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Summary 

Soprano pipistrelles are one of the commonest bat species in the United Kingdom. Despite 

this, this species is generally understudied in comparison to other species, such as common 

pipistrelles or Bechstein’s bats. Loss of roosting habitats has been identified as a major 

threat to this species, with declines in roost counts occurring since 2000. The roosting 

strategy employed by individuals may be influenced by colony social structure of this 

species, with fission and fusion of social subgroups influencing the use of different roost 

sites over time. 

At Gibside National Trust estate, bi-annual or tri-annual censuses of roost boxes on site 

have been undertaken between 2013 and 2017, with any bats found roosting ringed and 

recorded. The National Trust, as the client for this study, have posed the following four 

questions regarding soprano pipistrelle populations on the Gibside estate: 

• Do female soprano pipistrelles roost together because of ‘friendship groups’, or are 

emergent clusters of individuals simply attributable to chance? 

• Do female soprano pipistrelles exhibit roost fidelity, returning to the same boxes, or 

mate fidelity, returning to the same males? 

• Is there a significant relationship between male soprano pipistrelles and specific 

roost boxes during the autumn mating season? What percentage of these boxes is 

taken over by a new male? How can roost box clusters be managed to retain bats 

annually? 

• Are individuals recaptured in the same cluster of roosting boxes, or is there a 

significant proportion of roost switching between box clusters? How can local 

habitats be managed to encourage bats to use roost boxes? 

Detailed statistical analysis of an existing census dataset was undertaken to understand 

the movements of individual soprano pipistrelles, analyse the social network of bats and 

inform management strategies that can be used to positively influence the soprano 

pipistrelle population at the Gibside estate. 

It was considered that the volume of data was too small to draw definitive conclusions on 

some of the questions posed by the client. However, weak relationships were observed 

between females, potentially suggesting that some ‘friendship groups’ may occur between 

female soprano pipistrelles and that females may also exhibit some form of roost and/or 

mate fidelity. Males defended roost boxes as territories over consecutive years, which made 

it difficult to ascertain whether females were returning to favoured males or favoured roost 

boxes. Finally, some bats exhibited roost lability, moving between different roost boxes and 

roost sites, but other individuals exhibited roost fidelity. Maintenance of a diverse mosaic of 

habitats across the estate may encourage bats to use roost boxes.  
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Several recommendations for future research pertaining to both the Gibside estate and 

soprano pipistrelle populations in general have been suggested, including genetic analysis 

of roosting bats and investigation into the internal characteristics of roost boxes.  

 

Introduction 

Background 

Bats compromise a quarter of the world’s species of mammals, with many species living 

communally in colonies for at least part of the year. Colonies can be mixed or single-sex, 

fluctuating in both size and structure over time. This variation makes bats an excellent taxon 

for studies of social structure and organisation of social groups. Social structure is an 

important component of biological studies, as it influences gene flow, fitness, information 

transfer about resources and predators and spatial patterns of animal populations. These 

factors, in turn, influence the success of conservation efforts.  

Globally, bats are under threat due to light pollution (Stone et al., 2015), habitat loss 

(Flaquer et al., 2006), human-wildlife conflicts surrounding development (Dietz and Kiefer, 

2016) and a lack of general understanding of species ecology and distribution (Mackintosh, 

2016). The ecology and conservation of bats is highly dependent on the availability of 

roosting spaces and suitable adjacent habitat, and are likely to be linked to social structure 

(Flaquer et al., 2006; Hale et al., 2012; Stone et al., 2015; Mackintosh, 2016). The roosting 

patterns of bats may influence the social structure of a colony (Patriquin and Ratcliffe, 

2016). Management of sites affects the availability and quality of roosting sites; suitable 

management of sites can be informed by research into the social structure of current bat 

populations. 

Seven of the seventeen British bat species, including the soprano pipistrelle have been 

listed as UK Biodiversity Action Plan (BAP) species (Joint Nature Conservation Committee, 

2016). The soprano pipistrelle has been listed as a BAP priority species due to a 42% 

population decline over six years since 2001, due to a range of pressures including: the 

removal of hedges and copses; modification of cultivation practices; pollution and infilling 

of small water bodies (Joint Nature Conservation Committee, 2007). Many of the factors 

causing this decline are still in operation. There is also limited survey information about this 

species, causing a lack of confidence about population declines (Joint Nature Conservation 

Committee, 2010). Soprano pipistrelles have been found at the Gibside National Trust 

estate, Tyne and Wear, as well as Daubenton’s bats Myotis daubentonii, whiskered bats 

M. mystacinus, Brandt’s bats M. brandtii, and common pipistrelles P. pipistrellus, all of 

which are protected under the Wildlife and Countryside Act (1981) (as amended) and the 

Conservation of Habitats and Species Regulations (2010). The client, the National Trust, 

would like to understand how soprano pipistrelles in particular use man-made roosting 

boxes erected across the estate. Investigating long-term social structure trends will 

contribute to the understanding of population trends for this species, and consequently help 

focus conservation efforts.  

Project purpose 

At Gibside National Trust, Tyne and Wear, 34 bat roosting boxes erected between 2006 

and 2010 have been checked bi-annually or tri-annually for roosting bats since 2013. 

Soprano pipistrelle bats were the only bat species to have used these boxes, with any 
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individuals found ringed and recorded. The overall objective of this study is to investigate 

the social structure of this species, focusing on roost switching behaviour and long-term 

relationships between individual bats. Specifically, this report will address the following 

questions:  

• Do female soprano pipistrelles roost together because of ‘friendship groups’, or are 

emergent clusters of individuals simply attributable to chance? 

• Do female soprano pipistrelles exhibit roost fidelity, returning to the same boxes, or 

mate fidelity, returning to the same males? 

• Is there a significant relationship between male soprano pipistrelles and specific 

roost boxes during the autumn mating season? What percentage of these boxes is 

taken over by a new male? How can roost box clusters be managed to retain bats 

annually? 

• Are individuals recaptured in the same cluster of roosting boxes, or is there a 

significant proportion of roost switching between box clusters? How can local 

habitats be managed to encourage bats to use roost boxes? 

Literature review 

Soprano pipistrelle bats are a common species spread throughout most of the United 

Kingdom (Figure 1). Despite this, they are not a well-studied species (Joint Nature 

Conservation Committee, 2010). A search of ‘Web of Science’ for papers with ‘soprano 

pipistrelle’ or ‘Pipistrellus pygmaeus’ in the title rewarded 36 results, whereas 244 results 

were generated for the closely related species ‘common pipistrelle’ or ‘Pipistrellus 

pipistrellus’. 
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Figure 1: Current distribution of soprano pipistrelles in the United Kingdom (Joint 

Nature Conservation Committee, 2012). 

