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i Abstract:  

The life cycles of heathland ground nesting generalist and specialist pollinators 

must be aided through the management of soil exposures as nesting mediums. An 

analysis of data collected from 37 nest activity and 37 non-nest activity soil 

exposures was carried out across three Dorset National Nature Reserves. Variables 

recorded at each sample site were the exposure area of nesting surface, inclination 

and aspect, soil compaction, substrate type, percentage vegetation cover and 

surrounding vegetation structure. Also, species richness and morphological burrow 

richness were recorded per active nest site. 

 

This research explored the questions;  

- What is the distribution of active nests sites across study sites? 

- Are there variations in the variables recorded across sites with and without nest 

activity?  

- Do the variables affect nesting species richness? If so, which of these variables 

are most effecting nesting species richness?  

- Does the social typing of the ground nesting hymenopteran bee and wasp species 

into gregarious nester and solitary nester categories uncover preferences for 

communal or isolated nesting?  

- Can a measure of morphological burrow richness be used as a tool to indicate 

nesting species richness?  

 

The findings demonstrate the most suitable nest sites for ground nesting bees and 

wasps to be large, south facing exposures with multiple substrate types and a 

locally pioneer stage vegetation structure. Strong negative associations between 

gregarious and solitary nesting species indicates preferences for isolated rather 

than communal nesting. This was also the case for gregarious bees and gregarious 

wasps. A moderate positive relationship between morphological burrow richness 

and nesting species richness supports the claim that morphological burrow richness 

is a reliable measure of nest site suitability.  
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1.0 Introduction: 

 

1.1 Defining lowland heathland:  

Lowland heathland is a semi-natural habitat which generally persists below 300m of 

altitude (English Nature, 2002). It is dominated by ericaceous vegetation which 

overlies shallow, acidic, and nutrient poor peat type soils (See Figure 1) 

(Biodiversity Reporting and Information Group, 2007). Ling (Calluna vulgaris L.) is a 

characteristic and abundant ericaceous species of heathlands, which forms vital 

pollinator networks for many generalist and specialist species (Vandvik et al, 2014; 

Descamps et al, 2015). As an early successional habitat, the intervention of man is 

needed to maintain habitat quality and prevent ecological succession to other states 

(Mitchell et al, 2015). Heathlands are also a priority habitat of high biodiversity 

value, protected under the UK biodiversity action plan and various agri-environment 

schemes which aim to halt habitat loss, maintain habitat quality and conserve 

biodiversity (Hewins et al, 2007; Biodiversity Reporting and Information Group, 

2007). 

 

 

 

Figure 1: Lowland heathland at Hartland moor National Nature Reserve, Dorset (Spiers, 

2016a). 
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1.2 A history of heathlands: 

Lowland heathland emerged 4000 years ago as a consequence of large scale 

deforestation for the creation of agricultural grazing pastures (Webb, 1998). The 

traditional uses of active grazing, and the burning and cutting of vegetation and turf 

for use as fuel and fodder, subsequently prevented ecological succession 

and woodland regeneration (Gimingham, 1972; Webb, 1986). It was the socio-

economic climate produced after World War II which incentivised abandonment and 

mass conversion of heathland into more economically productive systems (Moore, 

1962). Urban development as well as agricultural improvement developed with the 

use of artificial fertilisers for intensive crop and livestock production were main 

causes for heathland destruction, fragmentation and habitat degradation (Webb, 

1989; Webb, 1998; Underhill-Day, 2005; Carboni and Dengler et al, 2015). 

 

The heathlands of European countries once spanned several million hectares, but 

have since been reduced to an estimated 350,000 hectares (Diemont, Webb, 

and Degn, 1996; Carboni and Dengler et al, 2015). In reference to the study 

location of this research, Moore (1962) quantified that up to 66% of the total area of 

heathlands in Dorset had become lost and fragmented since 1811. Furthermore, 

loss of heathland in Dorset was still being experienced into the late 1990’s, 

regardless of preventative measures to control scrub encroachment and woodland 

regeneration (Michael, 1996; Webb and Rose et al 2000; Underhill-Day, 2005).  

 

1.3 Implications of habitat loss and fragmentation: 

Generally speaking, habitat loss and fragmentation causes biodiversity loss 

(Hanski, 2005). For instance, habitat fragmentation reduces genetic diversity as a 

result of restricted gene flow and genetic drift amongst isolated populations (Rivera-

Ortíz et al 2014). This reduces effective population sizes and causes inbreeding 

depression and extinction vortices (Lopez-Uribe et al, 2015). If a critical threshold of 

fragmentation is exceeded, this may result in impaired ecosystem resilience to 

environmental change and irreversible regime shifts (Pardini et al, 2010). Many of 

the discussed processes above interact synergistically, creating amplified 

feedbacks which drive the cascading effects and abrupt species declines 

associated with biodiversity loss (Brook et al, 2008).  
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The biodiversity loss experienced by heathlands as a result of habitat destruction 

and fragmentation has altered species community composition, reduced ecosystem 

functioning and therefore hampered critical ecosystem services such as pollination 

(Exeler et al, 2010; Fagúndez, 2013; Oliver et al, 2015). The ability of an ecosystem 

to combat the effects of habitat loss and fragmentation depends on its stability and 

resilience, which in turn is dependent on the continuation of key trophic interactions 

(Loreau et al, 2013; Truchy et al, 2015). Ensuring ecosystems continue to function 

in a natural and healthy manor has been universally demonstrated as being 

achieved through conservation of biodiversity (Loreau et al, 2013; Truchy et al, 

2015). For example; habitat loss and fragmentation threatens the ecosystem 

service relating to the pollination of crops and wild flowers, therefore, by protecting 

pollinators and their associated habitats this ecosystem service can continue and 

ecosystem resilience can be maintained (Bommarco et al 2012; Potts et al, 2016).   

 

1.4 Opportunities and Complications of Heathland management: 

Conservation management of heathlands aims to prevent habitat loss and 

fragmentation, but also to maintain habitat quality. As heathlands are early 

successional semi-natural habitats, they require human intervention to exist 

(Mitchell et al, 2015). This intervention takes place in the form of controlled burns, 

brush cutting, sod cutting, grazing regimes, and herbicidal treatments. These 

measures are employed for the purpose of creating mosaics of vegetation structure 

and bare ground, preventing scrub encroachment, and arresting ecological 

succession (Webb, 1986; Bokdam & Gleichman 2000; Newton et al, 2009).  

 

The structural habitats developed by heathland management are essential for the 

life cycles of niche species (Webb, 1986). For instance, heathland management 

practices ensure the creation of exposed soil as an essential nesting and basking 

resource for the sand lizard (Lacerta agilis L.), smooth snake (Coronella austriaca 

L.), invertebrate Coleoptera and ground nesting Hymenoptera (Yeo 

and Corbet 1995; Falk and Lewington, 2015; English Nature, 2005; Pickess and 

Burgess et al, 1989; Chadwick, 1982). Furthermore, species such as the stone 

curlew (Burhinus oedicnemus L.) and the Myrmica ant hosts of the endangered 

butterfly Maculinea arion require management that maintains short and open 

heathland vegetation as a structural habitat for foraging and nesting (Green and 

Griffiths, 1994; Thomas et al, 1998). Conversely, the Dartford warbler (Sylvia 
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undata B.) requires management that maintains both mature stands of European 

gorse (Ulex europeaus) for nesting, and bare ground for insectivorous foraging 

(Berg et al, 2001).  

 

The responses of the heathland ecosystem to different types and intensities of 

management must be investigated to understand if management is being carried 

out effectively (Lindenmayer and Hobbs et al, 2008; Bargmann et al, 2015). If 

management is inappropriate, this might negatively affect the biotic and abiotic 

drivers for ecosystem interactions and thus ecosystem functional stability (Mitchell 

et al, 2000). This is often investigated in the scientific literature, and can inform 

heathland management practices by improving the understanding of ecosystem 

responses to management types (Fischer & Lindenmayer 2007; Mitchell et al 2000). 

For example; the study composed by Henning et al (2017) investigated the effects 

of mowing, grazing and creation of bare ground at different intensities on seedling 

recruitment for the restoration of an abandoned heathland. Henning et al (2017) 

was able to recommend strategies for the creation of bare ground as a crucial step 

to seedling recruitment and heathland restoration, thus informing management and 

improving the prospects for reconnecting heathland fragments.  

 

 

1.5 Effects of Heathland loss and fragmentation on pollinators: 

The combined interplay of habitat loss, fragmentation and agricultural intensification 

on semi-natural systems such as lowland heathland has caused significant losses 

to pollinator diversity, disrupted plant-pollinator communities and hindered the 

pollination ecosystem service which they provide (Ollerton et al, 2014; Kovacs-

Hostyanski et al, 2017. Pollinators are able to disperse over long distances and 

consequently interact with a large diversity of species and resources, which 

influences trophic interactions at large spatial scales (Tscharntke et al, 2005).  

Therefore, a recent historic decline in pollinators puts plant-pollinator networks at 

risk of homogenization, driving further instability of the pollination ecosystem 

service, loss of biodiversity, reduced crop production and food insecurity issues 

(Lever et al, 2014; Winfree et al, 2009; Potts et al, 2010).  
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Figure 2: A Purbeck mason 

wasp (Pseudepipona herichii 

S.) (Spiers, 2016b). 

 

Cane (1997) refers to the ground nesting hymenoptera as a neglected group of 

effective specialist and generalist pollinators. The Purbeck mason wasp 

(Pseudepipona herichii S.) is a good example of this as it is a rare and gregarious 

ground nesting aculeate wasp (figure 2). In the United Kingdom It is exclusive to the 

lowland heathlands of the Poole basin, in Dorset, but can also be found in central 

Asia, North Africa, Western Europe and North America (Roberts, 2001). Its habitat 

requirements include exposed clay as a nesting medium, mid-succession 

regenerating heathland with a main component being that of bell heather (Erica 

cinerea), open water to aid nest construction, and the presence of the Tortricid moth 

Acleris hyemana as its only known prey item (Roberts, 2008). The rarity and highly 

specialised requirements of this species mean that it is at higher risk to local 

extinction by allee effects and demographic stochasticity than other generalist 

species (Amarasekare, 1998; Underhill-Day, 2005; 

Roberts, 2001). Much alike the declines of other 

pollinator species, reasons for its decline are not 

well understood, however, land use intensification, 

lack of food sources, pesticide use, disease, natural 

population dynamics, suitable habitat loss, and 

climate change are likely responsible (Vanbergen et 

al, 2013; RSPB, 2004).  

  

 

 

1.6 Options for Heathland pollinator conservation:  

There is a lack of modern scientific research targeting the conservation of specialist 

heathland invertebrates such as the ground nesting pollinators (Steffan-

Dewenter and Leschke, 2003). Many of the ground nesting Hymenoptera have 

specialised nesting and habitat requirements, which are very different and in some 

cases unknown (Potts and Vulliamy et al, 2005). This consequently limits 

management options to target their conservation. Here, it is inferred that the 

conservation of ground nesting pollinators such as the Purbeck mason wasp 

(Pseudepipona herichii S.) could be improved if their habitat requirements and 

nesting biology were better understood. 
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The creation of exposed soil as a basic and universal requirement for nesting is 

carried out by current management, however, there is little known about the 

detailed factors effecting the suitability of nest sites for nest excavation and 

habitation. Hypothetically, the creation of soil exposures which cover a range of 

Hymenopteran habitat requirements should maximise the suitability of nest sites, 

thus encouraging nesting and improving their conservation. Therefore, an 

investigation into the factors affecting nest site suitability for ground nesting 

hymenoptera presents a valuable research opportunity (Brockmann, 1979). 

 

1.7 Variables affecting nest site suitability: 

The presence or absence of nest activity between locations is determined by factors 

effecting nest site suitability. Variables determining nest site suitability in the ground 

nesting hymenoptera are broad ranging in the literature. Many are edaphic factors 

relating to substrate type, substrate hardness, softness, temperature and moisture 

(Rosenheim, 1990; Potts and Willmer, 1997; Cane, 1991; Brockmann’s (1979). 

Other factors said to affect nest site suitability are biotic ones. These include 

vegetation structure, parasite presence and nest density (Steffan-

Dewenter and Leschke, 2003; Rosenheim, 1987; Brockmann, 1979). 

Brünnert and Kelber et al, (1994) assesses the use of landmarks on the ability of 

ground nesting bees to locate nest entrances, whereas Brockmann, (1979)’s study 

in assessing the nest-site selection of the great golden digger wasp 

(Sphex ichneumoneus L.) recorded variables such as inclination, soil compaction, 

and substrate type at nest sites. Sardiñas and Kremen’s (2014) evaluation of micro-

habitat nesting for ground-nesting bees also uses these variables as factors 

effecting nest site suitability.  

 

1.7.1 Abiotic Variables: 

The size of available nesting surfaces might affect the suitability of nest sites. Very 

large surfaces might be preferred by gregarious nesting species as there exists a 

larger nesting resource through which conspecific attraction can act (Polidori et al, 

2008). Some species of ground nesting bee prefer inclined, southern 

facing soil exposures as these exposures are subject to solar warming for longer 

periods of the day than are those that are not of a south facing aspect and with little 

inclination (O’Toole et al, 2013; Potts and Willmer, 1997). For some species such 

as the solitary bee Anthophora plumipes, basking for the purpose of solar warming 
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offers a reproductive edge to the intraspecific competition experienced by males for 

female mates (Stone et al, 1995). Nesting in a warm environment is a reproductive 

strategy as this has been demonstrated to increase the speed of brood 

development in underground nest cells by maintaining consistent soil-temperature 

gradients (Weissel et al, 2006). Various species of solitary wasp have interspecific 

preferences for nesting in slopes and flat surfaces (Yeo and Corbet, 1995). Thus, 

aspect and inclination of nest sites are limiting factors to nest site suitability. 

 

Soil compaction is mentioned as a factor affecting nest site preference in the 

gregarious nesting bee, Dieunomia triangulifera (Wueller, 1999). Wueller  

Explains that ground nesting bees might prefer compacted soils for nesting as these 

are a better conductor of heat. This conduction of heat maintains soil temperature 

regimes which are important for hymenopteran larval development as stated before 

(wueller, 1999). Therefore, soil compaction is considered a variable that affects nest 

site suitability. Westrich (1996) talks of the nesting preferences for some bee 

species in sandy substrates and of others to nest in clay type substrates, therefore 

the type of substrate is considered an important variable affecting nest site 

suitability. 

 

1.7.2 Biotic Variables: 

The amount of vegetation covering a nest site is seen as an important factor 

influencing nest site suitability for the reason that a higher proportion of vegetation 

cover to exposed soil reduces the spatial availability of the nesting medium. Srba 

and Heneberg (2012) found the digger wasp Ammophilla pubescens has a strict 

requirement for low vegetation cover in its nesting environment. It is inferred that 

mature vegetation structure might cast shade over nest sites at certain points 

throughout the day and so interrupt soil temperature regimes, thus affecting larval 

development (Wueller, 1999).  

 

A factor not discussed in the literature as affecting nest site suitability is the social 

typing of ground nesting hymenoptera. Species are generally gregarious nesters or 

solitary nesters. For example, the sand tailed digger wasp (Cerceris arenaria) is a 

semi-social wasp which nests in dense aggregations with conspecifics (Else and 

Field, 2012). However, species such as Astata boops prefer solitary nesting (Yeo 

and Corbet et al 1995; Allen, 1998). A research opportunity is presented here to 
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investigate the communal or isolated nesting preferences of social types of ground 

nesting bee and wasp. 

 

1.8 Indicators of suitable nest sites: 

Potts and Willmer’s (1997) study on nest-site selection by the ground nesting 

bee, Halictus rubicundus assumes that high nest density infers nest site suitability. 

A criticism of this assumption is that high nest density could be caused by a lack of 

available nest sites and so causes high rates of nest aggregation (Rosenheim, 

1990). In some cases, high nest density might better reflect poor nest site suitability, 

as species nesting in high densities become susceptible to amplified interspecific 

and intraspecific competition for resources as is suggested in Cushman et al’s 

(1988) study of Formica altipetens colonies.  

