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1. Executive summary 

 
The North Pennines AONB Partnership commissioned the Bumblebee Conservation Trust to 

conduct a survey of meadow habitats in the North Pennines and the wider habitat mosaic 

encompassing gardens, moorland, verges and other semi-natural areas. They were 

interested to know which bumblebee species occur in the area and the flowering plants that 

they prefer to forage from. It was hoped that the survey would also establish the 

importance of different habitat types, how this changes throughout the year, and the 

implications for bumblebees of different land management practices. 

 

A total of 53 sites were surveyed on four separate occasions, in May, June, July and August 

of 2010. Ten species-rich, species-intermediate and species-poor meadows were visited 

along with ten moorland sites, nine semi-natural sites (verges and riverbanks) and four 

gardens. A standardised transect survey method was employed. 

 

 

Results 

 

A total of 1256 individuals were recorded, from nine different true bumblebee species. The 

majority of the records comprised the six common and widespread species which are found 

throughout the UK (B. terrestris, lucorum, pascuorum, lapidarius, pratorum and hortorum). 

In addition, the locally scarce and/or rare species B. muscorum, B. jonellus and B. monticola 

were found. B. muscorum is a UK Biodiversity Action Plan priority species of national 

conservation concern, so is of particular note. 

 

The species richness and abundance of bumblebees differed significantly between habitat 

types. Bumblebees were most abundant in gardens and semi-natural areas and these 

habitat types were thought to be particularly importance in spring and autumn. During the 

summer months species-rich and species-intermediate meadows also provided a large 

resource. Species-poor meadows and moorland sites supported the lowest density of 

foraging bumblebees. 

The diversity of bumblebees recorded was significantly correlated with the diversity of 

flowering plants found at each site. Bumblebee species differ in the lengths of their tongues, 

which to some extent determine their choice of forage plants. A more diverse habitat is 

likely to contain flowers with varying depths of corollae, with something to suit a range of 

bumblebee species. The quality of pollen (protein and amino acid content) differs between 

plant species and a habitat with low plant species-richness is less likely to contain preferred 

pollen sources (typically clovers, vetches and trefoils) throughout the flight season. 
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Fewer bumblebees were recorded foraging at meadow sites following the hay cut and those 

which were found were using uncut margins and banks. The numbers of bumblebees found 

foraging at semi-natural and moorland sites during August had increased substantially 

compared to the previous month.  

 

Recommendations 

The presence of B. monticola, B. jonellus and in particular B. muscorum is of great interest, 

with the latter being of national significance. We sincerely hope that future management 

plans continue to support the populations of these species. Species-rich grassland was a key 

habitat for B. muscorum, producing the majority of records. Few bumblebees of any species 

were found foraging in species-poor grassland reflecting the low abundance of preferred 

forage species found here. Work which seeks to increase the species-richness of hay 

meadows will be of great benefit to rare and common bumblebee species alike. 

The final survey took place in August and at this time the bumblebee colonies were still very 

active. Clearly the cutting of meadows profoundly affects the availability of wildflowers for 

many bumblebee nests. Late cutting of meadows allows more time for bumblebee colonies 

to collect resources and reproduce. In our view, any change towards an earlier cutting date 

would probably have negative consequences and conversely a move towards a later cut 

would be of benefit. However, it is recognised that a long-term view of meadow 

management is important to ensure that species-richness is maintained. 

Bumblebees seldom fly more than a kilometre from their colonies. To support their 

populations it is important that they have access to a continuous supply of nectar and 

pollen, with significant gaps in space or time leading to the starvation of nests. During 

August (following the hay cut) semi-natural habitats had become increasingly important. 

Initiatives which seek to maintain or enhance flower-rich roadside verges, riverbanks, tracks 

and footpaths will be of value in supporting colonies through their reproductive phase. 

Bumblebees were also found foraging in abundance on uncut banks and on wide uncut 

margins. It is important that these banks continue to be managed in this way and initiatives 

which increase the total area of uncut margins would be beneficial. 
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2. Introduction to the survey 
 

The UK has a network of Areas of Outstanding Natural Beauty (AONBs) and National Parks 

which are guardians of local landform, geology, plants and animals, landscape features and 

the rich history of human settlement. There are 36 AONBs in England, covering 15% of the 

land area, and a further four in Wales. The designation of the North Pennines AONB was 

confirmed in 1988 and, at 1983 km2, it is the second largest in England and Wales. It is one 

of the most remote and unspoilt places in England and lies between the National Parks of 

the Lake District, the Yorkshire Dales and Northumberland.  

The North Pennines has a high concentration of nationally and internationally important 

conservation sites and areas. Fifty percent of the AONB consists of Sites of Special Scientific 

Interest (SSSI). There are also two National Nature Reserves (NNR), five Special Areas of 

Conservation (SAC) and a Special Protection Area (SPA). The habitat mosaic of the AONB 

includes a number of habitat types, important among which are upland hay meadows. 

These are a priority habitat under the EU Habitats Directive, a UK Biodiversity Action Plan 

priority habitat and one of the rarest grassland types in the UK. Recent estimates indicate 

that there are less than 1,100ha of upland hay meadow habitats remaining in the UK and 

40% of this total can be found in the North Pennines (approximately 400ha).  

Species-rich hay meadow habitats were created by traditional management practices and 

require continuing management in order to stay in good condition. Typical management of 

meadows in the North Pennines tends to include grazing during the autumn/winter and 

early spring and then ‘shutting up’ (the removal of stock) in May to allow the hay crop to 

grow. Hay is normally cut in July or August but in some cases as late as September. Stock are 

then typically returned to the field to graze the ‘aftermath’. Farmyard manure tends to be 

applied annually to restore nutrients removed with the hay. Over time, sympathetic 

management can promote a diversity and abundance of wildflowers during the summer 

months. The very richest hay meadows contain over 30 species per square metre with up to 

120 species per field. Rare and characteristic components indicative of a herb-rich meadow 

flora include wood crane’s-bill, great burnet, pignut, wood anemone and yellow rattle. Hay 

meadows are important as feeding areas for invertebrates, with vegetative and flowering 

stages providing food for a range of taxa including bumblebees and other pollinators. The 

meadows also provide feeding or nesting opportunities for a diversity of vertebrate species, 

including bats, yellow wagtail, grey partridge, black grouse and curlew.   

The North Pennines AONB Partnership is the joint advisory body for the North Pennines 

AONB. In May 2006 it launched its project ‘Hay Time’ which will run until October 2012. 

Project staff work with farmers and land managers across the AONB to restore and enhance 

upland hay meadows by providing detailed management advice, spreading seed harvested 

from nearby species-rich sites on meadows that have lost their special species and by re-

instating lost habitat features. In addition, the project aims to involve, inspire and inform 
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local residents and visitors of all ages of the role hay meadows have played in the evolution 

of the North Pennines landscape, its wildlife and the communities within it. As part of the 

Hay Time project, the North Pennines AONB Partnership were interested to learn more 

about bumblebees and their food plants at a range of sites in Teesdale. 

Bumblebees require a succession of flower-rich habitats in which to forage throughout the 

flight period (in upland areas, from ~May-October). The meadows of the North Pennines are 

therefore likely to be of value to foraging bees, particularly during the summer months. The 

survey aimed to establish which bumblebee species occur in the area and the flowering 

plants which they prefer to forage from. It was also hoped to gain a better understanding of 

the relative contributions of meadow habitats within the wider habitat mosaic 

encompassing gardens, moorland, verges and other semi-natural areas. Finally we aimed to 

determine the implications for bumblebees of land management processes which affect the 

short-term availability of meadow wildflowers.  

Specifically, the survey aimed to: 

1. Establish baseline data on the numbers, species and habitat use of bumblebees found 

throughout Teesdale, North Pennines.  

2. Assess the value of the different types of upland hay meadows to bumblebees in the 

context of Teesdale as a whole. 

3. Establish which plant species within these habitats act as key bumblebee food plants and 

how this changes through the seasons.  

4. Assess the significance for bumblebees of uncut banks and edges.  

5. Assess the impact of different hay cutting dates on bumblebees. 
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Background information about bumblebees 

 

Declines 

 

The world bumblebee (Bombus) fauna consists of around 250 species which are largely 

confined to temperate, alpine, and arctic zones of the Northern Hemisphere. Many 

bumblebee species have declined in recent decades, particularly in developed regions such 

as western Europe and North America (Goulson 2003a, Thorp and Shepherd 2005, Kosior et 

al. 2007). Detailed records from the United Kingdom indicate a dramatic decline in the 

distributions of many species, particularly since the Second World War. At least two species 

have become extinct in recent decades and an additional eight species have undergone 

major range declines (Goulson 2003a). Similar patterns are evident in Europe, with 

extinctions of 13 species in at least one European country between 1950 and 2000, and the 

extinction of four species throughout the entire region. 

 

Consequences 

 

The plight of our bumblebee fauna deserves particular attention because loss of bee species 

will have negative consequences for other wildlife. A large number of wild plants are 

pollinated predominantly or exclusively by bumblebees, sometimes by particular species of 

bumblebee (Corbet et al. 1991; Osborne et al. 1991). Reductions in the abundance and 

species richness of bumblebees could lead to widespread changes in plant communities 

(Corbet et al. 1991, Osborne and Corbet 1994). These changes would inevitably have further 

knock-on effects for associated herbivores and other animals dependent on plant resources. 

Parallel declines in wildflowers and their pollinators have already been demonstrated in 

both Britain and the Netherlands (Biesmeijer et al. 2006). Reduced pollination services can 

be particularly detrimental when plants are already scarce and threatened directly by the 

same changes in land use that threaten the bees (Goulson 2003a).  

Aside from the implications for conservation, there are strong economic reasons for 

conserving bumblebees. The yields of many field, fruit, and seed crops are enhanced by 

bumblebee visitation (Goulson 2003b). For example, field beans in Europe are pollinated 

largely by longer tongued species such as B. pascuorum and B. hortorum, without which 

yields are poor (Free and Williams, 1976). The total value of insect pollination across the 

EU25 countries in 2005 was estimated at 14.2 billion Euros. 
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The importance of habitat 

 

The primary cause of bumblebee declines in western Europe has been the intensification of 

farming practices, particularly during the latter half of the twentieth century (Goulson 

2003a, Goulson et al. 2005). In the United Kingdom, a self-sufficiency drive in the wake of 

the Second World War led to a number of major changes. Permanent unimproved grassland 

was once highly valued for grazing and hay production but the development of cheap 

artificial fertilizers and new fast growing grass varieties meant that farmers could improve 

productivity by ploughing up ancient grasslands. Hay meadows gave way to monocultures of 

grasses which are grazed or cut for silage. Clover leys, once an important part of arable 

rotations, were also lost once synthetic fertilisers became widespread. In total, over 97% of 

our species-rich lowland meadows have disappeared since the Second World War. In many 

parts of the UK only tiny pockets of species-rich grassland remain. Set against this pattern of 

habitat loss is evidence that bumblebee forage plants have suffered disproportionate 

declines. In the United Kingdom, of 97 preferred bumblebee forage species, 71% have 

suffered range restrictions, and 76% have declined in abundance over the past 80 years, 

exceeding declines of non forage species (Carvell et al. 2006).  