Across Great Britain since 2000, a significant decline in roost counts for soprano pipistrelles 

has been observed (Joint Nature Conservation Committee, 2016). Reasons cited for this 

apparent decline include modification and loss of key habitat features, such as hedgerows 

and small water bodies, and the homogenization of habitats (Joint Nature Conservation 

Committee, 2007). This apparent decline may also be at least partly attributable to frequent 

roost switching- ‘roost lability’- during the course of a year, leading to under-estimation of 

roost counts. Furthermore, prior to 2000, roost counts may also be unrealistically high, as 

soprano pipistrelles were only deemed different species through genetic analysis in 1999, 

suggesting that common pipistrelle roosts may be included in previous counts (Joint Nature 

Conservation Committee, 2012).  

This species is often found in close association with humans, using man-made roost boxes 

(Flaquer et al., 2006), natural tree hollows (Bartonicka and Rehak, 2007), and spaces in 

houses as roosting sites, the latter particularly by maternity colonies (Lourenço and 

Palmeirim, 2004). Bartonicka and Rehak (2007) described this species as ‘hemi-

synathropic’: although well-adapted to living in close proximity to humans, this species also 
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switches to roosts in the natural environment at different times of the year (Joint Nature 

Conservation Committee, 2010). 

Roosts provide protection from predators and environmental extremes, as well as acting as 

an important site for social interaction within a colony (Lourenço and Palmeirim, 2004). 

Accordingly, the loss of roosting areas has been identified as one of the major threats to 

this species (Joint Nature Conservation Committe, 2012), and changes to roosting sites 

may negatively impact populations of this species. Understanding the roosting habits of this 

species is therefore important for the success of targeted conservation efforts. Targeted 

management suggested by the Joint Nature Conservation Committee (2010) also includes 

the improvement of key habitats for foraging, monitoring of current populations and 

research into the effectiveness of current management strategies. 

Benefits of roost fidelity or roost lability 

Soprano pipistrelle bats may be attracted to a roost due to its beneficial qualities, such as 

stable microclimatic conditions, or small entrance slits that prevent larger bat species from 

entering and regulate air movement within a box (Rhodes and Jones, 2011). Roost fidelity 

may be an attempt at reducing the costs involved with leaving a familiar area, which include 

physical energy outputs associated with searching for new roosts, and the disruption of 

social bonds. Bats that practice roost fidelity may benefit through greater reproductive and 

hibernation success, as less energy is expended searching for suitable roosting locations 

(Lewis, 1995). Roosts with stable, warm microclimates accelerate gestation and growth of 

young, and may also benefit young bats incapable of independent thermoregulation during 

the night (Lourenço and Palmeirim, 2004). Some roost box designs, such as double-

chamber boxes (Flaquer et al., 2006) and concrete boxes (Poulton, 2006) appear to be 

more attractive to soprano pipistrelles, potentially due to the large surface area of boxes 

with double compartments, or better thermoregulatory properties (Figure 2).  
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a) 

 

b) 

 
Figure 2: a) Double chamber roost box design. b) Popular Schwegler 2f concrete 

roost box design. 

Roost fidelity appears to be related to the type of roost occupied: permanently accessible 

roosts appear to be correlated with roost fidelity. However, increasing availability of roosts 

appears to be inversely correlated with roost fidelity (Lewis, 1995). This may be as a result 

of bats making decisions between the benefits of leaving or remaining in a roost when there 

are multiple other roost sites with different internal properties available (Lewis, 1995).   

In southern Europe, soprano pipistrelles appeared to prefer warmer roosting locations, 

tolerating temperatures up to 40°C, but not beyond (Lourenço and Palmeirim, 2004). Black 

coloured roost boxes were preferred in this study by soprano pipistrelles due to their ability 

to reach higher internal temperatures than grey or white painted boxes (Lourenço and 

Palmeirim, 2004).  Bartonicka and Rehak (2007) observed that the number of bats present 

in a roost directly correlated to the thermoregulatory properties of a roost.  

Male and female bats have been found to use different types of roosting sites, splitting into 

single-sex groups for portions of the year. Maternity colonies of female soprano pipistrelle 

bats form during spring and summer, before disintegrating over winter for hibernation. A 

maternity colony splits into multiple smaller roosting groups during July to September, when 

mating occurs.  

In comparison, males tend to roost singularly, or with groups of females. Roost sites may 

be defended as territory by males and used as a resource to aid a male in attracting females 

(Gerell and Lundberg, 2005). Soprano pipistrelles follow a courtship mating system akin to 

lek mating, where males claim territories and display for females, but take no part in caring 

for the resulting offspring (DuVal, 2013). The choice of courtship territories may be due to 
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the local habitat and proximity to resources such as communal roosts; those sites closer to 

foraging areas have been identified as more attractive to lactating female soprano 

pipistrelles and courting males holding territories near these areas may be selected as a 

result (Patriquin and Ratcliffe, 2016). The mating system in pipistrelle bats has therefore 

been characterised as ‘resource defence polygyny’; males monopolise roosting sites early 

in the breeding season in an attempt to maximise their potential for mating success (Gerell 

and Lundberg, 2005).  

Potentially as a result of following a resource defence mating system, high roost fidelity has 

been observed in genetically similar species to the soprano pipistrelle. 93% of male 

common pipistrelles were observed to claim territories and remain in the same roost box 

from June until September (McCracken and Wilkinson, 2000). Where females of a lekking 

community have been observed to exhibit roost site fidelity, for example the lance-tailed 

manakin bird Chiroxiphia lanceolata opportunities for young or low-ranking males to join 

lekking displays are provided, although the likelihood of immediate reproduction is low 

(DuVal, 2013). 

In contrast, roost lability may also have benefits to species which switch roosts often. This 

would explain why soprano pipistrelles often choose to move roosts frequently. The 

probability of inbreeding, and intraspecific competition for food and other resources may 

decrease when roost lability causes individuals to move away from familiar areas (Lewis, 

1995).  

Roost switching may also be an attempt at reducing roost ectoparasites (Ngamprasertwong 

et al., 2014).  Ectoparasites can lower the fitness of bats through shortened resting periods 

and longer grooming periods (Lewis, 1995). Ngamprasertwong et al., (2014) observed 

soprano pipistrelle maternity colonies, as well as co-roosting Daubenton’s bats and brown 

long-eared bats Plecotus auritus, changing roosting locations within an attic complex, 

potentially to minimise parasite loads.  

Direct disturbance from humans or predators may also cause bats to switch roosts (Stone 

et al., 2015). Indirect disturbance to areas around a roost may include artificial lighting 

damaging bat foraging areas by making an area unsuitable for foraging, or impacting 

commuting routes (Stone et al., 2015).  

