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ABSTRACT 

Bats belong to the most gregarious and diverse mammals with highly complex social behaviors. 

Despite extensive research on their ecology and social behavior in some bat species, gained 

insights are restricted to only few of the more than 1300 species. In the recent past, bats have 

also become a central topic of a different branch of research: Since the 1990s bats came to the 

fore of virologists and immunologists due to the bats’ apparent importance as reservoir hosts 

and vectors of several (mostly tropical) diseases. While this research is focused mainly on 

emerging infectious diseases linked to bats, and their zoonotic potential, little has been invested 

regarding the link between disease transmission and bat social systems. 

In my work, I aim at filling this gap by merging automated daily roosting observations, social 

network analysis, and a virological screening in Natterer’s bats (Myotis nattereri). In a 

collaborative approach, my co-workers and I analyzed the social structure of individually 

marked Natterer’s bats, their astrovirus detection rate and transmission pathways within their 

colony, as well as roosting interactions between different co-occurring con- and heterospecific 

bat colonies. 

We discovered Natterer’s bats to display a very divergent social network structure that 

contradicts the findings of previous studies on large fission-fusion groups. Contrary to the 

modular social network structure found in e.g. primates or other bats species, the social network 

of Natterer’s bats consists of only one highly interconnected community. Moreover, although 

the close proximity between bat hosts in the colony should strongly promote direct 

transmission, we found indications that astrovirus infections follow at least partly an indirect 

transmission pathway via contaminated roost use. Lastly, our results prove that co-occurring 

con- and heterospecific bat colonies, e.g. as in this study Natterer’s bats, brown long-eared bats 

and Bechstein’s bats, can influence each other in their roost use by avoiding conspecific roosts 

and by being attracted towards those of heterospecifics. This holds implication for the 

transmission of parasites and pathogens within and between different colonies with 

opportunities for spillovers. To conclude, this multidisciplinary study led to valuable insights 

in the hitherto hidden mechanisms within and among bat colonies. 
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ZUSAMMENFASSUNG 

Fledermäuse weisen unter allen Säugetieren eine besonders hohe Vielfalt an Sozialsystemen 

und hochkomplexe sozialen Verhaltensweisen auf. Trotz umfangreicher Forschung bezüglich 

ihrer Ökologie und ihres Sozialverhaltens sind die bisher gewonnenen Erkenntnisse auf nur 

wenige der über 1300 Arten beschränkt. Seit den 1990er Jahren sind Fledermäuse aufgrund 

ihrer potentiellen Bedeutung als Reservoirwirte und Krankheitsüberträger zudem in den Fokus 

von Virologen und Immunologen gerückt. Ihr Forschungsschwerpunkt liegt dabei 

hauptsächlich auf neu auftretenden (tropischen) Infektionskrankheiten welche mit 

Fledermäusen in Verbindung gebracht wurden, und deren zoonotischem Potential. Die 

interdisziplinären Zusammenhänge zwischen Krankheitsübertragungen und den sozialen 

Systemen der Fledermäuse sind jedoch bisher wenig erforscht. 

Ziel meiner Arbeit war es durch die Zusammenführung eines automatisierten täglichen 

Quartiermonitorings, der Analyse des sozialen Netzwerks, sowie eines virologisches Screening 

diese Wissenslücken für Fransenfledermäuse zu schließen. In einem kooperativen Ansatz 

untersuchten meine Kollegen und ich die soziale Struktur der Fransenfledermäuse, ihre 

Astrovirenprävalenz und die Übertragungswege der Viren innerhalb der Kolonie, sowie die 

unterschiedlichen Wechselwirkungen zwischen verschiedenen Kolonien der gleichen sowie 

unterschiedlichen Arten bezüglich ihrer Quartiernutzung. 

Wir haben festgestellt, dass Fransenfledermauskolonien eine sehr spezifische soziale Struktur 

aufweisen, welche den Ergebnissen anderer Studien bezüglich großer sozialer Gruppen mit 

Fission-Fusion-Verhalten widerspricht. Im Gegensatz zu dem modularen Netzwerk welches in 

einigen untersuchten Primaten- und Fledermausarten gefunden wurde, besteht das soziale 

Netzwerk der Fransenfledermäuse aus einer einzigen, stark vernetzten Einheit. 