 

Relying on nest density as an indication of nest site suitability is limited in that it 

does not relay information of the number of species using that site, only the density 

of nests. If a diverse group of specialist and generalist hymenoptera are found 

nesting together, this suggests that their varying habitat requirements are being 

met, and so nest sites with a high nesting species richness should be considered as 

highly suitable nest sites. The identification of such sites is of interest to 

conservation managers as this allows priority action to be taken to protect and 

maintain species rich nest sites for the protection of biodiversity. Conventional 

methods to identify such sites are resource and time intensive, in many cases 

requiring surveys for the visual observation of species entering and leaving nests 

for accurate identification.  

 

As morphological differences exist between the nests of various ground nesting 

hymenopteran species, it stands to reason that a richness of morphological burrow 

types should infer richness of nesting species. For instance; Roberts (2001) states 

that nests of the Purbeck mason wasp (Pseudepipona herichii S.) have 

characteristic granular spoil. In the case that high morphological burrow richness 

strongly correlates to high nesting species richness, this would accurately and 

efficiently help managers to identify highly suitable nest sites. 
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1.9 Aims and Objectives: 

 

The first aim of this research is to assess the distribution of nest activity and non-

nest activity sites. This will be accomplished by recording GPS coordinates of each 

site and digitizing the ten figure grid references into ArcMap GIS software so that 

maps can be produced. A qualitative analysis of site distribution can then be 

undertaken. 

 

The second aim of this research is to determine if biotic and abiotic differences in 

nesting environments of ground nesting hymenopteran bee and wasp can explain 

the presence of nest activity in some locations and not in others. Data will be 

collected for the various biotic and abiotic variables across sites with nest activity 

and paired sites of non-nest activity (see table 1). Data for biotic and abiotic 

variables will be assessed for variation between sites with and without nest activity 

to determine if nest activity occurs in some locations and not in others as a result of 

differences in the nesting environment.  

 

The third aim of this research is to determine if variations in the biotic and abiotic 

nesting environment of ground nesting hymenopteran bee and wasp have an effect 

upon their nesting species richness. This will be accomplished by carrying out timed 

surveys to identify the nesting species and provide a species richness count across 

study sites. Data for the various biotic and abiotic variables will be collected and 

statistically tested for the significance of their affect upon nesting species richness 

(see table 1).  

 

The fourth aim of this research is to determine if the social typing of ground nesting 

hymenoptera into gregarious nesting and solitary nesting types will uncover 

preferences for separate or communal nesting. This will be done by processing the 

data for the richness of species across nest sites into the four following categories; 

gregarious nesting bee, gregarious nesting wasp, solitary nesting bee, and solitary 

nesting wasp. Data for these categories will then be tested for strength of 

association to determine preferences for separate or communal nesting.  

 

The fifth aim of this research is to determine if the richness of morphological burrow 

types across active nest sites can be used as a measure for nesting species 
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richness and therefore indicate nest site suitability. The morphological burrow types 

and nesting species richness will be recorded per active nest site. These data will 

then be correlation tested to assess significance of a relationship between 

morphological burrow richness and nesting species richness. 

 

 

Table 1: Biotic and abiotic variables referred to in the aims and objectives 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abiotic variables Biotic variables 

Exposure area of nesting surface Species richness of nesting 

hymenopteran bees and wasps 

Soil compaction Vegetation cover of nesting surface 

Inclination of nesting surface Local vegetation structure 

Aspect of nest site 

Eg: (North,East,South,West) 

 

Substrate type  
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2.0 Methodology:  

2.1 Introduction to study sites: 

Data collection took place across Godlingston Heath national nature reserve (NNR), 

Hartland Moor NNR and Slepe Heath NNR, which are located to the south of 

Poole Harbour in the Isle of Purbeck, Dorset (see Figure 3).  The study sites 

are reserves managed by the Purbeck National Trust, whom had given permission 

to access these sites for the purpose of this research.  

 

Figure 3: National and regional locations of study sites with regional reference to Poole 

Harbour (Spiers, 2017a). 

 

Prior to data collection, Godlingston heath NNR, Hartland moor NNR 

and Slepe heath NNR were visited multiple times to locate access points and 

familiarize navigation of the sites. Data collection and analysis were trialled to 

ensure data collection methods and analysis were feasible and reliable. Official data 

collection commenced on the 25th June 2016 and ended on the 25th August 2016. 

As most ground nesting hymenoptera are univoltine to the summer months, this 

study coincided with the peak height of nesting activity  
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2.2 Site Selection:  

The site selection process entailed surveys for nest activity along foot paths, vehicle 

tracks and accessible isolated soil exposures (Figure 4 and Figure 5). Sites were 

selected when nest activity could be observed. The extent of sites was defined by 

the area populated with nests and bordered by vegetation. Site selection was 

biased towards foot paths and vehicle tracks for two reasons; the first dictates 

preference of these environments as nesting habitats as stated by entomologists 

and literature, the second reasons that site selection along foot tracks and paths 

made travel times between sites shorter, and nest sites easily accessible.  

 

 

 

 

 

 

 

 

Figure 4: A typical vehicle track surveyed for nest activity at Hartland moor NNR (Spiers, 

2016c). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: An active nest site along a foot path at Hartland moor NNR (Spiers, 2016d). 
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Sites with nest activity were selected if occupation and/or excavation of nests by 

ground nesting hymenopteran bees and wasps could be observed. Active nest sites 

were paired with non-nest activity sites for comparison and were defined as those 

sites without active excavation and devoid of hymenopteran derived nests. Non-

nest activity sites were located within a 15 meter radius of their paired nest activity 

site. This was done to increase the likelihood that non-nest activity sites were being 

deliberately ignored by the hymenoptera as potential nest sites for reasons relating 

to some environmental limiting factor other than that of dispersal distance.  

 

Sketch maps were drawn for each study site and target notes added indicating the 

locations of data collection for variables such as soil compaction, Inclination, 

vegetation cover, vegetation structure and substrate type (See Appendix 20; 21; 22; 

23; 24). For nest activity sites sketch maps included target notes for location and 

frequency of burrow types (See Appendix 20; 21; 22; 23).     

 

2.3 Dependent variables: 

The dependent variable recorded for this study is nesting species richness. Species 

were recorded if they were observed entering, leaving or actively excavating nests 

(See Figure 6, Figure 7, and Figure 8). Identification of species was achieved with 

the use of pentax papilio 8.5 x 21 close focus binoculars, certified field guides and 

training with help from expert entomologists. The requirement of bodily 

measurements for the identification of some species challenged identification in the 

field, and thus meant that some species such as Ammophila could only be identified 

to the family and genus level. 

 

 

 

 

 

 

 

 

Figure 6: A Purbeck mason wasp 

(Pseudepipona herichii) excavating a nest 

at Hartland moor NNR (Spiers, 2016e). 

 

Figure 7: A sand tailed digger wasp 

(Cerceris arenaria) returning to its nest to 

provision its nest with prey (Spiers, 2016f). 
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Figure 8: A sand tailed digger wasp (Cerceris arenaria) inhabiting a nest at Hartland moor 

NNR (Spiers, 2016g). 

 

Timed surveys for nesting species richness were designed to be relative to the 

exposure area of the nest site. Timed surveys were repeated three times per site 

over the study period. Species richness surveys for nest sites less than one square 

meter were 5 minutes, whereas larger nest sites were surveyed for 5 minutes per 

square meter of exposure area. A 10 minute disturbance period was given before 

surveys commenced to allow for the effects of human presence to be normalised 

and for natural nest activity to resume.  

 

Surveys for nesting species richness did not occur on days with an ambient 

temperature lower than 20°C, or that were overcast, had strong winds, or 

precipitation, as these factors would most likely reduce hymenopteran nest activity. 

As a precautionary measure to standardise observation of nest activity, timed 

surveys were carried out on clear, warm and bright days with little wind and less 

than a 25% chance of precipitation.  
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Figure 9: The use of a Silva clino-master 

Clinometer to measure the inclination of 

a burrow (Spiers, 2016h). 

 

2.4 Independent variables:  

Data was collected for abiotic variables considered to effect the suitability of soil 

exposures as nesting environments. These include exposure area of nest sites, 

substrate type, soil compaction, inclination, and aspect. Likewise, data was 

collected for biotic variables considered to have the same effect. These include the 

local vegetation structure and percentage vegetation cover of study sites. Soil 

compaction, inclination, and substrate type were recorded at each nest across nest 

activity sites so as to collect data most 

closely resembling that of the point where 

nest excavation occurred (Figure 9). The 

number of samples collected at nest 

activity sites for these variables were 

replicated at evenly distributed intervals 

across their paired non-nest activity sites. 

These data were then averaged to 

generate a mean value for variables 

across each study site.  

  

 

 

2.5.1 Abiotic variables: 

Exposure area was recorded as the area of exposed soil containing nests and 

which was limited in extent by bordering vegetation. This was recorded by taking 

two measurements; the length of the exposed soil surface with visible nesting 

activity, and the width of the exposed soil surface with visible nesting activity. Nest 

site length and width were then multiplied to give nest site area. Exposures of a 

similar size to paired nest activity sites were used for non-nest activity sites. This 

was done to replicate the area across which samples were taken from active nest 

sites to standardise data comparison.  

 

Substrate types were recorded by defining whether the substrate was 

predominantly clay, sand, gravel, or a mix of these three types. This was achieved 

by feeling and visually identifying the coarseness of substrates. Soil compaction of 

study sites was recorded using a hand-held Humboldt H-4200 soil penetrometer. 

Inclination of study sites was recorded using a hand-held silva clino-master 
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clinometer, and aspect of study sites was recorded by determining the direction of 

dominant facing slopes using a compass. Sites with species nesting on multiple 

surfaces with conflicting aspects were recorded as multiple aspect.  

 

2.5.2 Biotic variables: 

Vegetation cover was recorded using a one meter square quadrat for sites that 

were larger than one square meter in size. Percentage cover of vegetation against 

bare ground were then recorded per quadrat per square meter of exposure area. 

For sites less than one square meter in size, vegetation cover was recorded by 

using a segmented fifty centimetre square quadrat (See Figure 10). Vegetation 

structure was recorded by assessing the height and openness of vegetation to the 

north, east, south, and west of study sites. Only vegetation within a 2 meter radius 

of the study site boundary was assessed. Categories assigned to vegetation 

structure were pioneer, building and mature stage stands, which develop in height 

and density respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: A segmented 50cm squared quadrat overlying an active nest site for the 

purpose of recording percentage vegetation cover (Spiers, 2016i). 

 

Social typing of the observed hymenoptera was inferred by researching species 

nesting biology and systematically assigning species into gregarious nesting or 

solitary nesting categories. Categorising burrows into burrow types was achieved by 

identifying simple morphological differences. Six burrow types were clearly 

identified and are illustrated as diagrams to highlight key morphological differences 

in table 2.  
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Table 2: Morphological burrow types with morphological differences explained. 

 

 

 

 

 

Burrow 
Type Name 

Burrow Type 
Illustration 

 
Morphology Explained 

 
Spoil heap 

burrow 

 This burrow is associated with gregarious 
nesting wasps, usually present on flat surfaces, 
and is characterised by spoil heaps of 
sediment residing either side of the nest 
entrance. (See Appendix 7) 

 
Sloped spoil 
heap burrow 

 This burrow is associated with gregarious 
nesting bees, usually present on sloped 
surfaces, and is characterised by a collapsed 
spoil heap of sediment flowing down the sloped 
surface from the nest entrance (See Appendix 
8). 

 
 

Purbeck 
burrow 

 This burrow is strictly associated to the 
Purbeck mason wasp (Pseudepipona herichii 
S.). It is constructed on flat or sloped surfaces 
of clay type soils. The immediate nest entrance 
is clear of debris, but aggregations of clay spoil 
can be located nearby (See Appendix 9). 

 
 

Clean burrow 

 On the basis of observation, this burrow is 
associated to solitary nesting species. The nest 
entrance is clear of debris and can be 
excavated on flat or sloped surfaces (See 
Appendix 10). 

 
 
 

Cryptic 
burrow 

 This burrow is associated to solitary nesting 
species, usually present on sloped surfaces, 
and is characterised by a collapsed spoil heap 
from the nest entrance. The nest entrance is 
usually blocked with debris as an anti-parasite 
measure and can normally be identified when 
species are entering or leaving the nest, 
making it difficult to identify (See Appendix 11; 
12; 13; 14; 15). 

 
 

Pin hole 
burrow 

 On the basis of observation, this burrow is 
associated to miniscule solitary nesting 
species, present on flat or sloped surfaces, 
with a nest entrance that is usually less than 
2mm in diameter and clear of debris (See 
Appendix 16). 
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2.6 Statistical analysis: 

2.6.1 Variation of data between sites with and without nest activity: 

Data between nest activity and the control non-nest activity sites were statistically 

tested for variance. Continuous data for the independent variables soil compaction, 

inclination and vegetation cover were statistically tested using T-tests. Categorical 

data for the variable vegetation structure was statistically tested using an ANOVA 

test, and substrate type was statistically tested using a kruskal wallis test. These 

statistical tests tested the null hypothesis stating there to be no difference in 

variation of abiotic and biotic variables between nest activity sites and non-nest 

activity sites. 

 

2.6.2 Correlation testing grouped data for sites with and without nest 

activity: 

Continuous data amongst nest activity and non-nest activity sites for the variables 

soil compaction, inclination and vegetation cover were correlation tested to species 

richness using spearman’s rank tests. This tested the null hypothesis stating there 

to be no relationship between the independent variables across nest activity and 

non-nest activity sites to the dependent variable of nesting species richness. 

 

2.6.3 Correlation testing data exclusively for sites with nest activity: 

Continuous data exclusively from nest activity sites for the variables exposure area, 

soil compaction, inclination and vegetation cover were also correlation tested to 

species richness using spearman’s rank tests. This tested the null hypothesis 

stating no relationship between independent variables and nesting species 

richness. Categorical data for the variables vegetation structure, and substrate type 

were statistically tested for variation amongst nest activity sites using an ANOVA 

test, and a kruskal wallis test respectively. These tests tested the null hypothesis 

stating there to be no variation amongst the groups for independent variables and 

species richness. 

 

2.6.4 Association testing of social nesting types: 

Social types of gregarious nesting and solitary nesting species were tested using a 

chi-squared test to assess the strength of association between the social types 

across nest sites. This was repeated for the gregarious nesting bees and 

gregarious nesting wasps. 
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2.6.5 Correlation of species richness to morphological burrow types: 

Morphological burrow richness was correlation tested to species richness using a 

spearmans rank. This tested the null hypothesis stating there to be no relationship 

between morphological burrow richness and nesting species richness. 

 

2.7 Limitations: 

Data recorded from slepe heath NNR and Hartland Moor NNR were grouped 

together for comparison to data recorded from Godlingston heath NNR. Grouping of 

Slepe heath NNR data and Hartland Moor NNR data was justified as these sites 

border one another (See Figure 11). It was discovered that there were significant 

variances in the data for the variables soil compaction, inclination and substrate 

type between the Godlingston heath data sets and Hartland moor data sets (See 

Appendix 2; 3; 6). Those variables of significant difference between sites should 

have been correlation tested to species richness on a site specific basis, however, 

the sample sizes for these data were ineffectively small to produce correlations to 

species richness at the site specific level. Therefore data from all sites were 

grouped together to increase the statistical power of discovering correlations 

amongst the data.  

 

Data for aspect could not be statistically tested as there was not enough variation 

amongst the data. For this reason, diagrams showing species richness and aspect 

for nest activity and non-nest activity sites were produced and a qualitative analysis 

of the data is given at the end of section 3.2. A strength of association test could not 

be produced between solitary nesting bee and wasp species as no solitary nesting 

bee species were recorded over the study period. Exposure area of nesting 

surfaces for both nest activity sites and non-nest activity sites were purposefully 

selected to be of a similar size. This meant that grouping of exposure area data 

across nest activity and non-nest activity sites for the purpose of correlation testing 

to nesting species richness could not done. For this same reason variation testing 

of exposure area was also excluded. 

 

Ten figure grid references of study site locations were recorded for the purpose of 

mapping using a Garmin GPSMAP 64s. Coordinates should have been accurate to 

within a meter squared radius of the recorded GPS location, however local 

vegetation may have distorted the locational accuracy, and has resulted in mapped 
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sites deviating meters from their true location. This was identified as sites recorded 

along foot paths and vehicle tracks have migrated into stands of vegetation. 

Ultimately, this has affected the reliability of qualitative analysis for the distribution 

of nest activity and non-nest activity sites. 