Although individual bats may practice roost lability, the same roosting sites may be 

frequently re-used by a bat colony as a whole. Kerth and König (1999) explored the idea of 

a large bat colony undertaking fission into subgroups in multiple roosting sites in different 

trees, before fusing back into one colony during other times of the year. This has been 

described as a ‘fission-fusion’ population structure (Figure 3). Subgroups of bats may return 

to the same roosting area during fission phases due to roost fidelity, or due to associations 

with other roosting individuals. The colony maintains social links despite the splitting and 

merging of groups, which are variable in composition of sex, age, reproductive status and 

genetic relatedness (Kerth and König, 1999). Fission-fusion may benefit colonies through 

social thermoregulation and information sharing about roosting and feeding sites (Patriquin 

and Ratcliffe, 2016). 
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Figure 3: Fission-fusion dynamics of a Bechstein’s bat M. bechsteinii colony. (a) 

Typical pattern of roost occupation for the colony on three randomly chosen days 

(1, 5, 12) illustrating fission-fusion of bat subgroups. (b) Distinct communities and 

underlying social structure identified through weighted network analysis, based on 

the roosting association of individuals over an entire five month season (adapted 

from Kerth et al., 2011). 

The degree of association between individuals influences social interactions, resulting in 

non-random associations of bats to roosts when individuals return to the same areas to 

roost with other individuals, rather than through active preference for that roosting area 

(Kerth and König, 1999). Stable individual relationships persist in these networks, despite 

frequent splitting and reformation of colonies through fission-fusion (Kerth et al., 2011). 

Benefits of social bonding in bats that exhibit roost lability 

Bats are social animals with complex social networks (Gerell and Lundberg, 2005). There 

is, however, little information on how bats maintain these long-term relationships and 

whether they are based on simple aggregative characteristics such as age, reproductive 

status or size (Kerth et al., 2011). Social bonds have been described as ‘non-random 

associations’, with studies comparing associations between bats to determine whether 

roosting patterns are a by-product of mutual roost preferences, or whether non-random 

associations are occurring due to social bonds between individuals (McCracken and 

Wilkinson, 2000; Bartonicka and Rehak, 2007; Patriquin and Ratcliffe, 2016). Association 

indices have been used to study the composition of subgroups and investigate the presence 

of social bonds between individuals (Kerth and König, 1999). 

Passive aggregations, where there are not social bonds between co-roosting bats, give 

benefits such as increased vigilance (Gardner et al., 2002), enhanced thermoregulation 

(Lewis, 1995) and dilution of risks. However, individuals do not gain the additional fitness 

benefits of cooperation from social bonds (Patriquin and Ratcliffe, 2016).  

Social bonds between females of the same colony have been observed in Bechstein’s bat 

(Kerth and König, 1999; Kerth et al., 2011), vampire bats (Wilkinson, 1985) and big brown 
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bats Eptesicus fuscus (Patriquin and Ratcliffe, 2016). Within Bechstein’s bat colonies, 

females exhibit fidelity to natal colonies, with members of the same natal colonies choosing 

to roost together repeatedly (Kerth and König, 1999; Kerth et al., 2011). Currently there is 

a lack of information about social bonds between female soprano pipistrelle bats.  

In greater horseshoe bats Rhinolophus ferrumequinum, females have been observed 

returning to the same males over multiple breeding seasons, suggesting a level of mate 

fidelity in this species (Rossiter et al., 2005). In this study, some females returned to males 

that had established different territories to previous censuses, suggesting that mate fidelity 

was not solely a result of roost fidelity (Rossiter et al., 2005. However, these two factors 

may be interrelated. Due to the extended association between males and territories, with 

many males establishing and defending long-term territories,  the consequences for social 

evolution will be similar, despite the choice by females to exhibit roost or mate fidelity 

(Rossiter et al., 2005). 

Mate fidelity may benefit individuals through avoidance of inbreeding (Stow and Sunnucks, 

2004; Rossiter et al. 2005; DuVal, 2013), and increased success of reproductive efforts due 

to decreased energy spent searching and courting potential mates (DuVal, 2013). Males 

may also benefit from greater reproductive success when defending previously occupied 

territories if females exhibit roost fidelity. Aggregation of females to male territories has 

been observed in the common pipistrelle during the autumn mating period, with 54% of 

females returning to sites where males that previously attracted females were present 

(McCracken and Wilkinson, 2000). 

 

Conclusions 

Due to the close proximity of soprano pipistrelles to humans, frequently inhabiting human 

dwellings or man-made roost boxes and the tendency of this species for high roost lability, 

understanding annual changes in roosting habits is important for bat conservation 

measures.  

Species such as soprano pipistrelles that conform to a fission-fusion population structure 

require multiple different types of roosts within an area to maintain social relationships 

between a colony and meet thermoregulatory needs (Patriquin and Ratcliffe, 2016). 

Research into social relationships in soprano pipistrelle bats is limited, with further research 

needed into social links between females of natal colonies and male-female mate fidelity in 

this species. 

Male soprano pipistrelles spend much of the summer months establishing and defending 

territories to attract females in a resource defence polygyny mating structure, potentially 

establishing patterns of roost fidelity of preferred territories and roosting sites within these 

areas. 

Roost switching may also be a product of a fission-fusion population structure, with social 

bonds forming between subgroups of a larger colony. Much of the information about fission-

fusion population structures has focused on a few species of bat, particularly Bechstein’s 

bats, and many questions remain about how different groups of bats use roosts of varying 

availability and permanency.  
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Methodology 

Observations were made of soprano pipistrelles roosting in roost boxes at Gibside National 

Trust estate, Tyne and Wear. The National Trust, as the client for this study, have posed 

the following research questions to be answered: 

• Do female soprano pipistrelles roost together because of ‘friendship groups’, or are 

emergent clusters of individuals simply attributable to chance? 

• Do female soprano pipistrelles exhibit roost fidelity, returning to the same boxes, or 

mate fidelity, returning to the same males? 

• Is there a significant relationship between male soprano pipistrelles and specific 

roost boxes during the autumn mating season? What percentage of these boxes is 

taken over by a new male? How can roost box clusters be managed to retain bats 

annually? 

• Are individuals recaptured in the same cluster of roosting boxes, or is there a 

significant proportion of roost switching between box clusters? How can local 

habitats be managed to encourage bats to use roost boxes? 

Study area 

The Gibside estate is mainly coniferous plantation woodland, with areas of broadleaved 

plantation and semi-natural woodland. A maternity colony of soprano pipistrelles has been 

observed using the stable block at the centre of the estate grounds. Multiple species of bats 

have been recorded on site, including Daubenton’s bats, whiskered bats, Brandt’s bats, 

common pipistrelles and soprano pipistrelles. Roost boxes are arranged in ten different 

clusters around the site. 

