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Abstract 

For a long time it was assumed that cryptic bat species, being similar in morphology, share a 

similar ecology. However recent studies have shown levels of resource partitioning in the 

habitat type and feeding strategies employed by two cryptic Pipistrellus species. The results 

of artificial roost box schemes at four sites across East Yorkshire were analysed to determine 

whether two cryptic Pipistrellus species exhibited differing roosting niches through selection 

preferences for different types of roost box. Both species displayed some levels of avoidance 

of certain types of box models and varying amounts of usage in others. The data suggest clear 

niche segregation between the two species that does not vary dramatically over time.  

 

 

Introduction 

Cryptic species are defined as being similar in morphology, so much so that they are often 

indistinguishable to the human eye, whilst also remaining reproductively quarantined from one 

another (Aldridge, 1987; Mayr, 1970). Cryptic species amongst bats are not uncommon (Jones 

and Barlow, 2004) and the similarities in morphology make them ideal taxa in relating 

differences in physiology to ecological resource partitioning (Parsons et al., 2003). The 

common pipistrelle Pipistrellus pipistrellus and the soprano pipistrelle P. pygmaeus were 

formally separated into two species in 1999, and since then a number of studies have emerged 

confirming resource partitioning between these two species exists in the form of habitat 

selection (Nicholls and Racey, 2006; Davidson-Watts et al., 2006; Scott et al., 2010) and 

foraging strategy  (Barlow, 1997; Davidson-Watts and Jones, 2006) with soprano pipistrelle 

tending to favour riparian habitat and food sources.  Morphological differences between cryptic 

species is becoming increasingly less important as indicators of differences in ecology 

between taxa (Davidson-Watts et al., 2006), therefore understanding the resource partitioning 

of threatened cryptic bat species at the mesoscale is of paramount importance for the 

implementation of future conservation schemes. 

Both biological and environmental parameters have a huge influence in the selection 

preferences of roosting ecology (Alcock, 1998; Kerth et al., 2001). In the UK, bats use natural 

cavities, including trees hollows and gaps behind bark (Kunz, 1982), as well as synthetic ones, 

such as holes in buildings (Baranauskas, 2007) for roosting. Whilst habitat is of key 

importance, resource partitioning, in the form of roost boxes, between cryptic Pipistrellus bats 

has never previously been investigated. This is of particular significance when habitat overlaps 

occur between cryptic species (Parsons et al., 2003) and the study of resource partitioning 

and morphology can lead to developments in conservation biology of cryptic species. 

 

The provision of artificial roosts in the form of bat boxes is a conservation method currently 

widely in practice across Britain. Despite having been used for the best part of a century as a 
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conservation method, there is growing concern about the efficacy of bat boxes as a 

conservation tool for their role in the potential for bat species that commonly use the boxes to 

gain a competitive advantage over other species (Griffiths et al., 2017; Ruegger, 2016). 

Despite this, bat boxes offer alternative roosting sites in areas where only limited natural sites 

occur, drawing bats away from human activity and mitigating potential conflict (Brittingham 

and Williams, 2000), whilst also allowing the study of bat populations in high detail (Boyd and 

Stebbings ,1989; Kerth et al., 2001).  

 

Currently the literature reviews selection preferences of roost boxes based on physical 

aspects; such as location, orientation (Dodds and Bilston, 2013) and temperature (Flaquer et 

al., 2006; Lourenco and Palmeirim, 2004). Dodds and Bilston (2013) reported that the location 

of the roost box itself was the most important factor in selection.  The same study revealed 

that Natterers bats Myotis nattereri showed bias towards the Schwegler Woodcrete 2F 

(Woodcrete being a model consisting of a mix of wood and concrete) over other Schwegler 

Woodcrete box models 2FN, 1FS and 1FF, and that brown long eared bats Plecotus auritus 

preferred the 1FS boxes featured within their study site in Buckinghamshire (Dodds and 

Bilston, 2013). Work conducted by the Vincent Wildlife Trusts also confirm that there is some 

apparent preference for some boxes by different bat species (Poulton, 2006). Few studies in 

the literature examine species specific preferences to artificial bat boxes over long-term 

studies and this study aimed to establish knowledge of the most suitable box types for the two 

cryptic Pipistrellus species in the UK; common pipistrelle and soprano pipistrelle with this 

information potentially a valuable element for future box design in conservation 

implementation (Rueegger, 2016).  

