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☐ Beyond Quarry Borders 

 

Abstract (max 1 page) 

Bees and wasps were sampled using coloured pan traps and pitfall traps in the spring and summer of 2016 at 

Misson/Newington sand and gravel quarry. Four sites were chosen for sampling that encapsulated the range of 

bare ground and poorly vegetated habitat available at the site: Sandyside, Warrenside, Lakeside and Ditchside. 

The two sites (Warrenside and Ditchside) that contained areas of vegetated and unvegetated horizontal ground, 

and eroding south and west facing banks, supported the most diverse and ‘valuable’ bee and wasp faunas. The 

newest site (Sandyside) that contained little vegetation was the least valuable, but represented the essential first 

step in the development of the more valuable habitats. Overall, seven species were found with conservation 

status and five species found that are usually found far to the south. The findings reemphasize the importance of 

creating and conserving bare ground as part of the mosaic of habitats associated with sand and gravel quarrying 

and reclamation. Quarry reclamation advice includes the creation of vertical eroding south and west-facing 

banks, using earth movers or recreational activities (e.g. walking, off-road biking) to keep some areas of 

horizontal land free of vegetation, and not adding topsoil to some areas of reclaimed land to slow down the rate 

of succession by competitive plants. 
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Final report (max 9 pages) 

Introduction & project aims 

Sand and gravel quarry restoration for ecology has a long history. Early publications such as Giles 
(1992), although excellent, tended to focus squarely on the creation and maintenance of habitat for birds. Apart 
from creating habitat for Little Ringed Plover (Charadrius dubius), Ringed Plover (Charadrius hiaticula) and Sand 
Martins (Riparia riparia), and ‘loafing areas’ for other wildfowl, there was little thought about the importance of 
bare ground habitat. This is perhaps a little paradoxical because bare ground habitat is the main habitat 
associated with working sand and gravel pits, and indeed C. dubius, C. hiaticula and R. riparia often do better in 
working than restored gravel pits. More recently, there has been a gradual shift in approach to quarry 
reclamation following the heightened awareness of the value of bare and sparsely-vegetated post-disturbance 
habitats for plants, arthropods and other species of bird (e.g. Tropek et al 2010; Reif et al 2011; Řehounková et 
al 2016). 

Our interests are more associated with the food for C. dubius and C. hiaticula, the beetles and spiders 
associated with open sediments in the proximity of water, and the bees and solitary wasps that nest in drier 
areas of bare sediment. The authors have considerable experience investigating the invertebrates of bare 
sediments next to rivers (e.g. Bates et al 2007a; 2007b), for which gravel pits can act as very similar habitat. And 
of researching bees and solitary wasps of open brownfield, green roof and urban habitats (e.g. Bates et al 2011), 
for which habitat proxies can also be found in gravel pits. Open habitats are relatively rare in nature because 
vegetation rapidly colonises and establishes if disturbances or stresses do not prevent succession. So just as 
rare species of invertebrate are associated with brownfield, contaminated mine, or exposed riverine sediments 
habitats, rare species of invertebrate are likely to be associated with sand and gravel quarries. 

The species and assemblages present in different areas of exposed riverine sediment vary markedly due to 
environmental factors such as sediment grade, trampling intensity, elevation and proximity to the water’s edge 
(e.g. Bates et al 2007a; b), and the same is likely to be the case for the invertebrates of sand and gravel 
quarries. Knowledge of which factors determine the presence of rare species and particularly biodiverse areas of 
bare and sparsely vegetated ground can be used to inform future quarry working and restoration.  

This project aims to characterise the ground beetle (Carabidae), spider (Araneae), bee (Anthophila) and solitary 
wasp (Hymenoptera) fauna of areas of bare and sparsely vegetated habitat in Misson sand and gravel quarry. It 
has the following specific objectives: 

1. To measure the diversity of arthropod assemblages in different bare ground habitats across the quarry 
site. 

2. To identify rare and specialised invertebrate species associated with bare ground at the site. 
3. To determine useful environmental correlates with invertebrate biodiversity and rare species occurrence. 
4. To create a list of management recommendations based on the above findings. 

