàêñèìàëüíîãî ìàñøòàáà, íî íå òîëüêî. Â öåëîì, íàøè ðåçóëüòàòû ïîêàçûâàþò, ÷òî ëåñ î÷åíü âàæåí äëÿ
øìåëåé, äàæå äëÿ íåêîòîðûõ âèäîâ, ïðåäïî÷èòàþùèõ îòêðûòûé ëàíäøàôò, òàê êàê ëåñíûå ìåñòîîáèòàíèÿ è îïóøêè
ïðåäîñòàâëÿþò èì ìåñòà äëÿ çèìîâêè è óñòðîéñòâà ãíåçä. Â òàêèõ ñòðàíàõ êàê Ýñòîíèÿ, ãäå ëåñà øèðîêî
ðàñïðîñòðàíåíû, è ñîñòàâëÿþò çíà÷èòåëüíóþ ÷àñòü ëàíäøàôòíîé ìîçàèêè, äëÿ ñîõðàíåíèÿ áèîðàçíîîáðàçèÿ ñëåäóåò
ñîõðàíÿòü ýòîò òèï ìåñòîîáèòàíèé. Êðîìå òîãî, óñèëèÿ, íàïðàâëåííûå íà ñîõðàíåíèå îïðåäåëåííûõ âèäîâ øìåëåé,
äîëæíû ó÷èòûâàòü èõ ëàíäøàôòíûå ïðåäïî÷òåíèÿ. Âìåñòå ñ òåì, ýòè óñèëèÿ äîëæíû áûòü íàïðàâëåíû è íà ñîõðàíåíèå
ìåñòîîáèòàíèé, ïðèãîäíûõ äëÿ áîëüøèíñòâà âèäîâ øìåëåé.
Êëþ÷åâûå ñëîâà: øìåëü, ëåñíîå ìåñòîîáèòàíèå, ñòðóêòóðà ëàíäøàôòà
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