 

 

Methodology 

Study Sites 

This study was conducted using previously collated data from four separate bat box schemes 

conducted by East Yorkshire Bat Group (EYBG). The locations of the sites and individual 

survey lengths are described in Table 1.  

 

 

 

 

Allerthorpe Woods 

Site O.S Grid 

Reference 

Description of Site  Dates of Survey Size of 

Site 

(hectares) 

Allerthorpe 

Woods 

SE 752478 Mixed woodland. Dominated by 

Pine species.   

03/10/1997 - 

27/09/2015 

148.69 

Wheldrake 

Woods 

SE 659468 Dominated by Pine species 26/11/1994 - 

18/10/2015 

116.00 

Millington Wood SE 838530 Dominated by Ash species.   12/04/1997 - 

26/09/2015 

21.04 

Tophill Low 

Nature Reserve 

TA 073486 Two large reservoirs surrounded 

by a variety of woodland 

ecotopes.  

13/09/1992 - 

04/10/2015 

121.40 

Table 1: Description of study sites and location for each area featured within bat box 

surveys by East Yorkshire Bat Group. 
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A mixed plantation, composed mainly of pine, but large areas of oak and other species. Part 

of the area is leased by the Yorkshire Wildlife Trust as a nature reserve. It is highly managed 

in order to ensure the high levels of biodiversity are maintained (The Forestry Commission, 

2019a). 

Wheldrake Woods  

A small wood close to the city of York, this largely coniferous area consists mainly of Scots 

pine Pinus sylvestris, larch and spruce trees although also features some oak and birch. It 

was planted and is owned by The Forestry Commission (The Forestry Commission, 2019b). 

Millington Wood  

A Site of Special Scientific Interest (SSSI) designated for both its Geological and Biological 

interests. This wood is dominated by ash trees (East Riding of Yorkshire 2016), although in 

the 1960’s the area was used for commercial forestry and saw the introduction of beech, and 

Norway spruce Picea abies, in large parts of the wood. 

Tophill Nature Reserve 

This Nature Reserve is an active Yorkshire Water treatment site, with two large reservoirs 

dominating the reserve. However it also features a variety of ecotopes including grasslands, 

marshes, ponds and woodland and is well known for its high biodiversity (Yorkshire Water, 

2019).  

 

 

Methods 

Boxes were erected by the East Yorkshire Bat Group after a premeditated habitat transect 

walk to establish ideal locations (Figure 1.).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Series of bat box checks by East Yorkshire Bat Group throughout the sites. 

Box checks were conducted by relevantly licensed individuals. Boxes were placed 

high enough off the ground to prevent predation of bats by ground predators such as 

cats and foxes, as well as vandalism. 
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All boxes were established in accordance with guidelines laid out by the Joint Nature 

Conservation Committee (Joint Nature Conservation Committee, 2007; Entwistle et al., 2001; 

Stebbings and Walsh, 1991) with roost boxes purchased through a grant awarded by the 

British Ecological Society. For analysis, the various box models throughout the study were 

grouped into four categories, as shown in Table 2. 

 

 

Individual box location, tree type the box was positioned on and orientation was recorded. 

However, this data was not consistently updated with the erection of new boxes, and so this 

data was omitted from the study. For this study boxes were grouped into four basic categories. 

When boxes were deemed irreparable the box number was removed from the list and 

replacement boxes installed. Surveys were conducted biannually at variable months before 

and after each summer throughout the years of the study’s operation, with individual surveys 

lasting for approximately two to three hours.  

