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1 Abstract 

Bumblebees are important pollinators that are said to be in decline all 

over the world. Swedish bumblebees have now been inventoried through 

a nationwide monitoring program for which data for the first time have 

been analysed. The aim here was to give an indication of how 35 

bumblebee species in Sweden have changed in occurrence over five years 

interval in the national inventory program. The results given in this report 

showed that 5 bumblebee species (B. lucorum, B. magnus, B. cryptarum, 

B. terrestris and B. pascuorum) had declined significantly. Furthermore 

bumblebees as a group had a significant decline while none of the species 

had increased. Moreover, declining Swedish bumblebees are species that 

are common in Europe while species that are declining in Europe do not 

seem to decline in Sweden. This result was somewhat unexpected, 

considering the European status of bumblebee species. Furthermore 

results showed that early emerging species and species living in 

ubiquitous and open areas had declined. This was also surprising 

comparing with previous research. Lastly the results showed that two 

bumblebee species (B. hortorum and B. terrestris) have shifted towards 

the south within Sweden while none shifted towards north or in a west-

east direction.  

2 Introduction 

Bee species are in a decline all over Europe and due to an increasing 

interest in pollinator’s decline a new European red list for bees was 

introduced in 2015 (Nieto et al. 2014). One of the main factors for this 

interest is the importance of pollination as ecosystem service. Bees 

deliver free pollination to food crops as well as wild flowers. Taking 

these animals for granted will effect global market-, human welfare- and 

biodiversity negatively. The estimated cost of pollinator ecosystem 

service in 2005 in 25 countries of the European Union was 14.2 billion € 

(Gallai et al. 2008).  

There are many factors that are said to be involved with the decline of 

bee species. A major one is due to shift of land use, such as changing 

agricultural- and farming practices with the loss of habitat and food 

resources as a result (Potts et al. 2010). For example many of the semi-

natural habitats have declined, in Sweden between 97-99 %, from the 18th 

century to 2005 (Dahlström et al. 2008). Another contributor is 

pesticides. For example, modern studies have shown that bees are 

negatively affected by different neonicotinoids (Rundlöf et al. 2015; 

Kessler et al. 2015; Whitehorn et al. 2006). Three of these 

neonicotinoids: clothianidin, thiamethoxam and imidacloprid have been 
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banned since 2013 due to a new legislation in the European commission 

for 2 years (The European Commission 2013).  

An important group of bees are bumblebees which as pollinators have a 

substantial role both globally and locally in ecosystem dynamics. 

Currently 45.6 % of the European bumblebee species show a negative 

trend and are decreasing in population. Moreover 23.6 % of the European 

Bombus species are threatened with extinction (Nieto et al. 2014). 

In Sweden there are 40 bumblebee species. In the diversity of habitats 

some species can be seen through the whole country while others are only 

found in special habitats. For example are B. alpinus, B. polaris and B. 

hyperboreus, only found in alpine areas, while other species might be 

found in all regions.  

The status of the Swedish bumblebees is not well known but there are 10 

bumblebee species in the Swedish Red List 2015, where 3 are regionally 

extinct (Artdatabanken 2015). Due to the absence of information 

regarding the status of pollinators, a nationwide monitoring program for 

both butterflies and bumblebees started in Sweden in 2006 (SLU, 

2014).The National Inventory of Landscapes in Sweden (NILS). One 

major part of this program is to collect information to be able to assess 

achievement of good status in the two Swedish national environmental 

objectives: “A Rich Diversity and Animal Life” and “A Varied 

Agricultural Landscape” (www.miljomal.nu/).   

Bumblebee’s importance in the Swedish landscape and the lack of 

existing data leads to that it is most vital and necessary to investigate how 

they are holding up. Our purpose with this report is to find out how 

bumblebees have changed in occurrence during 5 years interval of 

inventory through the NILS-program.  