In order to thrive throughout the colony cycle, bumblebees require a continuous succession 

of flowers from April until October (with dates varying with both latitude and altitude). 

Flowering crops such as oilseed rape (Westphal et al. 2003) and summer hay meadows may 

provide a temporary resource but these alone are unlikely to provide the necessary 

continuity. Hence, uncropped areas of farmland, such as hedgerows, field margins, and 

borders of streams are important components of the habitat mosaic, and may support 

greater numbers of foraging bumblebees than farmed areas (Goulson 2003a, Mand et al. 

2002). If these natural and semi-natural areas are to support bumblebee populations 

however, it is essential that they are at sufficient density and that they have not been 

degraded by drift of herbicides and fertilizers. Unlike honeybees, bumblebees do not store 

large quantities of nectar and pollen and neither do they forage far from the nest (typically 

<1km; Darvill et al. 2004). Spatial or temporal gaps in the availability of flowering plants will 

result in colony starvation and death.  

In addition to floral resources, bumblebees need suitable nesting sites, the precise 

requirements for which vary among species (Kells and Goulson 2003; Osborne et al. 2008). 

The carder bees (Thoracobombus) such as B. pascuorum tend to nest in dense grassy 

tussocks and other species such as B. terrestris nest underground in cavities. Both groups 

often use abandoned rodent nests. The loss of hedgerows and of unimproved pastures is 

likely to have reduced the availability of nest sites for both above-ground and below-ground 

nesting bumblebee species (Banaszak 1992). Those species that nest above ground 

frequently have their nests destroyed by farm machinery, particularly by cutting for hay or 

silage (Goulson 2003a). The scarcity of weeds and field-margin flowers on modern intensive 

farms means that there are fewer seeds and therefore less food for voles and mice. Lower 
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populations of these mammals will probably lead to fewer nest sites for both above and 

below-ground nesting bumblebee species. 

 

Grassland management for bumblebees 

 

The devastating loss of grasslands has had a profound impact on native bumblebee 

populations. Flower-rich grasslands are the primary home of many UK species, particularly 

the ones which are now rare. Key to addressing the current decline and to restoring 

bumblebees to their past abundance is the creation, restoration and ongoing management 

of flower-rich hay meadows and grasslands. Carvell (2002) studied the impacts of different 

grassland management regimes on bumblebee populations in the United Kingdom. Grazing 

during the autumn and winter months provided excellent bumblebee habitat, but without it 

coarse grasses became dominant. However, heavy grazing during the spring and summer 

was detrimental because most flowers were eaten. During the spring and summer months, 

rotational grazing ensures that some parts of the farm provide forage for bees. In general, 

grazing by cattle seems more favourable to bumblebees than grazing by sheep, and low 

summer grazing densities are preferable (Carvell 2002).  
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3. Methods 
 

a) Survey design 

 

The area was surveyed on four separate occasions throughout the season, once each in 

May, June, July and August (hereafter Periods 1-4). This spans the main period of 

bumblebee activity, from queens establishing the nest in May through to new males and 

queens beginning to emerge in August. It also spans the period during which the meadows 

begin to flower through until after the hay cut (which is typically in July or August). Each of 

the survey periods lasted approximately 14 days. 

We intended to visit a total of 50 different sites, comprising 30 hay meadow sites (10 x 

species-poor, intermediate and rich), 10 semi-natural habitats (gardens/verges/banks etc) 

and 10 heathland sites. Soon after the survey began we took the decision to visit a further 3 

gardens, meaning that a total of 53 sites were surveyed on four separate occasions. 

Suitable meadow sites were identified with the help of NPAONB Partnership staff, using 

their database of meadows. The ‘richness’ of meadows had been previously assessed using 

standard Hay Time ‘W walk’ surveys, as follows: species-rich meadows were those which 

were traditionally managed, containing a high diversity of wildflowers; species-intermediate 

meadows were those which were reverting to traditional management or which were 

managed semi-intensively with an abundance of red clover and yellow rattle; and species-

poor meadows were relatively intensively managed with grasses dominating and few 

wildflowers.  The meadow sites chosen for the bumblebee survey were widely spaced such 

that no two meadows of the same richness class were in close proximity, to avoid pseudo-

replication of results. Semi-natural habitat sites and moorland sites were similarly spaced, 

and were again selected with the help of NPAONB Partnership staff based on their 

knowledge of the area. A local gamekeeper kindly advised on appropriate moorland sites 

and granted access permission where needed. 

Within the AONB there are various types of meadows which differ in the composition of 

their vegetation. In addition to determining the effect of meadow species-richness on 

bumblebee populations we were also interested to see (albeit with less scientific rigor) 

whether factors such as site wetness or altitude (and hence climatic differences) had a 

noticeable effect. Therefore, within the ten surveyed sites of each meadow richness-class 

(species-poor, -intermediate and –rich) we selected a roughly equal proportion of ‘wet’ 

versus ‘dry’ sites, and ‘high’ versus ‘low’ sites, within the constraints of the survey sites 

available to us. ‘Wet’ meadows were those with an NVC classification of MG8. ‘Dry’ 

meadows are those with an NVC classification of MG6 if species-poor and intermediate, and 

MG3 if species-rich. ‘Low’ meadow sites were those at or below 350m altitude (range 210-

350m) and ‘High’ sites were those above 350m (range 360-450m).  
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Prior to the survey itself, farmers were contacted by NPAONB Partnership staff to request 

access to their meadows for the survey. Permitted routes and access points were discussed 

and finalised with the land owners.  

 

 
 

 

b) Transect methodology 

 

Surveys were carried out when the weather was favourable for bumblebee foraging activity, 

avoiding high winds and rain. At all sites, the surveyor walked at a steady pace for a 

recorded length of time counting the bees in a 2m ‘box’ to either side and in front. 

Bumblebees were recorded to species, along with caste (~sex), whether they were collecting 

pollen, plus the forage plant the bee was using. Cuckoo bumblebees were not identified to 

species level as to do so in a field situation is frequently impossible, often requiring lethal 

sampling and microscopic examination. 

Some flexibility was needed in the transect method adopted, with one of three different 

standardised methods used in order to fit in with access permission and the nature of the 

site (e.g. linear features, meadows and gardens). Where possible (in the majority of cases) 

the recorder walked in a zig-zag across the site for a total of 1 hour, criss-crossing the 

meadow at regular intervals. In small fields (<5ha) the survey period was reduced to 30 or 

45 minutes. Where access was only possible to the field boundary, or to one side of a 
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hedge/bank, recording was limited to 2m on a single side only, and the resultant bee counts 

were later doubled to get a comparable figure. Finally, at sites such as gardens or some 

semi-natural habitats, where resources were patchily distributed, a variable route transect 

was adopted. The surveyor visited each forage patch for no more than 5 minutes and 

avoided recording the same bee multiple times, so far as was possible. At all sites, excessive 

trampling was avoided by taking large steps, bringing feet clear of the vegetation. 

 

 
 
The number of bumblebees of each species was recorded (or subsequently adjusted) per 

hour. Based on measured transect walks (using a 1:25000 OS map), typical walking speed 

was determined to be 1.77km/hr. The transect method records all bumblebees seen 2m 

either side of the recorder (a 4m strip), so to estimate the approximate number of 

bumblebees per hectare a 1.412x multiplication factor was applied. [1 hectare = 10,000 

square meters. 1,770m x 4m = 7,080 square meters]. 

In fields where a bank was known to be present (which had been left uncut in previous 

years), the recorder spent 30 minutes surveying the body of the field and 30 minutes 

surveying the bank (both before and after the meadow was cut in August). This allowed an 

assessment of the impact of cutting, the value of the remaining bank/margin to foraging 

bumblebees and by inference the importance of cutting date.  

During period 4 (August), when the majority of meadows had been cut, the uncut 

edge/margin width was classified as follows. Category ‘1’ edges were cut right up to the 

wall/boundary, category ‘2’ had an uncut edge of between 0.1 and 1 metre, and category ‘3’ 

uncut edges were more than a metre wide. 
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At all sites the abundance of each species of flowering plant (which were flowering at the 

time of the survey) was estimated using the Domin scale for the site as a whole. Note that 

this measure is based on the species richness of flowering plants (which might be of use to 

foraging bumblebees) and does not take into account the diversity of grasses or the 

abundance of any plants which were not in flower. 

 
Table 1. The Domin scale for assessing the availability of flowers for bumblebees 
 

 
 

c) Analysis 

 
Raw data from field observations were entered into Microsoft Excel in a Pivot Table format 

to allow rapid analysis. Data were normalised to ‘bees per hour’ to allow comparison 

between sites with different transect lengths. 

A simple query by pivot table produced the summary of the species found at each survey 

site (Table 2).  

Raw data were condensed down to site-level summaries of bumblebee numbers per 

transect hour for each survey period (P1-P4), and in total (Table 3). For each site a number 

of metrics were calculated to allow comparisons between sites (and site types), as follows:  

1. Sites were ranked relative to one another for each survey period based on numbers 

of foraging bees. These ranks were normalised such that the sites with the most bees 

had a rank approaching 1, and those with few bees had a rank approaching 0. The 

Adjusted Rank (Adj rank) score for each site is the average of these per-period scores 
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and is intended to represent the value of each site across the season as a whole. A 

site which supported large numbers of bumblebees in all four survey periods will 

have an Adjusted Rank score approaching 1. It is important to note that a site may 

rank highly in an individual survey period but have a low overall Adjusted Rank score. 

This metric does not take the diversity of species present into account. 

 

2. To compare the diversity of bumblebees and plants found at each site, Simpson’s 

indices were calculated (Simpson 1949). The calculations used the recorded 

bumblebee numbers from surveys and a mid-point value of percentage cover for 

each plant species based on the Domin scale recording (2.5, 7.5, 18, 29.5 etc). 