 

Ethical Considerations 

Bat box checks were carried out by suitably licensed individuals of East Yorkshire Bat Group, 

and evidence of bat usage was recorded according to relevant guidelines and literature. This 

included, where possible; box number and corresponding box type, bat droppings (Agnelli et 

al., 2010; Bat Conservation Trust, 2018) as well as deceased individuals or skeletal remains 

(Meddings et al., 2011). Bat individuals were captured where possible and species, gender 

and the number of specimens logged. Bird presence was also recorded in the data gathering, 

either by established nests, individuals, eggs and/or droppings (Baranauskas, 2007). Other 

organisms recorded when present were wasps and hornets where nests had been 

established. Any damage to boxes caused by squirrels (Juškaitis, 1999) and woodpeckers, 

was also recorded (Baranauskas, 2007). Boxes that contained large gatherings of bats were 

often subjected to estimation, in order to minimise disturbance. 

 

Box Type Description 

Standard Design A variety of different shapes and sizes, mostly handmade and donated to 

EYBG by various other groups, including a local school. Entrance holes 

vary in size and location on the box. Constructed from wood. 

Flat Warwickshire 

Design 

A flat box model designed originally by the Warwickshire Bat Group. The 

slim internal dimensions prevent usage by birds but the relatively large 

height of this box can accommodate large numbers of bats. The entrance 

slit is located at the bottom of the box. Bat species of small to medium 

size are the target occupants. 

Woodcrete Designs Termed ‘woodcrete’ due to the combination of wood and concrete as 

construction materials. Multiple box models by Schwegler (2019). 

Generally domed and round boxes that closely replicate natural roosts. 

Entrance holes usually found in the front and at the back of each model. 

Rough texture allows for extra grip. 

Combination Boxes Combinations of different style box, most commonly a standard design 

attached to a flat Warwickshire. Internal volumes and entrance hole 

number and location widely varied. 

Table 2: Summary of the bat box categories featured within the study. 
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Statistical analysis 

Data was obtained in the form of field notebooks, which had vague descriptions of box type, 

specifically the woodcrete boxes. These were later classified under the Schwegler model 

number according to an email from a member of the bat group (Wilson, 2017). 

A chi square test for association was used to test for any significant preferences of individual 

species and certain box types in order to reveal any selection preferences (Dytham, 2003), 

using SPSS 25 (IBM Corp, 2017) The analysis and all associated statistical significance was 

conducted to a 95% significance level (Fowler et al., 1998). Whilst ‘preferences’ were 

determined through differences in observed counts, conclusive selection for a box type, is 

difficult to conclude. 

 

 

Results 

The total numbers of each Pipistrellus species at each site in this study suggest clear niche 

segregation between the two species that does not vary dramatically over time. Common 

pipistrelle is dominant at Millington Wood and Wheldrake Wood and soprano pipistrelle is 

dominant at Tophill Low and Allerthorpe Wood (Figure 2). The presence of both species at the 

same site in the same year only occurs in 23% of the data; more commonly occurring at sites 

with fewer total bat numbers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Pipistrellus counts at the four sites across the 26 years of study. Solid lines 

indicate common pipistrelle counts and dashed lines indicate soprano pipistrelle 

counts. Not all sites were surveyed for the whole time period. Records start in 1994 for 

Tophill, 1995 for Wheldrake, 2000 for Millington and 2004 for Allerthorpe. 
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Preferences for boxes were determined by the observed frequency values being significantly 

higher (or lower in the cases where species avoided certain box types) than the expected 

result (Waite, 2000). The occupation of boxes by both common pipistrelle and soprano 

pipistrelle was significantly different between box type (Chi-squared tests X2 = 282.953, df = 

3, P < 0.001) and (X2 = 199.953, df = 3, P < 0.001) respectively. Common pipistrelle displayed 

a significant association for Flat Warwickshire boxes (Observed Value = 178.228, Expected 

Value = 116.75), whilst avoiding the Combination style boxes (Observed value = 10, Expected 

Value = 116.75). Soprano pipistrelle, on the other hand, showed a significant association for 

Standard boxes (Observed = 240, Expected = 152.75) and Woodcrete boxes (Observed = 

206), whilst also avoiding usage of the Combination boxes (Observed value = 11, Expected 

value = 152.75).  

