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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 bi-
odiversity and an important pollinator group in agro-
ecosystems. Their activities support both crops and
the diversity of wild plants (Sepp et al. 2004, Goulson
et al. 2006, Rundlof et al. 2008, Knight et al. 2009, Potts
et al. 2010). However, mainly due to the intensifica-
tion of farming practices in agriculture, bumblebees and
other pollinators are at risk (Ménd et al. 2002, Goul-
son 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 (Ménd et al. 2002, Kells and Goul-
son 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 Goul-

son et al. (2006), very little is known about the habi-
tat requirements of bumblebees. Many bumblebee
species in Europe and North America have declined
and become extinct at local levels, whereas other spe-
cies are still common and widely distributed (Ahrné
et al. 2009). The causes of these differences in re-
sponse are not clear, but they appear to involve par-
ticular characteristics of single species such as diet
and foraging distances (Ahrné et al. 2009). Williams
(2005) suggested that some species have more spe-
cific habitat, but Goulson et al. (2006) argued that
bumblebees are generally not habitat specialists be-
cause all the bumblebee species that they studied were
found in more than one biotope; moreover, most spe-
cies were found across a broad range of biotopes.
However, data from monitoring in Finland have shown
that some species prefer particular types of habitats
(Soderman 1999). According to Goulson et al. (2011),

I 2011, Vol. 17, No. 2 (33) N  SSN 1392-1355

235



BALTIC FORESTRY

I EFFECTS OF FOREST HABITATS ON THE LOCAL ABUNDANCE OF BUMBLEBEE SPECIES /.../ llll. DIAZ-FORERO ET AL I

bumblebees have been well-studied in modern agricul-
tural landscapes of Western Europe, the United King-
dom, Asia and North America. These areas usually
consist of large monoculture fields separated by field
margins and patches of woodlands. However, very lit-
tle is known about the distribution and ecology of
bumblebees elsewhere. It seems important to study
the associations between bumblebee species and land-
scape-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 need-
ed (Jones 2011). Generally, bumblebees are studied in
regions having warmer climates and open landscapes.
Therefore, studies conducted on bumblebee popula-
tions on the northern areas and in more forested land-
scapes 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 al-
though 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 in-
fluence of forest on bumblebees and species-specific
studies are currently needed (Kreyer et al. 2004). Es-
tonia is a country with a landscape dominated by for-
est; 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 differ-
ent 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 individu-
als 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.

Materials and methods

Study area

Our research was carried out in Ida-Virumaa Coun-
ty, 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 dom-
inated 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 brush-
woods 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 indi-
viduals 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 flow-
ers. When the observer could not identify the bum-
blebee species on site, some individuals were captured
with an insect net for later identification in the labo-
ratory. 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 bum-
blebees were counted between 10:00 h and 16:00 h
when the weather conditions were appropriate (i.e.,
temperature more than 18°C and wind speed less than
5 by the Beaufort scale). Our source for the nomen-
clature of bumblebees was the Fauna Europaea Web
Service (2004). The average air temperature in Ida-Viru-
maa County during summer (including June, July and
August) was a bit higher in 2009 than in 2008 (15.1°C
and 14.9°C, 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 com-
posed of managed mixed forest; birches, pines and
spruces are among the dominant trees. The brush-
wood cover is characterized by the presence of de-
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ciduous trees, woody seedlings, shrubs and young
trees, primarily willows, maples, birches, among oth-
ers, which have become established on abandoned
agricultural land, in overgrown meadows or in forest
clearings. Calculations were performed using the dig-
ital Estonian Basic Map at a scale of 1:10,000 pro-
vided by the Estonian Land Board. We used the soft-
ware ArcGIS 9.3.