 

3.0 Data Results and Analysis: 

3.1 Distribution of nest activity and non-nest activity sites: 

Overall, nest activity sites appear to be aggregated regionally across Hartland moor 

NNR, Slepe heath NNR, and Godlingston NNR (See Figure 11 and Figure 13). 

Non-nest activity sites also follow this trend as they were selected within a 15 meter 

radius of nest activity sites (See Figure 12 and Figure 13). In Figure 13, sites 1, 2, 3 

and 17 are aggregated in an area to the north west of Godlingston heath NNR, 

whereas in Figure 11 sites 3, 4, 5, 6, 7, and 12 are aggregated to the north east of 

Hartland moor NNR. In particular, sites 13 and 14 of Godlingston heath NNR are 

within 30 meters of each other (See Figure 13). Sites 14 and 18 of Slepe heath 

NNR are within 100 meters of each other, and sites 2 and 16 of Hartland moor NNR 

are within 50 meters of each other (See Figure 11). 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Nest activity map for Hartland moor NNR and Slepe heath NNR (Spiers, 2017b).  
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Figure 12: Non-nest activity map for Harltand moor NNR and Slepe heath NNR (Spiers, 

2017c). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Nest activity map for Godlingston heath NNR (Spiers, 2017d). 
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Figure 14: Non-nest activity map for Godlingston heath NNR (Spiers, 2017e). 
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3.2 Variation of variables between sites with and without nest activity: 

 

Overall, there was no variation of average soil compaction between sites with and 

sites without nest activity (See Figure 15). Sites with nest activity had an average 

soil compaction of 2.22 Kg/cm², whereas sites without nest activity had an average 

soil compaction of 2.59 Kg/cm², a deviation of 0.37 Kg/cm² (See Figure 15). 

There was a non-significant difference of average soil compaction between sites 

with nest activity and sites without nest activity (t-test, t = 1.33, d.f. = 71.72, p = 

0.19). Therefore, soil compaction was not deterring nest excavation at non-nest 

activity sites. 

 

Figure 15: Variation of average soil compaction between sites with and sites without nest 

activity. 
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Overall, there was no variation of average inclination between sites with nest 

activity and sites without nest activity (See Figure 16). Sites with nest activity had 

an average inclination of 16°, whereas sites without nest activity had an average 

inclination of 15°, a deviation of 1° (See Figure 16).  

There was a non-significant difference of average inclination between sites with 

nest activity and sites without nest activity (t-test, t = -0.48, d.f. = 71.49, p = 0.63). 

Therefore, average inclination was not deterring nest excavation at non-nest activity 

sites. 

 

 

Figure 16: Variation of average Inclination between sites with and sites without nest activity. 
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Overall, there was no variation of average vegetation cover between sites with and 

sites without nest activity (See Figure 17). Sites with nest activity had an average 

vegetation cover of 26.1%, whereas sites without nest activity had an average 

vegetation cover of 29.9%, a deviation of only 3.8% (See Figure 17). 

There was a non-significant difference of average vegetation cover between sites 

with nest activity and sites without nest activity (t-test, t = 0.87, d.f. = 72, p = 0.39). 

Therefore, average vegetation cover was not deterring nest excavation at non-nest 

activity sites.  

 

 

 

Figure 17: Variation of average vegetation cover between sites with and sites without nest 

activity. 
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There were some considerable differences in the frequency of occurring vegetation 

structure between sites with and sites without nest activity (See Figure 18). For 

example; the most frequently occurring vegetation structure for both sites with and 

without nest activity was pioneer vegetation structure, which occurred at 26 of the 

37 nest activity sites and at 17 of the 37 non-nest activity sites respectively (See 

Figure 18). The least frequently occurring vegetation structure for sites with and 

sites without nest activity was that of a mature vegetation structure, which occurred 

at 1 of 37 nest activity sites and 8 of the 37 non-nest activity sites respectively (See 

Figure 18). 

There was a significant difference between vegetation types found amongst those 

sites with nest activity and those without nest activity (kruskal wallis, Chi-squared = 

7.33, d.f. = 1, p = 0.007). Therefore, vegetation structure did deter nest excavation 

at non-nest activity sites. 

 

 

Figure 18: Frequency of occurring vegetation structures between sites with and sites 

without nest activity. 

 

 

 

0

5

10

15

20

25

30

Pioneer Building Mature

fr
e
q
u

e
n

c
y
 o

f 
o

c
c
u

rr
in

g
 v

e
g
e

ta
ti
o

n
 

s
tr

u
c
tu

re
 t
y
p

e
s

Vegetation structure

Sites with nest activity Sites without nest activity



31 
 

Data for the cobbles substrate type was not included in the statistical analysis for 

variation testing of substrate types across sites with and without nest activity. This 

was because the cobbles substrate type only occurred once throughout all of the 

study sites (See Figure 19). There were slight variations in the frequency of 

occurring substrate types between sites with and without nest activity (See Figure 

19). For example; the most frequently occurring substrate type for both sites with 

and without nest activity was fine sand/clay, which occurred at 17 of 37 nest activity 

sites and 10 of the 37 non-nest activity sites respectively (See Figure 19). Sand 

occurred at 2 of the 37 nest activity sites, and 7 of the 37 non-nest activity sites 

(See Figure 19). 

There was a non-significant difference between substrate types found amongst 

those sites with nest activity and those without nest activity (ANOVA, F = 0.09, d.f. = 

1, p = 0.77). Therefore, substrate type did not deter nest excavation at non-nest 

activity sites.  

 

Figure 19: Frequency of occurring substrate types between sites with and sites without nest 

activity. 
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Across Hartland moor NNR, Slepe heath NNR, and Godlingston heath NNR, Sites 

with nest activity were mostly located on soil exposures with a south facing aspect 

(See Figure 20 and Figure 21). Seven nest activity sites had multiple aspects (See 

Figure 20 and Figure 21), and one nest site from Godlingston heath NNR had a 

north-westerly aspect (See Figure 21). Sites without nest activity were observed 

across a range of aspects and not strongly associated to any one aspect. Eleven of 

the non-nest activity sites had a northerly aspect, nine of the non-nest activity sites 

were multi-directional, and 17 of the non-nest activity sites were southerly facing 

(See Figure 22 and Figure 23). Therefore, nest activity does appear to have 

deterred nest excavation at non-nest activity sites.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20: Species richness and aspect per 

nest activity site for Hartland moor NNR 

and Slepe heath NNR. 

Figure 22: Species richness and aspect 

per non-nest activity site for Hartland moor 

NNR and Slepe heath NNR. 

Figure 21: Species richness and 

aspect per nest activity site for 

Godlingston heath NNR. 

Figure 23: Species richness and 

aspect per non-nest activity site for 

Godlingston heath NNR. 
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3.3 Correlation of grouped data for sites with and without nest activity to 

nesting species richness: 

 

Overall there is no correlation between average soil compaction and nesting 

species richness (See Figure 24). Sites with an average soil compaction of 2.27 

Kg/cm² had the highest nesting species richness of 7 (See Figure 24). Multiple sites 

with average soil compaction ranging from 0.67 Kg/cm² to 4.5 Kg/cm² across non-

nest activity sites had the lowest species richness values of 0 (See Figure 24). 

There is a non-significant weak negative relationship between average soil 

compaction and nesting species richness across sites with and without nest activity 

(Spearman, rho = -0.15, N = 74, p = 0.19). Therefore, average soil compaction did 

not significantly affect nesting species richness across sites with and without nest 

activity. 

 

 

Figure 24: Average soil compaction and nesting species richness across sites with and 

sites without nesting activity. 
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Overall, there is no correlation between average inclination and nesting species 

richness (See Figure 25). Sites with an average inclination of 26.6° across nest 

activity sites and non-nest activity sites have the highest nesting species richness of 

7 (See Figure 25). Multiple sites with an average inclination ranging from 0.88° and 

51° across nest activity and non-nest activity sites have the lowest species of 0 

(See Figure 25). 

There is a non-significant relationship between average inclination and nesting 

species richness across sites with and without nesting activity (Spearman, rho = -

0.02, N = 74, p = 0.89). Therefore, average inclination did not have a significant 

effect on nesting species richness across sites with and sites without nest activity. 

 

Figure 25: Average inclination and nesting species richness across sites with and sites 

without nesting activity. 
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Overall there is a weak negative correlation between average vegetation cover for 

nest activity sites and non-nest activity sites and nesting species richness (See 

Figure 26). Sites with an average vegetation cover of 0% had the highest nesting 

species richness of 7, however these sites also have nesting species richness 

values as low as 0 and 1 (See Figure 26). Multiple sites with an average vegetation 

cover ranging from 0% to 72.66% had the lowest nesting species richness values of 

0 (See Figure 26).  

There is a non-significant moderate negative relationship between average 

vegetation cover and nesting species richness across nest activity and non-nest 

activity sites (Spearman, rho = - 0.12, N = 74, p = -0.31). Therefore, average 

vegetation cover did not have a significant effect upon nesting species richness 

across sites with and sites without nest activity. 

 

 

Figure 26: Average vegetation cover and nesting species richness across sites with and 

sites without nest activity. 
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3.4 Correlations of data across sites with nest activity to species 

richness:  

 

There is a moderate positive correlation between exposure area of nesting surfaces 

and nesting species richness, however this is dependent on an outlier data sample 

which has an exposure area of 8m² and a nesting species richness of 7 (See Figure 

27). Sites with an exposure area of 8m² had the highest nesting species richness of 

7, however these sites also had nesting species richness values as low as 1 and 2 

(See Figure 27). Multiple sites with exposure areas ranging from 0.19m² to 12m² 

had the lowest nesting species richness values of 1 (See Figure 27). 

There is a significant moderate positive relationship between exposure area of 

nesting surface and nesting species richness across sites with nest activity 

(Spearman, rho = 0.38, N = 37, p = 0.02). Therefore, exposure area of nesting 

surface did have a significant effect on nesting species richness across active nest 

sites. 

 

Figure 27: Exposure area of nesting surface and nesting species richness across active 

nest sites.  
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Overall there was no correlation between average soil compaction and nesting 

species richness (See Figure 28). Sites with an average soil compaction of 2.27 

Kg/cm² had the highest nesting species richness of 7, whilst sites with average soil 

compaction ranging from 0.575 Kg/cm² and 4.5 Kg/cm² had the lowest nesting 

species richness of 1 (See Figure 28). 

There was no significant relationship between average soil compaction and species 

richness (Spearman, rho = -0.07, N = 37, p = 0.68). Therefore, average soil 

compaction did not have a significant effect upon nesting species richness across 

nest activity sites.  

 

Figure 28: Average soil compaction and nesting species across active nest sites. 
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Overall there is a weak positive correlation between average inclination and nesting 

species richness (See Figure 29). Nest sites with an average inclination of 26.6 

degrees had the highest nesting species richness of 7, whereas nest sites with an 

average inclination ranging from 1.5 degrees to 39 degrees had the lowest nesting 

species richness of 1 (See Figure 29). 

There is a non-significant weak positive relationship between mean inclination and 

nesting species richness across active nest sites (Spearman, rho = 0.28, N = 37, p 

= 0.09). Therefore, average inclination did not have a significant effect on nesting 

species richness across nest activity sites. 

 

 

Figure 29: Average Inclination and nesting species richness across nest activity sites. 
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Overall there is a weak negative correlation between average vegetation cover and 

nesting species richness (See Figure 30). Sites with an average vegetation cover of 

0% had the highest nesting species richness of 7, however these sites were also 

recorded as having a nesting species richness as low as 1 (See Figure 30). Multiple 

sites with an average vegetation cover ranging from 0% to 80% exhibited the lowest 

nesting species richness of 1 (See Figure 30).The largest variation of nesting 

species richness is between 1 and 5, which can be observed for sites with an 

average vegetation cover of 0% (See Figure 30). 

There is a non-significant weak negative relationship between average vegetation 

cover and nesting species richness (Spearman, rho = - 0.13, N = 37, p = 0.45). 

Therefore, average vegetation cover did not have a significant effect on nesting 

species richness across sites with nest activity. 

 

Figure 30: Average vegetation cover and nesting species richness across active nest sites. 
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Overall, there was no variation of species richness between vegetation structural 

types (See Figure 31). There was an average nesting species richness of 2 

amongst sites with pioneer vegetation structure, whereas average nesting species 

richness amongst sites with a building vegetation structure was 2.2 (See Figure 31). 

Only one site over the study period was recorded as having a mature vegetation 

structure and was consequently removed from statistical analysis.  

There is a non-significant difference of average nesting species richness amongst 

pioneer and building vegetation structures (ANOVA = F = 0.145, d.f. = 1, p = 0.71). 

Therefore, vegetation structure did not have a significant effect on average nesting 

species richness across sites with nest activity. 

 

Figure 31: Average nesting species richness per vegetation structural type across active 

nest sites.  
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Overall, there was considerable variation of species richness amongst substrate 

types (See Figure 32). The group for multiple-substrates yielded the highest 

average nesting species richness of 3.6, whereas the sand substrates yielded the 

lowest average nesting species richness of 1 (See Figure 32). Fine sand/clay 

substrates yielded the second highest average nesting species richness of 2.1 (See 

Figure 32). Clay substrates and coarse sand/clay substrates yielded average 

nesting species richness values of 1.3 (See Figure 32).  

There is not a significant difference of the average nesting species richness 

between sand, clay, and coarse sand/clay substrates, however there is a significant 

difference between average nesting species richness of those substrate types and 

sites with fine sand/clay substrates and multiple substrates (See Figure 32). There 

is also a significant difference of the average nesting species richness between fine 

sand/clay and multiple substrates (See Figure 32). 

There is a significant difference of average nesting species richness amongst sand, 

clay, fine sand/clay, coarse sand/clay and multi-substrate groups (Kruskal wallis, 

chi-square = 12.19, d.f. = 4, p = 0.16). Therefore, substrate type did have a 

significant effect on nesting species richness across nest activity sites. 

 

Figure 32: Average nesting species richness per substrate type across active nest sites. 
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Sites with an aspect between south west and south east had the highest nesting 

species richness values which range from 1 to 7, whereas sites with a north-

westerly aspect has nesting species richness values of 1 (See Figure 33 and Figure 

34). Therefore, aspect did appear to have an effect on nesting species richness 

across nest activity sites. 

 

 

 

 

 

 

 

 

 

 

 

3.5 Strength of association between social nesting types: 

Overall, gregarious nesting and solitary nesting species have preferences for 

seperate nesting. Across the 37 study sites 11 were inhabited by both gregarious 

nesting species and solitary nesting species (See Figure 35 and Figure 36). 7 of the 

37 study sites were inhabited exclusively by solitary nesting species, and 19 of the 

37 study sites were inhabited exclusively by gregarious nesting species (See Figure 

35 and Figure 36).  

There is a significant negative association between gregarious nesting species and 

solitary species in their nesting environments (Chi-squared = 9.112, p = 0.003). 

Therefore, solitary nesting and gregarious nesting species had preferences for 

nesting in isolation to one another, rather than communally. 

Overall, gregarious nesting wasps and gregarious nesting bees have preferences 

for separate nesting (See Figure 35 and Figure 36). Across the 37 study sites 2 of 

these were inhabited by both gregarious nesting wasp species and gregarious 

Figure 33: Species richness and aspect per 

nest activity site for Hartland moor NNR 

and Slepe heath NNR. 

Figure 34: Species richness and aspect 

per nest activity site for Godlingston 

heath NNR. 
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nesting bee species (See Figure 35 and Figure 36). 13 of the 37 study sites were 

inhabited exclusively by gregarious nesting wasp species, 15 of the 37 study sites 

were inhabited exclusively by gregarious nesting bee species, and 7 of the 37 study 

sites were absent of gregarious nesting bee and wasp species (See Figure 35 and 

Figure 36).  

There is a significant negative association between gregarious nesting wasps and 

gregarious nesting bees in their nesting environments (Chi-squared = 10.803, p = 

0.0001). Therefore, gregarious nesting bees and gregarious nesting wasps have 

preferences for nesting in isolation to one another, rather than communally. 

