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1 Abstract 

Bumblebees are a group of valuable pollinators that are declining all over 
the world. The main reason is believed to be habitat loss due to the 
changes in agriculture. The changes in agriculture influence the structure 
of the vegetation and flower abundance, which are of great importance to 
the abundance of bumblebees. The aims of this study were to get a better 
understanding of bumblebees and what preferences they might have 
regarding vegetation height and flower abundance in semi-natural 
grasslands. This study is based on data collected by a Swedish national 
environmental monitoring program in 2006-2010. Data on twelve 
bumblebee species were analysed using a generalized linear model based 
on the dependent variables of occurrence/ non-occurrence. The target 
variables used in the analysis were flower abundance, vegetation height 
and standard deviation of vegetation height. The species-wise analyses 
mostly showed no or weak positive relationships between the bumblebee 
occurrence and the three target variables. Grouping the species-wise 
results into ecologically meaningful guilds and analysing them did not 
increase the explanatory power of flower abundance or vegetation 
characteristic, but vegetation height showed significant (positive) results 
in relation for the forest dwelling species and the species group non-
parasite and parasite. The results of this study were considerably weaker 
than expected. Flower abundance and variation in vegetation height could 
not explain the occurrence of bumblebees. However, the results of this 
study show that vegetation height is of importance to the occurrence of 
bumblebees. Bumblebees in general seem to prefer a higher vegetation 
height. Based on the findings of this study I would recommend a low 
intensity of grazing in semi-natural grasslands.  

Keywords: Grazing, management recommendations, nectar, pollinator 
seminatural grassland, Sweden. 

2 Introduction 

There has been a distinct decline in pollinators globally (Potts et al. 
2010). As a pollinator, the bumblebee (Bombus spp.) is no exception. A 
decline in several bumblebee species has been documented (Potts et al. 
2011). For example, only 6 out of 29 species that are native to Great 
Britain are still common in their past (prior the year 1960) geographical 
range (Carvell 2002). Recent studies have shown similar results of 
bumblebee diversity declining in Sweden (Svensson et al. 2000). Due to 
the lack of consistent long-term monitoring of bumblebees in Sweden, the 
status of the Swedish bumblebee fauna is less known. In 2006, however, 
monitoring of bumblebees started through the national monitoring 
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program “The National Inventory of Landscapes in Sweden” (NILS) 
(SLU 2011). The program is considered to be a valuable resource for 
recording the status of the Swedish bumblebee fauna.  

As pollinators are crucial for the pollination of wild plants, crops and fruit 
trees (Potts et al. 2010) their decline has raised concern about how the 
decline will affect human livelihood, economy and biodiversity. It has 
been stated that a shortage of pollinators is to be expected in subsequent 
years (Kearns et al. 1998), which is a concern as 84 % of the crops grown 
in the European Union depend on insect pollination (Kearns et al. 1998). 

There are many possible reasons for the decline of pollinators. Habitat 
loss, fragmentation, pesticide use, climate change, pathogens and alien 
species are all possible drivers (Goulson 2010). Nevertheless, the main 
reason is believed to be habitat loss (Goulson et al. 2008).  

The changes in agriculture are the main reasons for habitat loss of 
pollinators such as bumblebees (Potts et al. 2011). Most of the natural 
grasslands have been modified (Potts et al. 2011) by humans to suit our 
needs. The intensification of farming has resulted in increased grazing 
and changed management of meadows and fields (Nilsson et al. 2013). 
The level of grazing effects vegetation height and is therefore important, 
as the abundance of flowers and the structure and height of the vegetation 
is of great importance to the abundance of bumblebees (Carvell 2002). 
Species richness has been negatively correlated with the level of grazing. 
Indicating that intense grazing, which results in poor nectar resources, 
causes declines of bumblebee species (Söderström et al. 2001).  