Darüber hinaus fanden wir Hinweise darauf, dass Astrovirusinfektionen in 

Fransenfledermäusen zumindest teilweise einem indirekten Übertragungsweg über 

kontaminierte Quartiere folgen, obgleich die räumliche und soziale Nähe zwischen den 

Koloniemitgliedern eine direkte Virenübertragung naheliegen würde. Unsere Ergebnisse 

beweisen zudem, dass gemeinsam vorkommende Kolonien der gleichen oder unterschiedlicher 

Arten sich gegenseitig beeinflussen können, indem sie Quartiere artgleicher Kolonien 

vermeiden und von solchen spezifischer anderer Arten angezogen werden. Dies kann sich auf 

die Übertragung von Parasiten und Krankheitserregern, sowohl innerhalb einer Kolonie als 
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auch zwischen verschiedenen Kolonien, auswirken und gegebenenfalls zu einer Überschreitung 

der Artbarriere führen. Zusammenfassend wurden durch diese multidisziplinäre Studie 

wertvolle Erkenntnisse über die bisher verborgenen Mechanismen innerhalb und zwischen 

Fledermauskolonien gewonnen. 
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1 INTRODUCTION 

1.1 Social systems and roosting dynamics in bats 

Bats belong to the most gregarious mammals. Thereby, they show a high diversity in social 

systems ranging from monogamous pairs of individuals (e.g. the spectral bat Vampyrum 

spectrum and lesser sac-winged bat Saccopteryx leptura) and harems with more or less stable 

composition (e.g. the greater spear-nosed bat Phyllostomus hastatus or the common noctule 

Nyctalus noctula during mating season) to large mixed-sex mating colonies (e.g. the Mexican 

free-tailed bat Tadarida brasiliensis or the greater mouse-eared bat Myotis myotis) (McCracken 

& Wilkinson, 2000). In Europe, social composition may vary between seasons (see for example 

Nyctalus noctula as mentioned before) but all species form maternity colonies during summer 

where several females - that are often related due to high philopatry (Kerth, 2008b; Rivers et 

al., 2005) - raise their offspring communally. Colony sizes of European temperate bat species 

typically range from only a few individuals (e.g. in some colonies of the brown long-eared bat 

Plecotus auritus or the lesser horseshoe bat Rhinolophus hipposideros) up to a thousand or 

more (e.g. in some colonies of the greater horseshoe bat Rhinolophus ferrumequinum or the 

greater mouse-eared bat Myotis myotis) (Dietz & Kiefer, 2014).  

In many bat species of the temperate zone, especially forest-living ones that regularly switch 

communal roosts, colonies show high social dynamics. They frequently split into temporary 

subgroups - with a varying member composition - that use different day roosts. A behavior 

called “fission-fusion” (Garroway & Broders, 2007; Kerth & König, 1999; Popa-Lisseanu et 

al., 2008) that has also been reported in many other social mammals such as primates or 

cetaceans (see review by Aureli et al., 2008). The reason behind this highly dynamic roosting 

behavior is not completely understood yet. While it is assumed that roost switching enables to 

select optimal roosting conditions and reduces the risk of predation and parasite infestation 

(Kerth et al., 2001; Lewis, 1995; Patterson et al., 2007), fission-fusion might promote 

information transfer within the colony and allows to balance individual needs and group 

preferences (Fleischmann & Kerth, 2014; Kerth et al., 2006; Kerth & Reckardt, 2003; Popa-

Lisseanu et al., 2008; Pretzlaff et al., 2010).  