Landscape indices

In addition to the proportion of forest and brush-
wood, we used two Fragstats indices in our study:
mean patch area of forest (AREA_MN) and edge den-
sity 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 cor-
responding 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 cal-
culated 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 cor-
relation analysis was applied to describe the relation-
ships between the landscape variables (i.e., proportion
of forest, proportion of brushwood, mean patch area
of forest and edge density of forest) at various spa-
tial scales (at radii of 250 m, 500 m, 1000 m and 2000
m) and local abundance of different bumblebee spe-
cies. For each landscape variable and species combi-
nation the scale corresponding to the strongest rela-
tionship was selected and the statistical significance
of the selected relationships was tested, considering
24 tests (one for every species) performed with a sin-
gle landscape variable (at the most suitable scale) and
the species abundance as one experiment, and apply-
ing the Benjamini-Hochberg correction to the p val-
ues. The relationships with corrected p value < 0.05
were considered statistically significant. When the
correlation coefficient (r) was between 0.0 and +0.3,
the correlation was considered to be weak; when r,
was between £0.3 and +0.6, the correlation was medi-
um; and when r_ was between £0.6 and +1, the corre-
lation was strong. Additionally, multiple regression
analysis was performed to study the joint effect of the

four landscape variables at different scales on the local
abundance of individual species, using only the bum-
blebee species with more than 20 individuals. STATIS-
TICA 9 software was used for all the statistical anal-
yses.

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. pascuo-
rum, 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 spe-
cies found in 2008 and 2009

Number of

Species individuals

2008 2009
Bombus cryptarum (Fabr.) 13 11
Bombus distinguendus Morawitz 1
Bombus hortorum (L.) 5
Bombus hypnorum (L.) 3
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 (Miller) 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
Psithyrus rupestris (Fabr.) 9
Psithyrus sylvestris (Lep.) 2
Total 207 390
Average per meadow 9.41 17.73
Standard error 0.90 1.87

I 2011, Vol. 17, No. 2 (33) I (SSN 1392-1355

237



BALTIC FORESTRY

I EFFECTS OF FOREST HABITATS ON THE LOCAL ABUNDANCE OF BUMBLEBEE SPECIES /.../ Il DIAZ-FORERO ET AL I

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,=0.54, p=10.04; r = 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 = 0.58, p = 0.04). In addition, the most abun-
dant species in the study area, B. pascuorum, was
medium positively correlated with this variable at 250
m, but the relationship was nearly statistically signif-
icant (r,=0.49, p = 0.07).

In contrast, negative correlations were found be-
tween some species of bumblebees and the proportion
of forest. B. veteranus and B. terrestris, both species

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 = -0.63, p = 0.03; and in the case of B.
terrestris, r = -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 = -0.46, p =
0.09; r =-0.50, p = 0.06, respectively). A

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, » = 0.60, p = 0.03). B.
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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 (). 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
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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 cor-
rection (r, = 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. 5. proteus was nega-
tively correlated at 250 m; however, these correlations
were not statistically significant after the correction
(r,=0.44,p=0.12; r =-0.45, p = 0.12, respectively).
Other negative correlations were detected between the
proportion of brushwood and some species of bum-
blebees, i.e., B. terrestris at 500 m (r = -0.56, p = 0.04),
B. veteranus at 1000 m (r = -0.63, p =0.03), and B.
lapidarius with a nearly significant correlation at 500
m (r =-0.54, p=0.05). Also, P. bohemicus appeared
to have a nearly significant negative correlation with
the proportion of brushwood at 250 m (» =-0.52, p =
0.06); in contrast, this species was found to be posi-
tively correlated with the proportion of forest at the
same spatial scale (see previous section) (Figure 1).

Relations between bumblebees and landscape in-
dices

Some bumblebee species showed significant pos-
itive relationships with edge density, i.e., B. pascuo-
rum, B. pratorum and P. sylvestris at 2000 m; howev-
er, none of these correlations remained statistically
significant after Benjamini-Hochberg correction (r =
0.45,p=0.15;r =0.43, p=0.15; r = 0.46, p = 0.15,
respectively). In addition, medium negative relation-
ships were detected between the edge density of for-
est and some bumblebee species (but these correla-
tions were not statistically significant after the cor-
rection): B. sylvarum at 250 m (r, = -0.49, p = 0.15), B.

s. proteus at 1000 m (r, = -0.46, p = 0.15) and B. veter-
anus at 2000 m (r = -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 (r =
-0.59, p = 0.04; r =-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 (r,=-0.51, p = 0.09) and B.
lapidarius (r,=-0.52, p = 0.09).