 The Simpson’s index formula is as follows:  

 

 
 

where ni is the number of bees/flowers of the ith species, N is the total number of 

bees/flowers, and s is the total number of bee/flower species. As is usual, results are 

presented as 1-D, so that larger values indicate higher diversity. This index is 

insensitive to sample size (Magurran, 1988) which is important because samples are 

inevitably larger for the more common species. Simpson’s index reflects both the 

species richness of bees/plants at a given site and their relative abundance. A site 

with a diversity of species in roughly equal abundance will score more highly than a 

diverse site with one dominant species. 

3. The species richness of bumblebees found at each site (and the average for each 

site-type) was calculated (shown in Table 2). 

 

In order to investigate the factors determining average values of ‘Bumblebee Diversity’ and 

‘Total Bumblebee Abundance’ at each site (across the whole survey duration), a series of 

General Linear Model (GLM) analyses were completed in SPSS PASW Statistics 17.0. These 

analyses were not repeated for individual survey periods. It should be noted that the 

relatively small scale of this study meant that replicates for some variables were small and 

the design was not fully factorial. Hence statistical power for identifying certain 

relationships was limited and the absence of a significant result should not be taken as 

evidence that no such relationship exists.  

Explanatory variables in the initial models (including main effects and all two-way 

interactions) were habitat type (fixed factor (species-rich, -intermediate, -poor, semi-natural 

habitats, gardens, moorland)), wet/dry (fixed factor), high/low (fixed factor) and plant 
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species diversity (covariate). It is important to recognise that there is significant covariance 

(linear dependence/colinearity) between some of these variables (particularly between 

habitat type and plant diversity). Including all variables in the initial model further divides 

the observed variance, potentially masking significant effects. Additionally, with initial multi-

factorial models and a relatively small number of replicates there are insufficient degrees of 

freedom to test all hypotheses robustly. Parameter estimates from these initial GLM 

analyses, including effect size (intercept shift or gradient) and 95% confidence intervals, are 

included in Appendix 3. The initial models were refined by step-wise removal of non-

significant explanatory variables to approach the best fitting model. This approach was 

deemed appropriate as this is was an exploratory survey rather than a specific experiment 

and hence the most appropriate model could not be predicted with confidence in advance 

or ruled out a priori. Conversely, drawing conclusions on the significance of relationships, or 

lack thereof, based on a multi-factorial GLM analysis of co-varying explanatory variables is 

likely to leave significant relationships undetected. It is, however, important to recognise 

that the confidence with which statistically significant results can be accepted must be 

viewed in the context of the number of exploratory analyses performed. A 5% type I error 

rate would of course be expected by chance.  

Levene’s test of equality of error variances was performed along with each GLM, and plots 

of standardised residuals were examined. Where these suggested a deviation from the ideal 

distribution of error variances equivalent non-parametric analyses were also performed in 

order to verify relationships with a more conservative method. 

Where GLMs showed that a significant proportion of the error distribution could be 

explained by a fixed factor variable with more than two levels, Tukey’s post-hoc test was 

performed. This is a single-step multiple comparison procedure that determines which 

means are significantly different from one another. It compares the means of every 

treatment to the means of every other treatment and identifies instances where the 

difference between two means is greater than the standard error would be expected to 

allow. 

Based on an initial review of the raw data it was noted that a high proportion of foraging 

records were from common knapweed (Centaurea nigra), white clover (Trifolium repens) 

and red clover (Trifolium pratense). For each site, the percentage cover of these plants was 

calculated based on Domin scale percentage cover estimates and this was investigated as an 

additional explanatory variable. 
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4. Results 

4.1 Diversity and abundance of bumblebees 

 

The bumblebee species found during the survey are summarised in Table 2. A total of nine 

true bumblebee species were recorded, along with cuckoo bees (which were not identified 

to species as this would have required lethal sampling).  

Six of the recorded species are common and relatively widespread throughout the UK (B. 

terrestris, lucorum, pascuorum, lapidarius, pratorum and hortorum). In addition to these 

expected species the locally scarce and/or rare species B. muscorum, B. jonellus and B. 

monticola were found.  

B. muscorum is a UKBAP priority species which has declined dramatically in the UK. Sladen 

(1912) described this species as widespread throughout Britain, but not abundant. Following 

recent declines this species in now sparsely distributed in England and Wales and occurs 

primarily along the coast (Figure 1). It is more widespread (but local) in Scotland, occurring 

inland, along the coast, and on many of the Scottish islands. Prior to this survey it had been 

recorded in Weardale close to Cowshill in 1999 and St John’s Chapel in 2003 (records 

accessed from National Biodiversity Network, NBN). A total of 86 B. muscorum were 

recorded during the survey (equating to 111 when standardised to whole transect hours). 

They were found at 22 sites (41.5% of survey sites). The observed distribution of this species 

is shown on a map in Appendix 1. 

 

Figure 1. The post-1990 distribution of B. muscorum in the British Isles on a 10 km x 10km grid. 

Accessed via NBN with thanks to the Bees, Wasps and Ants Recording Society (BWARS). 
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B. jonellus and B. monticola are typically upland/moorland species and as such have 

fragmented distributions. Both species are thought to have declined nationally. B. jonellus 

had not been recorded in the North Pennines since 1990, and B. monticola was last seen in 

2000 close to Middleton-in-Teesdale (records accessed from NBN). A total of 17 B. jonellus 

were recorded from 11 sites, and 17 B. monticola were seen at five sites. The observed 

distributions of these species are shown on maps in Appendix 1. 

 

4.2 Habitat use by bumblebees 

 

4.2.1 Summary of differences between habitat types 

 

Species richness of bumblebees was highest in semi-natural habitats, with an average of 6.4 

bumblebee species observed (Table 2). Gardens supported an average of 5.75 species, 

followed by species-intermediate meadows (5.5) and species-rich meadows (5.1). Species-

poor meadows and moorland supported the lowest species richness of bumblebees at 3.7 

and 2.8 respectively. It is notable that although species-richness was relatively high in 

gardens, no rare or scarce bumblebees were found in this habitat. All nine of the recorded 

true bumblebee species were found using species-rich meadows, and all but B. monticola 

were found in species-intermediate meadows and semi-natural habitats. 

Site-level and habitat-level summaries of total bee numbers, adjusted rank scores and 

diversity indices are shown in Table 3. These illustrate that transects conducted in gardens 

recorded the highest bumblebee numbers. 132.5 bumblebees were found at an average 

garden across the survey period, which totalled four hours of recording per site (see Figure 

2). Gardens also supported a high diversity of bumblebees (0.748) and were used 

consistently throughout the season (Adj. rank = 0.831). It should be noted that gardens are 

not a common habitat in this area, and hence the total hectarage of gardens is low 

compared to meadows and semi-natural habitats. An average of 61.1 bumblebees were 

recorded at each of the nine semi-natural habitat sites across the season, and a high 

diversity of bumblebees were supported (0.716). Species-intermediate and species-rich 

meadows also supported good numbers (an average of 39.8 and 33.67 were recorded per 

site) and a good diversity of bumblebees (0.694 and 0.666 respectively). Species-poor 

meadows and moorland supported the lowest numbers and diversity of bees. 

 

4.2.2 Determinants of the total bumblebee numbers recorded at each site 

 

The total number of bumblebees recorded differed significantly between habitat types (‘site 

types’; F5,47=17.177, P < 0.001, adjusted R2 = 0.421; see also Figure 2). Tukey’s post-hoc tests 

suggest that the surveyed gardens contained a significantly higher abundance of 

bumblebees than any of the other habitats (all P < 0.001). Significantly more bumblebees 
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were recorded in semi-natural habitats than in moorland (P = 0.001) or in species-poor 

meadows (P = 0.005). The variable ‘plant species diversity’ was not as effective at explaining 

observed variation in total bumblebee numbers recorded at different sites and was 

eliminated during the stepwise removal of non-significant variables. A simple GLM using this 

potential explanatory variable (in essence a linear regression) suggests that this relationship 

approaches significance (F1,51= 3.294, P = 0.075). However, a GLM including both ‘site type’ 

and ‘plant species diversity’ as explanatory variables confirms that ‘site type’ explains a 

significant amount of the observed variation (F5,46=15.234, P < 0.001) and ‘plant species 

diversity’ relatively little (F1,46=0.001, P = 0.971). There is clearly significant 

colinearity/covariance between these variables. For the total bumblebee numbers recorded, 

‘site type’ provides the better fit to the observed error distribution. 

 

 

Figure 2. The total number of bumblebees found on average at each of the six different habitat types 

(± 95% confidence intervals). These values reflect the absolute numbers observed during 

standardised transect walks and can be approximated to bumblebees/ha by multiplying by 1.412 

 

Levene’s test noted a significant deviation from equality of error variances (one of the 

assumptions of a robust GLM; F5,47=5.781, P < 0.001).  A non-parametric Kruskal Wallis test 

was therefore performed to verify the relationship between habitat type and total 
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bumblebee numbers observed. This more conservative test confirmed that there are 

significant differences between the total numbers of bees observed in the different habitat 

types (χ2 = 31.115, df = 5, P < 0.001). 

It was noted during fieldwork and an initial review of the data that a significant proportion 

of recorded foraging visits were to common knapweed (Centaurea nigra), white clover 

(Trifolium repens) and red clover (Trifolium pratense). Excluding the four gardens (where 

these wild plant species did not generally occur) a linear regression suggests that the total 

number of bumblebees recorded at a site was significantly correlated with the average 

percentage cover of these three plant species (F1,47 = 7.421, P = 0.009, R2 = 0.118). Non-

garden sites which had a high percentage cover of common knapweed, white clover and red 

clover supported the greatest numbers of bumblebees. However, when included in a multi-

factorial GLM, it is ‘site type’ which best explains the observed variation in total bumblebee 

numbers (the percentage cover of these plant species is removed as a potential explanatory 

variable during step-wise reduction of the model). Further, the percentage cover of these 

three plant species does not explain a significant proportion of the observed variation within 

each site type (GLM including both percentage cover of these species and site type as 

explanatory variables; F1,43 = 0.782, P = 0.381 and F4,43 = 7.057, P < 0.001 respectively).  
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Table 2. A summary of the different bumblebee species found at each survey site. Numbers are given as bees per transect hour (hence some decimals). 
Species richness is the total number of bumblebee species seen at a given site. The studied site types were gardens, moorland, semi-natural habitats 
(roadside verges, streams etc), species-poor, -intermediate and –rich meadows. 
 