 

 

Discussion 

Differences between Sites 

Using morphology to understand the ecology of different species is a conservation technique 

that has proved successful in the literature (Luo et al., 2019; Voigt et al., 2017). However whilst 

morphologically similar, the two cryptic Pipistrellus species exhibit different habitat selection 

preferences (Davidson-Watts et al., 2006), with the literature recognising common pipistrelle 

as a generalist (Wickramasinghe et al., 2003), foraging in a large number of different habitats 

and soprano pipistrelle as a specialist forager of riparian habitats (Vaughan et al., 1997; Russ 

and Montgomery, 2002). Riparian vegetation contains a higher density of insects than in other 

ecotopes (Warren et al., 2000), including aquatic insect larvae of the Nematoceran families: 

Chironomidae and Ceratopogonidae. Barlow (1997) reports these as a main food source of 

soprano pipistrelle. However, common pipistrelle feeds mainly on the Psychodidae and 

Muscidae flies, whose larvae is found in the damp leaf litters of areas such as deciduous 

woodland (Barlow, 1997) and managed coniferous forest (Coyler and Hammond, 1951). 

Millington Wood comprises mainly of deciduous trees, with some conifers, and common 

pipistrelle was found at the site in higher abundances than soprano pipistrelle. This is possibly 

resultant of the distribution of prey species found in differing habitats. Wheldrake Wood, 

conversely, is made up largely of managed coniferous trees, but features some oak and birch. 

Again, the dominance of common pipistrelle here suggests as selection for a habitat of mixed 

tree species, potentially related to prey choice (Wickramasinghe et al., 2003). 

 

The Tophill Low Nature Reserve site best exhibited riparian ecotopes and may explain the 

large numbers of soprano pipistrelle found there, featuring two large reservoirs and multiple 

other water bodies. Whilst water bodies were present at both Allerthorpe and Wheldrake to a 

degree, they did not exist on other sites at the same scale as at Tophill Low. The site also 

revealed low numbers of common pipistrelle in comparison to soprano pipistrelle (55 to 390 

individuals encountered respectively). Exclusion by Pipistrellus species from habitat and 

foraging ranges has been hinted in the literature, with studies in Scotland showing little overlap 

in foraging areas of adjacent colonies of the two cryptic species (Le Comber et al., 2006). 

Allerthorpe, the other site where soprano pipistrelle was dominant, also has a network of water 

bodies in the form of interconnecting ponds and pools, whilst Wheldrake also offers a riparian 

environment as a wetland due to the river Derwent’s seasonal flooding, it is not on the same 

scale as either Allerthorpe or Tophill Low. In the study sites where Pipistrellus species were 

found, one of the two cryptic species would dominate in the number of bats observed in boxes, 
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supporting evidence that the two cryptic Pipistrellus species may exclude one another from 

foraging ranges (Davidson-Watts et al., 2006). Boxes in Tophill Low and Allerthorpe Woods 

observed more occupancy by soprano pipistrelle than common pipistrelle, and vice versa for 

the other two sites (low numbers of soprano pipistrelle, high numbers of common pipistrelle). 

This is a factor that should be considered in future when laying foundations for conservation 

projects or citizen science.  

 

Species usage of Bat Boxes 

There are clear associations between differing bat box types and the species that use them. 

Mering and Chambers (2014) describe how boxes that mimic a specific species’ natural roost 

preferences are the most successful. Species whose natural roosts are flattened cavities, such 

as those found beneath exfoliated tree bark, selected artificial roosts that were flattened, and 

those that naturally roosted in natural tree hollows, such as those excavated by woodpeckers 

and other birds, preferred rounder, more open artificial roost boxes (Kerth and Dechmann, 

2009).  