 

 

Figure 35: Nesting species richness per site across Hartland moor NNR and Slepe heath 

NNR. 
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Figure 36: Nesting species richness per site across Godlingston heath NNR. 
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3.6 Morphological burrow richness as an indicator of nesting species 

richness: 

There is an overall moderate positive correlation between morphological burrow 

richness and species richness, although this is heavily dependent on the existence 

of the outlier which reads a morphological burrow richness of 5 and a species 

richness of 7 (See Figure 37). Nest sites with a morphological burrow richness of 5 

had the highest species richness of 7, whereas those nest sites with a 

morphological burrow richness of 1 had the lowest average species richness 

ranging from 1 to 3 (See Figure 37). Nest sites with a morphological burrow 

richness of 2 had the largest variation in relation to species richness, ranging from 1 

to 5 species (See Figure 37). 

There is a significant relationship between morphological burrow richness and 

nesting species richness at nest sites (Pearson, r = 0.68, N= 37, p = 0.0001). 

Therefore, it is highly likely that a high morphological burrow richness indicates a 

high nesting species richness. 

Figure 37: Burrow morphological richness and nesting species richness per active nest site. 

 

0

1

2

3

4

5

6

7

8

0 1 2 3 4 5 6

N
es

ti
n

g 
Sp

ec
ie

s 
R

ic
h

n
es

s

Morphological Burrow Richness



46 
 

4.0 Discussion:   

 

4.1 Distribution of nest sites: 

Nest sites exhibited spatial clustering across the study sites. This may have been a 

result of pure chance, or through bias of site selection along foot paths and vehicle 

tracks. Nevertheless, spatial clustering of nest sites may be indicative of regionally 

optimal habitat conditions within the home ranges of the species discovered at 

those sites (Michener et al, 1958). For example; Westrich (1996) claims that in 

order for ground nesting bees to reproduce, their habitats must contain suitable 

nesting sites, particular nest building materials, and a sufficient amount of food 

plants. The same can be applied to ground nesting wasps, although these are 

dependent on the availability of prey. Therefore, regions surrounding spatially 

clustered sites have a good chance of providing the basic requirements needed for 

reproduction, thus explaining local aggregation of nest activity sites. Spatial 

clustering of nests may be caused by conspecific attraction, whereby the presence 

of conspecifics indicates optimal environmental conditions (Stamps, 1988). Spatial 

clustering might also be explained by breeding philopatry to nest sites as is seen in 

Halictus rubicundus and Cerceris arenaria (Yanega, 1990; Polidori et al, 2006). 

 

4.2 Variables effecting nest site suitability and nesting species richness: 

Overall, variables such as vegetation structure and aspect did vary across nest 

activity and non-nest activity sites, thus indicating that vegetation structure and 

aspect do effect nest site suitability. Soil compaction, inclination, vegetation cover, 

vegetation structure and substrate type had no significant effect on nesting species 

richness across sites with and without nest activity. However, when tested 

exclusively against nest activity sites, exposure area of nesting surface and 

substrate type did significantly affect nesting species richness. A qualitative analysis 

of aspect appears to show some effect on nesting species richness also.  

Literature investigating the effects of nesting variables upon nesting species 

richness of ground nesting hymenoptera is extremely lacking. This promoted a 

significant challenge to comparing results of this study to the known literature. 

However, the findings of this research are comprehensively explained and 

recommendations for further research are given. 
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4.2.1 Vegetation structure: 

Vegetation structure was the only variable to significantly differ across nest activity 

and non-nest activity sites. This suggests that vegetation structure does effect nest 

site suitability. Nest activity sites and non-nest activity sites were both dominated by 

the occurrence of pioneer vegetation structure, however, non-nest activity sites had 

a significantly higher proportion of building and mature vegetation structure. This 

indicates that ground nesting hymenoptera prefer nest sites with a locally 

homogeneous pioneer vegetation structure. Similar to these findings, Wuellner 

(1999) acknowledged that soil surfaces with tall vegetation were avoided as nest 

sites by the ground nesting bee Dieunomia triangulifera. Possible reasons for this 

are; the growth of deep roots into nest cells thus causing larval mortality, hindered 

larval development as a result of interrupted soil temperature regimes by shade, 

and an increased risk of parasitism by natural enemies from perches of tall standing 

vegetation (Wuellner, 1999).  

As a means to locate nest entrances, ground nesting hymenoptera perform circled 

orientation flights using landmark features to indicate the whereabouts of nest 

entrances (Zeil, 1992; Wuellner, 1999; Brünnert, Kelber and Zeil, 1994). It can be 

hypothesised that tall dense stands of vegetation surrounding nest sites may 

obstruct the visual orientation of these landmarks and nest entrances, potentially 

leading to abandonment of nests which cannot be easily identified. In this case, 

reproductive ability is effected and so, tall dense stands of vegetation surrounding 

soil exposures act as a deterrent to nesting in these locations. Furthermore, nesting 

activity may be more prevalent at sites with a pioneer vegetation structure as this is 

associated with floral diversity, covering a greater range of the food plants specific 

to bee taxa and prey species of wasp taxa (Calvo et al 2007). 

Vegetation structure did not have an effect on nesting species richness across nest 

activity sites. The likeness of species richness data experienced between pioneer 

and building groups was expected as these structural types are morphologically 

quite similar. The statistical power of identifying effect between pioneer and building 

groups was less than might be observed for pioneer and mature vegetation 

structural groups. This is because pioneer and mature age stage vegetation 

structures are morphologically different in height and density respectively. Only one 

sample was recorded over the study period for the mature vegetation group and 

was therefore excluded from variation testing. Crucially, this meant that opposing 

structural vegetation types were not compared in their average nesting species 



48 
 

richness data. As only two of the three groups could be tested, this explains why 

average nesting species richness was not significantly different. In all, a much 

greater quantity of data for mature vegetation structure was needed to improve the 

statistical power of identifying variation.  

 

4.2.2 Substrate type: 

Substrate types across nest sites with and without nest activity did not significantly 

differ. This implies that sites without nest activity contained substrate types just as 

suitable for nest excavation as those sites without nest activity. Therefore, other 

factors at non-nest activity sites were deterring nest excavation. 

Substrate type did affect nesting species richness. Those nest sites with multiple 

substrate types had the highest average nesting species richness whereas sand, 

clay, fine sand/clay and coarse sand/clay substrates had invariably lower average 

nesting species richness. As various species of ground nesting hymenoptera have 

preferences for nesting in different substrate types, this explains why those sites 

with multiple substrates experienced communal nesting of various species (Potts 

and vulliamy et al, 2005). Clay substrates were species poor, which is supported by 

Julier and Roulston (2009) whom found that clay-rich soil were not the preferred 

nesting medium for Peponapis pruinosa. Similarly, Cane (1991) reported that of the 

various ground nesting bee species in their study, none were recorded as nesting in 

clay type substrates. However, Roberts (2001) reports the Purbeck mason wasp 

(Pseudepipona herichii) as requiring clay type substrates for nest excavation. This 

may explain why clay type substrates in this research exhibited low average nesting 

species richness, whereas sites with multiple substrates had the highest average 

nesting species richness. 

 

4.2.3 Aspect: 

A qualitative analysis of aspect shows that nest activity sites were mostly south 

facing, whereas non-nest activity sites were varied in orientation. Nest site suitability 

is likely effected by aspect as ground nesting hymenoptera occurred more 

frequently at south facing nest sites. Literature produced by Potts and Willmer 

(1997) also found the ground nesting bee Halictus rubicundus preferred nest sites 

with a southern aspect as these locations presented thermal advantages. 
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A south facing nest site in the northern hemisphere may be particularly important for 

ground nesting hymenoptera as this maximises solar insolation, passively warming 

the underground nest cells and maintaining consistent temperature gradients 

needed for larval development (Jones and Oldroyd, 2007; Jeanna and Morgan, 

1992; Potts and Willmer, 1997). South facing nest sites exhibiting consistent 

temperature gradients might might require little brood incubation and wing cooling 

by host species, the likes of which is often seen in cavity nesting Hymenoptera such 

as Bombus bifarius nearcticus  (Jones and Oldroyd, 2007; O’Donnell and Foster, 

2001). This is supported by the findings produced by Weissel et al, (2006) whom 

linked nest sites with a warmer soil temperature to increased brood sizes, and also 

decreased brood development periods. Therefore, south facing nest sites may be 

chosen as a strategy to maximise reproductive output (Jones and Oldroyd, 2007). 

Aspect also appeared to effect species richness. Those sites with a southerly 

aspect had the highest nesting species richness values, which may be explained by 

the thermal advantages of south facing slopes to larval development described 

above. This might suggest that species with overlapping temperature requirements 

are more likely to co-occur at south facing nest sites. 

 

4.2.4 Exposure area of nesting surface: 

Sites with a large exposure area of nesting surface were marginally more suitable 

than small exposures for supporting high nesting species richness. Larger 

exposures may be more attractive as nest sites to dispersing species as these are 

more visible in the landscape. Furthermore, larger nesting surfaces may allow 

gregarious nesting species to aggregate in large numbers, which might aid the 

detection and active group defence of nests against natural enemies such as 

parasites (Rosenheim, 1990; Evans et al, 1990). Another hypothesis is that large 

nesting surfaces offer a range of edaphic conditions required by multiple species for 

nesting, which are not reciprocated by small nesting surfaces. For example, Nest 

sites with a mixture of substrates ranging from loose to compact, and fine grained to 

coarse grained sediments offer a greater diversity of nesting medium types which 

may be preferred by multiple species. 
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4.2.5 Soil compaction: 

Soil compaction did not significantly affect nest site suitability or nesting species 

richness. In support of this study’s findings, Potts and Willmer (1997) determined 

that soil compaction and inclination were broad ranging for nest site suitability of the 

ground nesting bee Halictus rubicundus, which can nest in soft and hard soils. 

However, some species are limited in their tolerance of soil compactness. 

McCorquodale, (1989) states the sphecid wasp Cerceris antipodes is challenged by 

nest construction in hard soils, whereas Srba and Heneberg (2011) found that 

Ammophila pubescens utilises highly compact soils. As data was recorded across 

nest sites occupied by species with diverse nesting requirements in terms of soil 

compaction, this may explain overlap of data variation for nest activity and non-nest 

activity sites, and also for the non-significant relationship to species richness. 

 

4.2.6 Inclination: 

Inclination did not significantly affect nest site suitability or nesting species richness. 

In support of this study’s findings, Potts and Willmer (1997) determined that 

preferences for the inclination of nesting surfaces were broad ranging for the 

ground nesting bee Halictus rubicundus, which was recorded nesting in surfaces 

that range from horizontal, to almost vertical. Yeo and Corbet (1995) state that 

many of the aculeate solitary wasps nest in sunny situations of horizontal or vertical 

banks of soil. Falk and Lewington (2015) state that various bee species nest in flat 

ground, slopes, and vertical banks. As various bee and wasp species are tolerant of 

flat, sloping and even vertical nesting situations, this explains why there was little 

variation of inclination between nest activity and non-nest activity sites, and also 

why no significant relationship was identified to nesting species richness. 

 

4.2.7 Vegetation Cover: 

Vegetation cover did not significantly affect nest site suitability or nesting species 

richness. Therefore, levels of vegetation cover at sites without nest activity were as 

suitable for nest excavation as they were for sites with nest activity. This implies 

that other factors were deterring nest excavation at sites without nest activity. 

Nest sites may have been occupied by species that were both tolerant and 

intolerant of vegetation in their nesting environment. Evidence to support this is 
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provided by Yanega (1990) whom observed a colony of the bee Halictus 

rubicundus nesting in surfaces with up to 60-80% vegetation cover, whereas, 

Steffen-Dewenter and Tscharntke (2000) found a negative correlation between the 

number nest entrances of numerous ground nesting bees to vegetation cover. The 

variance of vegetation cover between nest activity and non-nest activity sites, and 

the non-significant relationship to nesting species richness might be explained by 

the presence of vegetation tolerant species at nest sites with a high vegetation 

cover. 

 

4.3 Social typing: 

A negative association between gregarious and solitary nesting species indicates 

preferences for these social types to nest separately, rather than communally. 

These findings are unique in so much as no literature could be found investigating 

this phenomenon. However, there are plausible reasons why solitary and 

gregarious types might nest separately.  

Theories for the evolution of aggregated nesting behaviours are comprehensive. 

Aggregated nesting may result in thorough nest defence and parasite detection, 

predator dilution effect, increased mate availability, enhanced foraging efficiency, 

and lessened energy expense of nest construction via the habitation of pre-existing 

ones (Michener et al, 1958; Rosenheim, 1990; Evans et al, 1990; Coster-Longman 

et al, 2002; Hamilton, 1971). These factors may act as ques for attraction between 

gregarious nesting species (Stamps, 1988). 

When individuals of the same species nest in close proximity, they experience 

competition for resources (West-Eberhard, 1978). Here it is inferred that solitary 

nesting species may have evolved spatially isolated nesting behaviours in response 

to diminished abundance of a shared food resource when nesting amongst 

gregarious species. Effectively, solitary nesting species are outcompeted in their 

foraging ability by gregarious nesting species. Also, as nest building is time and 

energy intensive, the risks associated with nest usurpation, and raiding by 

gregarious nesters may have led to the derived behaviour of isolated nesting.  

Gregarious nesting bees and gregarious nesting wasps were also found to have a 

strong negative association across nest sites. This also implies that gregarious 

nesting bees and gregarious nesting wasps have preferences for isolated nesting. 
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Potentially, spatial competition and antagonistic interactions for nest space may 

exist at sites where gregarious wasp and gregarious bee species co-occur. 

Although this has not been reported between wasps and bees, Ghazoul (2001) 

demonstrates that aggressive behaviours take place between conspecifics of the 

wasp Mellinus arvensis, which is explained may be as a result of nest usurpation, 

raiding of nest provisions, or nest ownership confusion (Tepadino and Torchio, 

1994). This is merely speculation for the reasons why gregarious bees and wasps 

were found to nest separately, and further research is needed to strengthen these 

findings.  

 

4.4 Morphological burrow types: 

The reliability of using morphological burrow richness as a tool to indicate the 

nesting species richness has been proven by the significant and moderately strong 

relationship observed between the two variables. Although replicate studies should 

be undertaken to fully assess the reliability of this tool, the findings are nonetheless 

informative for conservation managers. For example; those sites with a high 

morphological burrow richness have been shown to indicate high nesting species 

richness. Those sites with a high nesting species richness must therefore cover the 

habitat requirements of those species and are consequently of priority conservation 

status for monitoring and management.  

 

4.5 Recommendations: 

In the discussed literature, factors affecting nest site suitability for the ground 

nesting hymenoptera are countless and appear to be interspecific with their effect. 

For this reason, it is recommended that this study be replicated on a species 

specific basis to better the understanding of the detailed habitat preferences for 

species of interest.  

Also, the findings of this research raise the question; are the separate nesting 

preferences of gregarious and solitary nesting species explained by varying nesting 

requirements? This question might be answered by investigating variations in 

substrate type, inclination, and soil temperature across sites with solitary nesting 

species and sites with gregarious nesting species. Further research might 
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strengthen the case for conservation based management of social types rather than 

individual species. 

Soil temperature is repeatedly mentioned in the literature as a limiting factor to nest 

site suitability. Therefore, it is strongly recommended that soil temperature is 

incorporated into replications of this study. Potts and Willmer (1997) found soil 

temperature of nest sites of the bee Halictus rubicundus to be a good indicator of 

the temperature of the nest cells deeper within the sediment, and Weissel et al 

(2006) linked soil temperature to the speed of physiological development in larvae 

of the halictid bee Lasioglossum malachurum. In this instance, temperature 

variability of nesting surfaces is a key limiting factor of nest site suitability as it 

affects reproductive output and fitness of developing larvae. 

 

5.0 Conclusion: 

Overall, spatial clustering of nest sites can be attributed to factors ranging from 

conspecific attraction, to breeding philopatry and possibly even chance. South 

facing nest sites with a large nesting surfaces, multiple substrate types and a locally 

pioneer vegetation structure are deemed to be the most suitable nest sites chosen 

by diverse groups of ground nesting hymenopteran bee and wasp species. This 

research discovered evidence to suggest that semi-social gregarious nesting 

species and solitary nesting species have preferences for nesting in isolation from 

one another, as do gregarious nesting wasps and gregarious nesting bees. Finally, 

data suggests morphological burrow richness to be a competent indicator of nesting 

species richness and thus nest site suitability.  