Field methodology: Mark recapture methods 

Between 2013 and 2017, 12 censuses of 34 accessible roost boxes across the Gibside 

estate were undertaken. Bats were captured during the day by checking roost boxes and 

removing any individuals inside. For each bat, a ring bearing a unique identification number 

was either fitted to the bat’s right forearm, or if a ring was already present, the ring number 

was recorded. The box number (postcode) was also recorded, along with data on the 

individual, including: age; sex; forearm length; weight; breeding condition and any other 

distinguishing features or notes. Adults were distinguished from juveniles by looking at the 

fusion of metacarpal-phalangeal joints (Dietz and Kiefer, 2016). Individuals were released 

back into roost boxes immediately after processing.  

Statistical analyses: Do female soprano pipistrelles roost together because of 

‘friendship groups’? 

Statistical analyses to answer all the research questions were undertaken in R version 3.4.2 

(R Core Team, 2017). To determine whether friendship groups of female soprano 

pipistrelles occur, the symmetrical index of Fager (the Iij-index, or Iij for short) and the χ2 

statistic were used to determine dyadic roosting associations between individuals 

(Appendix 1). The Iij-index measures the proportion of time two individuals roost together in 

relation to the number of days they are observed in the study area (Kerth and König, 1999; 

Kerth et al., 2011). The significance of associations were tested using a Student’s t-test. 

Significant associations indicate that two individuals prefer to roost together (Wilkinson, 

1985; Kerth et al., 2011). The χ2 statistic discriminates between the ‘passive’ association of 

two individuals both independently attracted to a roost box, due to shared roost preference, 

or ‘active’ association to the other bat (Kerth et al., 2011).  
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Based on these analyses, weighted undirected networks of the bats’ social links were 

constructed using the graph package in R (Kerth et al., 2011). Graphs were drawn using a 

force-directed layout using a Fruchterman-Reingold layout algorithm, which places nodes 

(bats) so that there are visually as few crossing edges (social links) as possible. The social 

structure of the soprano pipistrelle colony that uses roosting boxes at the Gibside estate 

was characterised by the weight of the links (Iij) connecting colony members. A Mantel test 

was then undertaken to understand the importance of successive recaptures of bats over 

multiple censuses on the strength of individual associations. 

Statistical analyses: Do female soprano pipistrelles exhibit roost fidelity or mate 

fidelity? 

To understand whether female soprano pipistrelles exhibited roost fidelity, adapted Iij and 

χ2 statistics were performed on female bats to compare use of different roost boxes ( 

Appendix 2). The adapted Iij allowed the proportion of time a female individual roosting in a 

specific roost box in relation to the number of days she was observed in the study area to 

be calculated. The χ2 statistic discriminates between the ‘passive’ association of an 

individual attracted to a roost box, due to roost quality, or ‘active’ association to a particular 

roost box due to roost fidelity. 

The importance of mate fidelity was analysed using the original Iij-index and the original χ2 

statistic for male and female bats. Network analyses were then undertaken to graphically 

represent the strength of associations between female and male soprano pipistrelles, and 

between females and roost box clusters. Graphs used the Fruchterman-Reingold layout 

algorithm as above. Mantel tests were also undertaken to understand whether successive 

recaptures over multiple censuses would increase the significance of associations between 

female and male bats and female bats and roost box clusters. 

Statistical analyses: Is there a significant relationship between male soprano 

pipistrelles and specific roost boxes during the autumn mating season? 

To understand territorial changes during the mating season, records of adult male bats 

found during late summer and autumn were extracted from the raw dataset. Records of 

adult male bats found during the non-breeding season in spring were also extracted to a 

second subset of data. Juvenile bats were then removed from both subsets of data, as 

males do not become sexually mature until they have reached one year of age (Bat 

Conservation Trust, 2015). Adapted Iij and χ2 statistics were performed on these remaining 

adult male records to understand whether adult males were significantly associated with 

roost boxes during the breeding season, in comparison to the non-breeding season. 

Analysis of Variance (ANOVA) tests were used to determine whether roost box orientation 

or box type were significant factors affecting the use of roost boxes by males. 

Statistical analyses: Are individuals recaptured in the same cluster of roosting 

boxes, or is there a significant proportion of roost switching between box clusters? 

Roost switching behaviour of individuals was assessed for bats that had been recaptured 

more than once. The mean return rate of bats to each roost box cluster was first calculated, 

followed by a one-way ANOVA test to understand whether there were significant 

differences in the return rate of bats to different roost box clusters. Tukey HSD post-hoc 

tests were then undertaken to further understand the differences between the different roost 
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box clusters. The percentage of roost box usage per bat was calculated to investigate the 

use of different roost boxes by individual bats ( 

 

Appendix 3).  

Results 

Do female soprano pipistrelles roost together because of ‘friendship groups’? 

Between April 2013 and October 2017, 97 unique soprano pipistrelles were extracted from 

roost boxes across the Gibside estate and ringed. Most bats were female (80 individuals). 

Only 17 of the bats captured during this study were males. Pairwise roosting associations 

(Iij) were calculated to measure how often any two individuals share the same roost box, to 

quantify social relationships. Whilst 5.1% of female-female associations and 6.5% of male-

female associations were significant when considering Iij, there were no significant non-

random associations occurring when considering χ2 (Table 1).  This suggests that roosting 

patterns of both females and male-female pairs occur by chance, not due to stable social 

bonds within colonies. These results may, however, be due to a lack of data; very few bats 

were recaptured more than three times, creating difficulties for the χ2 statistic to achieve 

significance with such small sample sizes. 

Table 1: Mean number of significant associations per individual bat amongst all 

pairwise comparisons within and between sexes. 

Sex Inde

x 

Mean Number 

significa

nt 

Number 

of dyads 

Proportion 

significant 

(%) 

Number 

of bats 

Females-

females 

Iij 2.038 161 3160 5.1 80 

 χ2 0.710 0 3160 0 80 

Males-males Iij 0.000 0 136 0 17 

 χ2 0.000 0 136 0 17 

Males-females Iij 0.711 65 1000 6.5 97 

 χ2 0.671 0 1000 0 97 

 

Network analysis illustrated up to seven (largely) distinct social subgroups in female 

soprano pipistrelles, though these subgroups were often linked by a handful of individuals, 

and multiple individuals unconnected to other females (Figure 4). Stronger associations 

between individuals are represented by greater Iij weighting, and increasing thickness of 

lines. Bats that were never seen sharing with other individuals are represented as 

unconnected nodes. Some subgroups of individuals were frequently found roosting 

together (such as H5075, H5072, H5073, H5074 and H5071), suggesting that these 

individuals may be collecting in friendship groups. These bats may alternatively be 

exhibiting mate fidelity to a male that returns to the same box as these females annually. 