Due to the status in Europe, the loss of natural habitat and the usage of 

pesticides here in Sweden, we expected a negative trend for several 

species. Especially for species with long tongues and species that seem to 

have a negatively trend in Europe.  

3 Material & methods 

3.1 Data set 

The data set in this study was provided by the national monitoring 

program, The National Inventory of Landscapes in Sweden. The NILS-

inventory started in 2006 in meadows and pastures all over the country, in 

631 permanent and systematically distributed sample units. The 
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permanent sample units were divided into 10 different landscape regions 

called strata. The sample units in strata 1 to 6 were 25 km2 in area and 

each unit was inventoried with a 5 year interval. The sample units in 

strata 7 to 10 was 225 km2 in area, also inventoried with a 5 year interval 

(SLU 2014). The 5 year interval of inventory was due to the fact that all 

of the sample units could not be inventoried the same year so they were 

divided into several years for the first inventory (2006-2010). This meant 

that the first inventory in, for example, 2006 was inventoried the second 

time during 2011 and therefore 2007 had a second inventory in 2012 and 

so on.   

Within each sample unit 1 to 4 meadow- and pasture study areas were 

selected. Meadow- and pasture study areas, ca 1 km2, where the inventory 

took place. A total of 696 objects, with a higher concentration farther 

south is found in the Swedish National program. In each study area a 

number of non-overlapping transects existed. The transects were placed 

in a North-South or East-West direction and inventoried, if several 

criteria (for example environmental) were fulfilled, for the bumblebee 

inventory (SLU 2014).  

Each year trained staff inventoried along the predetermined transects. 

Inventoried bumblebees were found a maximum of 2 m from both sides 

of each transect and 2 m in front of the fieldworker. If capturing was 

necessary for species identification, the bumblebee was put in a glass jar 

with a flower. A glass tube was also used when the fieldworker needed to 

use a loupe with 5-10 times magnification (SLU 2014). 

Occasions where the fieldworkers was unable to identify to species level, 

the specimen was killed and preserved in a jar with ethyl acetate (SLU 

2014). 

A total of 35 bumblebee species was determined in the NILS program. In 

addition, specimens that were not identified, nor sampled in later 

identification, were put in groups of species (SLU 2014).  

3.2 Data handling 

The dataset was handled in Excel 2013. The first step of data handling 

was to verify the transect lengths so they were the same from first to 

second year of inventory; no transects with only a single visit was 

considered in the analysis. In the end, 424 meadow and pasture study 

areas were included in the statistical analyses, involving data on 35 

bumblebee species.  
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3.3 Statistical analyses 

The statistical analysis used was odds ratio with a 95% confidence 

interval, a model recently proposed for evaluation of butterflies and 

bumblebee data from the NILS program (Eriksson et al. 2012). The 

program used to calculate the odds ratio and confidence interval was 

Internet based (Bland & Altman 2000). The odds ratio was based on the 

odds of finding a species the first inventory and the odds of finding it five 

years later (secondary inventory visit).  

The odds ratio with variables for occurrence based on only occurring the 

first year (-1), first and the second year (0) or occurring only the second 

year of inventory (1) were further analysed with meta-analyses tools a 

comprehensive meta-analysis (http://www.meta-analysis.com/index.php). 

The meta-analysis had 4 different variables (status in Europe, occurrence 

time of the year, habitat preferences and tongue length) that were tested 

on approximately 22 species of the bumblebees. The information about 

the species’ different preferences of the variables were found in three 

different sources (Goulson et al. 2004; Goulson 2010; Svensson et al. 

2000; Mossberg & Cederberg 2012).  

A second analysis was performed in SPSS Statistic Version 22.  

Generalized Linear Model of the type of multinomial cumulative logistic 

was used to distinguish if some of the most abundant species have shifted 

their distribution in Sweden in (i) a south to north, or (ii) a west to east 

direction.   