 
*The species-richness ‘sub-total’ figure is the average value for that site-type rather than a sub-total. 
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Eggleston Gdn NY997236 Garden 84 8 68 32 12 20 224 6

Mickleton Gdn NY963238 Garden 22 4 52 18 18 6 120 6

Middleton Gdn NY948253 Garden 20 8 24 30 10 4 96 6

NM12 NY998233 Garden 24 28 14 22 2 90 5

Garden sub-totals - 150 - 20 172 - - 94 62 32 530 5.75

M1 NY992306 Moorland 6 3 1 10 3

M10 NY824309 Moorland 1 1 3 1 1 7 5

M2 NY956293 Moorland 3 3 1

M3 NY952273 Moorland 1 3 1 7 12 24 5

M4 NY902326 Moorland 2 3 5 2

M5 NY866355 Moorland 3 15 4 22 3

M6 NY825341 Moorland 6 3 2 11 3

M7 NY805352 Moorland 2 3 4 9 3

M8 NY806355 Moorland 9 9 1

M9 NY821307 Moorland 2 1 3 2

Moorland sub-totals - 2 10 2 52 7 9 19 - 2 103 2.8

NM10 NY967193-977195 Semi-natural 2 8 8 14 18 10 60 6

NM2 NY825324-833313 Semi-natural 2 4 2 6 26 4 2 46 7

NM3 NY855314-847309 Semi-natural 2 6 4 38 16 4 70 6

NM4 NY867298 Semi-natural 16 4 2 6 4 8 2 42 7

NM5 NY855303-86329 Semi-natural 2 2 4 8 16 4

NM6 NY894283-884295 Semi-natural 2 8 4 4 2 20 20 60 7

NM7 NY904278 Semi-natural 2 28 2 8 4 28 6 2 80 8

NM8 NY908282-908286 Semi-natural 4 2 22 34 8 70 5

NM9 NY922277-935265 Semi-natural 2 18 2 8 20 2 30 24 106 8

Semi-natural sub-totals 12 94 4 28 76 - 24 206 96 10 550 6.4
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B01B NY975192 Rich meadow 9.33 2.67 13.3 1.33 1.33 6.67 4 38.7 7

B06B NY938184 Rich meadow 2 26 10 4 12 4 58 6

TM13N NY910272 Rich meadow 4 2 12 4 2 24 5

TM18E NY963265 Rich meadow 1 11 1 13 3

TM21B NY928258 Rich meadow 6 1 6 5 1 19 5

TU03C NY827318 Rich meadow 14.7 1.33 2.67 2.67 20 21.3 2.67 65.3 7

TU04B NY839300 Rich meadow 6.67 2.67 6.67 22.7 2.67 41.3 5

TU07D NY876289 Rich meadow 1.33 1.33 2.67 5.33 3

TU08A NY814338 Rich meadow 26 1 7 9 13 3 59 6

TU10F NY859294 Rich meadow 4 4 3 2 13 4

Rich meadow sub-totals 3 96.7 1.33 13.3 74 1.33 60 69.3 10.7 7 337 5.1

LO2C NY926224 Int. meadow 12 2.67 38.7 8 4 13.3 78.7 6

LO3A NY922226 Int. meadow 22 6 30 12 8 4 82 6

LO4A NY902216 Int. meadow 2 1 18 22 6 49 5

TM01C NY977236 Int. meadow 8 6 8 2 6 30 5

TM11E NY965264 Int. meadow 2 1 1 14 1 1 1 21 7

TU02C NY862300 Int. meadow 15 4 17 3 5 4 1 49 7

TU03F NY846310 Int. meadow 3 1 16 5 6 3 1 35 7

TU07G NY874289 Int. meadow 4 4 2 12 22 4

TU08C NY807344 Int. meadow 2.67 4 4 8 2.67 21.3 5

TU08L NY812338 Int. meadow 4 4 2 10 3

Intermediate meadow sub-totals - 72 1 24.3 150 - 14 80 34.7 22.3 398 5.5

LO1C NY948235 Poor meadow 8 9.33 10.7 8 1.33 14.7 52 6

TM14B NY939282 Poor meadow 2 2 12 8 24 4

TM15A NY988260 Poor meadow 10 10 1

TM20A NY945254 Poor meadow 4 3 4 4 6 21 5

TM23D NY936263 Poor meadow 6 2 6 4 18 4

TU01F NY861294 Poor meadow 1 1 1 8 2 3 16 6

TU02B NY868299 Poor meadow 2.67 1.33 4 2

TU03I NY843312 Poor meadow 2 2 2 6 3

TU07H NY874288 Poor meadow 3 8 11 2

TU10A NY863289 Poor meadow 2 2 4 4 12 4

Poor meadow sub-totals - 21.7 5 15.3 45.7 18 4 28.3 9.33 26.7 174 3.7
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Table 3. Summary statistics for the survey sites. Number of bees (all species combined) per transect hour are shown for the four survey periods (P1-P4, 
which were May, June, July and August) and in total. Adjusted rank is a score which reflects the value of the site to bumblebees across the whole season 
relative to the other sites studied (0 = relatively few bumblebees encountered per hectare, 1 = large numbers encountered). ‘Bee div’ and ‘Plant div’ are 
Simpson’s diversity indices reflecting both diversity and abundance of bumblebees and plants respectively. The studied site types were gardens, moorland, 
semi-natural habitats (roadside verges, streams etc), species-poor, -intermediate and –rich meadows. Meadows sites were defined as High or Low (H/L) 
based on altitude and Wet or Dry (W/D) based on vegetation composition.  
 

 

Adj rank Bee div. Plant div.

Site no. Grid ref Site type W/D H/L Alt P1 P2 P3 P4 Total (0-1) (0-1) (0-1)

NM12 NY998233 Garden n/a n/a 36.00 10.00 32.00 12.00 90.00 0.775 0.748 0.704

Middleton Gdn NY948253 Garden n/a n/a 22.00 10.00 46.00 18.00 96.00 0.775 0.778 0.704

Mickleton Gdn NY963238 Garden n/a n/a 30.00 20.00 40.00 30.00 120.00 0.841 0.731 0.598

Eggleston Gdn NY997236 Garden n/a n/a 36.00 40.00 100.00 48.00 224.00 0.934 0.735 0.682

Garden average 31.00 20.00 54.50 27.00 132.50 0.831 0.748 0.672

M9 NY821307 Moorland n/a n/a 0.00 0.00 1.00 2.00 3.00 0.033 0.460 0.452

M1 NY992306 Moorland n/a n/a 5.00 2.00 0.00 3.00 10.00 0.213 0.545 0.447

M2 NY956293 Moorland n/a n/a 0.00 0.00 0.00 3.00 3.00 0.043 0.000 0.326

M10 NY824309 Moorland n/a n/a 0.00 0.00 3.00 4.00 7.00 0.087 0.745 0.851

M4 NY902326 Moorland n/a n/a 0.00 0.00 0.00 5.00 5.00 0.071 0.490 0.182

M7 NY805352 Moorland n/a n/a 0.00 0.00 0.00 9.00 9.00 0.103 0.649 0.461

M8 NY806355 Moorland n/a n/a 0.00 0.00 0.00 9.00 9.00 0.103 0.000 0.371

M6 NY825341 Moorland n/a n/a 0.00 0.00 0.00 11.00 11.00 0.120 0.601 0.729

M5 NY866355 Moorland n/a n/a 0.00 0.00 0.00 22.00 22.00 0.168 0.486 0.345

M3 NY952273 Moorland n/a n/a 0.00 1.00 0.00 23.00 24.00 0.189 0.649 0.463

Moorland average 0.50 0.30 0.40 9.10 10.30 0.113 0.462 0.463

NM5 NY855303-86329 Semi-natural n/a n/a 0.00 0.00 6.00 10.00 16.00 0.197 0.660 0.713

NM6 NY894283-884295 Semi-natural n/a n/a 22.00 2.00 6.00 30.00 60.00 0.531 0.750 0.762

NM10 NY967193-977195 Semi-natural n/a n/a 10.00 4.00 16.00 30.00 60.00 0.636 0.792 0.804

NM4 NY867298 Semi-natural n/a n/a 10.00 0.00 0.00 32.00 42.00 0.357 0.777 0.640

NM2 NY825324-833313 Semi-natural n/a n/a 4.00 2.00 2.00 38.00 46.00 0.372 0.644 0.862

NM3 NY855314-847309 Semi-natural n/a n/a 6.00 6.00 8.00 50.00 70.00 0.613 0.639 0.784

NM8 NY908282-908286 Semi-natural n/a n/a 0.00 2.00 18.00 50.00 70.00 0.467 0.649 0.896

NM7 NY904278 Semi-natural n/a n/a 2.00 2.00 4.00 72.00 80.00 0.399 0.736 0.827

NM9 NY922277-935265 Semi-natural n/a n/a 4.00 4.00 22.00 76.00 106.00 0.645 0.798 0.751

Semi-nat average 6.44 2.44 9.11 43.11 61.11 0.469 0.716 0.782

Bees per hour
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Adj rank Bee div. Plant div.