 

Methods & background information 

The study area 

Four sites were chosen for invertebrate sampling within the Misson/Newington quarry site, named 
according to their characteristics: Lakeside, Ditchside, Warrenside and Sandyside (Figure 1). The sites were 
within 0.5km of each other and were all predominantly made up of bare or poorly vegetated substrate, however 
they still differed in their habitat character: 

 Lakeside – within an established conservation area following former sand and gravel quarrying that was 
completed a few years ago. The Newington-North Biodiversity Action Plan did not have bare ground as a 
target priority habitat (Hanson 2013), but nonetheless ‘as dug’ sand and gravel was deposited over a small 
area on the lakeshore here to create an area of poorly vegetated habitat (Figure 2). 
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 Ditchside – also within the established conservation area, this open and poorly vegetated site was 
chosen in particular because of its eroding poorly vegetated vertical habitats (Figure 3).  

 Warrenside – outside of the established conservation area, excavation was delayed in this area because 
of nesting Sand Martins (Riparia riparia), allowing the return of some vegetation (Figure 4). This soft sandy 
area is partially kept open by the activity of European Rabbits (Oryctolagus cuniculus).  

 Sandyside – outside of the established conservation area, excavation was recently delayed again 
because of nesting Sand Martins, which did not nest here in the study year (2016). The site is very poorly 
vegetated and the sandy ground heavily compacted by machinery. The edge of the site was made up of 
eroding poorly vegetated vertical habitats (Figure 5). 

In some ways the four sites roughly characterised a successionary trajectory, with the Lakeside and Ditchside 
the oldest sites since disturbance, and Sandyside the most recently disturbed. However the sites were also 
chosen to represent a broad range of the poorly vegetated microhabitats present on the site. Sampling was done 
in areas of sand (Warrenside and Sandyside), mixed sand and gravel (Lakeside and Ditchside), where soil was 
developed (areas of Ditchside were overlain by a thin layer of peat), that were wet (Lakeside), that were dry 
(Ditchside, Warrenside and Sandyside), and that had vertical bare ground (Ditchside, Warrenside and 
Sandyside).  

 

 

Figure 1. Site map. 
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Figure 2. Habitat characteristics of the Lakeside sampling area. 

 

 

Figure 3. Habitat characteristics of the Ditchside sampling area. 
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Figure 4. Habitat characteristics of the Warrenside sampling area. 

 

Figure 5. Habitat characteristics of the Sandyside sampling area. 
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Sampling methods 

Bees and solitary wasps were sampled using coloured pan traps (yellow, white and blue) part-filled with 
water and a drop of surfactant. These traps sampled only a proportion of the bees and solitary wasps present at 
each sampling site, with many individuals observed active at each site that were not captured by the pan traps. 
Ten clusters of three coloured traps were set on each sampling occasion at each sampling site, with traps placed 
in each observable microhabitat. Traps were set 11-12/5/16, 27-28/5/16, 24-25/6/16 and 14-15/7/16 to sample 
both spring and summer faunas. 

Ground beetles and spiders were sampled using pitfall trapping. Pitfall traps (70mm diameter) were dug so that 
the rim was flush with the ground surface and part-filled with an ethylene glycol preservative. The pan trapping 
was so successful in terms of the diversity and abundance of bees and solitary wasps captured that there was 
not time to identify and process the ground beetles and spiders from these samples. These will await a future 
undergraduate dissertation project student. However, many bees and wasps were also captured in the pitfall 
traps and these have been identified. In many instances the pitfall samples have added species not captured in 
the pan traps. 