There was a statistically significant positive correlation between the strength of individual 

associations with successive recaptures over multiple years (Mantel test: r = 0.834, p < 

0.001). This contrasts with the above χ2 findings, supporting the conclusion that with more 

data, statistical significance might have been achieved. 
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Figure 4: Network analysis of social relationships between female soprano pipistrelle 

bats. Greater Iij scores are represented by brighter colour and thicker connecting 

lines between bat nodes, which are labelled with bat ring numbers. 

Do female soprano pipistrelles exhibit roost fidelity or mate fidelity? 

Comparison of the mean number of significant associations of female soprano pipistrelles 

to roost boxes and males illustrated that more non-random associations occur between 

roost boxes, suggesting that females may exhibit some level of roost fidelity, as opposed 

to mate fidelity ( 

Table 2). However, the greater volume of data available for roost boxes (as every box was 

recorded every census), means that roost boxes were observed more than bats, which 

allows a greater significance to be achieved than when considering associations between 

male and female individuals.  

Table 2: Mean number of significant associations per individual female bat amongst 

all pairwise comparisons within and between roost box occupation and males. 

Season Inde

x 

Mean Number 

significa

nt 

Number 

of dyads 

Proportion 

significant 

(%) 

 Number 

of bats 

Roost boxes-

females 

Iij 0.002 100 1440 6.9  80 

 χ2 14.82

3 

102 1440 7.0  80 

Males-females Iij 0.711 65 1000 6.5  97 

 χ2 0.671 0 1000 0  97 
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Weighted undirected networks showed that females generally appeared to favour one male, 

with only a small proportions of females occurring in boxes with multiple different males 

over time (Figure 5). Increasing thickness and brighter colour of lines represents stronger 

social bonds, as measured by Iij. Red nodes are female bats, whereas blue nodes are male 

bats. Bats that do not have connecting lines and are instead single nodes were never seen 

sharing with bats of the opposite sex. 

 

Figure 5: Network analysis of relationships between female (red nodes) and male 

(blue nodes) soprano pipistrelle bats. Increasing thickness and brighter colour of 

lines represents stronger Iij scores. 

Individual female-male associations appeared to be positively correlated with successive 

recaptures over multiple years (Mantel test: r =0.889, p < 0.01). These associations appear 

to be marginally stronger than associations between females and roost box clusters, with 

more females moving between roost box clusters than between males (Figure 6). This may 

suggest that with more data, mate fidelity would emerge as statistically significant for this 

species. Females using the Rowan cluster for roosting appeared to have the strongest 

relationship with this cluster. Most bats seemed to only be loosely associated with roost 

clusters however. Individual female-roost box cluster associations appeared to be positively 

correlated with successive recaptures over multiple years (Mantel test: r =0.739, p < 0.01), 

as would be expected.  



 

53 
Northern Bats Volume 4  May 2019 

 

Figure 6: Network analysis of relationships between female soprano pipistrelles and 

roosting sites. Increasing thickness and brighter colour of lines represents stronger 

Iij scores. 

It is difficult to conclusively identify whether females are exhibiting roost or mate fidelity due 

to the large overlap in these two variables caused by the extended association between 

males and territories. Nonetheless, the above network analysis does suggest that one (or 

a combination of) the two is occurring. The larger amount of data available on roost boxes, 

which were observed in all 12 surveys, relative to bats, with individuals only observed an 

average of 4.2 times, explains why statistical significance is achieved more often when 

considering roost fidelity to mate fidelity in Table 1. More data would be needed to 

disentangle the two factors.  

Is there a significant relationship between male soprano pipistrelles and specific 

roost boxes during the autumn mating season? 

No males were ever observed roosting together (Table 1). During autumn, roost boxes 

appear to be defended as mating territories ( 

Table 3). Comparison of the mean number of significant associations per individual soprano 

pipistrelle between and within the breeding and non-breeding seasons illustrated that non-

random associations occur more frequently between males and roost boxes during the 

breeding season. 

Table 3: Mean number of significant associations per individual male bat amongst 

all pairwise comparisons within and between seasons. 

Season Index Mean Number 

significant 

Number of 

dyads 

Proportion 

significant 

(%) 

Number 

of bats 

Non-breeding Iij 0.023 4 32 12.5 17 

 χ2 10.083 4 32 12.5 17 
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Breeding Iij 0.011 26 306 8.5 17 

 χ2 27.185 27 306 8.8 17 

 

Changes in bat territories may be evident from observing changes in roost box ownership. 

25% of roost boxes used by territorial males underwent changes in occupant, suggesting 

changes in territory. Changes in territorial male occurred in four separate roosting boxes: 

roost boxes 28, 48, 39 and 31 (Figure 7). Three territorial changes occurred in the latter two 

roosting boxes (roost box 39: bats Y4921, Y4933, Y4953; roost box 31: bats Y4941, Y4958, 

H4973). 

 

Figure 7: Changes in occupancy of territorial soprano pipistrelle males in roosting 

boxes during consecutive mating seasons from 2013 to 2017. Each bat is 

represented by a different colour.  

Roost boxes used by males in the mating season were found in close proximity to roost 

boxes that were not used, suggesting that general habitat may not affect which boxes are 

chosen as territorial roost boxes. There was no association between roost box orientation 
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and usage by males (χ2
 (18, n=16) =21, p > 0.05) or box type (χ2 

(9, n=16) = 12, p > 0.05) during 

the breeding season. 

Are individuals recaptured in the same cluster of roosting boxes, or is there a 

significant proportion of roost switching between box clusters? 

158 roost boxes were occupied by one or more bats during these inspections, representing 

an occupation rate of 38.73%. This suggests that there were always empty roost boxes for 

bats to roost in if desired. The mean return rate of bats to roost box clusters was calculated. 

The lowest mean return rate of bats observed were individuals to the Lily Pond cluster 

(51.1%); the highest return rate was to the Quarry cluster at 85.7% (Figure 8). However, 

standard deviation bars illustrated that there was a large variation for all sites in the return 

rate of bats, largely as very little capture data is available for many of the seemingly less-

preferred sites.   

 

Figure 8: Barplot with standard deviation bars showing the return rate of all bats (%) 

to clusters of roost boxes. 