Joint effects of landscape variables on individ-
ual 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 associ-
ation for two of the most abundant species, B. pas-
cuorum 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 varia-
tion 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; howev-
er, only the regression model for B. cryptarum was
statistically significant (Table 2). In contrast, P. bo-
hemicus was mostly influenced by the landscape var-
iables 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 sin-
gle landscape variables (Figure 1). However, this spe-
cies 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

Table 2. Results of the

Scale Proportion

multiple regression analy-

Species with the inlli?ggi)t Pg??;gi;n of ED®° AREA MN® R’ M\?adlﬁlep ses. For each bumblebee
best fit (%) brushwood ~ (m/ha) (ha) species with over 20 indi-
(%) ; i
B cryptarum 2000 3.231  0.081° 0.049  -0.066* -0.061* 0500 0.014 viduals, four models corre
sponding to the different
B. Iapidarius 500 2354  -0.070 0103 0019 0030 0370 0.081 spatial scales were fitted:
B. lucorum 250 4.247 0.028 -0.084 -0.001 -0.533 0.290 0.189 regression coefficients and
B.pascuorum 2000 2032  0.061 0359 0040 -0.109* 0508 0.013 model fit characteristics of
B ruderarius 2000  11.368  0202° 0321  -0210° -0481* 0427 0041  he best model (with the
highest R? and the smallest
Bs. 1000 1505  -0.023 0208 0002 -0019 0295 0.179 p-value) are presented
sSoroeensis X
proteus
B. veteranus 2000 2555  -0.005 0.058  -0.005 -0.028 0297 0177
P. bohemicus 250  -1215  0.087*  -0.103* 0007  -0471* 0618 0.002

* Edge density of forest; ® Mean patch area of forest
* Regression coefficients significant at p < 0.05
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showed some significant associations inside the re-
gression model: a positive relationship with the pro-
portion 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 impor-
tant 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 land-
scapes having high proportions of forest in the sur-
rounding areas. This finding is consistent with a study
on bumblebees in Finland that recognised these spe-
cies of cuckoo bumblebees as forest species (Béck-
man and Tiainen 2002). On the other hand, B. pascuo-
rum seemed to be positively influenced by the pres-
ence of forest cover at a small spatial scale. A possi-
ble explanation for this positive association was giv-
en by Goulson et al. (2010). They argued that B. pas-
cuorum 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 (S6derman 1999). According to Soder-
man (1999), the expansion of this bumblebee in the
Baltic countries was promoted by the rapid afforesta-
tion of open fields.

Other bumblebee species, particularly B. terres-
tris, B. veteranus, B. lapidarius and B. ruderarius,
showed negative trends with the proportion of forest.
These species seemed to prefer open arecas. Ménd 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 spe-
cialists 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. lap-
idarius 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. ter-
restris 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. Simi-

larly, Backman and Tiainen (2002) classified B. ruder-
arius, B. lapidarius and B. veteranus as species pre-
ferring open habitats. Other species, such as B. pas-
cuorum, are considered ubiquitous as they can be
found in different types of habitats (Bidckman and
Tiainen 2002, Goulson et al. 2006).

Medium and strong relationships involving brush-
wood were found for some bumblebees. Some species
were positively related with the proportion of brush-
wood, 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. 5. soroeen-
sis appears to prefer brushwoods, whereas B. s. pro-
teus 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 flower-
ing period. However, brushwood areas dominated by
willows might also represent an ecological trap for bum-
blebees. Food resources would become scarce in sum-
mer and these areas would no longer be able to pro-
vide 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. syl-
varum, B. s. proteus and B. veteranus. A positive re-
lationship 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, edg-
es 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 re-
lated 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 bumble-
bees (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
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abundance of the bumblebee species that were signif-
icantly 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 land-
scape for some species of foraging bumblebees (Krey-
er et al. 2004, Goulson et al. 2010), particularly for those
like B. lapidarius and B. terrestris that have large for-
aging 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. cryptarum 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 het-
erogeneous landscape with a high proportion of for-
est 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 land-
scapes because the presence of many forest patches
in the surrounding landscape could narrow their for-
aging area, affecting their long-distance flights. Oth-
er 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 for-
ests 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 bio-
diversity 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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BJIMUSAHUE JECHBIX MECTOOBUTAHUN HA JTOKAJBHOE OBNUJIME BHJOB
IMMEJIEA: UCCJEJOBAHUE C MCHOJIb30BAHUEM PA3SHOMACIITABHOT'O