 

Results 

 The abundance and species of bees sampled at each of the sites, together with some indication of the 
significance of each record are shown in Table 1. Table 2 provides the same information for wasps. Overall there 
were 1,999 individuals sampled of 71 taxa. It should be noted that some of these records will require 
confirmation from various experts and that the number of species will increase as particularly difficult groups 
such as the ruby-tailed wasps (Chrysididae) and Sphecodes bees are further differentiated. 

The alpha (α), beta (β) and gamma (γ) diversity (Whittaker 1960) of bees and wasps in the study area are 
summarised in Figure 6 to provide an overview of the uniqueness and importance of sites within the study area. 
The highest α diversity and number of unique species were found at Ditchside, followed by Warrenside, 
Lakeside and Sandyside. 

 

 

Figure 6. Alpha (α), beta (β) and gamma (γ) diversity of bees and wasps at the Misson/Newington quarry. The 
number of taxa at each site are shown as α richness; the number of species shared between sites are shown on 
the arrows and the number of unique species at each site are shown, providing an indication of species turnover 
between sites (β diversity); the overall (γ diversity) taxa richness was 71 (i.e. 71 species were found). Important 
unique species found only at each of the sites are also shown. 
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Discussion 

 The results suggest that Misson/Newington quarry is of considerable conservation importance 
(especially locally) for bees and wasps due to the: (i) gamma diversity of species, (ii) presence of rare species, 
and (iii) presence of several species usually encountered much further south.  

(i) Gamma diversity of species. It is always particularly difficult to assess the importance of a site 
relative to other sites unless they have been compared at the same time, using the same methods. 
However, in the experience of the author the quarry had a higher diversity of bees, and particularly 
wasps, than would be expected using comparable sampling for most urban (e.g. gardens & 
brownfield) and rural areas (gardens & farmland). The diversity also compares favourably with 
sandpits in Central Europe (Heneberg et al 2013) and chalk grassland/downland in the south of 
England (Falk 2011), given that these locations have much greater regional pools of species. 
 

(ii) Presence of rare species. Seven nationally notable species (again note that this is subject to 
confirmation from various experts) were detected at the site, namely: Andrena nigriceps, Nomada 
fucata, Lasioglossum quadrinotatum, Nysson dimidiatus, N. trimaculatus, Arachnospila wesmaeli, 
and Tiphia minuta (the following accounts are based on BWARS 2016 or Falk and Lewington 2015). 
Andrena nigriceps is associated with flowery grassland on sandy soils, where it nests in short turf or 
bare ground. Nomada fucata is a brood parasite of Andrena flavipes, and like its host has 
considerably increased its range northwards recently so that it can be found in sandy habitats away 
from the coast. Lasioglossum quadrinotatum is associated with heathland and acid grassland and 
presumed to nest in sandy ground. Nysson dimidiatus is a brood parasite of Harpactus tumidus or 
Lindenius albilabris (both not detected in this survey) and is associated with sandy habitat (e.g. 
heathland, dunes and quarries). Nysson trimaculatus is a brood parasite of Gorytes species (not 
detected in this survey) and is associated with open sandy habitats (e.g. heathland, dry grassland 
and quarries). Arachnospila wesmaeli is associated with very sandy soils, with a preference for 
loose, wind-blown sand on heaths and dunes. Tiphia minuta is a cleptoparasite of dung beetles 
associated with heathland, downland and dunes. All these species require sandy and usually open 
habitat that is commonly created in sand and gravel quarries. 
 

(iii) Species usually found much further south. Many species are expanding their range northward as the 
climate changes, but these records represent significant jumps in distribution or confirmation of 
establishment following one or two previous records. According to the most recent records on the 
BWARS database (BWARS 2016) these species are Andrena flavipes, its brood parasite Nomada 
fucata, Colletes similis, Osmia spinulosa and Melitta leporina. This hints at a potential important role 
of sand and gravel quarries in the northward expansion of species range; because of their 
unvegetated nature and the presence of south-facing slopes, they represent some of the warmest 
habitats available in an area. This can mean that they are some of the first habitats colonised by a 
northerly expanding species, allowing them to potentially act as ‘jump-off points’ for wider northerly 
expansion of a species as the southern edge of their range becomes inhospitable. 