 

 

 

 

 

 

 

 

 



54 
 

6.0 Bibliography: 

1). Allen, G.W., 1998. Astata boops (Shrank, 1781) [Online]. Bees, Wasps & Ants 

Recording Society. Available from 

http://www.bwars.com/wasp/crabronidae/astatinae/astata-boops [Accessed 06 May 

2017]. 

2). Amarasekare, P., 1998. Allee effects in metapoulation dynamics. The American 

Naturalist [Online]. 152 (2), 298 – 302. Available from 

http://www.journals.uchicago.edu/doi/abs/10.1086/286169?journalCode=an 

[Accessed 16 April 2017].  

3). Bargmann, T., Hatteland, B.A., and Grytnes, J.A., 2015. Effects of prescribed 

burning on carabid beetle diversity in coastal anthropogenic heathlands. 

Biodiversity and Conservation [Online]. 24 (10), 2565 – 2581. Available from 

https://link.springer.com/article/10.1007/s10531-015-0945-1 [Accessed 16 April 

2017].  

4). Berg, L.J.L.V.D., Bullock, J.M., Clarke, R.T., Langston, R.H.W., and Rose, R.J., 

2001. Territory selection by the dartford warbler (Sylvia undata) in Dorset, England: 

The role of vegetation type, habitat fragmentation, and population size. Biological 

Conservation [Online]. 101 (2), 217 – 228. Available from 

http://www.sciencedirect.com/science/article/pii/S0006320701000696 [Accessed 19 

April 2017]. 

5). Biodiversity Reporting and Information Group (BRIG).,2007. Report on the 

species and habitat review [online]. Peterborough: Joint Nature Conservation 

Committee. Available from http://jncc.defra.gov.uk/PDF/UKBAP_Species-

HabitatsReview-2007.pdf [Accessed 02 February 2017].  

 

6). Bokdam, J., and Gleichman, J.M., 2000. Effects of free ranging-cattle on 

vegetation dynamics in a continental north-west European heathland. Journal of 

applied ecology [online]. 37 (3), 415 – 431. Available from 

http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2664.2000.00507.x/full [Accessed 

15 April 2017]. 

 

 

 

http://www.bwars.com/wasp/crabronidae/astatinae/astata-boops
http://www.journals.uchicago.edu/doi/abs/10.1086/286169?journalCode=an
https://link.springer.com/article/10.1007/s10531-015-0945-1
http://www.sciencedirect.com/science/article/pii/S0006320701000696
http://jncc.defra.gov.uk/PDF/UKBAP_Species-HabitatsReview-2007.pdf
http://jncc.defra.gov.uk/PDF/UKBAP_Species-HabitatsReview-2007.pdf
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2664.2000.00507.x/full


55 
 

7). Bommarco, R., Lundin, O., Smith, H.G., and Rundlof, M., 2012. Drastic historic 

shifts in bumble-bee community composition in Sweden. Proceedings of the Royal 

Society [Online]. 279, 309 – 315. Available from 

https://www.researchgate.net/profile/Riccardo_Bommarco/publication/51222741_Dr

astic_historic_shifts_in_bumble-

bee_community_composition_in_Sweden/links/0f317532bebe919341000000/Drasti

c-historic-shifts-in-bumble-bee-community-composition-in-Sweden.pdf [Accessed 

15 April 2017]. 

 

8). Brockmann, H.J., 1979.Nest-site selection in the great golden digger wasp, 

Sphex ichneumoneus L. (sphecidae) [online]. 4 (3), 211 – 214. Available from 

https://www.researchgate.net/profile/H_Brockmann/publication/230317444_Nest-

site_selection_in_the_great_golden_digger_wasp_Sphex_ichneumoneus_L_Sphec

idae/links/54bea7480cf2f6bf4e03c879.pdf [Accessed 18 February 2017]. 

9). Brook, B.W., Sodhi, N.S., and Bradshaw, C.J.A., 2008. Synergies among 

extinction drivers among global change. Trends in Ecology and Evolution [Online]. 

23 (8), 453 – 460. Available from http://www.dbs.nus.edu.sg/lab/cons-

lab/documents/Brook_etal_TREE_2008.pdf [Accessed 16 April 2017]. 

10). Brünnert, U., Kelber, A., and Zeil, J., 1994. Ground-nesting bees determine the 

location of their nest relative to a landmark by other than angular size cues [online]. 

175 (3), 363 - 364. Available from 

http://link.springer.com/article/10.1007/BF00192995 [Accessed 18 February 2017]. 

11). Calvo, L., Alonso, I., Marcos, E., and De Luis., E., 2007. Effects of cutting and 

nitrogen deposition on biodiversity in Cantabrian heathlands. Applied Vegetation 

Science [Online]. 10, 43 – 52. Available from 

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1010.1632&rep=rep1&typ

e=pdf [Accessed 15 April 2017]. 

12) Cane, J.H., 1991. Soils of Ground-Nesting Bees (Hymenoptera: Apoidea): 

Texture, Moisture, Cell Depth and Climate [online]. 64 (4), 406 – 407. Available 

from http://www.jstor.org/stable/25085307?seq=1#page_scan_tab_contents 

[Accessed 18 February 2017]. 

13) Cane, J.H., 1997. Ground-Nesting Bees: The neglected pollinator resource for 

pollination. Acta Horticuluturae [Online]. 437, 309 – 324. Available from 

http://www.actahort.org/books/437/437_38.htm [Accessed 25 April 2017]. 

https://www.researchgate.net/profile/Riccardo_Bommarco/publication/51222741_Drastic_historic_shifts_in_bumble-bee_community_composition_in_Sweden/links/0f317532bebe919341000000/Drastic-historic-shifts-in-bumble-bee-community-composition-in-Sweden.pdf
https://www.researchgate.net/profile/Riccardo_Bommarco/publication/51222741_Drastic_historic_shifts_in_bumble-bee_community_composition_in_Sweden/links/0f317532bebe919341000000/Drastic-historic-shifts-in-bumble-bee-community-composition-in-Sweden.pdf
https://www.researchgate.net/profile/Riccardo_Bommarco/publication/51222741_Drastic_historic_shifts_in_bumble-bee_community_composition_in_Sweden/links/0f317532bebe919341000000/Drastic-historic-shifts-in-bumble-bee-community-composition-in-Sweden.pdf
https://www.researchgate.net/profile/Riccardo_Bommarco/publication/51222741_Drastic_historic_shifts_in_bumble-bee_community_composition_in_Sweden/links/0f317532bebe919341000000/Drastic-historic-shifts-in-bumble-bee-community-composition-in-Sweden.pdf
https://www.researchgate.net/profile/H_Brockmann/publication/230317444_Nest-site_selection_in_the_great_golden_digger_wasp_Sphex_ichneumoneus_L_Sphecidae/links/54bea7480cf2f6bf4e03c879.pdf
https://www.researchgate.net/profile/H_Brockmann/publication/230317444_Nest-site_selection_in_the_great_golden_digger_wasp_Sphex_ichneumoneus_L_Sphecidae/links/54bea7480cf2f6bf4e03c879.pdf
https://www.researchgate.net/profile/H_Brockmann/publication/230317444_Nest-site_selection_in_the_great_golden_digger_wasp_Sphex_ichneumoneus_L_Sphecidae/links/54bea7480cf2f6bf4e03c879.pdf
http://www.dbs.nus.edu.sg/lab/cons-lab/documents/Brook_etal_TREE_2008.pdf
http://www.dbs.nus.edu.sg/lab/cons-lab/documents/Brook_etal_TREE_2008.pdf
http://link.springer.com/article/10.1007/BF00192995
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1010.1632&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1010.1632&rep=rep1&type=pdf
http://www.jstor.org/stable/25085307?seq=1#page_scan_tab_contents
http://www.actahort.org/books/437/437_38.htm


56 
 

14) Carboni, M., Dengler, J., Mantilla-Contreras, J., Venn, S., and Torok, P., 2015. 

Conservation value, Management and Restoration of Europe’s Semi-Natural Open 

Landscapes [online], 14 (1), 5 - 17. Available from 

https://www.degruyter.com/view/j/hacq.2015.14.issue-1/hacq-2015-0017/hacq-

2015-0017.xml [Accessed 12 February 2017]. 

15). Chadwick, L., 1982. In search of heathland. 100-102. Durham: Dobson Books 

Ltd. [Accessed 17 February 2017]. 

16). Coster-Longman, C., Landi, M, and Turillazzi, S., 2002. The role of passive 

defense (Passive herd and dilution effect) in the gregarious nesting of 

Liostenogaster wasps (Vespidae, Hymenoptera, Stenogastrinae). Journal of Insect 

Behaviour [Online]. 15 (3), 331 – 350. Available from 

http://download.springer.com/static/pdf/935/art%253A10.1023%252FA%253A1016

213125161.pdf?originUrl=http%3A%2F%2Flink.springer.com%2Farticle%2F10.102

3%2FA%3A1016213125161&token2=exp=1494068926~acl=%2Fstatic%2Fpdf%2F

935%2Fart%25253A10.1023%25252FA%25253A1016213125161.pdf%3ForiginUrl

%3Dhttp%253A%252F%252Flink.springer.com%252Farticle%252F10.1023%252F

A%253A1016213125161*~hmac=b6cb26cf1c5472967a9c067b064ee550e4f6a2ca3

3c580f557fc8e45f0516a47 [Accessed 05 May 2017]. 

17). Cushman, J.H., Martinsen, G.D., and Mazeroll, A.I., 1988. Density- and size 

dependent spacing of ant nests: evidence for intraspecific competition. Oecologia 

[Online]. 77, 522 – 525. Available from http://www.jstor.org/stable/pdf/4218813.pdf 

[Accessed 26 April 2017]. 

18). Descamps, C., Moquet, L., Migon, M., and Jacquemart, A.L., 2015. Diversity of 

the insect visitors on Calluna Vulgaris (Ericaceae) in Southern France Heathlands. 

Journal of Insect Science [online]. 15 (1), 1 - 5. Available from 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4626672/ [Accessed 09 April 2017]. 

19). Diemont, W.H., Webb, N., and Degn, H.J., 1996. A Pan European View on 

Heathland Conservation. Peterborough: English Nature. Proceedings of National 

Heathland Conference.  

90). English Nature., 2002. Lowland heathland: a cultural and endangered 

landscape [Online]. Peterborough: English nature. Available from 

http://publications.naturalengland.org.uk/file/111041 [Accessed 05 May 2017]. 

 

https://www.degruyter.com/view/j/hacq.2015.14.issue-1/hacq-2015-0017/hacq-2015-0017.xml
https://www.degruyter.com/view/j/hacq.2015.14.issue-1/hacq-2015-0017/hacq-2015-0017.xml
http://download.springer.com/static/pdf/935/art%253A10.1023%252FA%253A1016213125161.pdf?originUrl=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1023%2FA%3A1016213125161&token2=exp=1494068926~acl=%2Fstatic%2Fpdf%2F935%2Fart%25253A10.1023%25252FA%25253A1016213125161.pdf%3ForiginUrl%3Dhttp%253A%252F%252Flink.springer.com%252Farticle%252F10.1023%252FA%253A1016213125161*~hmac=b6cb26cf1c5472967a9c067b064ee550e4f6a2ca33c580f557fc8e45f0516a47
http://download.springer.com/static/pdf/935/art%253A10.1023%252FA%253A1016213125161.pdf?originUrl=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1023%2FA%3A1016213125161&token2=exp=1494068926~acl=%2Fstatic%2Fpdf%2F935%2Fart%25253A10.1023%25252FA%25253A1016213125161.pdf%3ForiginUrl%3Dhttp%253A%252F%252Flink.springer.com%252Farticle%252F10.1023%252FA%253A1016213125161*~hmac=b6cb26cf1c5472967a9c067b064ee550e4f6a2ca33c580f557fc8e45f0516a47
http://download.springer.com/static/pdf/935/art%253A10.1023%252FA%253A1016213125161.pdf?originUrl=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1023%2FA%3A1016213125161&token2=exp=1494068926~acl=%2Fstatic%2Fpdf%2F935%2Fart%25253A10.1023%25252FA%25253A1016213125161.pdf%3ForiginUrl%3Dhttp%253A%252F%252Flink.springer.com%252Farticle%252F10.1023%252FA%253A1016213125161*~hmac=b6cb26cf1c5472967a9c067b064ee550e4f6a2ca33c580f557fc8e45f0516a47
http://download.springer.com/static/pdf/935/art%253A10.1023%252FA%253A1016213125161.pdf?originUrl=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1023%2FA%3A1016213125161&token2=exp=1494068926~acl=%2Fstatic%2Fpdf%2F935%2Fart%25253A10.1023%25252FA%25253A1016213125161.pdf%3ForiginUrl%3Dhttp%253A%252F%252Flink.springer.com%252Farticle%252F10.1023%252FA%253A1016213125161*~hmac=b6cb26cf1c5472967a9c067b064ee550e4f6a2ca33c580f557fc8e45f0516a47
http://download.springer.com/static/pdf/935/art%253A10.1023%252FA%253A1016213125161.pdf?originUrl=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1023%2FA%3A1016213125161&token2=exp=1494068926~acl=%2Fstatic%2Fpdf%2F935%2Fart%25253A10.1023%25252FA%25253A1016213125161.pdf%3ForiginUrl%3Dhttp%253A%252F%252Flink.springer.com%252Farticle%252F10.1023%252FA%253A1016213125161*~hmac=b6cb26cf1c5472967a9c067b064ee550e4f6a2ca33c580f557fc8e45f0516a47
http://download.springer.com/static/pdf/935/art%253A10.1023%252FA%253A1016213125161.pdf?originUrl=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1023%2FA%3A1016213125161&token2=exp=1494068926~acl=%2Fstatic%2Fpdf%2F935%2Fart%25253A10.1023%25252FA%25253A1016213125161.pdf%3ForiginUrl%3Dhttp%253A%252F%252Flink.springer.com%252Farticle%252F10.1023%252FA%253A1016213125161*~hmac=b6cb26cf1c5472967a9c067b064ee550e4f6a2ca33c580f557fc8e45f0516a47
http://download.springer.com/static/pdf/935/art%253A10.1023%252FA%253A1016213125161.pdf?originUrl=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1023%2FA%3A1016213125161&token2=exp=1494068926~acl=%2Fstatic%2Fpdf%2F935%2Fart%25253A10.1023%25252FA%25253A1016213125161.pdf%3ForiginUrl%3Dhttp%253A%252F%252Flink.springer.com%252Farticle%252F10.1023%252FA%253A1016213125161*~hmac=b6cb26cf1c5472967a9c067b064ee550e4f6a2ca33c580f557fc8e45f0516a47
http://www.jstor.org/stable/pdf/4218813.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4626672/
http://publications.naturalengland.org.uk/file/111041


57 
 

20). English Nature., 2005. Management of bare ground: working towards Natural 

England for people, places and nature [online]. Peterborough: English Nature. 

Available from file:///C:/Users/Robert/Downloads/in5.4[1]%20(2).pdf [Accessed 16 

February 2017]. 

21). Evans, D.L., Schmidt, J.O., and Vulinec, K., 1990. Insect Defenses: Adaptive 

mechanisms and strategies of prey and predators [Online]. Albany: State University 

of New York Press. Available from 

https://books.google.co.uk/books?hl=en&lr=&id=jpxkhS7O0p0C&oi=fnd&pg=PA251

&dq=active+group+defense+ground+nesting+wasps&ots=6FDr9l5xv0&sig=FDiTry3

-U9TKfT6a3pRfbgmNdss#v=onepage&q&f=false [Accessed 03 May2017]. 

22). Exeler, N., Kratochwil, A., Hochkirch, A., 2010. Does recent habitat 

fragmentation affect recent population genetics of a heathland specialist, Andrena 

fuscipes (Hymenoptera; Andrenidae)?. Conservation genetics [Online]. 11 (5), 1679 

– 1687. Available from https://link.springer.com/article/10.1007/s10592-010-0060-5 

[Accessed 06 May 2017]. 

23). Fagúndez, J., 2013. Heathlands confronting global change: drivers of 

biodiversity loss from past to future scenarios. Annals of botany [Online]. 111, 151 – 

172. Available from 

https://academic.oup.com/aob/article/111/2/151/254946/Heathlands-confronting-

global-change-drivers-of [Accessed 19 April 2017]. 

24). Falk, S., and Lewington, R., 2015. British Wildlife Field Guides: Field Guide to 

the Bees of Great Britain and Ireland. New York: British Wildlife Publishing.  