The aims with the present study were to get a better understanding of 
bumblebees and what preferences they might have regarding vegetation 
height and flower abundance. Such knowledge on bumblebees’ habitat 
preferences may contribute to grassland management strategies that 
benefit this group of valuable pollinators and the ecosystem services they 
provide. 

I expected to document that flower abundance, vegetation height and 
variation in vegetation height are of importance to the occurrence of 
bumblebees. More specifically, I expected bumblebees to prefer a high 
abundance of flowers as it gives them a larger resource for feeding. 
Consequently, I also believe that bumblebee occurrence should increase 
with high vegetation height, as high vegetation often is followed by a 
high abundance of flowers. Finally, I also believed that bumblebees 
would prefer a variation in vegetation height, simply as some species 
place their nests in sunny tussocks etc. (Goulson 2010), and these tend to 
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be found at a lower vegetation height. It is also possible that some species 
of bumblebees show flower preference for short-grown plant species, 
which are likely to grow only in either short-grown grass, or patchily in 
sites with variation in vegetation height. 

3 Material & Methods 

3.1 Data set 
This study was based on data that was collected by a Swedish national 
environmental monitoring program named The National Inventory of 
Landscapes in Sweden (NILS) in 2006-2010. NILS collects bumblebee 
data in meadows and pastures across Sweden with approximately 600 
sample units distributed across Sweden (SLU 2011). The units are 25 km2 
areas and each unit is inventoried every fifth year (SLU 2011). To 
simplify the distribution of units, Sweden has been divided into ten strata. 
A stratum is a geographical zone that allows NILS to adjust the frequency 
of units to the particular conditions in that zone (SLU 2011). 

This study excludes data from strata 7- 10, as these areas are located in 
the northern parts of Sweden. Meadows and pastures in the northern parts 
of Sweden are often managed in ways that differ from the management in 
the rest of the country, and the species composition of bumblebees is 
different. The number of meadows and pastures are also quite low in the 
northern parts of Sweden (SLU 2011). As a result, a total of 535 pasture 
and meadow sites were selected for the present study. Each site consist of 
several transects. The number of transects varies among the sites. The 
length of the transects also varies. 

Trained staff performs the inventories of bumblebees for NILS each 
summer (SLU 2011). The inventories are done along predetermined 
transects in meadows and pastures. Two meters in front and to both sides 
of the fieldworker is scanned. If needed, bumblebees are captured, and 
put in glass-jars that contain a flower, for species-identification. If the 
species identity can be determined in the field, the bumblebee is released, 
if not the specimen is put down to be further examined by experts (SLU 
2011). 

In addition to collecting bumblebee data the inventory also collects data 
on flower abundance and vegetation height. The data on flower 
abundance is related to the vertical coverage of nectar bearing flowers of 
herbs and shrubs, in pro mille (SLU 2011). The result is an assessment of 
the mean coverage throughout the transect (10 m vide in butterfly 
inventories and 4 m vide in bumblebee inventories) (SLU 2011). The 
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vegetation height is also assessed as a mean throughout each transect, 
recorded as percentage of three different height categories: less than 5 
cm, 5-15 cm and over 15 cm (SLU 2011).  

In the present study, we used data from a Swedish national species 
database named The Species Observation System (in Swedish 
Artportalen) to define the geographic range of bumblebee species. The 
database contains reported findings of specimens of species found in 
Sweden, and both professionals and amateurs have report their findings. I 
included all findings from the year of 1993-2013 reported to Artportalen, 
i.e. a time-interval that stretches ten years before NILS was launched. A 
20 kilometres radius buffer was added to the findings reported to 
Artportalen and this defined the geographic range of a species. Only 
NILS sites within the range were included in the analysis. Geographical 
distribution maps were made using ArcGIS ArcMap Version 10.1 
(Redlands, CA: ESRI).  