 

Commonly seen in both Pipistrellus species was the reoccurrence of single males within the 

roost boxes, although harems of a large number of females and a single or multiple males 

were also occasionally seen, suggesting that the boxes may also be used as mating sites 

(Kasprzyk and Ruczynski, 2001). Both Pipistrellus species are known to regularly roost in the 

crevices on the exteriors of buildings in large colonies (Kowalski et al., 2001), and as such, 

smaller boxes are probably inappropriate for such large groups of these bats. Temperature 

may also be a key factor and Brittingham et al. (2000) states that only boxes that receive 

seven or more hours of direct sunlight were successful in attracting maternal colonies for 

housing displacement. Temperature measurements within boxes would need to be taken to 

establish any correlations between box types and the effect of temperature on maternal 

colonies. Analysis of gender would also be beneficial in determining whether the box 

composition is influenced by gender preference. For females the size of the cavity may 

influence the attractiveness, where a larger cavity greatly increases the attractiveness 

(Ruczynski and Bogdanowicz, 2005). By providing larger boxes this may provide more 

opportunity for larger cluster sizes of maternity colonies. The larger the colony, subsequently 

the less energy expenditure due to shared thermoregulation (Russo et al., 2017). 

 

Evidence for exclusion between the two cryptic Pipistrellus species is shown through the 

differences in roost box usages. Common pipistrelle and soprano pipistrelle both used all types 

of boxes within the study, however the two species were more readily discovered using 

different box types, with Flat Warwickshire boxes more often occupied by common pipistrelle, 

and both Woodcrete and Standard box types utilised more frequently by soprano pipistrelle. 

Similarly, a study by Northumberland Bat Group from 2013-2015 found that soprano pipistrelle 

used the Standard style boxes more than others (Makepeace, 2015). Of the individual 

Woodcrete boxes used by soprano pipistrelle, the most commonly used model was the 1FD 

model, a flatter box specifically designed for smaller bats (Schwegler, 2019), whilst the 2F was 

also utilised by the species in a high proportion. Both species showed an active avoidance of 

the Combination style boxes. These boxes comprised of the combination of two different box 

types joined together, usually the Standard attached to a Flat Warwickshire box, offering 

multiple entry holes and a large interior volume. Both of these types of boxes are made 

primarily from wood, and as such are particularly vulnerable to damage by squirrels, 

woodpeckers and weathering. Such damage often results in cracks and failures in the wood, 
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which can lower the core temperature of the boxes interior and prove unfavorable to bats 

(Baranauskas, 2009), possibly explaining an avoidance of this box style.  

 

Accounting for Error 

Boxes were subjected to changes in location as they were removed or replaced, due to 

damage or following tree felling or similar works or new boxes added. Documentation of new 

box locations was not always recorded and so it is assumed that these boxes were erected 

locally unless otherwise indicated. This has resulted in the particular difficulty of being unsure 

if our box preference values are the result of uneven distribution of different box types across 

sites. Whilst some initial statistics have been conducted to clarify this issue, we cannot totally 

confirm that preference values above are wholly representative of decisions made by the bats. 

Whilst factors such as orientation and type of tree that the box was placed on were originally 

recorded, this data was not continuously updated. There was also a large number of bat 

specimens recorded which were not identified to species, with an overall total of 6.7% of all 

bats across all four survey sites unidentified. 

 

 

Conclusions 

Our data suggest that cryptic Pipistrellus species niche segregation extends beyond habitat 

choice to roosting preferences. Consistently with previous studies, soprano pipistrelle was 

found in higher abundances at sites with standing water bodies and supports evidence that 

the two exclude each other from foraging ranges (Davidson-Watts et al., 2006). Differences in 

artificial roost preference between species may be related to position of the access hole, 

temperature and box type, but further study is required. More broadly, a diversity of artificial 

roost types that replicate natural roosting sites may be key to maximising bat biodiversity, even 

among phylogenetically and physiological similar species. Due to the dissemination of this 

study in the form of a dissertation for a Bachelors level degree, the zero data was excluded to 

examine specific usage of bat boxes by certain species, In the event of further study the 

inclusion of this data to perform selection indices such as the Ivlevs electivity index (Ivlev, 

1961) would be beneficial. Long-term studies such as this are of high conservational 

importance and establishing updated guidelines enables the maximum reward from both 

Academic and Citizen Science based Bat Monitoring Programmes. 
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