A one-way ANOVA showed that the usage of sites differed to a statistically significant 

degree (F(6,70)= 3.185, Pr< 0.001). A post-hoc Tukey test indicates that the only significant 

difference occurred when comparing the roost usage of the Quarry and the Lily Pond roost 

box clusters, the most and least used clusters.  
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Roost switching of individual bats between roost box clusters illustrated that many bats 

chose to remain in the same cluster of roost boxes (Figure 9). Frequently, those bats that 

moved cluster returned to the roost box cluster they were initially observed in. This may 

suggest that bats use different roost box clusters during different times of the year due to 

changing microclimates within roost boxes, which fluctuate in their suitability. Note that two 

bats (H4974 and Y4992) were observed twice on the 28th April 2015 in two different clusters 

due to being disturbed from one roost box during census observation and flew into a 

different roost box that was subsequently checked. In October 2013, half of the boxes were 

checked on the 4th of the month, and the remaining half on the 8th of the month, resulting 

in 13 surveys being displayed in Figure 9.
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Figure 9: Roost switching of soprano pipistrelle bats observed on more than one census between 2013 and 2017. Different roost box 

clusters are represented by different colours. 
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The return rate of bats to individual roost boxes was also analysed. Bats that were only 

captured once were removed from this analysis to avoid distortion of roost fidelity trends, 

leaving 44 bats in this analysis. 49% of bats that were observed on more than two occasions 

were always found in the same roost box. 15 bats were found in two separate roosting 

boxes and nine bats were found to have moved between three different roosting boxes. 

Adjusting the criteria for the minimum number of times a bat was observed from two to three 

observations caused the trend in roost fidelity to decrease, with more frequent roost 

switching observed in those bats that were recaptured more often (Figure 10). Bats that 

were not caught as often may still be exhibiting high roost lability, but were simply not 

observed, so these results are not conclusive. 

 

Figure 10: Roost switching rate (%) of bats recaptured more than twice in roosting 

boxes. Brighter colours represent a greater proportion of time spent by a bat in a 

unique roost box. Where roost switching has occurred, the bar for that bat is divided 

into two or three sections, depending on how many switches were recorded. Roost 

switching bars are proportional to the amount of time spent in each box by the bat. 

Clusters with more roost boxes had greater frequency of roost switching within that cluster 

(Figure 11). Seven bats switched roost boxes within the Garden House cluster over time, 

which contains 16 roost boxes in total, whereas only two of ten bats switched to different 

clusters from the Garden House cluster. In contrast, the Lily Pond cluster contains four roost 

boxes in total, and roost switching from the Lily pond cluster to other clusters occurred in 

seven out of eight bats that were ever recorded in this area. The eighth bat was only 

recaptured at the Lily Pond cluster.  
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a) Quarry

 

b) Lily Pond

 
  

c) Hollow Walk

 

d) Garden House

 

e) West Wood

 

f) Quarry Pond
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g) Rowan 

 
Figure 11: Roost switching rate (%) in each cluster of roosting boxes: a) Quarry; b) 

Lily Pond; c) Hollow Walk; d) Garden House; e) West Wood; f) Quarry Pond; g) 

Rowan. Brighter colour represents a greater proportion of time spent by a bat in that 

roost box cluster. Where roost switching has occurred within a roost box cluster, a 

bar is divided into multiple sections, proportional to the amount of time spent by the 

bat in each roost box. Where roost switching has occurred between roost box 

clusters, bars are shorter, with the bat represented in multiple roost box cluster 

graphs. 

Bats Y4917 and Y4936, found in the Hollow Walk cluster and Quarry Pond cluster 

respectively on multiple occasions, were recorded having orange mites and eggs around 

the ears and muzzle. Both these bats were always found in the same roosting box. Bat 

Y4917 was also found with another bat (Y4914) in April 2013 that had orange mites in roost 

box 28. However, other bats that also were captured in this box on this date did not have 

any condition notes relating to mites. Roost fidelity may be related to increased ectoparasite 

loads, but firm conclusions cannot be drawn due to the lack of records involving mites in 

this study. 

 

Discussion 

Do female soprano pipistrelles roost together because of ‘friendship groups’? 

This study showed that when preference for particular roost boxes has been accounted for, 

female soprano pipistrelles do not roost together with other adult females more often than 

expected by chance. Soprano pipistrelles still reap benefits from roosting in groups through 

increased vigilance and improved thermoregulation and decreased risk from predators, due 

to passive cooperation of individuals within a subgroup. However, additional benefits 

derived from social bonds, such as information transfer, cannot be proven occur in soprano 

pipistrelle populations. In Bechstein’s bats, one of the potential reasons cited for a limit to 

the number of social bonds bats can form may be cognitive restraints, that limit the number 

and duration of social relationships individuals are able to maintain (Kerth et al., 2011). In 

this study into soprano pipistrelles, a lack of data may have resulted in the underestimation 
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of non-random associations between individuals, as only two to three censuses were 

undertaken per year over a  five year period; during these censuses many bats were only 

found once or twice across all surveys. This may limit the significance of the findings of this 

study, as only a small proportion of the data could be considered as ‘long-term’ records of 

bats seen over multiple years. 

Despite this study showing that groups of female soprano pipistrelles appear to be roosting 

together by chance based upon statistical analysis, multiple small subgroups of females 

were observed roosting together across censuses through network analysis. These 

individuals may be exhibiting some level of fidelity to natal colonies that does not emerge 

as statistically significant due to the aforementioned lack of data. Nepotism within bat 

colonies has been observed in multiple bat species, where individuals cooperate 

preferentially with relatives (Patriquin and Ratcliffe, 2016). These small subgroups of 

females that appear to be preferentially roosting together may be genetically related, with 

these genetic bonds shaping social bonds. Further research into this population of soprano 

pipistrelles could focus on understanding the genetic relationships between individuals and 

whether this is a key factor in roosting patterns of this species. Roosting groups may also 

be formed of individuals with similar physical characteristics, such as size or reproductive 

period (Patriquin and Ratcliffe, 2016), due to these individuals requiring similar roosting 

conditions.  

The use of multiple roosting sites by individuals, with splitting and merging of groups over 

short timescales, in a fission-fusion population structure, may prevent the formation of 

meaningful long-term relationships. This would mean that twice or thrice yearly surveys 

cannot detect social groups that form and break up on a much shorter timescale. Bats found 

in reoccurring groups may be an effect of passive aggregation, with each individual bat 

attracted to the characteristics of a roost box, rather than the other individuals known to 

roost in a particular roost box. To better understand the movements of bats, and whether 

females congregate in ‘friendship groups’, more censuses could be undertaken each year. 

Do female soprano pipistrelles exhibit roost fidelity or mate fidelity? 

This study showed that some level of roost fidelity may occur in soprano pipistrelle females. 

There appeared to be a high roost fidelity to the Rowan and West Wood roost box clusters, 

despite the mean number of bats within these clusters being relatively low. This may be 

due to these roost box clusters being furthest away from adjacent roost box clusters. Bats 

may remain in these clusters to take advantage of nearby foraging areas and reduce 

commuting distances to these key resources. The Quarry was the most popular roost box 

cluster, although Iij scores for this roost box cluster were low overall due to the higher total 

number of bats that chose to move from this cluster to other roost box clusters and the low 

number of bats that were recaptured at this cluster multiple times. 