The Misson/Newington quarry therefore has considerable conservation value for bees and wasps overall, but 
why were certain parts of the quarry more diverse and associated with rarer species than others? 

Local diversity and habitat features 

 Bees and wasps are generally particularly able dispersers and can often use fairly wide areas for 
foraging (e.g. Greenleaf et al 2007), however they are mostly central place foragers, continually returning to a 
suitable nesting location. This means that within-site measurement of habitat features at the scale of this study 
are likely to provide information that is on too small a scale to be informative. However useful information can be 
gained from between-site differences between habitat features.  

The best habitats in terms of alpha taxa richness, number of unique species and important unique species were 
Ditchside and Warrenside. These sites both had open eroding vertical banks facing south to west, and sufficient 
time after disturbance for vegetation to re-establish, but still had many remaining areas of horizontal bare 
ground. Lakeside was the next ‘best’ site, and although this site had open areas of horizontal bare ground and 
areas of vegetation, it lacked the vertical areas of bare ground. Sandyside had horizontal bare ground and south, 
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east and west-facing eroding vertical banks, but was mostly lacking in vegetation cover. The only important 
unique species at this site was Nomada fucata, which was likely present at the other sites because it is a brood 
parasite of Andrena flavipes, which was found at other sites. This site had the poorest conservation value 
relative to the other sites, however the creation of almost completely unvegetated habitats like that at Sandyside 
is the essential first stage in creating habitats of greater conservation value like Warrenside and Ditchside. 

Management recommendations 

 Sand and gravel quarrying at the Misson/Newington and nearby quarries in the Idle valley has occurred 
in stages, with permission granted for quarrying relatively small areas at a time, which are then reclaimed for 
nature conservation or farmland once quarrying has ceased. Then further permissions have been granted on 
nearby land that has then been quarried and again reclaimed. This process has meant that large areas of bare 
ground have been continually created over many years. Steps taken by quarry companies to conserve nature, 
such as setting aside eroding banks when they have been occupied by Sand Martins have also allowed some 
active areas of the quarries to begin to vegetate over. The end result is that in this area of the idle valley there is 
a mosaic of open to fully vegetated habitats that provide habitat for a wide variety of species of bee and wasp. 
The deliberate inclusion of small areas of horizontal and vertical bare ground in the Newington-North 
conservation area, although not specifically mentioned in the site Biodiversity Action Plan, has meant that bare 
and poorly vegetated habitat has remained after the reclamation of the site for nature conservation.  

Bare ground requires disturbance to prevent it vegetating over, so this habitat tends to be relatively ephemeral at 
a specific location. Just as the habitat comes and goes, so do the species adapted to live in it. The bees and 
wasps that require disturbed, open habitat tend to have considerable capacity to disperse and colonise newly 
disturbed areas of habitat providing they are not too far away from existing areas of open habitat. This means to 
some extent, ‘if you build it, they will come’, and contrasts markedly with the low dispersal capacity of species 
associated with much more stable habitats such as ancient woodland. Therefore as long as new areas of the 
valley continue to be quarried, there should continue to be suitable habitat available in the valley for species 
associated with bare ground. In other words, there is currently relatively little need for management intervention 
for bare ground species. 

However, once quarrying ceases, management intervention or careful habitat design will be necessary to 
preserve many of these bare ground habitats: 

(a) Management intervention. This can take the form of direct intervention using earth moving 
equipment to create new areas of bare ground, or indirect intervention e.g. supporting amenity 
activities that create disturbance and therefore areas of bare ground. For example, it has been 
shown that human trampling and off-road motorcycling can create areas of bare ground and 
therefore significantly increase the conservation value of bee and wasp assemblage in sand and 
gravel quarries (Heneberg et al 2016; Řehounková et al 2016). 