25). Fischer, J., and Lindenmayer, D.B., 2007. Landscape modification and habitat 

fragmentation: a synthesis. Global Ecology and Biogeography [Online]. 16, 265 – 

280. Available from 

https://www.researchgate.net/profile/Joern_Fischer2/publication/297440678_Lands

cape_modification_and_habitat_fragmentation_a_synthesis/links/56e2bc4d08ae14

409a4c1a86.pdf [Accessed 15 April 2017].  

 

 

 

 

file:///C:/Users/Robert/Downloads/in5.4%5b1%5d%20(2).pdf
https://books.google.co.uk/books?hl=en&lr=&id=jpxkhS7O0p0C&oi=fnd&pg=PA251&dq=active+group+defense+ground+nesting+wasps&ots=6FDr9l5xv0&sig=FDiTry3-U9TKfT6a3pRfbgmNdss#v=onepage&q&f=false
https://books.google.co.uk/books?hl=en&lr=&id=jpxkhS7O0p0C&oi=fnd&pg=PA251&dq=active+group+defense+ground+nesting+wasps&ots=6FDr9l5xv0&sig=FDiTry3-U9TKfT6a3pRfbgmNdss#v=onepage&q&f=false
https://books.google.co.uk/books?hl=en&lr=&id=jpxkhS7O0p0C&oi=fnd&pg=PA251&dq=active+group+defense+ground+nesting+wasps&ots=6FDr9l5xv0&sig=FDiTry3-U9TKfT6a3pRfbgmNdss#v=onepage&q&f=false
https://link.springer.com/article/10.1007/s10592-010-0060-5
https://academic.oup.com/aob/article/111/2/151/254946/Heathlands-confronting-global-change-drivers-of
https://academic.oup.com/aob/article/111/2/151/254946/Heathlands-confronting-global-change-drivers-of
https://www.researchgate.net/profile/Joern_Fischer2/publication/297440678_Landscape_modification_and_habitat_fragmentation_a_synthesis/links/56e2bc4d08ae14409a4c1a86.pdf
https://www.researchgate.net/profile/Joern_Fischer2/publication/297440678_Landscape_modification_and_habitat_fragmentation_a_synthesis/links/56e2bc4d08ae14409a4c1a86.pdf
https://www.researchgate.net/profile/Joern_Fischer2/publication/297440678_Landscape_modification_and_habitat_fragmentation_a_synthesis/links/56e2bc4d08ae14409a4c1a86.pdf


58 
 

26). Ghazoul, J., 2001. Effect of soil hardness on aggression in the solitary wasp 

Mellinus arvensis. Ecological Entomology [Online]. 26, 457 – 466. Available from 

http://resolver.ebscohost.com/openurl?sid=google&auinit=J&aulast=Ghazoul&atitle

=Effect+of+soil+hardness+on+aggression+in+the+solitary+wasp+Mellinus+arvensis

&id=doi%3a10.1046%2fj.1365-

2311.2001.00348.x&title=Ecological+Entomology&volume=26&issue=5&date=2001

&spage=457&linksourcecustid=518&site=ftf-live [Accessed 02 May 2017]. 

27) Gimingham., 1972. Ecology of Heathlands [online]. 25, 28. London: Chapman 

and Hall Ltd. [Accessed 17 February 2017].  

28). Green, R.E., and Griffiths, G.H., 1994. Use of preferred nesting habitat by 

stone curlews Burhinus oedicnemus in relation to vegetation structure. Journal of 

Zoology [Online]. 233 (3), 457 – 471. Available from 

http://onlinelibrary.wiley.com/doi/10.1111/j.1469-7998.1994.tb05277.x/full 

[Accessed 15 April 2017].  

29). Hamilton, W.D., 1971. Geometry for the selfish herd. Journal of Theoretical 

Biology [Online]. 31 (2), 295 – 311. Avialable from 

http://www.sciencedirect.com/science/article/pii/0022519371901895 [Accessed 05 

May 2017]. 

30). Hanski, I., 2005. Landscape fragmentation, biodiversity loss and the societal 

response. EMBO reports [Online]. 6 (5), 388 – 392. Available from: 

http://onlinelibrary.wiley.com/doi/10.1038/sj.embor.7400398/epdf [Accessed 05 May 

2017]. 

31) Henning, K., Oheimb, G.V., Hardtle, W., Fichtner, A., and Tischew, S., 2017. 

The reproductive potential and importance of key management aspects for 

successful Calluna vulgaris rejuvenation on abandoned continental heaths. Ecology 

and Evolution [Online]. 7 (7), 2091 – 2100. Available from 

http://onlinelibrary.wiley.com/doi/10.1002/ece3.2816/full [Accessed 19 April 2017]. 

32) Hewins, E., Toogood, S., Alonso, I., Glaves, D.J., Cooke, A., and Alexander, R., 

2007. The Condition of lowland heathland: results from a sample survey of non-

SSSI stands in England [online]. Sheffield: Natural England. Available from 

http://publications.naturalengland.org.uk/file/62020 [Accessed 08 February 2017]. 

 

http://resolver.ebscohost.com/openurl?sid=google&auinit=J&aulast=Ghazoul&atitle=Effect+of+soil+hardness+on+aggression+in+the+solitary+wasp+Mellinus+arvensis&id=doi%3a10.1046%2fj.1365-2311.2001.00348.x&title=Ecological+Entomology&volume=26&issue=5&date=2001&spage=457&linksourcecustid=518&site=ftf-live
http://resolver.ebscohost.com/openurl?sid=google&auinit=J&aulast=Ghazoul&atitle=Effect+of+soil+hardness+on+aggression+in+the+solitary+wasp+Mellinus+arvensis&id=doi%3a10.1046%2fj.1365-2311.2001.00348.x&title=Ecological+Entomology&volume=26&issue=5&date=2001&spage=457&linksourcecustid=518&site=ftf-live
http://resolver.ebscohost.com/openurl?sid=google&auinit=J&aulast=Ghazoul&atitle=Effect+of+soil+hardness+on+aggression+in+the+solitary+wasp+Mellinus+arvensis&id=doi%3a10.1046%2fj.1365-2311.2001.00348.x&title=Ecological+Entomology&volume=26&issue=5&date=2001&spage=457&linksourcecustid=518&site=ftf-live
http://resolver.ebscohost.com/openurl?sid=google&auinit=J&aulast=Ghazoul&atitle=Effect+of+soil+hardness+on+aggression+in+the+solitary+wasp+Mellinus+arvensis&id=doi%3a10.1046%2fj.1365-2311.2001.00348.x&title=Ecological+Entomology&volume=26&issue=5&date=2001&spage=457&linksourcecustid=518&site=ftf-live
http://resolver.ebscohost.com/openurl?sid=google&auinit=J&aulast=Ghazoul&atitle=Effect+of+soil+hardness+on+aggression+in+the+solitary+wasp+Mellinus+arvensis&id=doi%3a10.1046%2fj.1365-2311.2001.00348.x&title=Ecological+Entomology&volume=26&issue=5&date=2001&spage=457&linksourcecustid=518&site=ftf-live
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-7998.1994.tb05277.x/full
http://www.sciencedirect.com/science/article/pii/0022519371901895
http://onlinelibrary.wiley.com/doi/10.1038/sj.embor.7400398/epdf
http://onlinelibrary.wiley.com/doi/10.1002/ece3.2816/full
http://publications.naturalengland.org.uk/file/62020


59 
 

33). Jeanne, R.L., and Morgan, R.C., 1992. The influence of temperature on nest 

site choice and reproductive strategy in a temperate zone Polistes wasp. Ecological 

entomology [Online]. 17, 135 – 141. Available from 

http://onlinelibrary.wiley.com/wol1/doi/10.1111/j.1365-2311.1992.tb01170.x/abstract 

[Accessed 01 May 2017]. 

34). Jones, K.C., and Oldroyd, B.P., 2007. Nest thermoregulation in social insects. 

Advances in insect physiology [Online]. 33, 153 – 191. Available from 

https://www.researchgate.net/profile/Benjamin_Oldroyd2/publication/222427818_N

est_Thermoregulation_in_Social_Insects/links/0fcfd50adb80ac5e3d000000/Nest-

Thermoregulation-in-Social-Insects.pdf [Accessed 01 May 2017]. 

35). Julier, H.E., and Roulston, T.H., 2009. Wild bee abundance and pollination 

service in cultivated pumpkins: farm management, nesting behaviour, and 

landscape effects. Ecology and Behaviour [Online]. 102 (2), 563 – 573. Available 

from 

http://128.143.22.36/blandy/blandy_web/research/student_pdfs/esther_julier1.pdf 

[Accessed 02 May 2017]. 

36). Kovacs-Hostyanski, A., Espindola, A., Vanbergen, A.J., Settele, J., Kremen, C., 

and Dicks, L.V., 2017. Ecological intensification to mitigate the impacts of 

conventional intensive land use on pollinators and pollination. Ecology Letter 

[Online]. 20 (5), 673 – 689. Available from 

http://onlinelibrary.wiley.com/doi/10.1111/ele.12762/full [Accessed 20 April 2017]. 

37). Lever, J., Nes, E.H.V., Scheffer, M., and Bascompte, J., 2014. The sudden 

collapse of pollinator communities. Ecology Letters [Online]. 17, 350 – 359. 

Available from 

http://www.jellelever.net/Publications/Lever_etal_2014_Collapse_Pollinators_ele12

236.pdf [Accessed 09 April 2017]. 

38). Lopez-Uribe, M.M., Morreale, S.J., Santiago, C.K., and Danforth, B.N., 2015. 

Nest suitability, fine-scale population structure and male and male-mediated 

dispersal of a solitary ground nesting bee in an urban landscape. PloS ONE 

[Online]. 10 (5), 1 – 20. Available from 

http://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0125719&type=

printable [Accessed 03 May 2017]. 

http://onlinelibrary.wiley.com/wol1/doi/10.1111/j.1365-2311.1992.tb01170.x/abstract
https://www.researchgate.net/profile/Benjamin_Oldroyd2/publication/222427818_Nest_Thermoregulation_in_Social_Insects/links/0fcfd50adb80ac5e3d000000/Nest-Thermoregulation-in-Social-Insects.pdf
https://www.researchgate.net/profile/Benjamin_Oldroyd2/publication/222427818_Nest_Thermoregulation_in_Social_Insects/links/0fcfd50adb80ac5e3d000000/Nest-Thermoregulation-in-Social-Insects.pdf
https://www.researchgate.net/profile/Benjamin_Oldroyd2/publication/222427818_Nest_Thermoregulation_in_Social_Insects/links/0fcfd50adb80ac5e3d000000/Nest-Thermoregulation-in-Social-Insects.pdf
http://128.143.22.36/blandy/blandy_web/research/student_pdfs/esther_julier1.pdf
http://onlinelibrary.wiley.com/doi/10.1111/ele.12762/full
http://www.jellelever.net/Publications/Lever_etal_2014_Collapse_Pollinators_ele12236.pdf
http://www.jellelever.net/Publications/Lever_etal_2014_Collapse_Pollinators_ele12236.pdf
http://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0125719&type=printable
http://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0125719&type=printable


60 
 

39). Loreau, M., and Mazancourt, C.D., 2013. Biodiversity and Ecosystem Stability: 

a synthesis of underlying mechanisms. Ecology Letter [Online]. 16, 106 – 115. 

Available from 

https://www.researchgate.net/profile/Michel_Loreau/publication/235369417_Loreau

_M_de_Mazancourt_C_Biodiversity_and_ecosystem_stability_a_synthesis_of_und

erlying_mechanisms_Ecol_Lett_16_106-

115/links/00b7d5242f7ceb2f40000000/Loreau-M-de-Mazancourt-C-Biodiversity-

and-ecosystem-stability-a-synthesis-of-underlying-mechanisms-Ecol-Lett-16-106-

115.pdf [Accessed 18 April 2017]. 

40). McCorquodale, D.B., 1989. Soil softness, nest initiation and nest sharing in the 

wasp Cerceris antipodes (Hymenoptera: Sphecidae). Ecological Entomology 

[Online]. 14 (2), 191 – 196. Available from 

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2311.1989.tb00769.x/abstract 

[Accessed 02 May 2017].  

42). Michael, N., 1996. The Lowland Heathland Management Handbook Version 

2.0 [online], 11 (2). Available from 

http://publications.naturalengland.org.uk/publication/2268864 {Accessed 11 

February 2017]. 

43). Michener, C.D., Lange, R.B., Bigarella, J.J., and Salamuni, R., 1958. Factors 

influencing the distribution of Bees’ nests in earth banks. Ecology [Online]. 39 (2), 

207 – 217. Available from 

http://www.jstor.org/stable/1931865?seq=1#page_scan_tab_contents [Accessed 04 

May 2017]. 

44). Mitchell, R.J., Auld, M.H.D., Le Duc, M.G., and Marrs, R.H., 2000. Ecosystem 

stability and resilience: a review of their relevance for the conservation of lowland 

heathlands. Perspective in Plant Ecology, Evolution and Systematics [Online]. 3 (2), 

142 – 160. Available from 

https://www.researchgate.net/profile/Ruth_Mitchell2/publication/223107166_Ecosys

tem_stability_and_resilience_A_review_of_their_relevance_for_the_conservation_

management_of_lowland_heaths/links/566699a308ae15e74634d47b.pdf 

[Accessed 18 April 2017].  

 

https://www.researchgate.net/profile/Michel_Loreau/publication/235369417_Loreau_M_de_Mazancourt_C_Biodiversity_and_ecosystem_stability_a_synthesis_of_underlying_mechanisms_Ecol_Lett_16_106-115/links/00b7d5242f7ceb2f40000000/Loreau-M-de-Mazancourt-C-Biodiversity-and-ecosystem-stability-a-synthesis-of-underlying-mechanisms-Ecol-Lett-16-106-115.pdf
https://www.researchgate.net/profile/Michel_Loreau/publication/235369417_Loreau_M_de_Mazancourt_C_Biodiversity_and_ecosystem_stability_a_synthesis_of_underlying_mechanisms_Ecol_Lett_16_106-115/links/00b7d5242f7ceb2f40000000/Loreau-M-de-Mazancourt-C-Biodiversity-and-ecosystem-stability-a-synthesis-of-underlying-mechanisms-Ecol-Lett-16-106-115.pdf
https://www.researchgate.net/profile/Michel_Loreau/publication/235369417_Loreau_M_de_Mazancourt_C_Biodiversity_and_ecosystem_stability_a_synthesis_of_underlying_mechanisms_Ecol_Lett_16_106-115/links/00b7d5242f7ceb2f40000000/Loreau-M-de-Mazancourt-C-Biodiversity-and-ecosystem-stability-a-synthesis-of-underlying-mechanisms-Ecol-Lett-16-106-115.pdf
https://www.researchgate.net/profile/Michel_Loreau/publication/235369417_Loreau_M_de_Mazancourt_C_Biodiversity_and_ecosystem_stability_a_synthesis_of_underlying_mechanisms_Ecol_Lett_16_106-115/links/00b7d5242f7ceb2f40000000/Loreau-M-de-Mazancourt-C-Biodiversity-and-ecosystem-stability-a-synthesis-of-underlying-mechanisms-Ecol-Lett-16-106-115.pdf
https://www.researchgate.net/profile/Michel_Loreau/publication/235369417_Loreau_M_de_Mazancourt_C_Biodiversity_and_ecosystem_stability_a_synthesis_of_underlying_mechanisms_Ecol_Lett_16_106-115/links/00b7d5242f7ceb2f40000000/Loreau-M-de-Mazancourt-C-Biodiversity-and-ecosystem-stability-a-synthesis-of-underlying-mechanisms-Ecol-Lett-16-106-115.pdf
https://www.researchgate.net/profile/Michel_Loreau/publication/235369417_Loreau_M_de_Mazancourt_C_Biodiversity_and_ecosystem_stability_a_synthesis_of_underlying_mechanisms_Ecol_Lett_16_106-115/links/00b7d5242f7ceb2f40000000/Loreau-M-de-Mazancourt-C-Biodiversity-and-ecosystem-stability-a-synthesis-of-underlying-mechanisms-Ecol-Lett-16-106-115.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2311.1989.tb00769.x/abstract
http://publications.naturalengland.org.uk/publication/2268864
http://www.jstor.org/stable/1931865?seq=1#page_scan_tab_contents
https://www.researchgate.net/profile/Ruth_Mitchell2/publication/223107166_Ecosystem_stability_and_resilience_A_review_of_their_relevance_for_the_conservation_management_of_lowland_heaths/links/566699a308ae15e74634d47b.pdf
https://www.researchgate.net/profile/Ruth_Mitchell2/publication/223107166_Ecosystem_stability_and_resilience_A_review_of_their_relevance_for_the_conservation_management_of_lowland_heaths/links/566699a308ae15e74634d47b.pdf
https://www.researchgate.net/profile/Ruth_Mitchell2/publication/223107166_Ecosystem_stability_and_resilience_A_review_of_their_relevance_for_the_conservation_management_of_lowland_heaths/links/566699a308ae15e74634d47b.pdf


61 
 

45). Mitchell, M.G.E., Bennet, E.M., and Gonzalez, A., 2015. Strong and non-linear 

effects of fragmentation on ecosystem services provision at multiple scales. 