Mate fidelity may also be evident in soprano pipistrelles, although a lack of data means that 

it cannot be conclusively said that this species does or does not exhibit mate fidelity. Eleven 

of the seventeen total males were generally found with multiple females, with only two cases 

of males found with only one female and four males were found without any females in the 

same roosting box. One of the males found without any females was a young male, which 

had been recorded as a juvenile in the previous year (bat Y4949). Mate fidelity benefits 

females through increased reproductive success, because of decreased energy lost 

through searching for potential mates and avoidance of inbreeding (DuVal, 2013). To 
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establish whether females do exhibit mate fidelity, further research involving genetic 

analysis comparing males to the offspring of mated females over multiple years could be 

undertaken. 

It is difficult to distinguish between whether females exhibit roost or mate fidelity. Male 

soprano pipistrelles control territories during the breeding season, establishing territories 

early in the breeding season to assert dominance over prime resources that may be 

favoured by females. This results in an inherent link between roost and mate fidelity in 

females that cannot be disentangled without larger datasets. Ultimately, whichever is the 

case, the social evolution of this species will be the same.  

Is there a significant relationship between male soprano pipistrelles and specific 

roost boxes during the autumn mating season? 

Male soprano pipistrelles were never found sharing roost boxes with other males at any 

time of the year; males only shared boxes with females. Roost boxes were used more by 

male soprano pipistrelles during the breeding season, suggesting that males may use roost 

boxes as territories to attract females. Proximity to feeding sites has been cited as a key 

factor influencing roost choice by pipistrelle bats (Patriquin and Ratcliffe, 2016). As such, 

male territories may be established from the same roost boxes annually to take advantage 

of nearby habitat features that attract females to a particular roost box in a resource defence 

polygyny breeding structure. Soprano pipistrelles are commonly associated with wetland 

and riparian habitats (Flaquer et al., 2006; Bat Conservation Trust, 2015), and may be 

preferentially choosing boxes near these habitats to provide shorter commuting distances 

to foraging sites for potential mates. This may suggest a reason for the high density of 

males and high frequency of roost boxes that changed between multiple males, in the 

Hollow Walk cluster. The Hollow Walk cluster is situated close to both a small stream and 

a larger pond nearby, both of which may provide large volumes of riparian insects to feed 

on. Conservation for enhancing soprano pipistrelle populations across the estate should 

include maintenance of key foraging habitats, to enhance bat populations. Soprano 

pipistrelles appear to favour complex mosaic habitats with open woodlands (Joint Nature 

Conservation Committee, 2007); management of the Gibside estate could focus on 

maintaining an open woodland understorey through management of large rhododendron 

plants present across much of the estate.  

In the Hollow Walk, Garden House and West Wood clusters, some trees hosted multiple 

roost boxes containing territorial males. This may suggest that soprano pipistrelle territories 

overlap, with the local habitat having an impact on the initial choice of roost box. Females 

may then choose males from these boxes through following roost or mate fidelity, choosing 

beneficial fitness characteristics of a male, or favourable internal roost box characteristics. 

The Hollow Walk cluster is found on the fringe of coniferous plantation trees; future 

management should focus on enhancing the boundary between beneficial semi-natural 

deciduous woodland and conifer plantation in this area, to continue to encourage bats to 

roost in these roost boxes.  

Roost boxes that appeared to be used more frequently by female soprano pipistrelles were 

also roost boxes that appeared to change territories between males more frequently. Males 

may then be attracted to these roost boxes by high levels of female activity, or for similar 

roost qualities such as stable thermoregulation and low ectoparasite loads that attract 

females. On three out of four occasions when roost boxes were used by new males, the 
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previous male was not observed during a census again. This may be a product of territorial 

dispute, with a new male forcing the old male out of both his previous territory and the 

cluster site. This however, does not explain why a previous male is not seen in another 

roost cluster. A previous male may no longer occupy a roost box due to total emigration of 

the Gibside estate, or due to fatality during the course of the year, allowing a new male to 

enter a known breeding territory.  

Are individuals recaptured in the same cluster of roosting boxes, or is there a 

significant proportion of roost switching between box clusters? 

Roost lability was observed in this study, with around half of all bats that were captured 

more than once choosing to move roost boxes. Roost switching may be a product of high 

roost availability (Lewis, 1995). The Quarry cluster was the roost box cluster with the largest 

number of bats and also the smallest number of roost boxes. Roost switching from this 

cluster may be low due to the low availability of roost boxes in the immediate vicinity; bats 

may see greater benefits from the local habitat to sacrifice any drawbacks to the few roost 

boxes available. 

Bats may also switch roosts to reduce the commuting distance to foraging areas; high roost 

availability may benefit individuals by allowing bats to forage over a larger area than normal, 

as there are guaranteed roost boxes spread across the Gibside estate that offer safe, 

protected sites to roost in, and reduce the commuting distance to new feeding sites. The 

greater availability of food resources may result in greater reproductive and hibernation 

success, with lower depletion of food resources due to decreased intraspecific competition 

between individuals, as bats spread over a larger foraging area. Soprano pipistrelles have 

been described as a specialist feeder, and may move between multiple small habitats that 

provide non-biting midge Chironomidae and biting midge Ceratopogonidae larvae that 

prefer stagnant water (Russ and Montgomery, 2002). To maintain the current soprano 

pipistrelle populations at the Gibside estate, these small water bodies should be preserved, 

with areas of wet woodland managed through scrub clearance, to avoid drying out of 

stagnant water sources by local vegetation.  

Roost lability may also be a response to roost ectoparasites. Those bats that were recorded 

with orange mite ectoparasites did not appear to switch roosts and were often found in the 

same roost boxes over multiple censuses. Some group members found in a box may not 

switch roosts if they have different priorities for roost suitability, including parasitism 

(Patriquin and Ratcliffe, 2016). Roost suitability may be a focus for further research, to 

understand factors that attract soprano pipistrelles to particular roost boxes, such as box 

design, thermoregulation or orientation of box. Different individuals may also perceive 

different costs and benefits to moving from one known roost to another roost with unknown 

conditions. Although these bats experience ectoparasite build up due to roost fidelity 

behaviours, the costs of switching roosts are minimised, which may be perceived as 

outweighing ectoparasite costs. Other individuals that were observed to switch roosts more 

often did not suffer from ectoparasite build up, but would accrue other costs due to switching 

roosts. During future roost box censuses, ectoparasite build up could be countered by 

manual removal of any guano and other debris within roost boxes by bat workers, to 

maintain cleanliness of boxes and improve overall bat fitness.  

A large proportion of individuals were recaptured in the same roost box over multiple 

censuses, or a roost box in the same cluster as previous recaptures. Bats that practice 
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roost fidelity may benefit from greater reproductive and hibernation success, through 

minimising the costs of moving roosts (Lewis, 1995). However, it may be the case that 

overestimation of roost fidelity trends has arisen in this study where lower numbers of 

recaptures occur. Roost switching may not yet have been observed in some bats due to 

these bats moving to natural roost sites, or roost boxes in the nearby area that are not 

routinely checked. Further research involving more frequent data collection would allow 

these roosting patterns to be better investigated, and establish whether a proportion of the 

soprano pipistrelle population do choose to undertake roost fidelity. 