Site no. Grid ref Site type W/D H/L Alt P1 P2 P3 P4 Total (0-1) (0-1) (0-1)

TM21B NY928258 Rich meadow Dry Low 240 0.00 2.00 16.00 1.00 19.00 0.238 0.730 0.834

TU07D NY876289 Rich meadow Wet Low 340 0.00 0.00 4.00 1.33 5.33 0.066 0.637 0.858

TU10F NY859294 Rich meadow Wet Low 350 0.00 3.00 4.00 6.00 13.00 0.225 0.739 0.812

TM13N NY910272 Rich meadow Dry Low 250 0.00 8.00 6.00 10.00 24.00 0.359 0.683 0.859

TU04B NY839300 Rich meadow Wet High 400 0.00 12.00 14.67 14.67 41.33 0.505 0.640 0.816

B06B NY938184 Rich meadow Wet Low 280 4.00 10.00 22.00 22.00 58.00 0.650 0.717 0.788

TU08A NY814338 Rich meadow Wet High >450 0.00 0.00 7.00 52.00 59.00 0.328 0.718 0.725

TU03C NY827318 Rich meadow Wet High 430 0.00 1.33 9.33 54.67 65.33 0.372 0.745 0.732

TM18E NY963265 Rich meadow Dry High 380 0.00 6.00 7.00 0.00 13.00 0.247 0.274 0.669

B01B NY975192 Rich meadow Dry Low 260 0.00 9.33 29.33 0.00 38.67 0.375 0.777 0.688

Rich meadow average 0.40 5.17 11.93 16.17 33.67 0.337 0.666 0.778

TM11E NY965264 Int. meadow Dry High 360 0.00 12.00 6.00 3.00 21.00 0.333 0.538 0.697

TU07G NY874289 Int. meadow Dry High 370 0.00 0.00 18.00 4.00 22.00 0.243 0.631 0.840

TU08L NY812338 Int. meadow Wet High 450 0.00 0.00 4.00 6.00 10.00 0.137 0.646 0.647

LO2C NY926224 Int. meadow Wet Low 320 0.00 6.67 64.00 8.00 78.67 0.486 0.693 0.725

TU08C NY807344 Int. meadow Wet High 500 0.00 2.67 6.67 12.00 21.33 0.298 0.761 0.718

TU03F NY846310 Int. meadow Wet High 430 0.00 3.00 14.00 18.00 35.00 0.385 0.727 0.547

TU02C NY862300 Int. meadow Dry High 424 0.00 18.00 11.00 20.00 49.00 0.512 0.760 0.765

LO3A NY922226 Int. meadow Wet Low 340 0.00 4.00 42.00 36.00 82.00 0.541 0.756 0.740

TM01C NY977236 Int. meadow Dry Low 210 6.00 10.00 14.00 0.00 30.00 0.475 0.776 0.757

LO4A NY902216 Int. meadow Wet Low 340 0.00 5.00 44.00 0.00 49.00 0.353 0.648 0.641

Int. meadow average 0.60 6.13 22.37 10.70 39.80 0.376 0.694 0.708

TU02B NY868299 Poor meadow Dry High 390 0.00 0.00 2.67 1.33 4.00 0.033 0.456 0.678

TM14B NY939282 Poor meadow Wet High 400 0.00 6.00 16.00 2.00 24.00 0.341 0.628 0.560

TU01F NY861294 Poor meadow Wet Low 340 0.00 1.00 11.00 4.00 16.00 0.213 0.692 0.690

LO1C NY948235 Poor meadow Dry Low 280 0.00 20.00 28.00 4.00 52.00 0.501 0.800 0.667

TU07H NY874288 Poor meadow Dry High 370 1.00 0.00 4.00 6.00 11.00 0.166 0.400 0.743

TM23D NY936263 Poor meadow Dry Low 280 0.00 0.00 6.00 12.00 18.00 0.214 0.720 0.643

TU03I NY843312 Poor meadow Wet High 390 0.00 0.00 6.00 0.00 6.00 0.083 0.678 0.678

TU10A NY863289 Poor meadow Wet Low 350 0.00 4.00 8.00 0.00 12.00 0.229 0.728 0.730

TM15A NY988260 Poor meadow Dry Low 320 0.00 0.00 10.00 0.00 10.00 0.122 0.000 0.662

TM20A NY945254 Poor meadow Dry Low 220 1.00 0.00 20.00 0.00 21.00 0.213 0.793 0.623

Poor meadow average 0.20 3.10 11.17 2.93 17.40 0.211 0.589 0.667

Bees per hour
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4.2.3 Determinants of the diversity of bumblebees recorded at each site 

 

A significant amount of the variation in bumblebee diversity was explained by inter-site 

variation in plant species diversity (F1,51= 16.201, P < 0.0001, R2 = 0.241, adjusted R2 = 0.226). 

Sites which had the highest diversity of flowering plants tended to support the most diverse 

bumblebee communities (Figure 3). Interestingly, if plant species diversity was excluded 

from initial GLM models as a potential explanatory variable then the diversity of bumblebee 

species present was best explained by variation in habitat type (F5,47 = 3.110, P = 0.017). 

Tukey’s post-hoc tests suggested that the diversity of bumblebee species recorded in semi-

natural habitats was significantly higher than in moorland (P = 0.030). All other pairwise 

comparisons of bumblebee diversity were non-significant, although moorland-intermediate 

(P = 0.051) and moorland-garden (P = 0.081) approached significance. However, there is 

evidently colinearity between the variables ‘habitat type’ and ‘plant species diversity’, with 

plant species diversity the strongest predictor of bumblebee species diversity. 

 

 
 
Figure 3. The relationship between observed bumblebee diversity at each site and the corresponding 
flowering plant diversity at that site (53 sites in total). 

 
In order to verify the robustness of this relationship, non-parametric correlations were also 
carried out. These confirmed that there was a significant relationship between bumblebee 
species diversity and plant species diversity (Spearman’s rho, P = 0.016, Pearson correlation, 
P < 0.001, N = 53 and one-tailed tests in both cases). 
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4.2.4 Habitat use by bumblebees throughout the season 

 
 
Habitat use by bumblebees varied considerably over time, reflected in the Period and 

Adjusted Rank scores in Table 3 and illustrated in Figure 4. Gardens supported large 

numbers of bumblebees throughout the season, particularly during period 3 (July). Few 

foraging bees were found at moorland sites until period 4 (August). Species poor meadows 

supported relatively few bumblebees per hectare except during period 3 (July). Species-rich 

and species-intermediate meadows supported an increasing number of bumblebees per 

hectare as the season progressed, although there was a fall-off in numbers in species-

intermediate meadows following the hay cut. Semi-natural habitats supported a relatively 

low number of bumblebees per hectare until period 4 (August), at which point they became 

a very important forage source. Note that in each case, these figures reflect the number of 

bees recorded per transect hour, which when multiplied by 1.412 approximates to the 

number of bees per hectare for each habitat type. It is important to recognise that this 

survey did not quantify the total area of each habitat type within the North Pennines, and 

the total importance of these habitats for bumblebees is obviously a function of both 

foraging bees per hectare and total hectarage. 

 

 
 
Figure 4. The average numbers of bumblebees using six different habitat types during each of the 
four survey periods. Surveys were carried out in May, June, July and August (Periods 1-4). 
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4.3 Important forage plant species 

 

The following information on forage use excludes data collected from gardens as we felt it 

would be more useful to the NPAONB Partnership to get a sense of which wild plants 

support bumblebee populations. Including the data from gardens skews apparent choices 

towards garden plants when in reality gardens cover a very small percentage of the 

landscape. 

Forage data for each of the four periods (May – August) are shown in turn, followed by a 

summary for the survey as a whole. The data show all recorded visits (both pollen and 

nectar collection) for all species combined. A summary of the principal pollen sources is 

included in the accompanying text.  

Note that the numbers shown here are actual foraging bee records as opposed to 

standardised ‘bees per transect hour’ used in earlier analyses. 

 
Period 1 - May. 

Dandelion 20 

Water avens 7 

Blaeberry 5 

Bush vetch 3 

Blackthorn 1 

Bugle 1 

Daffodil 1 

Forget-me-not 1 

Hawthorn 1 

Cherry blossom  1 

    

Grand Total 41 

 

 

During period 1, most recorded visits were to dandelion (Taraxacum officinale, 20 visits), 

followed by water avens (Geum rivale, seven visits) and bilberry/blaeberry (Vaccinium 

myrtillus, five visits). Pollen collection was recorded from dandelion (two records), 

bilberry/blaeberry (two records) and cherry (Prunus avium, a single record). Meadow 

flowers were not frequently used as it was early in the season and few meadow plants were 

flowering. Only 41 foraging visits were recorded in total across the 47 non-garden sites, 

reflecting the relatively low numbers and low densities of (queen) bumblebees during May. 

 

Period 2 - June. 
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Red clover 74 

Dandelion 16 

Yellow rattle 14 

Meadow buttercup 6 

Bush vetch 4 

Blaeberry 3 

Wood cranesbill 3 

White clover 2 

Marsh marigold 1 

Cow parsley 1 

Pignut 1 

Raspberry 1 

    

Grand Total 126 

 

During period 2 (June), the majority of recorded visits were to red clover (T. pratense, 74 

visits), followed by dandelion (T. officinale, 16 visits) and yellow rattle (Rhinanthus minor, 14 

visits). Pollen collection was mostly from red clover (13 records), yellow rattle (three) and 

dandelion (two).  

Across all sites(including gardens), 46% of foraging records were from worker bumblebees 

with 51% queens, plus a single male ‘early’ bumblebee (B. pratorum) found in Eggleston Hall 

garden on the 24th June. 
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Period 3 - July. 

White clover 173 

Yellow rattle 53 

Meadowsweet 27 

Red clover 25 

Common knapweed 15 

Rose 12 

Hawkbit 11 

Meadow vetchling 11 

Common eyebright 6 

Bush vetch 6 

Marsh thistle 5 

Bramble 3 

Tufted vetch 3 

Selfheal 3 

St John’s wort 3 

Tormentil 2 

Birds-foot trefoil 2 

Marsh woundwort 1 

Red bartsia 1 

Spear thistle 1 

Cross-leaved heath 1 

Hogweed 1 

Rosebay willowherb 1 

    

Grand Total 366 

 

By period 3 (July) white clover (T. repens) had become the most visited forage plant (173 

records), followed by yellow rattle (Rhinanthus minor, 53), meadowsweet (Filipendula 

ulmaria, 27) and red clover (T. pratense, 25). Pollen was collected primarily from these same 

species in a similar ratio (132, 42, 23 and 19 pollen collection records respectively). 

Across all sites (including gardens), 94% of foraging visits were from workers. Only 19 

queens were recorded, along with nine males (four x pratorum, two x lucorum, pascuorum, 

hortorum and an early muscorum male). 
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Period 4 - August. 

Common knapweed 292 

Ling 82 

Meadowsweet 46 

Devil’s bit scabious 31 

Spear thistle 22 

Red clover 10 

Marsh thistle 8 

Rosebay willowherb 5 

White clover 4 

Great burnet 4 

Wood geranium 4 

Bush vetch 3 

Bramble 1 

Hawkbit 1 

Red bartsia 1 

Selfheal 1 

Yellow rattle 1 

Bog asphodel 1 

Meadow buttercup 1 

Meadow vetchling 1 

Tufted vetch 1 

    

Grand Total 520 

 

During period 4 (August), most recorded visits were to common knapweed (Centaurea 

nigra, 292 visits), followed by ling (Calluna vulgaris, 82), meadowsweet (F. ulmaria, 46) and 

devil’s bit scabious (Succisa pratensis, 31). Pollen collection was recorded from common 

knapweed (57 records), ling (40), meadowsweet (21) and devil’s bit scabious (seven). 