AHAJIN3A

N. Ina3-®opepo, B. Kyycemerc, M. Msaua, A. JluuBamsaru, T. Kaapt u 5. Jlyur

Pesiome

I'maBHO# LeNpI0 HAIIEro HCCIIeJOBAaHMs OBbLI aHAJU3 BIMSHUS HAJIWYHS JIECHBIX MECTOOOHMTAHHN B OKPYKAIOLIEM
naHamadTe Ha pa3nUuHbe BHABI mMeneid. OOwine BUIOB MmIMeleil ObUIO MCCIeIoBaHO Ha 22 TONYNPHPOAHBIX JIyrax B
Cesepo-Bocrounoit Dctonun. J{oist 1eCOB U KyCTapHUKOB, CPEIHSS IUIOIALs OOJIECCHHBIX yYacTKOB M IYCTOTa OIYIIKH
OLIEHUBAJIMCH B YeThIpeX Macmrabax: B paauyce 250 m, 500 m, 1000 m u 2000 m. Beero Opmio o6HapyxeHo 597 ocobeit
mMeneit, npuHaiexkamux K 24 Bugam (gen. Bombus), BKIouyas 5 BUIOB mMesel-kykyuek (subgen. Psithyrus). Hame
HCCJIEOBaHNE TI0Ka3aJI0, YTO HEKOTOPBIC BH/BI IIMEIE, OUCBHIHO, IMEIOT Pa3HbIe MPEINOYTCHUS B OTHOIICHUH CTPYKTYPBI
nanamagTa. HexoTopble BHIBI MOT'YT MOTy4aTh HIPEUMYIIECTBO OT OOUTaHNs B TeTeporeHHOM JaHamadre ¢ 6oapnIoi gonei
JIECHBIX MecTooOuTaHui (Hampumep, B. schrencki), Toraa Kak Ipyrue, IMOXO0XKe, NPEAIOYUTAIOT OTKPHITEIE IIPOCTPAHCTBA
(marpumep, B. veteranus). Mbl 00HapyXKWJIM Takke OTPHLATEIBHOE BIUSHUE Jieca Ha HAJIMYHE HEKOTOPBIX BHUIOB,
COBEPIIAIOIINX JaJeKHe BBUICTHI 32 KOPMOM (Harpumep, B. terrestris) — Hanu4ue B JaHAIadTe OOIBIIOT0 Yrcia 001e CeHHBIX

Y4YaCTKOB COKpamacT mjiomanab UX KOPpMOBBIX yl"OI[PIﬁ.

OO01ee BIUSHHUE CBA3aHHBIX C JIECOM MapaMETPOB OKAa3aJoCh BaXKHBIM Il HEKOTOPHIX BUJIOB IIMeEJNeH, OCOOCHHO B
cllyyae MaKCHMallbHOTO MacmTaba, HO HE TOJBKO. B Ienom, Hamm pe3ynpTaThl MOKA3bIBAIOT, YTO JIEC OYCHb BAXKCH IS
[IMeNeH, Taxke A1l HEKOTOPBIX BHIOB, MPEATIOYUTAIOIINX OTKPBITHIH JIaHAMA(T, TAK KaK JIECHBIC MECTOOOUTAHHS U OITYIIIKH
MPEAOCTABIAIOT UM MecTa IJIsi 3MMOBKH M yCTpOHCTBa TrHe3d. B Takux cTpaHax Kak DCTOHHS, TIe Jeca HIMPOKO
pacmpocTpaHeHbl, B COCTABIIAIOT 3HAUYUTEIBHYIO YacTh JaHAMAPTHOW MO3auKH, sl COXpaHEHHs OHOpa3HOO0pas3Hs CleayeT
COXPAHSTh 3TOT TUN MecTooOuTanuil. Kpome Toro, ycumus, HanpaBJIeHHbIC HA COXPaHCHHE OMPE/ICICHHBIX BHJOB IIMENCH,
JIOJDKHBI YYUTHIBATE HX JIAHTIIA(THBIC TIPEIIOYTCHUSL. BMecTe ¢ TeM, 3TH yCHITUsL TOJDKHBI OBITh HAIIPABIICHBI M HA COXPaHCHUE
MECTOOOUTaHMH, TPUTOAHBIX ISl OOJNBIIMHCTBA BUIOB IIIMETEH.

Kirwuesble cjioBa: mMEJIb, JICCHOC MeCTOOGI/ITaHI/Ie, CTPYKTYypa J'[aHI[H.Iad)Ta
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