 

Conclusions and recommendations 

Project conclusions 

Despite the lack of data for some aspects of this study, some tentative conclusions can be 

drawn from the available data.  

• According to statistical analysis, female soprano pipistrelles do not appear to 

preferentially roost with other females. Network analysis illustrated that small 

subgroups of females were found on consequent censuses. These individuals may 

be roosting together due to natal fidelity of mothers and daughters. 

• Roost and/or mate fidelity may occur in soprano pipistrelles, although due to the 

behavioural habit of males establishing similar territories each year, it is difficult to 

confirm whether females are returning to the same roost clusters or the same males. 

The social evolution of this species will be the same regardless of whether females 

exhibit fidelity to mates or roosts, due to the close relationship between males and 

territories. 

• Males were never found roosting with other males, suggesting that roost boxes are 

used as territories for attracting mates. Roost boxes chosen as territories may be 

situated close to foraging areas to reduce the time spent commuting and attract 

females through this beneficial placement. Enhancing these areas through 

maintenance of understorey woodland areas and conservation of stagnant water 

bodies may encourage more bats to prime foraging areas and nearby roost boxes. 

• Around half the bats recaptured in roost boxes chose to move roost boxes over the 

course of data collection. This may be a product of high roost availability, and 

attempts to avoid ectoparasite build up or predators. Those individuals that chose 

to exhibit roost fidelity over time may do so due to viewing the costs of roost 

switching as higher than the costs of remaining in a known roost box. Cleaning 

boxes of guano and ectoparasites by bat workers during bi-annual censuses may 

reduce the costs of roost fidelity. 

 

Further recommendations 

Greater number of samples per year 

One of the difficulties in this study was investigating social bonds between individuals, due 

to limited data per year. This resulted in only a few records of individual bats. Many bats 

were only recorded once or twice; these individuals may still be using the Gibside estate as 

a roosting area, although may have been using natural roosts, or roost boxes that were 

erected but not checked on census days. Increasing the number of census days would 

permit greater significance levels to be achieved in studies investigating social bonds and 
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help establish whether fission-fusion population dynamics were occurring over short-term 

scales as well as long-term scales. 

Influence of kinship on roosting patterns 

Social bonds between females may form because of genetic similarity, between mothers 

and daughters. Persistent social bonds between kin have been observed in Bechstein’s 

bats (Kerth et al., 2011) as well as other mammals such as primates and African elephants. 

Due to the lack of genetic information in this study, kinship cannot be identified as a key 

driver of social bonds in soprano pipistrelles. Further study into social bonds in this species 

could reflect this research gap, to understand the influence of kinship. Genetic analysis of 

offspring of known males over multiple years could also inform research involving mate 

fidelity of soprano pipistrelles. Long-term breeding patterns could be understood through 

genetic identification of males, mated females and offspring from consequent years. 

Roost characteristics 

Roost boxes may differ in their attractivity to soprano pipistrelles due to external factors, 

such as roost box type or orientation, or internal factors, such as thermoregulatory 

properties. Research into preferred roost boxes by this species could be undertaken 

through comparison of new roost boxes with differing factors, such as box type or 

orientation. Current roost boxes could be further investigated to understand the internal 

properties that may attract bats over the long-term, through the installation of thermal 

cameras to understand how the internal temperature and humidity of a roost box changes.  
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Appendix 1: The symmetrical index of Fager and χ2-statistic. 

The symmetrical index of Fager (Iij): 

𝐼𝑖𝑗 =
2𝑁𝑖𝑗

(𝑁𝑖 + 𝑁𝑗)
 

Ni- Number of censuses on which bat i was observed 

Nj- Number of censuses on which bat j was observed 

Nij- Number of times bat i and bat j were observed roosting in the same roost box 

 

This is tested using the t-statistic with infinite degrees of freedom, to understand whether 

associations occurred by chance: 

𝑡 =
(𝑁𝑖 + 𝑁𝑗)(2𝑁𝑖𝑗 − 1)

(2𝑁𝑖𝑁𝑗 − 1)(𝑁𝑖 + 𝑁𝑗 − 1)
 

 

The χ2 statistic was then used to discriminate between passive attraction of bats to roost 

boxes and active attraction to individuals within a roost box, by estimating the expected 

number of times two bats should be seen together if random visiting of roosts occurred, in 

proportion to the number of times they were observed. 

𝑋2 =  
(𝑁𝑖𝑗− ∑ 𝑃𝑖𝑘𝑃𝑗𝑘𝑇𝐾=1 )2

∑ 𝑃𝑖𝑘𝑃𝑗𝑘𝑇𝐾=1

 

Nij- Number of times bat i and bat j were observed roosting in the same roost box 

Pik- The proportion of observations that bat i spent in roost box k, tested using one degree 

of freedom  

Pjk- The proportion of observations that bat j spent in roost box k, tested using one degree 

of freedom 

T- The smaller of Ni or Nj generated from the symmetrical index of Fager 

K- Total roost boxes involved in equation 

 

Appendix 2: Adapted symmetrical index of Fager and χ2-statistic formula to assess 

association of bats to individual roost boxes. 

The adapted symmetrical index of Fager (Iij): 

𝐼𝑖𝑗 =
2𝑁𝑖𝑗

(𝑁𝑖 + 𝑁𝑗)
 

Ni- Number of censuses on which bat i was observed 
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Nj- Number of censuses on which a roost box was monitored (always 12 in this research, 

as each box was checked each census) 

Nij- Number of times bat i was observed roosting in a particular roost box 

 

The adapted χ2 statistic: 

𝑋2 =  
(𝑁𝑖𝑗− ∑ 𝑃𝑖𝑠𝑃𝑟𝑠𝑇𝐾=1 )2

∑ 𝑃𝑖𝑠𝑃𝑟𝑠𝑇𝐾=1

 

Nij- Number of times bat i was observed roosting in a roost box 

Pis- The proportion of surveys that bat i was observed, tested using one degree of freedom 

Prs- The proportion of times that a roost box was observed (always 1 in this research, as 

each box was checked in every census) 

T- The smaller of Ni or Nj generated from the symmetrical index of Fager 

K- Total roost boxes involved in equation 

 

Appendix 3: The percentage of individual roost box usage per individual bat 

𝑈𝑖𝑗 =  
𝑁𝑖𝑗

𝑇𝑖
 𝑥 100 

Uij- Percentage usage of roost box j by bat I (%) 

Nij- Number of times bat i was observed roosting in roost box j 

Ti- Total recaptures of bat i 

 