Across all sites (including gardens) of 562 records, 461 (82%) of records were from workers, 

of which 34% were collecting pollen. A total of 30 newly emerged queens were recorded 

(5%) along with 71 males (13%). Males of all nine recorded true bumblebee species were 

observed, and queens of all except B. jonellus, B. lapidarius and B. monticola. 
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All periods combined. 

Common knapweed 307 

White clover 179 

Red clover 109 

Ling 82 

Meadowsweet 73 

Yellow rattle 68 

Dandelion 36 

Devil’s bit scabious 31 

Spear thistle 23 

Bush vetch 16 

Marsh thistle 13 

Hawkbit 12 

Rose 12 

Meadow vetchling 12 

Blaeberry 8 

Water avens 7 

Meadow buttercup 7 

Eyebright 6 

Rosebay willowherb 6 

Wood cranesbill 5 

Grand Total 1012 

 

 

When combining data for all of the recording periods, most foraging records were from 

common knapweed (C. nigra, 307 visits), followed by white clover (T. repens, 179), red 

clover (T. pratense, 109), ling (C. vulgaris, 82) and meadowsweet (F. ulmaria, 73). Pollen was 

primarily collected from white clover (133 records), common knapweed (68), yellow rattle 

(45), meadowsweet (44), ling (40) and red clover (34). 
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Rare/scare bumblebees 

Over the course of the survey period the three more unusual species, B. jonellus, B. 

monticola and B. muscorum were found foraging on a range of plant species. A summary of 

their forage use is shown in Table 4, with a seasonal breakdown given in the text below. 

 

Table 4. Forage use by the rare/scarce bumblebee species B. jonellus, B. monticola and B. muscorum 

 
B. jonellus B. monticola B. muscorum 

Blaeberry   2   

Bog asphodel 1     

Cross-leaved heath     1 

Devil’s bit scabious 1   3 

Eyebright     1 

Great burnet     4 

Hawkbit     1 

Common knapweed 3   44 

Ling 8 5 5 

Marsh thistle     2 

Meadow buttercup   2   

Meadowsweet     1 

Red clover     6 

Selfheal     2 

Spear thistle 1     

Tufted vetch     1 

White clover 2 7 12 

Yellow rattle 1 1 3 

Grand Total 17 17 86 

 

B. monticola was found feeding on blaeberry/bilberry (Vaccinium myrtillus) during period 2 

(June), and also in meadows using meadow buttercup (Ranunculus acris) and yellow rattle 

(Rhinanthus minor). During period 3 (July, when little was in flower at moorland sites), B. 

monticola was found using white clover (T. repens) in meadows. During period 4 (August) it 

was once again found at moorland sites, foraging mostly on ling (C. vulgaris). B. jonellus was 

found first during period 3 (July) away from moorland, feeding on white clover and yellow 

rattle. In period 4 (August) it was found at moorland sites, foraging primarily on ling.  

B. muscorum was observed first in period 2 (June) in species-rich meadows foraging on red 

clover (T. pratense). During period 3 (July) it was widely distributed, with the majority of 

records coming from species-rich (52%) and species-intermediate (26%) meadows. Most 

records for this period were from white clover (T. repens), common knapweed (C. nigra) and 

yellow rattle (R. minor). In period 4 (August) the majority of records came from species-rich 

meadows (55%), despite the hay cut, although almost all of these records came from sites 

with uncut banks or with uncut edges more than 1m wide (category 3). During this period 

common knapweed was heavily used (41 records), with five records from ling on moorland 

sites. 
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4.4 Use of uncut banks and edges following the hay cut 

 
Banks 
 
A total of seven meadow sites contained banks. During August (Period 4), following the hay 

cut, the number of foraging bees on these uncut banks was counted and compared to the 

number of bees using cut meadows in the same fields (with zig-zag transects encompassing 

uncut edges where present). Significantly more foraging bumblebees were found using the 

banks than in the meadows and margins (Mann-Whitney U Test, two-tailed, P = 0.042). On 

average 23 bees (per transect hour) were found using the banks, compared to 3.4 bees per 

hour in the meadows and margins (Figure 4).  

 

 
 
Figure 5. The numbers of bees per transect hour found using uncut banks compared to the numbers 
using the cut meadows and their margins (± Standard Error). 
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Edges 
 
A total of 27 meadow sites were assessed for the value of their edges during period 4 

(August, following the hay cut). A further 3 meadows had not been cut by the end of the 

survey period (these were all species-poor meadows). Of the 27 cut meadows, three had 

been cut right up to the boundary (category 1), seventeen had a 0.1-1m uncut edge 

(category 2), and seven had uncut edges wider than 1m (category 3). Significantly more 

bumblebees were found using the widest margins than in the narrower margins (Kruskal-

Wallis Test, χ2 = 6.772, d.f. = 2, P = 0.034; Jonckheere-Terpstra Test, Std. J-T Statistic = 2.465, 

P = 0.014). On average, 20.5 bees per transect hour were found in ‘category 3’ edges, 

compared with four per hour in ‘category 2’ and 2.6 per hour in ‘category 1’ (Figure 5). Of 

219 recorded visits to edges, 143 were to the seven widest edges (65%), 68 were to the 17 

‘category 2’ edges (31%) and just eight were to the narrowest edges. Note that these are 

absolute values and have not been adjusted to reflect the number of bumblebees per 

hectare of uncut habitat. 

 
 

 
 
Figure 6. The numbers of bees per transect hour using uncut meadow margins of different widths. 
Category 1 = ~0m, Category 2 = 0.1 – 1m, Category 3 = > 1m (± Standard Error). 
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4.5 The impact of different hay cutting dates on bumblebees. 

 
Within the limited time frame and scope of this survey it was not possible to scientifically 

assess the impact of cutting date. To do so would have required manipulation of cutting 

dates and direct assessment of the impact on bumblebee colonies (both would be 

practically challenging). However, based on our observations we can make a number of 

inferences about the likely impact of cutting date on bumblebee colonies. 

The recorded numbers of bumblebees rose throughout the survey and had not started to 

fall by period 4 (August). Of the bees recorded in August, 82% were workers, 13% were 

males and 5% were queens. A significant proportion of workers (34%) were collecting 

pollen. Where banks and edges were left uncut these were important forage sources. 

Following the cutting of meadows there was an increase (Figure 3) in the number of 

bumblebees foraging in semi-natural habitats (roadside verges, riverbanks etc). It seems 

likely that an early hay cut would reduce available forage for bumblebees and conversely 

that a later cut would be of benefit. 
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5. Discussion 
 

The survey recorded a total of 1256 true bumblebees of nine different species, plus eight 

unidentified cuckoo bumblebees. Of the true bumblebees, inevitably the majority were of 

the six common and widespread species B. terrestris, lucorum, pascuorum, lapidarius, 

pratorum and hortorum. However, we are pleased to report that three scarce/rare species 

were also discovered (B. muscorum, B. jonellus and B. monticola). These were the first 

records of these species at many sites, and they had not been recorded in the wider area for 

between seven and twenty years (as per the National Biodiversity Network). It is probable 

that this reflects a lack of recorder effort rather than their absence from the area, 

illustrating the value of conducting the survey.  

B. muscorum is a UKBAP priority species which has declined dramatically in the UK. 

Remaining populations in England are mostly southern and coastal. The population of B. 

muscorum in the North Pennines, Co. Durham and Northumberland is of national 

significance for the long-term conservation of this species. The presence of this species in 

particular illustrates that the habitat in this area is of high quality. It suggests that the 

historical pattern of land use and management has maintained a sufficient density of 

flower-rich habitats to sustain populations. Distribution maps of these rare/scarce species 

can be found in Appendix 1. 

The survey method quantified the numbers of bumblebees using each of six habitat types 

per transect hour, throughout the season. From this it is possible to calculate the number of 

bees per hectare in each of these habitat types. When considering the importance of the 

different habitat types for bumblebees it is important to bear in mind the total hectarages 

of these habitat types. The species richness and abundance of bumblebees was found to be 

high in gardens and semi-natural areas (such as flowery roadside verges, footpaths and 

riverbanks). However, the total hectarage covered by these areas was small in comparison 

to that covered by meadows. With this in mind, it seems likely that gardens and semi-

natural areas are of particular importance in spring, when meadows and moorland provide 

little in the way of forage. Key wild forage plants in spring included blackthorn, blaeberry, 

bugle, bush vetch, dandelion, hawthorn and water avens. Gardens provided spring forage in 

the form of berberis, bluebell, cherry blossom, rhododendron and solomon’s seal. During 

the summer months, these habitats are likely to be relatively less important, when species-

rich and species-intermediate meadows provide a large resource. However, after the 

meadows have been cut (and hence the hectarage of meadows flower has been drastically 

reduced), gardens and perhaps particularly semi-natural habitats are likely to again be of 

significance. During period 4 (August) a large number of bumblebees were recorded using 

semi-natural habitats, primarily foraging on common knapweed, meadowsweet and devil’s 

bit scabious. A flower-rich roadside verge beside a meadow is a natural place for 

bumblebees to displace to following the hay cut. The surge in records of bumblebees in 
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these semi-natural areas during August perhaps reflects this. In August the moorlands also 

became more important as the ling began to flower in profusion. 

The diversity of bumblebees found at each site was significantly correlated with flowering 

plant species-richness. Bumblebee species differ in the lengths of their tongues, which to 

some extent determine their choice of forage plants. A more diverse meadow is likely to 

contain flowers with varying depths of corollae, with something to suit a range of 

bumblebee species. Equally, a diverse assemblage of bumblebee species will ensure 

adequate pollination of a diversity of plant species. However, the absolute abundance of 

bumblebees at a particular site was not significantly correlated with species richness, and 

instead differed significantly between habitat types. Although bumblebees will visit a wide 

range of plant species, they have clear preferences for a relatively short list of key forage 

plants (Goulson 2003a). Clovers, vetches and trefoils (broadly, legumes) produce pollen with 

a high nitrogen and essential amino acid content, and pollen from this group is 

preferentially collected by bumblebees (Hanley et al. 2008). The presence of legumes in 

abundance, along with an accessible nectar source such as common knapweed, is certain to 

attract large numbers of foraging bumblebees. Habitats with low plant species-richness are 

less likely to contain preferred pollen sources throughout the flight season. 