Unfortunately it was problematic to use the environmental data of interest 
for this study (transect length, flower abundance and vegetation height) 
from the bumblebee inventory, as some sites were lacking these data. 
Instead, corresponding data was taken from the butterfly inventory that 
was closest in time to the bumblebee inventory. In most cases it was the 
second butterfly inventory (first half of July), but in some cases the third 
inventory (second half of July). 

3.2 Data handling 
In total, NILS monitors 32 bumblebee species but not all of these occur in 
the geographic area considered in this study (strata 1-6), and others were 
too rare for the intended analyses (occurring in less than 8 sites of the 535 
sites in strata 1-6). Therefore, only 12 species were analysed (Table 2).  

A data set was made for each of the 12 species. The set contained data on 
which sites matched the species geographic distribution and if the species 
had been reported in that site or not (occurrence/non-occurrence). The 
data set also contained data on total transect length, flower abundance, 
vegetation height and the standard deviation of vegetation height for each 
site.  

As flower abundance and vegetation height are reported as mean values 
per transect, the values belonging to the same site had to be combined to 
form a mean value for each site. To calculate the mean vegetation height 
for each site the three different categories of vegetation height had to be 
modified. The categories were transformed from a range to a single value. 
The category <5 cm was transformed to 2.5 cm, 5-15 cm to 10 cm and 
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>15 cm to 25 cm. The percentage for each category in a transect was 
multiplied with the value that belonged to the category. The three values 
were the summarized to a mean value for that transect. Due to the fact 
that the transects differed in length, the value for each transect had to be 
weighted. By weighing the values the transects that were longer in length 
also influenced the site mean more. The values were weighted by 
multiplying them with the value you get by dividing the length of the 
transect with the total transect length of the site. The weighted values 
were then summarized to form a mean value for each site. The standard 
deviation of the vegetation height for each site was also weighted. The 
mean flower abundance for each site was calculated in a similar way. The 
value of flower abundance in each transect was multiplied with the value 
you get by dividing the length of the transect by the total transect length 
of that site. The weighted values of flower abundance that belonged to the 
same site were then summarized. Furthermore, the mean flower 
abundance of each site was log10(x+1) transformed before analyses. 

The species were also grouped in four different types of categories related 
to the ecology of bumblebees (Table 1). I also used a morphological 
attribute, tongue length, as a fifth species attribute. Information on 
bumblebee status, emergence time and tongue length was mainly taken 
from a classification chart made by Goulson et al. (2005). Information on 
the status of Bombus hypnorum was from Goulson (2010). The tongue 
length of Bombus hypnorum was from Obeso (1992). An assumption had 
to be made regarding the emergence time of the parasite bumblebees 
Bombus bohemicus and Bombus rupestris. According to Goulson (2010) 
parasite bumblebees waken from hibernation a few weeks later than their 
hosts. Therefor the emergence time of Bombus bohemicus was set to mid 
as its host wakens early. The host of Bombus rupestris wakens mid, 
therefor the species emergence time was set to late. Information on main 
habitat of the 12 species mainly came from a classification chart by 
Bäckman and Tiainen (2002). A study by Svensson et al. (2000) was used 
as a source for information on main habitat of Bombus sylvarum and 
Bombus terrestris. The main habitat of the parasite bumblebees was 
assumed to be the same as their hosts’ main habitat. Not all species, 
however, could be classified. 
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Table 1. The species categories related to the ecology of bumblebees and 
their subcategories beneath.  

Status Emergence time Main habitat Type of bumblebee 
Common Early Forest Non-parasite 
Declining Late Open Parasite 

 Mid Ubiquitous  
 

3.3 Statistical analyses 
The statistical analyses of the data were performed using IBM SPSS 
Statistics for Macintosh, Version 22.0 (Armonk, NY: IBM Corp.). The 
statistical model used was a generalized linear model of the type binary 
logistic (with logit-link). The analyses were based on the dependent 
variable occurrence/ non-occurrence.  