Environmental Research Letters [Online]. 10, 1 – 12. Available from 

https://www.researchgate.net/publication/281678019_Strong_and_nonlinear_effect

s_of_fragmentation_on_ecosystem_service_provision_at_multiple_scales 

[Accessed 19 April 2017]. 

46). Moore, N.W., 1962. The Heaths of Dorset and their Conservation. Journal of 

Ecology [online], 50 (2), 369 - 391. Available from 

http://www.jstor.org/stable/pdf/2257449.pdf [Accessed 03 February 2017]. 

47). Newton, A.C., Stewart, G.B., Myers, G., Diaz, A., Lake, S., Bullock, J.M., and 

Pullin, A.S., 2009. Impacts of grazing on lowland heathland in north-west Europe. 

Biological conservation [Online]. 142, 935 – 947. Available from 

https://www.researchgate.net/profile/Adrian_Newton2/publication/222243897_Impa

cts_of_grazing_on_lowland_heath_in_north-

west_Europe/links/0c96052ca73b37a058000000/Impacts-of-grazing-on-lowland-

heath-in-north-west-Europe.pdf [Accessed 19 April 2017]. 

48). O’Donnell, S., and Foster, R.L., 2001. Thresholds of response in nest 

thermoregulation by worker bumble bees, Bombus bifarius nearcticus 

(Hymenoptera; Apidae). Ethology [Online]. 107, 387 – 399. Available from 

http://www.esf.edu/efb/parry/Insect%20Ecology%20Reading/odonnell_foster_2001.

pdf [Accessed 02 May 2017]. 

49). Oliver, T.H., Isaac, N.J.B., August, T.A., Woodcock, B.A., Roy, D.B., and 

Bullock J.M., 2015. Declining resilience of ecosystem functions under biodiversity 

loss. Nature Communications [Online]. 6, 1 – 8. Available from 

file:///C:/Users/Robert/Downloads/ncomms10122.pdf [Accessed 18 April 2017]. 

50). Ollerton, J., Erenler, H., Edwards, M., and Crockett, R., 2014. Extinctions of 

aculeate hymenoptera in Britain and the role of large scale agricultural changes. 

Science [Online]. 346 (6215), 1360 – 1362. Available from 

http://science.sciencemag.org/content/346/6215/1360 [Accessed 20 April 2017].  

51) O’Toole, C., Shields, C., and Buglife., 2013. Field Studies Council: Guide to 

bees of Britain. Second Edition. Telford: FSC Publications. 

 

https://www.researchgate.net/publication/281678019_Strong_and_nonlinear_effects_of_fragmentation_on_ecosystem_service_provision_at_multiple_scales
https://www.researchgate.net/publication/281678019_Strong_and_nonlinear_effects_of_fragmentation_on_ecosystem_service_provision_at_multiple_scales
http://www.jstor.org/stable/pdf/2257449.pdf
https://www.researchgate.net/profile/Adrian_Newton2/publication/222243897_Impacts_of_grazing_on_lowland_heath_in_north-west_Europe/links/0c96052ca73b37a058000000/Impacts-of-grazing-on-lowland-heath-in-north-west-Europe.pdf
https://www.researchgate.net/profile/Adrian_Newton2/publication/222243897_Impacts_of_grazing_on_lowland_heath_in_north-west_Europe/links/0c96052ca73b37a058000000/Impacts-of-grazing-on-lowland-heath-in-north-west-Europe.pdf
https://www.researchgate.net/profile/Adrian_Newton2/publication/222243897_Impacts_of_grazing_on_lowland_heath_in_north-west_Europe/links/0c96052ca73b37a058000000/Impacts-of-grazing-on-lowland-heath-in-north-west-Europe.pdf
https://www.researchgate.net/profile/Adrian_Newton2/publication/222243897_Impacts_of_grazing_on_lowland_heath_in_north-west_Europe/links/0c96052ca73b37a058000000/Impacts-of-grazing-on-lowland-heath-in-north-west-Europe.pdf
http://www.esf.edu/efb/parry/Insect%20Ecology%20Reading/odonnell_foster_2001.pdf
http://www.esf.edu/efb/parry/Insect%20Ecology%20Reading/odonnell_foster_2001.pdf
file:///C:/Users/Robert/Downloads/ncomms10122.pdf
http://science.sciencemag.org/content/346/6215/1360


62 
 

52). Pardini, R., Bueno, A.D.A., Gardner, T.A., Prado, P.I., and Metzger, J.P., 2010. 

Beyond the fragmentation threshold hypothesis: Regime shifts in biodiversity across 

fragmented landscapes. PLoSOne [Online]. 5 (10), e13666. Available from 

http://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0013666&type=

printable [Accessed 16 April 2017]. 

53). Pickess, B.P., Burgess, N.D., and Evans, C.E., 1989. Management Case 

Study: Heathland Management at Arne, Dorset. Dorset: Royal Society for the 

Protection of Birds (RSPB). 22. [Accesses 17 February 2017]. 

54). Polidori, C., Mendiola, P., Asis., J.D., Tormos, J., Selfa, J., and Andrietti, F., 

2008. Female – female attraction influences nest establishment in the digger wasp 

Stizus continuus (Hymenoptera: Crabronidae). Animal Behaviour [Online]. 75, 1651 

– 1661. Available from 

https://www.researchgate.net/profile/Carlo_Polidori2/publication/230807584_Femal

e-

female_attraction_influences_nest_establishment_in_the_digger_wasp_Stizus_con

tinuus_Hymenoptera_Crabronidae/links/55158c3e0cf2f7d80a333845/Female-

female-attraction-influences-nest-establishment-in-the-digger-wasp-Stizus-

continuus-Hymenoptera-Crabronidae.pdf [Accesed 27 April 2017]. 

55). Potts, S., and Willmer, P., 1997. Abiotic and biotic influencing nest-site 

selection by Halictus rubicundus, a ground-nesting halictine bee [online]. 22 (3), 

319 - 328. Available from http://onlinelibrary.wiley.com/doi/10.1046/j.1365-

2311.1997.00071.x/full [Accessed 18 February 2017]. 

56). Potts, S.G., Biesmeijer, J.C., Kremen, C., Neumann, P., Schweiger, O., and 

Kunin, W.E., 2010. Global pollinator declines: trends, impacts and drivers. Trends in 

Ecology and Evolution [Online]. 25 (6), 345 – 353. Available from 

https://www.researchgate.net/profile/William_Kunin/publication/41621021_Global_p

ollinator_declines_Trends_impacts_and_drivers/links/02bfe5113880d88a8d000000/

Global-pollinator-declines-Trends-impacts-and-drivers.pdf [Accessed 19 April 2017]. 

 

 

 

 

http://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0013666&type=printable
http://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0013666&type=printable
https://www.researchgate.net/profile/Carlo_Polidori2/publication/230807584_Female-female_attraction_influences_nest_establishment_in_the_digger_wasp_Stizus_continuus_Hymenoptera_Crabronidae/links/55158c3e0cf2f7d80a333845/Female-female-attraction-influences-nest-establishment-in-the-digger-wasp-Stizus-continuus-Hymenoptera-Crabronidae.pdf
https://www.researchgate.net/profile/Carlo_Polidori2/publication/230807584_Female-female_attraction_influences_nest_establishment_in_the_digger_wasp_Stizus_continuus_Hymenoptera_Crabronidae/links/55158c3e0cf2f7d80a333845/Female-female-attraction-influences-nest-establishment-in-the-digger-wasp-Stizus-continuus-Hymenoptera-Crabronidae.pdf
https://www.researchgate.net/profile/Carlo_Polidori2/publication/230807584_Female-female_attraction_influences_nest_establishment_in_the_digger_wasp_Stizus_continuus_Hymenoptera_Crabronidae/links/55158c3e0cf2f7d80a333845/Female-female-attraction-influences-nest-establishment-in-the-digger-wasp-Stizus-continuus-Hymenoptera-Crabronidae.pdf
https://www.researchgate.net/profile/Carlo_Polidori2/publication/230807584_Female-female_attraction_influences_nest_establishment_in_the_digger_wasp_Stizus_continuus_Hymenoptera_Crabronidae/links/55158c3e0cf2f7d80a333845/Female-female-attraction-influences-nest-establishment-in-the-digger-wasp-Stizus-continuus-Hymenoptera-Crabronidae.pdf
https://www.researchgate.net/profile/Carlo_Polidori2/publication/230807584_Female-female_attraction_influences_nest_establishment_in_the_digger_wasp_Stizus_continuus_Hymenoptera_Crabronidae/links/55158c3e0cf2f7d80a333845/Female-female-attraction-influences-nest-establishment-in-the-digger-wasp-Stizus-continuus-Hymenoptera-Crabronidae.pdf
https://www.researchgate.net/profile/Carlo_Polidori2/publication/230807584_Female-female_attraction_influences_nest_establishment_in_the_digger_wasp_Stizus_continuus_Hymenoptera_Crabronidae/links/55158c3e0cf2f7d80a333845/Female-female-attraction-influences-nest-establishment-in-the-digger-wasp-Stizus-continuus-Hymenoptera-Crabronidae.pdf
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2311.1997.00071.x/full
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2311.1997.00071.x/full
https://www.researchgate.net/profile/William_Kunin/publication/41621021_Global_pollinator_declines_Trends_impacts_and_drivers/links/02bfe5113880d88a8d000000/Global-pollinator-declines-Trends-impacts-and-drivers.pdf
https://www.researchgate.net/profile/William_Kunin/publication/41621021_Global_pollinator_declines_Trends_impacts_and_drivers/links/02bfe5113880d88a8d000000/Global-pollinator-declines-Trends-impacts-and-drivers.pdf
https://www.researchgate.net/profile/William_Kunin/publication/41621021_Global_pollinator_declines_Trends_impacts_and_drivers/links/02bfe5113880d88a8d000000/Global-pollinator-declines-Trends-impacts-and-drivers.pdf


63 
 

57). Potts, S.G., Vulliamy, B., Roberts, S., O’Toole, C., Dafni, A., Ne’Eman, G., and 

Willmer, P., 2005. Role of nesting resources in organising diverse bee communities 

in a Mediterranean landscape. Ecological Entomology [Online]. 30, 78 – 85. 

Available from 

http://research.haifa.ac.il/~biology/neeman/Publications/D%2047.%20Potts%20et%

20al.%202005.%20Nesting%20resources%20and%20bee%20communities.%20Ec

ol.%20Entomol..pdf [Accessed 01 May 2017]. 

58). Potts, S.G., Fonseca, V.I., Ngo, H.T., Hein, T., Biesmeijer, J.C., Breeze, T.D., 

Dicks, L.V., Garibaldi, L.A., Hill, R., Settele, J., and Vanbergen, A.J., 2016. The 

assessment report on pollinators, pollination, and food production [Online]. 

Germany: Intergovernmental Science-Policy Platform on Biodiversity and 

Ecosystem Services (IPBES). 1 – 36. Available from 

http://nora.nerc.ac.uk/514356/1/N514356CR.pdf [Accessed 18 April 2017]. 

59). Rivera-Ortíz, F.A., Aguilar, R., Arizmendi, M.D.C., Quesada, M., and Oyama, 

K., 2014. Habitat fragmentation and genetic variability of tetrapod populations. 

Animal Conservation [Online]. 18 (3), 249 – 258. Available from 

http://onlinelibrary.wiley.com/doi/10.1111/acv.12165/full [Accessed 15 April 2017]. 

60). Roberts, S.P.M., 2001. Pseudepipona herichii (Saussure, 1855). Bees, Ants 

and Wasps Recording Society (BWARS) [Online]. Available from 

http://www.bwars.com/wasp/vespidae/eumeninae/pseudepipona-herrichii 

[Accessed 18 April 2017]. 

61). Rose, R.J., Webb, N.R., Clarke, R.T., and Traynor, C.H., 2000. Changes on 

the heathlands in Dorset, England, between 1987 and 1996. NERC Institute of 

terrestrial ecology [Online], 93 (1), 117 - 125. Available from 

http://www.sciencedirect.com/science/article/pii/S0006320799000476 [Accessed 03 

February 2017]. 

62). Rossenheim, J.A., 1987. Nesting behavior and bionomics of a solitary ground-

nesting wasp, Ammophila dysmica (Hymenoptera: Sphecidae): Influence of parasite 

pressure [online] 80 (6), 739 – 740. Available from 

https://academic.oup.com/aesa/article-abstract/80/6/739/2758889/Nesting-

Behavior-and-Bionomics-of-a-Solitary [Accessed 18 February 2017]. 

 

http://research.haifa.ac.il/~biology/neeman/Publications/D%2047.%20Potts%20et%20al.%202005.%20Nesting%20resources%20and%20bee%20communities.%20Ecol.%20Entomol..pdf
http://research.haifa.ac.il/~biology/neeman/Publications/D%2047.%20Potts%20et%20al.%202005.%20Nesting%20resources%20and%20bee%20communities.%20Ecol.%20Entomol..pdf
http://research.haifa.ac.il/~biology/neeman/Publications/D%2047.%20Potts%20et%20al.%202005.%20Nesting%20resources%20and%20bee%20communities.%20Ecol.%20Entomol..pdf
http://nora.nerc.ac.uk/514356/1/N514356CR.pdf
http://onlinelibrary.wiley.com/doi/10.1111/acv.12165/full
http://www.bwars.com/wasp/vespidae/eumeninae/pseudepipona-herrichii
http://www.sciencedirect.com/science/article/pii/S0006320799000476
https://academic.oup.com/aesa/article-abstract/80/6/739/2758889/Nesting-Behavior-and-Bionomics-of-a-Solitary
https://academic.oup.com/aesa/article-abstract/80/6/739/2758889/Nesting-Behavior-and-Bionomics-of-a-Solitary


64 
 

63). Rosenheim, J.A., 1990. Density dependent parasitism and the evolution of 

aggregated nesting in the solitary hymenoptera. Entomological Society of North 

America [Online]. 83 (3), 277 – 286. Available from 

http://rosenheim.faculty.ucdavis.edu/wp-

content/uploads/sites/137/2014/09/Rosenheim-1990-Annals-ESA-aggregated-

nesting.pdf [Accessed 26 April 2017].  

64). RSPB, 2004. RSPB Dorset Heathland Project. Newsletter [Online]. Available 

from https://www.rspb.org.uk/Images/RSPB%20heath%20Spring%2004_tcm9-

132722.pdf [Accessed 20 April 2017]. 

65). Sardiñas, H.S., and Kremen’s, C., 2014. Evaluating nesting micro-habitat for 

ground-nesting bees using emergence traps. Basic and Applied Ecology [Online]. 

15 (2), 161 – 168. Available from http://escholarship.org/uc/item/92t4r2pn#page-8 

[Accessed 25 April 2017]. 

66). Spiers, E.A., 2016a. Photograph. Personal Collection. 

67). Spiers, E.A., 2016b. Photograph. Personal Collection. 

68). Spiers, E.A., 2016c. Photograph. Personal Collection. 

69). Spiers, E.A., 2016d. Photograph. Personal Collection. 

70). Spiers, E.A., 2016e. Photograph. Personal Collection. 

71). Spiers, E.A., 2016f. Photograph. Personal Collection. 

72). Spiers, E.A., 2016g. Photograph. Personal Collection. 

73). Spiers, E.A., 2016h. Photograph. Personal Collection. 

74). Spiers, E.A., 2016i. Photograph. Personal Collection. 

75). Spiers, E.A., 2017a. Map of Poole Harbour and study sites. Own creation. 