It is notable that neither altitude (High/Low) nor meadow type (Wet/Dry) explained a 

significant proportion of the observed variation in either bumblebee numbers or diversity 

per site. There are large climatic differences between high and low altitude meadows which 

affect the botanical diversity of the meadows. Likewise, ‘wet’ and ‘dry’ meadows differ 

significantly in their species composition. The initial survey design included ten replicates of 

each of five habitat types (with a further three garden sites included after the survey had 

started). The intention was to establish, with reasonable scientific rigor, whether total 

bumblebee numbers or diversity differed significantly between these habitat types. 

Wet/Dry and High/Low meadows were included in roughly equal proportion meaning that 

for a given habitat type there were approximately five ‘wet’ meadows of which 

approximately ~2.5 were ‘low’ and ~2.5 were ‘high’. If these variables had resulted in a large 

change in total bumblebee numbers or diversity then the limited statistical power available 

might have detected this. The absence of significant relationships involving these variables is 

not evidence that no such relationship exists and is more likely to reflect the low statistical 

power available to resolve these differences. To test the effect of these variables more 

robustly would have required many more surveyed sites. A fully factorial design based on 

ten replicates per variable, testing ‘Wet/Dry’ and ‘High/Low’ across species-rich, -

intermediate and -poor meadows would have required 120 independent survey sites. A 

further complicating factor is that the variables ‘site type’, ‘Wet/Dry’, ‘High/Low’ and ‘Plant 

Species Diversity’ are not independent from one another. A change in ‘site type’ or ‘wet/dry’ 

would be expected to affect ‘Plant Species Diversity’, for example. For these reasons, the 

conclusions drawn by this survey reflect the variables which were found to most strongly 
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affect the dependent variable in question and do not exclude the potential influence of 

other interrelated variables. 

It is important that suitable forage plants are within foraging range (<1km) of colonies 

throughout the flight season. Colonies do not produce reproductive offspring until the nest 

has become well established, and most new queens are produced towards the end of the 

season. It is notable that species-poor meadows contained few bumblebees apart from a 

brief period in July when white clover was at its flowering peak. In contrast, species-

intermediate and species-rich meadows provided foraging resources in June, July and 

(where margins remained uncut) into August. These habitats contained a greater diversity of 

preferred forage plant species, spanning a wider range of flowering periods (key species 

included devil’s bit scabious, common knapweed, meadowsweet, red clover, white clover 

and yellow rattle). 

The recorded numbers of bumblebees rose throughout the survey period and during August 

the majority of records (82%) were still of workers. A significant proportion of these were 

collecting pollen demonstrating that larvae were still developing in their nests. A relatively 

low proportion of records were males (13%) and just 5% of records were of queens. Taken 

together, these data suggest that the bumblebee season was in full swing, rather than on 

the ebb. A significant hectarage of Teesdale, Lunedale and Baldersdale is covered by 

meadows (the survey did not attempt to quantify this area). To varying degrees these 

meadows all provide foraging resources to bumblebees and the cutting of meadows for hay 

will inevitably reduce the availability of flowers. Nests do not produce reproductive 

individuals (new males and queens) until they are well established and few queens are 

produced until the late in the season. In addition to reducing available resources, cutting 

frequently destroys the nests of surface nesting bumblebee species (which include B. 

pascuorum and the rare UKBAP species B. muscorum). Clearly the date of cutting has the 

potential to profoundly affect the ability of colonies to reproduce. Under current agri-

environment prescriptions, the majority of meadows are cut soon after the 8th July or 15th 

July. This will significantly reduce the availability of wildflowers to bumblebee colonies, 

many of which will not yet have reproduced. 

The analysis of forage use on banks and edges during period 4 (August) illustrates the 

importance of uncut banks and edges wider than 1m. Where fields contained an uncut 

bank, significantly more bees were found on the bank than elsewhere in the field (as would 

be expected). Again, perhaps intuitively, the wider the uncut margin the greater the 

numbers of foraging bees. It is important to note that it was not possible to ascertain 

whether the number of bees using the bank increased following the cut as a result of the 

decrease in available habitat. The total number of foraging bumblebees changes over the 

course of the season and it would be invalid to compare the number of bumblebees using 

the bank in August (following the cut) with the number which had been using the bank 

during the July survey (prior to the cut). To answer this interesting question would require a 
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carefully planned experiment with appropriate controls and this was beyond the scope of 

this survey. 

Of the rarer species, observed foraging preferences were largely as expected based on what 

is known about their ecology (e.g. see Benton, 2006). B. monticola and B. jonellus are 

primarily upland/moorland species but are known to use and indeed rely on upland 

meadows and other non-moorland sites at certain times of year. B. monticola was found 

initially on blaeberry, then used meadow buttercup and yellow rattle before returning to 

the moorland to use ling. B. jonellus is generally a late emerging species and was found first 

during period 3 (July) feeding on white clover and yellow rattle. In period 4 (August) it was 

found at moorland sites foraging on ling which is known to be its preferred forage plant 

(Benton 2006).  

The ecology of B. muscorum in the UK is unusual. In some localities it completes its lifecycle 

in species-rich grasslands, whereas elsewhere (particularly in the Highlands of Scotland), it 

emerges late and forages almost exclusively on Calluna vulgaris and Erica spp. (Benton 

2006). During this survey it was observed initially in June using species-rich meadows and 

foraging on red clover. During July its numbers increased and it was found more widely but 

with 78% of all records coming from species-rich and species-intermediate meadows. 

Following the hay cut, the majority of records still came from species-rich meadows, 

although all but two of these records were from sites with uncut banks or uncut margins 

wider than 1m. It seems that this species is closely associated with species-rich meadows 

and hence their restoration and management is of key importance. A total of five records of 

B. muscorum foraging on ling during August suggest that moorland sites may also be 

important for this species, if flowering ling covers a substantial area. 
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6. Conclusions and recommendations 

 

Teesdale, Lunedale and Baldersdale contained an interesting diversity of bumblebees which 

in places were abundant. The presence of B. monticola, B. jonellus and in particular B. 

muscorum is of great interest, with the North Pennines, Co. Durham and Northumberland 

population of B. muscorum being of national significance. We hope that future management 

plans take steps to support the population of this UKBAP priority species, along with 

populations of the commoner species. 

Species-rich grassland was a key habitat for B. muscorum, producing the majority of records. 

Less than 4% of B. muscorum records came from species-poor grassland, reflecting the poor 

abundance and continuity of preferred forage species found here. Work which seeks to 

increase the species-richness of hay meadows will be of great benefit to this rare 

bumblebee species. 

The final survey took place in August and at this time the bumblebee colonies were still very 

active with relatively few males and new queens on the wing. Late cutting of meadows 

allows more time for bumblebee colonies to collect and store resources, with a week or two 

making a significant difference. Late emerging species, such as B. muscorum, are reliant on a 

dense abundance of resources, particularly legumes. It seems likely that in the absence of 

flower-rich meadow habitats during the main period of colony growth and development this 

species would struggle to produce offspring. In our view, any change towards an earlier 

cutting date would probably have negative consequences for this species and conversely a 

move towards a later cut would be of benefit. However, it is recognised that a long-term 

view of meadow management is important to ensure that species-richness is maintained. 

Following the hay cut, semi-natural habitats became increasingly important. Initiatives 

which seek to enhance or maintain flower-rich roadside verges, riverbanks, tracks and 

footpaths will be of value in supporting colonies through their reproductive phase. Newly 

emerged queens will also use these resources to build up fat reserves prior to hibernation. 

Bumblebees seldom fly more than a kilometre from their colonies and there is evidence that 

the rarer species may have shorter foraging ranges (reviewed in Goulson 2003a). Significant 

gaps in space or time in the availability of forage could jeopardise colonies. In order to 

support populations it is important to ensure that the hay cut doesn’t lead to the starvation 

of nests. During the August survey, bumblebees were found foraging in abundance on uncut 

banks and on wide uncut margins. It is important that these banks continue to be managed 

in this way, and initiatives which increase the total area of uncut margins would be 

beneficial. Ideally each field would contain an uncut 1-2m margin along at least one edge. 

Both banks and margins would not only provide valuable foraging resources, they would 

also be areas in which surface-nesting bumblebees could escape destruction by farm 

machinery. Rotating which edge was left uncut (on a four year cycle) would minimise any 
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problems associated with increased grass seed set. A later cut allows grass plants to set 

more seed and if this occurred repeatedly in the same area then grasses might begin to out-

compete broadleaved flowering plants. 
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9. Appendix 1. Distribution maps of rare/scarce bumblebees 

 
The observed distribution of Bombus muscorum in the survey area. 
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The observed distribution of Bombus jonellus in the survey area. 
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The observed distribution of Bombus monticola in the survey area. 
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10. Appendix 2. Parameter estimates from multi-factorial 

GLMs 
 

The following tables give the parameter estimates (B, intercept shift or gradient) and the confidence 

intervals for the main effects and interactions between explanatory variables which resulted from 

initial multi-factorial GLMs. For each level of analysis one variable or variable pair is arbitrarily set to 

zero, with effect sizes given relative to this. In many instances there are either insufficient degrees of 

freedom to perform all analyses, or a complete absence of variable pairs due to the non-fully 

factorial design. Note that 95% confidence intervals frequently encompass both positive and 

negative values for the effect. This reflects the lack of statistical power to determine these complex 

relationships with confidence given the limited number of replicates surveyed (53 in total). It is for 

this reason that the complexity of the model was reduced by step-wise removal of non-significant 

terms, allowing significant relationships to be determined with relative confidence. 

Parameter Estimates 

Dependent Variable: Bee diversity 

 

Parameter B Std. Error t Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Intercept 1.024 .629 1.629 .113 -.257 2.306 

[HL=High] * Plantdiv -.088 1.796 -.049 .961 -3.747 3.571 

[HL=Low] * Plantdiv -.873 1.560 -.560 .580 -4.052 2.305 

[HL=n/a] * Plantdiv -.394 .801 -.492 .626 -2.025 1.237 

[Sitetype=Garden] * [HL=n/a] -.460 1.494 -.308 .760 -3.505 2.584 

[Sitetype=Int. meadow] * [HL=High] -.616 .952 -.647 .522 -2.555 1.323 

[Sitetype=Int. meadow] * [HL=Low] -.113 1.358 -.083 .934 -2.880 2.654 

[Sitetype=Moorland] * [HL=n/a] -.887 .647 -1.372 .180 -2.204 .430 

[Sitetype=Poor meadow] * [HL=High] -.526 1.132 -.464 .646 -2.833 1.781 

[Sitetype=Poor meadow] * [HL=Low] -.012 1.395 -.009 .993 -2.853 2.828 

[Sitetype=Rich meadow] * [HL=High] -.283 1.497 -.189 .851 -3.332 2.765 

[Sitetype=Rich meadow] * [HL=Low] .415 1.423 .292 .772 -2.483 3.314 

[Sitetype=Semi-natural] * [HL=n/a] 0
a
 . . . . . 