The target variables used in the analysis were flower abundance, 
vegetation height or standard deviation of vegetation height. Three 
analyses were done per species, each including total transect length as an 
explaining variable and one of the three target variables. From these 
species-wise analyses, I then compiled the slope estimates (with CI95%). 
These were then subjected to meta-analyses calculating group-wise 
averages using the software Comprehensive Meta-analysis (Eaglewood, 
NY: Biostat Inc.). 

4 Results 

The results of the species-wise analyses mostly showed no or weak 
positive relationships between the bumblebee occurrence and the three 
target variables (Table 2).  

Only Bombus lapidarius and Bombus ruderarius showed a significant 
positive relationship with flower abundance. Furthermore, the results for 
Bombus hypnorum showed a near-significant positive relationship to 
flower abundance (Table 2). 

Bombus hypnorum and Bombus pratorum showed a significant positive 
relationship to vegetation height. A near-significant positive relationship 
was obtained for Bombus rupestris with vegetation height (Table 2). 

Only Bombus rupestris showed a significant positive relationship with 
standard deviation of vegetation height, while both Bombus lapidarius 
and Bombus sylvarum showed near-significant negative relationships 
(Table 2).  
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When combining all the species-wise analyses, only vegetation height 
showed a (positive) relationship with bumblebee occurrence (Table 2).  

Table 2. The slope (B-value) with confidence interval (95%) from GLM 
(binomial; logit link) with the three main explanatory variables: flower 
abundance, vegetation height and vegetation standard deviation for the 
Bombus species considered. Number of observations shows the number of 
sites were the species was found versus number of sites in the species 
distribution area. **= P<0,01; *= P<0,05; (*)= P<0.1 

Species 
Number of 
observations 

Flower 
abundance±CI Vegetation height ±CI Vegetation SD ±CI 

B. bohemicus  20 /467 0.017±0.077	   0.045±0.076	   0.057±0.20 
B. hortorum 	   29/493 -‐0.044±0.16	   0.029±0.063	   0.063±0.17	  
B. hypnorum  73 /501 -‐0.14±0.16(*)	   0.064±0.043**	   0.088±0.11	  
B. lapidarius  118 /512 0.077±0.062*	   -0.024±0.035	   -0.085±0.10(*)	  
B. lucorum 208/ 505 0.0077±0.042	   0.0015±0.030	   0.054±0.082	  
B. pascuorum  243 /509 -0.025±0.048	   0.024±0.030	   0.019±0.081	  
B. pratorum 106 /493 -0.053±0.090	   0.045±0.037*	   0.041±0.098	  
B. ruderarius 31 /352 0.14±0.095**	   -0.010±0.063	   0.10±0.16	  
B. rupestris 15 /391 0.022±0.080	   0.080±0.089(*)	   0.25±0.22*	  
B. soroeensis 41 /455 -0.017±0.091	   0.0094±0.053	   -0.017±0.15	  
B. sylvarum  53 /424 -0.051±0.11	   0.011±0.050	   -0.13±0.15(*)	  
B. terrestris  169 /500 0.037±0.047	   0.014±0.031	   0.028±0.086	  
Bombus spp.  0.010±0.030 0.020±0.016* 0.019±0.032 

 

Grouping the species-wise results into ecologically meaningful guilds did 
not increase the explanatory power of flower abundance or vegetation 
characteristics (Table 3). Only vegetation height showed significant 
results in relation to the forest, non-parasite and parasite categories. The 
results show that all of the categories prefer a higher vegetation height. 
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Table 3. The slope (B-value) with confidence interval of flower abundance, 
vegetation height and vegetation height standard deviation for each category 
of bumblebees. ***= P<0,001; **= P<0,01; *= P<0,05; (*)= P<0.1 

Category Flower abundance±CI Vegetation height ±CI Vegetation SD ±CI 
Tongue length -0.0056±0.025 0.00061±0.011 -0.0024±0.030 
    