76). Spiers, E.A., 2017b. Map of Hartland moor NNR and Slepe heath NNR. Own 

creation. 

77). Spiers, E.A., 2017c. Map of Hartland moor NNR and Slepe heath NNR. Own 

creation. 

78). Spiers, E.A., 2017d. Map of Godlingston heath NNR. Own creation. 

79). Spiers, E.A., 2017e. Map of Godlingston heath NNR. Own creation. 

http://rosenheim.faculty.ucdavis.edu/wp-content/uploads/sites/137/2014/09/Rosenheim-1990-Annals-ESA-aggregated-nesting.pdf
http://rosenheim.faculty.ucdavis.edu/wp-content/uploads/sites/137/2014/09/Rosenheim-1990-Annals-ESA-aggregated-nesting.pdf
http://rosenheim.faculty.ucdavis.edu/wp-content/uploads/sites/137/2014/09/Rosenheim-1990-Annals-ESA-aggregated-nesting.pdf
https://www.rspb.org.uk/Images/RSPB%20heath%20Spring%2004_tcm9-132722.pdf
https://www.rspb.org.uk/Images/RSPB%20heath%20Spring%2004_tcm9-132722.pdf
http://escholarship.org/uc/item/92t4r2pn#page-8


65 
 

80). Stamps, J.A., 1988. Conspecific attraction and aggregation in territorial 

species. The American Naturalist [Online]. 131 (3), 329 – 347. Available from 

https://www.jstor.org/stable/pdf/2461973.pdf [Accessed 03 May 2017]. 

81). Srba, M., and Heneberg, P., 2012. Nesting habitat segregation between closely 

related terricolous sphecid species (Hymenoptera: Sphecifromes): key role of soil 

physical characteristics. Journal of Insect Conservation [Online]. Available from 

http://eds.b.ebscohost.com/eds/pdfviewer/pdfviewer?sid=54d04ccb-56c8-4183-

8e33-9fa4ed558d75%40sessionmgr101&vid=0&hid=103 [Accessed 02 May 2017]. 

82). Steffen-Dewenter, I., and Leschke, K., 2003. Effects of habitat management on 

vegetation and above ground nesting bees and wasps of orchard meadows in 

Central Europe [online]. 12 (9), 1953 - 1868. Available from 

http://link.springer.com/article/10.1023%2FA%3A1024199513365?LI=true 

[Accessed 18 February 2017]. 

83). Stone, G.N., Loder, P.M.J., and Blackburn, T.M., 1995. Foraging and courtship 

behavior in males of the solitary bee Anthophora plumipes (Hymenoptera:  

Anthropoidea): thermal physiology and the roles of body size. Ecological 

Entomology [Online]. 20, 169 – 183. Available 

from https://www.researchgate.net/profile/Graham_Stone/publication/229972003_F

oraging_and_courtship_behaviour_in_males_of_the_solitary_bee_Anthophora_plu

mipes_Hymenoptera_Anthophoridae_Thermal_physiology_and_the_roles_of_body

_size/links/5629120208ae518e347c7f25.pdf [Accessed 14 April 2017].  

 

84). Tepadino, V.J., and Torchio, P.F., 1994. Founding and Usurping: Equally 

efficient paths to nest success in Osmia lignaria propinqua (Hymenoptera: 

Megachilidae). Annals of the Entomological Society of America [Online]. 87 (6), 946 

– 953. Available from 

http://resolver.ebscohost.com/openurl?sid=google&auinit=VJ&aulast=Tepedino&atit

le=Founding+and+usurping%3a+Equally+efficient+paths+to+nesting+success+in+

Osmia+lignaria+propinqua+(Hymenoptera%3a+Megachilidae)&id=doi%3a10.1093

%2faesa%2f87.6.946&title=Annals+of+the+Entomological+Society+of+America&vol

ume=87&issue=6&date=1994&spage=946&linksourcecustid=518&site=ftf-live 

[Accessed 04 May 2017]. 

 

 

https://www.jstor.org/stable/pdf/2461973.pdf
http://eds.b.ebscohost.com/eds/pdfviewer/pdfviewer?sid=54d04ccb-56c8-4183-8e33-9fa4ed558d75%40sessionmgr101&vid=0&hid=103
http://eds.b.ebscohost.com/eds/pdfviewer/pdfviewer?sid=54d04ccb-56c8-4183-8e33-9fa4ed558d75%40sessionmgr101&vid=0&hid=103
http://link.springer.com/article/10.1023%2FA%3A1024199513365?LI=true
https://www.researchgate.net/profile/Graham_Stone/publication/229972003_Foraging_and_courtship_behaviour_in_males_of_the_solitary_bee_Anthophora_plumipes_Hymenoptera_Anthophoridae_Thermal_physiology_and_the_roles_of_body_size/links/5629120208ae518e347c7f25.pdf
https://www.researchgate.net/profile/Graham_Stone/publication/229972003_Foraging_and_courtship_behaviour_in_males_of_the_solitary_bee_Anthophora_plumipes_Hymenoptera_Anthophoridae_Thermal_physiology_and_the_roles_of_body_size/links/5629120208ae518e347c7f25.pdf
https://www.researchgate.net/profile/Graham_Stone/publication/229972003_Foraging_and_courtship_behaviour_in_males_of_the_solitary_bee_Anthophora_plumipes_Hymenoptera_Anthophoridae_Thermal_physiology_and_the_roles_of_body_size/links/5629120208ae518e347c7f25.pdf
https://www.researchgate.net/profile/Graham_Stone/publication/229972003_Foraging_and_courtship_behaviour_in_males_of_the_solitary_bee_Anthophora_plumipes_Hymenoptera_Anthophoridae_Thermal_physiology_and_the_roles_of_body_size/links/5629120208ae518e347c7f25.pdf
http://resolver.ebscohost.com/openurl?sid=google&auinit=VJ&aulast=Tepedino&atitle=Founding+and+usurping%3a+Equally+efficient+paths+to+nesting+success+in+Osmia+lignaria+propinqua+(Hymenoptera%3a+Megachilidae)&id=doi%3a10.1093%2faesa%2f87.6.946&title=Annals+of+the+Entomological+Society+of+America&volume=87&issue=6&date=1994&spage=946&linksourcecustid=518&site=ftf-live
http://resolver.ebscohost.com/openurl?sid=google&auinit=VJ&aulast=Tepedino&atitle=Founding+and+usurping%3a+Equally+efficient+paths+to+nesting+success+in+Osmia+lignaria+propinqua+(Hymenoptera%3a+Megachilidae)&id=doi%3a10.1093%2faesa%2f87.6.946&title=Annals+of+the+Entomological+Society+of+America&volume=87&issue=6&date=1994&spage=946&linksourcecustid=518&site=ftf-live
http://resolver.ebscohost.com/openurl?sid=google&auinit=VJ&aulast=Tepedino&atitle=Founding+and+usurping%3a+Equally+efficient+paths+to+nesting+success+in+Osmia+lignaria+propinqua+(Hymenoptera%3a+Megachilidae)&id=doi%3a10.1093%2faesa%2f87.6.946&title=Annals+of+the+Entomological+Society+of+America&volume=87&issue=6&date=1994&spage=946&linksourcecustid=518&site=ftf-live
http://resolver.ebscohost.com/openurl?sid=google&auinit=VJ&aulast=Tepedino&atitle=Founding+and+usurping%3a+Equally+efficient+paths+to+nesting+success+in+Osmia+lignaria+propinqua+(Hymenoptera%3a+Megachilidae)&id=doi%3a10.1093%2faesa%2f87.6.946&title=Annals+of+the+Entomological+Society+of+America&volume=87&issue=6&date=1994&spage=946&linksourcecustid=518&site=ftf-live
http://resolver.ebscohost.com/openurl?sid=google&auinit=VJ&aulast=Tepedino&atitle=Founding+and+usurping%3a+Equally+efficient+paths+to+nesting+success+in+Osmia+lignaria+propinqua+(Hymenoptera%3a+Megachilidae)&id=doi%3a10.1093%2faesa%2f87.6.946&title=Annals+of+the+Entomological+Society+of+America&volume=87&issue=6&date=1994&spage=946&linksourcecustid=518&site=ftf-live


66 
 

85). Thomas, J.A., Simcox, D.J., Wardlaw, J.C., Elmes, G.W., Hochberg, M.E., and 

Clarke, R.T., 1998. Effects of latitude, altitude and climate on the conservation of 

the endangered butterfly Maculinea arion and its Myrmica ant hosts. Journal of 

Insect Conservation [Online]. 2 (1), 39 – 46. Available from 

https://link.springer.com/article/10.1023/A:1009640706218 [Accessed 16 April 

2017]. 

86). Truchy, A., Angeler, D.G., Sponseller, R.A., Johnson, R.K., and Mckie, B.G., 

2015. Linking biodiversity, ecosystem functioning and services, and ecological 

resilience: Towards an integrative framework for improved management. Advances 

in Ecological Research [Online]. 53, 55 – 96. Available from 

http://www.sciencedirect.com/science/article/pii/S0065250415000288 [Accessed 18 

April 2017].  

87). Tscharntke, T., Klein, A.M., Kruess, A., Dewenter, I.S., and Thies, C., 2005. 

Landscape perspectives on agricultural intensification and biodiversity – ecosystem 

service management. Ecology Letters [Online]. 8, 857 – 874. Available from 

http://biologie.uni-

bayreuth.de/toek1_pop/de/pub/pub/60936/EcolLetters2005,8_857-874.pdf 

[Accessed 18 April 2017]. 

88). Underhill-Day, J.C., 2005. A literature review of urban effects on lowland heath 

and their wildlife [Online]. Dorset: English Nature. 623. Available from 

file:///C:/Users/Robert/Downloads/r623_part_1.pdf [Accessed 16 April 2017]. 

89). Vanbergen, A.J., and the Insect Pollinators Initiative., 2013. Threats to an 

ecosystem service: pressures on Pollinators. Frontiers in Ecology and the 

Environment [Online]. 11 (5), 251 – 259. Available from 

http://onlinelibrary.wiley.com/doi/10.1890/120126/full [Accessed 15 April 2017]. 

 

90). Vandvik, V., Topper, J.P., Cook, Z., Daws, M.I., Heegaard, E., Maren, I.E., and 

Velle, L.G., 2014. Management-driven evolution in a domesticated ecosystem. 

Biology Letters [online]. 10: 20131082. Available from 

http://rsbl.royalsocietypublishing.org/content/10/2/20131082.short [Accessed 09 

April 2017]. 

 

https://link.springer.com/article/10.1023/A:1009640706218
http://www.sciencedirect.com/science/article/pii/S0065250415000288
http://biologie.uni-bayreuth.de/toek1_pop/de/pub/pub/60936/EcolLetters2005,8_857-874.pdf
http://biologie.uni-bayreuth.de/toek1_pop/de/pub/pub/60936/EcolLetters2005,8_857-874.pdf
file:///C:/Users/Robert/Downloads/r623_part_1.pdf
http://onlinelibrary.wiley.com/doi/10.1890/120126/full
http://rsbl.royalsocietypublishing.org/content/10/2/20131082.short


67 
 

91). Webb, N., 1986. A natural history of Britain’s lowland heaths: Heathlands. 46-

49, 79-81, 128. London: William Collins Sons & Co. Ltd. [Accessed 17 February 

2017]. 

92). Webb, N.R., 1989. Studies on the Invertebrate Fauna of Fragmented 

Heathland in Dorset, UK, and the Implications for Conservation [online], 47 (2), 153 

- 165. Available from 

http://www.sciencedirect.com.libezproxy.bournemouth.ac.uk/science/article/pii/0006

320789900979? [Accessed 12 February 2017]. 

93). Webb, N.R., 1998. The Traditional Management of European Heathlands 

[online], 35 (6), 987 - 990. Available from 

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2664.1998.tb00020.x/pdf 

[Accessed 11 February 2017]. 

94). Weissel, N., Mitesser, O., Liebig, J., Poethke, H.J., and Strohm, E., 2006. The 

influence of soil temperature on the nesting cycle of the halictid bee Lasioglossum 

malachurum. Insectes Sociaux [Online]. 53, 390 – 398. Available from 

http://resolver.ebscohost.com/openurl?sid=google&auinit=N&aulast=Weissel&atitle

=The+influence+of+soil+temperature+on+the+nesting+cycle+of+the+halictid+bee+

Lasioglossum+malachurum&id=doi%3a10.1007%2fs00040-005-0884-

7&title=Insectes+Sociaux&volume=53&issue=4&date=2006&spage=390&linksourc

ecustid=518&site=ftf-live [Access 02 May 2017]. 

95). West-Eberhard, M.J., 1978. Sexual selection, social competition and evolution. 

Proceedings of the American Philosophical Society [Online]. 123 (4), 222 – 234. 

Available from 

http://www.stri.si.edu/sites/publications/PDFs/West_Eberhard_1979_SexualSel_So

cial.pdf [Accessed 04 May 2017]. 

96). Westrich, P., 1996. Habitat requirements of central European bees and the 

problems of partial habitats. The Conservation of Bees [Online]. 1 – 16. Available 

from http://wildbienen.info/downloads/westrich_40.pdf [Accessed 25 April 2017]. 

55). Winfree, R., Aguilar, R., Vazquez, D.P., LeBuhn, G., and Aizen, M.A., 2009. A 

meta-analysis of bee’s responses to anthropogenic disturbance. Ecology [Online]. 

90 (8), 2068 – 2076. Available from http://onlinelibrary.wiley.com/doi/10.1890/08-

1245.1/epdf [Accessed 19 April 2017]. 

http://www.sciencedirect.com.libezproxy.bournemouth.ac.uk/science/article/pii/0006320789900979
http://www.sciencedirect.com.libezproxy.bournemouth.ac.uk/science/article/pii/0006320789900979
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2664.1998.tb00020.x/pdf
http://resolver.ebscohost.com/openurl?sid=google&auinit=N&aulast=Weissel&atitle=The+influence+of+soil+temperature+on+the+nesting+cycle+of+the+halictid+bee+Lasioglossum+malachurum&id=doi%3a10.1007%2fs00040-005-0884-7&title=Insectes+Sociaux&volume=53&issue=4&date=2006&spage=390&linksourcecustid=518&site=ftf-live
http://resolver.ebscohost.com/openurl?sid=google&auinit=N&aulast=Weissel&atitle=The+influence+of+soil+temperature+on+the+nesting+cycle+of+the+halictid+bee+Lasioglossum+malachurum&id=doi%3a10.1007%2fs00040-005-0884-7&title=Insectes+Sociaux&volume=53&issue=4&date=2006&spage=390&linksourcecustid=518&site=ftf-live
http://resolver.ebscohost.com/openurl?sid=google&auinit=N&aulast=Weissel&atitle=The+influence+of+soil+temperature+on+the+nesting+cycle+of+the+halictid+bee+Lasioglossum+malachurum&id=doi%3a10.1007%2fs00040-005-0884-7&title=Insectes+Sociaux&volume=53&issue=4&date=2006&spage=390&linksourcecustid=518&site=ftf-live
http://resolver.ebscohost.com/openurl?sid=google&auinit=N&aulast=Weissel&atitle=The+influence+of+soil+temperature+on+the+nesting+cycle+of+the+halictid+bee+Lasioglossum+malachurum&id=doi%3a10.1007%2fs00040-005-0884-7&title=Insectes+Sociaux&volume=53&issue=4&date=2006&spage=390&linksourcecustid=518&site=ftf-live
http://resolver.ebscohost.com/openurl?sid=google&auinit=N&aulast=Weissel&atitle=The+influence+of+soil+temperature+on+the+nesting+cycle+of+the+halictid+bee+Lasioglossum+malachurum&id=doi%3a10.1007%2fs00040-005-0884-7&title=Insectes+Sociaux&volume=53&issue=4&date=2006&spage=390&linksourcecustid=518&site=ftf-live
http://www.stri.si.edu/sites/publications/PDFs/West_Eberhard_1979_SexualSel_Social.pdf
http://www.stri.si.edu/sites/publications/PDFs/West_Eberhard_1979_SexualSel_Social.pdf
http://wildbienen.info/downloads/westrich_40.pdf
http://onlinelibrary.wiley.com/doi/10.1890/08-1245.1/epdf
http://onlinelibrary.wiley.com/doi/10.1890/08-1245.1/epdf