(b) Habitat design. Habitat can be designed so that it erodes naturally or takes much longer for 
succession by vegetation to take place. Creating vertical banks that can erode naturally not only 
means that vertical bare ground habitat remains in place, but it also tends to mean that there is an 
availability of horizontal bare ground at the base of the eroding bank due to the erosion of the slope 
above. Eroding banks with a variety of aspects will increase the variety of microhabitats and 
therefore species, but south and west-facing banks should be particularly favoured because they are 
warmer. These habitat features are sometimes referred to as ‘bee banks’. To reduce the pace of 
vegetation succession, areas of ground can be left free of topsoil, thereby reducing fertility levels 
and making it harder for very competitive plants to become established. 

 

Conclusions 

 The spring and summer sampling of bees and wasps at Misson/Newington sand and gravel quarry has 
shown that the site has high value for nature conservation. Sites that included eroding south and west-facing 
banks, horizontal bare ground, and some areas of vegetation supported the highest diversity of species and 
number of species of conservation interest. New areas of vertical and horizontal bare ground with little 
vegetation are habitat for far fewer species, however, they are an essential first stage in the development of 
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more diverse habitats. A mosaic of habitat types ranging from new bare ground to fully vegetated habitat should 
be maintained through quarrying and/or careful management to conserve specialised bare ground bee and wasp 
faunas. 

 

Knowledge dissemination & learning and education 

 The knowledge created by this short summer student project will be disseminated at the Derbyshire and 
Nottinghamshire Entomological Society (DaNES) 2016 Insect Show, at the Nottingham Trent University (NTU) 
Scholarship projects for Undergraduate Researchers (SPUR) 2016 conference, through lectures at NTU, and 
through the Nature After Minerals Species Recovery Project. The summer placement student that has done 
most of this research has benefitted from ten weeks training in invertebrate sampling and identification, has had 
the opportunity to gain a Certificate in Professional Practise and has not had to work in retail over the summer! 
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Appendices 

Table 1. Species of bee recorded at each sample site. Species with a known southern distribution, or 

conservation status according to Shirt (1987) or Falk (1991) are indicated. 

  Status Lakeside Warrenside Sandyside Ditchside 

Andrenidae      
Andrena angustior  0 1 0 0 

Andrena bicolor  6 1 3 4 
Andrena flavipes Southern distribution 1 1 1 0 
Andrena fucata  1 0 0 0 

Andrena haemorrhoa  4 0 0 3 
Andrena minutula  2 2 4 1 
Andrena nigriceps Nationally scarce Na 0 1 0 1 

Andrena nigroaenea  34 9 9 13 
Andrena praecox  1 0 0 0 

Andrena semilaevis  0 1 1 0 
Andrena subopaca  0 0 0 1 

Apidae      
Apis mellifera  0 3 1 0 

Bombus hortorum  0 0 0 1 
Bombus lapidarius  6 1 1 6 
Bombus lucorum  0 1 0 1 

Bombus pascuorum  1 2 1 1 
Bombus pratorum  0 0 0 2 
Bombus rupestris  0 0 0 1 
Bombus terrestris  2 1 0 3 

Epeolus variegatus  0 0 0 1 
Nomada fabriciana  0 0 0 4 

Nomada fucata Southern distribution 0 0 1 0 
Nomada goodeniana  1 0 0 0 

Nomada ruficornis  0 0 0 1 

Colletidae      
Colletes similis Southern distribution 0 0 0 1 

Halictidae      
Halictus rubicundis  1 0 0 0 
Halictus tumulorum  1 2 0 0 

Lasioglossum albipes  1 0 0 2 
Lasioglossum calceatum  7 8 10 9 
Lasioglossum lativentre  0 1 1 0 