4 Results 

The results of the odds ratio mainly revealed that five species (B. 

lucorum, B. magnus, B. cryptarum, B. terrestris and B. pascuorum) had a 

significant decline of occurrence. Metaanalysis also showed that 

bumblebee as a group had decreased (Figure 1; “All Bombus species 

combined”). Further investigation revealed through the meta-analysis that 

species common in Europe and species that occurred earlier in the year 

declined in significant ways (p<0.05). Species that live ubiquitous and 

open also seemed to be in decline (p<0.05) (Table 1). Ln(OR) was also 

unaffected by bumblebee tongue length (metaregression; slope=0.0276; 

P=0.823).  

According to the Generalized Linear Model two species, B. hortorum and 

B. terrestris, showed a significant movement towards the South of 

Sweden (Figure 2), while no species had a significant West to East 

direction (Figure 3).  

http://www.meta-analysis.com/index.php
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Figure 1. Odds ratio for bumblebee species with 95% confidence interval, 
where significantly declining bumblebee species have both confidence 
intervals on left side (the negative values) of the figure while positive values 
states an increase of occurrence in Sweden.  
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Table 1. Meta-analysis of odds ratio (CI95%) of bumblebee species changed in 
occurrence over a five year interval. Species were grouped according to 4 
classifications: status in Europe, emergence time of the queen and habitat 
preference.  

Species classification  
(number of spp) 

Odds ratio Lower 
limit 

Upper 
limit 

p-Value 

Status in Europe     

Common (7) -0.557 -0.769 -0.345 0.0001 

Declining (4)  -0.037 -0.607 0.533 0.899 

     

     

Queen emergence     

Early (4) -0.587 -0.882 -0.293 0.0001 

Mid (5) -0.463 -0.774 -0.152 0.003 

Late (4) 0.112 -0.516 0.740 0.728   

     

     

Habitat preference     

Forest (9) -0.302 -0.705 0.101 0.141 

Open (8) -0.398 -0.737 -0.059 0.021 

Ubiquitous (3) -0.601 -0.895 -0.307 0.0001 
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Figure 2. The tendency towards a southward shift (negative values) as shown 
by the regression coefficients (with CI95%), from Generalized Linear Models, 
with the 12 most abundant species of the NILS project.  

 

 

Figure 3. The tendency towards an eastward shift (positive values) as shown 
by the regression coefficients (with CI95%), from Generalized Linear Models, 
with the 12 most abundant species. 
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5 Discussion 

The results showed that bumblebees overall as well as 5 species (B. 

lucorum, B. magnus, B. cryptarum, B. terrestris and B. pascuorum) in 

Sweden, had declined significantly over a five year period (Figure 1). 

This result was a bit unexpected, where species are declining much over 

this short time period.  

Four of the declining species belongs to the same subgenus, Bombus. 

While B. pascuorum belongs to the subgenus Thoracobombus. Moreover 

two other species were close to a significant decline, B. hypnorum and B. 

pratorum (Figure 1) both being abundant species throughout the Swedish 

landscape (Mossberg & Cederberg 2012).  

The current study showed that species which are common in Europe, 

having queens emerging earlier in the year and species living in open and 

ubiquitous areas are in significant decline (Table 1). These clear results 

are mainly due to the three declining species, B. pascuorum, B. lucorum 

and B. cryptarum that exists in the whole country in a variety of 

environments (mosaic- and garden areas) (Mossberg & Cederberg 2012). 

Furthermore these species are also said to be common in European 

countries and having queens emerging early to mid of the year. Lastly the 

results in this study show a regional shift for two species towards 

Southern Sweden (Figure 2).  

Some other results were also unexpected, the bumblebees with longer 

tongue like the B. hortorum are supposed to be more vulnerable because 

of their special food preference (Goulson et al. 2004). But our study was 

unable to detect a relationship between the odds ratio and tongue length. 