[WD=Dry] * [HL=High] -.565 1.067 -.530 .600 -2.739 1.608 

[WD=Dry] * [HL=Low] -.324 1.108 -.292 .772 -2.581 1.933 

[WD=n/a] * [HL=n/a] 0
a
 . . . . . 

[WD=Wet] * [HL=High] 0
a
 . . . . . 

[WD=Wet] * [HL=Low] 0
a
 . . . . . 
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[Sitetype=Garden] * Plantdiv .668 2.167 .308 .760 -3.745 5.081 

[Sitetype=Int. meadow] * Plantdiv .567 1.804 .314 .755 -3.108 4.241 

[Sitetype=Moorland] * Plantdiv 1.097 .855 1.283 .209 -.645 2.839 

[Sitetype=Poor meadow] * Plantdiv .396 1.884 .210 .835 -3.441 4.233 

[Sitetype=Rich meadow] * Plantdiv 0
a
 . . . . . 

[Sitetype=Semi-natural] * Plantdiv 0
a
 . . . . . 

[WD=Dry] * Plantdiv .354 1.378 .257 .799 -2.453 3.161 

[WD=n/a] * Plantdiv 0
a
 . . . . . 

[WD=Wet] * Plantdiv 0
a
 . . . . . 

[Sitetype=Garden] * [WD=n/a] 0
a
 . . . . . 

[Sitetype=Int. meadow] * [WD=Dry] .159 .216 .734 .468 -.282 .600 

[Sitetype=Int. meadow] * [WD=Wet] 0
a
 . . . . . 

[Sitetype=Moorland] * [WD=n/a] 0
a
 . . . . . 

[Sitetype=Poor meadow] * [WD=Dry] -.012 .241 -.050 .961 -.504 .480 

[Sitetype=Poor meadow] * [WD=Wet] 0
a
 . . . . . 

[Sitetype=Rich meadow] * [WD=Dry] 0
a
 . . . . . 

[Sitetype=Rich meadow] * [WD=Wet] 0
a
 . . . . . 

[Sitetype=Semi-natural] * [WD=n/a] 0
a
 . . . . . 

[Sitetype=Garden] 0
a
 . . . . . 

[Sitetype=Int. meadow] 0
a
 . . . . . 

[Sitetype=Moorland] 0
a
 . . . . . 

[Sitetype=Poor meadow] 0
a
 . . . . . 

[Sitetype=Rich meadow] 0
a
 . . . . . 

[Sitetype=Semi-natural] 0
a
 . . . . . 

[WD=Dry] 0
a
 . . . . . 

[WD=n/a] 0
a
 . . . . . 

[WD=Wet] 0
a
 . . . . . 

[HL=High] 0
a
 . . . . . 

[HL=Low] 0
a
 . . . . . 

[HL=n/a] 0
a
 . . . . . 

Plantdiv 0
a
 . . . . . 

a. This parameter is set to zero because it is redundant. 
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Parameter Estimates 

Dependent Variable: Total number of bumblebees recorded 

 

Parameter B Std. Error t Sig. 

95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

Intercept -21.731 94.285 -.230 .819 -213.784 170.321 

[HL=High] * Plantdiv -244.235 269.269 -.907 .371 -792.717 304.248 

[HL=Low] * Plantdiv -313.490 233.925 -1.340 .190 -789.981 163.000 

[HL=n/a] * Plantdiv 105.922 120.028 .882 .384 -138.566 350.410 

[Sitetype=Garden] * [HL=n/a] 214.874 224.030 .959 .345 -241.460 671.208 

[Sitetype=Int. meadow] * [HL=High] 45.497 142.680 .319 .752 -245.132 336.126 

[Sitetype=Int. meadow] * [HL=Low] 128.077 203.633 .629 .534 -286.710 542.865 

[Sitetype=Moorland] * [HL=n/a] 31.731 96.923 .327 .746 -165.694 229.156 

[Sitetype=Poor meadow] * [HL=High] 128.092 169.761 .755 .456 -217.701 473.884 

[Sitetype=Poor meadow] * [HL=Low] 193.929 209.064 .928 .361 -231.920 619.778 

[Sitetype=Rich meadow] * [HL=High] 256.660 224.360 1.144 .261 -200.347 713.667 

[Sitetype=Rich meadow] * [HL=Low] 309.368 213.312 1.450 .157 -125.135 743.871 

[Sitetype=Semi-natural] * [HL=n/a] 0
a
 . . . . . 

[WD=Dry] * [HL=High] -189.641 159.938 -1.186 .244 -515.423 136.141 

[WD=Dry] * [HL=Low] -191.488 166.096 -1.153 .258 -529.815 146.839 

[WD=n/a] * [HL=n/a] 0
a
 . . . . . 

[WD=Wet] * [HL=High] 0
a
 . . . . . 

[WD=Wet] * [HL=Low] 0
a
 . . . . . 

[Sitetype=Garden] * Plantdiv -196.163 324.773 -.604 .550 -857.704 465.378 

[Sitetype=Int. meadow] * Plantdiv 252.079 270.418 .932 .358 -298.744 802.902 

[Sitetype=Moorland] * Plantdiv -105.273 128.211 -.821 .418 -366.429 155.884 

[Sitetype=Poor meadow] * Plantdiv 93.455 282.381 .331 .743 -481.736 668.647 

[Sitetype=Rich meadow] * Plantdiv 0
a
 . . . . . 

[Sitetype=Semi-natural] * Plantdiv 0
a
 . . . . . 

[WD=Dry] * Plantdiv 219.919 206.583 1.065 .295 -200.876 640.713 

[WD=n/a] * Plantdiv 0
a
 . . . . . 

[WD=Wet] * Plantdiv 0
a
 . . . . . 

[Sitetype=Garden] * [WD=n/a] 0
a
 . . . . . 

[Sitetype=Int. meadow] * [WD=Dry] 15.117 32.443 .466 .644 -50.967 81.201 
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[Sitetype=Int. meadow] * [WD=Wet] 0
a
 . . . . . 

[Sitetype=Moorland] * [WD=n/a] 0
a
 . . . . . 

[Sitetype=Poor meadow] * [WD=Dry] 43.630 36.197 1.205 .237 -30.100 117.360 

[Sitetype=Poor meadow] * [WD=Wet] 0
a
 . . . . . 

[Sitetype=Rich meadow] * [WD=Dry] 0
a
 . . . . . 

[Sitetype=Rich meadow] * [WD=Wet] 0
a
 . . . . . 

[Sitetype=Semi-natural] * [WD=n/a] 0
a
 . . . . . 

[Sitetype=Garden] 0
a
 . . . . . 

[Sitetype=Int. meadow] 0
a
 . . . . . 

[Sitetype=Moorland] 0
a
 . . . . . 

[Sitetype=Poor meadow] 0
a
 . . . . . 

[Sitetype=Rich meadow] 0
a
 . . . . . 

[Sitetype=Semi-natural] 0
a
 . . . . . 

[WD=Dry] 0
a
 . . . . . 

[WD=n/a] 0
a
 . . . . . 

[WD=Wet] 0
a
 . . . . . 

[HL=High] 0
a
 . . . . . 

[HL=Low] 0
a
 . . . . . 

[HL=n/a] 0
a
 . . . . . 

Plantdiv 0
a
 . . . . . 

a. This parameter is set to zero because it is redundant. 
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11. Appendix 3. Scientific and common names of bumblebees 
 
 
 
Species name English names Status 

 
barbutellus  Barbut’s Cuckoo-bee 

 bohemicus Gypsy Cuckoo-bee 
 campestris Field Cuckoo-bee 
 cryptarum  

  cullumanus † Cullum's Bumblebee last recorded 1941  

distinguendus Great Yellow Bumblebee UK Biodiversity Action Plan priority species 

hortorum Garden Bumblebee 
 humilis Brown-banded Carder-bee UK Biodiversity Action Plan priority species 

hypnorum Tree bumblebee first recorded 2001 

jonellus Heath Bumblebee 
 lapidarius Red-tailed Bumblebee 
 lucorum White-tailed Bumblebee 
 magnus 

  monticola Bilberry Bumblebee 
 muscorum Moss Carder-bee UK Biodiversity Action Plan priority species 

pascuorum Common Carder-bee 
 pomorum † Apple Bumblebee last recorded 1864  

pratorum Early Bumblebee 
 ruderarius Red-shanked Carder-bee UK Biodiversity Action Plan priority species 

ruderatus Ruderal Bumblebee UK Biodiversity Action Plan priority species 

rupestris Red-tailed Cuckoo-bee 
 soroeensis Broken-belted Bumblebee 
 subterraneus † Short-haired Bumblebee last recorded 1988 (UKBAP species) 

sylvarum Shrill Carder-bee UK Biodiversity Action Plan priority species 

sylvestris Forest Cuckoo-bee 
 terrestris Buff-tailed Bumblebee 
 vestalis Southern Cuckoo-bee 
  

† Considered extinct in the UK 
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12. Appendix 4. About the Bumblebee Conservation Trust 

 

The Bumblebee Conservation Trust is a UK-based national charity (No. 1115634) and a 

Company Limited by Guarantee (No. 05618710). The Trust was established in May 2006 in 

response to ongoing declines in many bumblebee species, due primarily to habitat loss 

through agricultural intensification. In the last 70 years two species have become nationally 

extinct whilst populations of several others have crashed dramatically. Over one third of 

social bumblebee species are now UK Biodiversity Action Plan priorities. Bumblebees are 

‘keystone’ pollinators, integral to our natural environment, and providing significant 

economic benefits through pollination of crops. We aim to help bumblebees and the 

habitats that they depend on through conservation and education. Currently 87 pence of 

every pound we receive goes towards our conservation work.  

Our vision is to:  

 Prevent further national extinctions of bumblebees and halt further population 

declines 

 Promote for the benefit of the public the conservation of bumblebees 

 Advance the education of the public in the conservation, protection and 

improvement of the natural environment 

  

Further information about bumblebees and our conservation work can be obtained by 

visiting our website at www.bumblebeeconservation.org 

Or contact us: 

Bumblebee Conservation Trust 

University of Stirling 

Stirling 

FK9 4LA 

Telephone: 01786 467818 

Email: enquiries@bumblebeeconservation.org 

 

http://www.bumblebeeconservation.org/