Common 0.0024±0.038 0.020±0.021(*) 0.026±0.039 
Declining 0.025±0.11 0.0089±0.031 -0.0082±0.066 

	  
	  

	  
	  

Early 0.010±0.039 0.018±0.024 0.041±0.051 
Late -0.0079±0.053 0.024±0.033 0.0023±0.10 
Mid 0.036±0.063 0.0085±0.026 0.011±0.066 
  	  

	  
	  

Forest -0.027±0.051 0.044±0.023*** 0.047±0.063 
Open 0.042±0.045(*) 0.0066±0.023 0.018±0.092 
Ubiquitous -0.0063±0.031 0.013±0.022 0.036±0.057 

	  
	  

	  
	  

Non-parasite 0.0073±0.036 0.017±0.016* 0.012±0.028 
Parasite 0.020±0.016 0.059±0.058* 0.15±0.19 

5 Discussion 

The finding of this study supports the hypothesis that vegetation height is 
of importance to the occurrence of bumblebees. And they also agree with 
the hypothesis that bumblebees prefer higher vegetation. The results 
show that a high vegetation height could explain the occurrence of two 
species and three categories of bumblebees in semi-natural grasslands. I 
did not have any expectations regarding the results of the analyses done 
on the groupings. But the fact that the forest species seem to prefer higher 
vegetation height is quite interesting, but why is subject to speculation. 
One hypothesis is that they have adapted to higher vegetation, as the 
vegetation height perhaps is higher in semi-natural grasslands in woody 
areas (due to the possible difficulties in managing grasslands in woody 
areas). The preference in higher vegetation of forest-species is an area for 
further scientific investigation. 

The overall results of this study show that variation in vegetation height 
has no explanatory value for the occurrence of bumblebees. However, 
variation in vegetation height seemed to be important to the species 
Bombus rupestris. This could possibly be explained by the fact that 
bumblebees need both forage and nesting sites and that it might involve 
different areas. Some species may avoid nesting in high vegetation, due 
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to the fact that their nests are likely to be shaded (Kells & Goulson 2003) 
and then the solar warming that is important to the incubation of eggs 
(Goulson 2010) is lost.  

The results also implied that high flower abundance could explain the 
occurrence of two species. Although the overall results of this study 
unexpectedly show that the abundance of flowers has no explanatory 
value for the occurrence of bumblebees. It would be expected that flower 
abundance is of great importance to bumblebees as their livelihood 
depends on getting hold of nectar and pollen from flowering plants 
(Goulson 2010). As the distribution of plants in space and time varies 
greatly (Goulson 2010, Petterson & Smith 2013), high flower abundance 
would be expected to benefit the bumblebees as they then do not need to 
move long distances while foraging. Flying as short distances as possible 
to forage would be favourable for bumblebees as it has been suggested 
that their metabolic rate is the highest recorded (Goulson 2010).  

The implications of the findings of this study both agree and disagree 
with previous studies that show that vegetation and flower abundance are 
important factors influencing the occurrence of bumblebees (Carvell 
2002). Perhaps there are other factors of larger importance in the 
occurrence of bumblebees in the present study. For instance habitat 
diversity has been shown to influence the occurrence of bumblebees, 
especially in their choice of nesting-site (Svensson et al. 2000). 

It is possible that the analyses for flower abundance showed so few 
significant results due to errors in the data used. Several sites showed no 
variation in flower abundance among the transects. It can be discussed it 
these null values are true null values or errors in the inventory work. I 
have chosen to believe that the values are true null values as the 
instructions for the inventory work are precise. The instructions state that 
a new assessment of the flower abundance has to be made for each 
transect, it is not to be assumed that the flower abundance of a transect is 
identical to the neighbouring transect.  