Lasioglossum leuconzonium  1 5 1 1 
Lasioglossum leucopus  18 47 16 27 

Lasioglossum minutissimum  97 461 395 129 
Lasioglossum morio  0 8 8 7 

Lasioglossum nitidiusculum  0 0 1 6 
Lasioglossum punctatissimum  0 2 0 0 
Lasioglossum quadrinotatum Nationally scarce Na 0 1 0 0 

Lasioglossum smaethmanellum  0 2 0 0 
Lasioglossum villosulum   2 0 2 3 

Sphecodes spp.  2 5 1 4 

Megachilidae      
Megachile centuncularis  0 0 0 1 

Osmia spinulosa Southern distribution 0 1 0 0 

Melittidae      
Melitta leporina Southern distribution 0 0 0 1 
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Table 2. Species of wasp recorded at each sample site. Species with a known southern distribution, 
conservation status according to Shirt (1987) or Falk (1991), or species whose recent rarity suggests they 
deserve conservation status are indicated. 

  Status Lakeside Warrenside Sandyside Ditchside 

Chrysididae spp.  0 7 0 1 

Crabonidae      

Cerceris spp.  1 2 2 1 

Crossocerus podagricus  0 0 0 1 

Crossocerus spp.  0 0 1 0 

Diodontus luperus  0 0 0 1 

Diodontus minutus  0 0 0 2 

Entomomognathus brevis  2 20 5 37 

Nysson dimidiatus Nationally notable Nb 1 0 0 0 

Nysson trimaculatus Nationally notable Nb 8 0 0 1 

Oxybelius uniglumis  100 66 11 121 

Tachysphex pompiliformis  1 1 0 0 

Trypoxylon attenuatum  4 0 0 4 

Mutillidae      

Myrmosa atra  0 7 0 5 

Pompilidae      

Anoplius spp.  0 0 1 0 

Anoplius concinnus Should be reviewed 1 1 2 2 

Anoplius infuscatus  5 10 6 13 

Anoplius nigerrimus  0 0 0 1 

Anoplius viaticus  0 1 0 2 

Arachnospila anceps  0 0 1 0 

Arachnospila trivialis  0 1 0 6 

Arachnospila wesmaeli Nationally scarce Na 0 0 0 1 

Caliadurgus fasciatellus  0 1 0 0 

Episyron rufipes  3 1 1 18 

Evagetes crassicornis  0 2 0 0 

Evagetes spp.  0 1 0 0 

Pompilus cinereus  0 2 0 0 

Sphecidae      

Ammophila sabulosa  8 5 0 38 

Tiphiidae      

Tiphia minuta Nationally notable Nb 0 1 1 2 
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To be kept and filled in at the end of your report 

Project tags (select all appropriate): 

This will be use to classify your project in the project archive (that is also available online) 
 

 
Project focus: 

☒Biodiversity management 

☐Cooperation programmes 

☒Education and Raising awareness 

☒Endangered and protected species 

☐Invasive species 

☒Landscape management - rehabilitation 

☒Rehabilitation 

☒Scientific research 

☐Soil management 

☐Urban ecology 

☐Water management 

 
Flora: 

☐Conifers and cycads   

☐Ferns   

☐Flowering plants   

☐Fungi   

☐Mosses and liverworts 

 
Fauna: 

☐Amphibians   

☐Birds   

☐Dragonflies & Butterflies   

☐Fish   

☐Mammals   

☐Reptiles   

☐Spiders   

☒Other insects   

☐Other species 

 

Habitat: 

☐Cave   

☐Cliffs   

☐Fields - crops/culture   

☐Forest   

☒Grassland   

☐Human settlement   

☒Open areas of rocky grounds 

☐Recreational areas   

☒Screes   

☐Shrubs & groves   

☒Soil   

☐Wander biotopes 

☐Water bodies (flowing, standing)   

☐Wetland 

 

Stakeholders: 

☐Authorities   

☐Local community   

☐NGOs   

☐Schools   

☒Universities 

 

 

 

 

 

 

 

 