According to Goulson and Darvill (2003) the longue-tongued B. 

hortorum has the narrowest diet and emerging from hibernation later 

(around May), while some of the most abundant, early emerging and 

short- to medium-tongued species, like B. terrestris, B. lucorum and B. 

pascuorum have the broadest diet. The present study conveys a 

significant decline for all three broad diet species while B. hortorum 

seems to be steady around zero (Figure 1). Species with a broad diet 

should have less problem to find food even with changing agricultural 

practises while species with narrow preference should be affected more 

(Goulson & Darvill 2003). Furthermore the three broad diet species have 

a long colony cycle due to the early emerging queens and should 

therefore have the opportunity for a large amount of pollen and nectar 

while short period species do not have the same time to eat and develop 

(Goulson & Darvill 2003). The current report shows an opposite 

relationship: it is the ordinary generalists that are declining in occurrence.  
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Currently, there is no answer to why bumblebee species have declined in 

occurrence over this short time period, due to the fact that no research 

exists on the topic in Sweden. For example, there are studies concerning 

changing habitats and fragmentation, but these are focused over a big 

timespan and are therefore relevant to comparison with the present study. 

One option that might be the cause to the declining species, is changing 

climate over the last decade. A study in England have showed that the 

flowering time have advanced by several days from the 1990s to the 

millennium (Fitter & Fitter 2002). If this development also could be seen 

in Sweden, there is a possibility of early frost and flowering might affect 

nectar supply negatively.  One can also think that wet summers with cold 

and rainy climate might affect nectar quality negatively and therefore also 

affect bumblebees negatively.  

I had expected that species would decrease in occurrence in Sweden 

following the general European trends, a pattern seen over the short 

timespan considered in five species. Surprisingly, most species showed 

no tendency for decrease (estimated effect sizes were around zero). 

Whether this reflects the rarity of species, or that a longer time-span need 

to be considered for trends to become apparent, or whether the situation i 

Sweden differs from that in the rest of Europe remains an open question.  

5.1 Social and ethical aspects 

Bumblebees are known pollinators, which in the Swedish landscape is an 

important force for the continued functioning ecosystem. The ecosystem 

service which they provide for free is also a great importance for man.  

From results in this study, Sweden will get a brand new and probably first 

glimpse of the pollinator’s occurrence from a nationwide monitoring 

program. With the knowledge of the bumblebee species’ updated status 

and trends, we are able to act more wisely, to promote the continued 

survival of pollinators.   

Ethical aspects of this study have to do with the fact bumblebees were 

collected. The field work meant in many cases that the gathering of living 

animals occurs and some bumblebees needed to be put down for later 

species-identification, sometimes involving specimens of rare of rare 

species. The number of bumblebees that have been collected is only a 

small part of the total population that we all need to care for. The 

bumblebees that were collected were probably only been workers and 

males, not the important queens. According to recent research the bee 

communities do not seem to be affected in abundance, rarefied richness, 

evenness and functional groups due to the lethal sampling in monitoring 

program (Gezon et al. 2015). Hence, I believe that the small detrimental 
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effect of collection is outweighed by the benefit of the knowledge it leads 

to. Our bumblebee population might be really threatened and species 

identification is essential to give Sweden the chance to do what needs to 

be done to protect our bumblebees’ future, provide for their well-being 

and ensure their continued pollination service. 

5.2 Conclusion 

In this, first ever report, on change in bumble bee occurrence in Sweden 

from a nation-wide monitoring program the results showed that five 

different species (B. lucorum, B. magnus, B. cryptarum, B. terrestris and 

B. pascuorum) were in significant decline and the bumblebee species as a 

group also declined. Neither of the species have an increase in 

occurrence.  

Species that occur early in summertime, that are common in Europe and 

that live in open areas are the ones that are especially declining. This 

might be the result of changing environment, changes in habitat or just 

chance. But the results are clear, bumblebees have become fewer during 

the course of a five year cycle of inventory in Sweden. Why this is, is 

open to speculation. But some species also seem to move south in the 

country according to results in this report. 
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