Although the results show that bumblebees prefer higher vegetation 
height, which is obtained by low grazing intensity or seldom mowing, 
grasslands still need to be regularly managed or else they will be overrun 
by shrubs and bumblebee numbers will start to decline (Carvell 2002). 
Carvell (2002) recommends the grasslands to be regularly managed using 
a model of rotational grazing, preferably by cattle. By rotating the grazing 
low grazing intensity is still maintained. Rotational grazing is therefor a 
suitable management option for species that benefit from high vegetation 
height. By rotating the grazing there is always a variation in vegetation 
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height, which also benefits the species that are favoured by variation in 
vegetation height.  

Svensson et al. (2000) concludes that uncultivated areas have to be 
preserved in order for the bumblebee fauna to maintain its diversity. In 
fact it has to be high priority in order to keep species from going locally 
or regionally instinct. Even smaller patches of habitat with favourable 
conditions can support bumblebee colonies of rare species (Petterson & 
Smith 2013). It is therefor important that suitable habitats with present 
bumblebee populations or populations in nearby sites are restored first of 
all (Öckinger & Smith 2007). As there was no difference between 
declining and stable species in the present study, a management goal for 
bumblebees in general is likely to work well also for declining species. 

There is a need for longer-term monitoring of bumblebees in Sweden, 
due to the lack of knowledge on the native fauna. Thankfully, incoming 
data from the bumblebee-monitoring program NILS will give a good 
underlay for further studies on the Swedish bumblebees fauna. With a 
larger basis of bumblebee data, studies will be able to give further insight 
on the bumblebee status and drivers of their declines. My results imply 
that the loss of nectar resources and homogenous vegetation height may 
not be that harmful to bumblebees, as they do not influence the 
occurrence of bumblebees in semi-natural grasslands. But the results for 
vegetation height strengthen the argument that intense grazing is 
undesirable for bumblebees in semi-natural grasslands.  

5.1 Conclusion and management implications 
The results of this study were considerably weaker then expected. Even 
though the study showed a few results that fulfilled the expectations of 
the study, I expected a clearer result indicating that bumblebee 
occurrence in general is influenced by the variables considered.  

My expectations regarding the importance on flower abundance and 
variation in vegetation height were not met. Flower abundance and 
variation in vegetation height could not explain the occurrence of 
bumblebees in semi-natural grasslands. However, as expected, the results 
of this study show that vegetation height is of importance to the 
occurrence of bumblebees in semi-natural grasslands. Bumblebees in 
general seem to prefer a higher vegetation height.  

Based on the findings of this study I would recommend a low intensity of 
grazing to benefit and maintain the bumblebee fauna in semi-natural 
grasslands.  
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5.2 Societal & ethical considerations 
As bumblebees are pollinators they are of great importance to society 
through the ecosystem service they provide. They also pollinate wild 
plants and in that way they contribute to the biodiversity of the planet. 
Without them our lives would be completely different. 

If we know how to optimize their habitat quality we can use it to promote 
stable populations. The knowledge can also be used by farmers to 
increase the abundance of pollinators in the area. Indirectly, if successful, 
it can result in better yields of crops that are animal-pollinated.  

I consider there to be no ethical dilemmas in this study. However, there 
are ethical dilemmas concerning the data collection that this study is 
based on. As previously stated, the bumblebees that cannot be identified 
are captured and in some cases put down for further examination. The 
ethical dilemma in this case lies in whether it is justified or not to capture 
and collect animals. 

From a scientific point of view, I believe that in this case it is necessary 
to capture and collect bumblebees. It enables the science to obtain 
valuable information that is needed to understand the species. Even if a 
particular species is not in danger at the moment, it might be in the future. 
By acquiring information we can establish what needs to be done to 
secure the future of the species’ in question. The bigger picture is that 
some individuals pay the price for the greater good of their species.  

I also believe that the fieldworkers are knowledgeable and probably did 
not need to collect that many bumblebees. Even if every other bumblebee 
they came across was collected it is only a very little fraction of the total 
bumblebee society and will not affect the species’ future. 
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