Despite these high fission-fusion dynamics, in several bat species individuals have been shown 

to maintain long-term relationships to some of their colony members (Baigger et al., 2013; 

Kerth et al., 2011; Patriquin et al., 2010). However, as reported for various mammalian species, 
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the number of close social relationships between group members seems to be limited, possibly 

due to cognitive constraints (Dunbar, 1991, 1992b; Kerth et al., 2011; Kudo & Dunbar, 2001; 

Lehmann et al., 2007; Wilkinson, 2003) or time constraints (Dunbar, 1991, 1992a; Lehmann et 

al., 2007). Alternatively, the limitation of close associations might be a strategy to reduce 

disadvantages of living in large groups such as competition for resources, infanticide risk, or 

vulnerability to diseases (Kashima et al., 2013; Smith et al., 2008). In general, it has been 

described that group size predicts group modularity in fission-fusion societies, as social links 

between group members become more differentiated with increasing group size (Baigger et al., 

2013; Kerth et al., 2011; Kudo & Dunbar, 2001; Lehmann & Boesch, 2004). Thereby, in many 

mammals, the strength of associations between pairs of group members seems to be influenced 

by kinship, with stronger links between closer related individuals (Archie et al., 2006; Gompper 

et al., 1997; Kerth et al., 2003, 2011; Wilkinson, 1984). Moreover, group members that share 

individual traits such as age, breeding status, or sex have been described to generally form 

closer social links (Kerth et al., 2011; Ramos-Fernández et al., 2009; Wittemyer et al., 2005), 

possibly due to similar needs and demands (assortative mixing, Newman, 2003).  

Despite the widespread fission-fusion behavior in bat species and the complex mechanisms 

behind social network dynamics which have been examined for different mammalian species 

(see Aureli et al., 2008), to this day detailed information on the colony structure in bats are still 

scarce (see reviews by Johnson, Kropczynski, & Lacki, 2013; Kerth, 2008b). 

 

1.2 Bats and viruses 

Interestingly, for a long time, bats had been largely overlooked concerning their virome 

(Calisher, 2015). This started to change in the recent past when researchers found several novel 

emerging diseases of zoonotic importance to be apparently linked to bats (e.g. Hendra and 

Nipah virus in the 1990s; Chua et al., 2000; Murray et al., 1995). Nowadays, bats - especially 

from the tropics and subtropics – are in the spotlight of numerous studies on their potential 

importance as reservoir hosts and vectors for a variety of viruses (Calisher et al., 2006; Chan et 

al., 2013; Klimpel & Mehlhorn, 2014; Luis et al., 2013; Omatsu et al., 2007). These studies 

indicated that bats, although they rarely display any clinical symptoms (Baker et al., 2013), can 

harbor a variety of viruses with high zoonotic potential. Considering the sociability and mobility 

of bats in general, these findings may appear obvious.  



INTRODUCTION  11 

 

 

While living in large social groups has its benefits (Krause & Ruxton, 2002), group members 

also face a higher risk of exposure to diseases - among other possible disadvantages (Krause & 

Ruxton, 2002) - as the presence of pathogens in a group is known to increase with its number 

of members (Loehle, 1995). The close proximity between colony members, the direct contact 

to excrements of their roost mates, as well as the possible participation in social interactions 

such as allogrooming (Kerth et al., 2003; Ortega & Maldonado, 2006; Wilkinson, 1986) 

suggests a high potential of pathogen transmission within bat colonies. Moreover, the frequent 

switching between a large number of roosts, which is particularly pronounced in species with 

high fission-fusion behavior, is likely to result in the contamination of many of the available 

roosts in the colony’s home range.  

However, while many recent studies have focused on their potential of spreading diseases to 

other animals and to humans (Plowright et al., 2015; Wood et al., 2012), to our knowledge, 

virus transmission networks within bat colonies remain largely unexplored and the sparse 

knowledge is based on simulated transmission data.  

 

1.3 Study subjects 

Bat species 

This study was focused on three forest-dwelling bat species of the European temperate zone, 

namely the Natterer’s bat (Myotis nattereri) as well as - to a lesser extend - the Bechstein’s bat 

(Myotis bechsteinii) and the brown long-eared bat (Plecotus auritus). All three species have a 

wide range of distribution across Europe (Dietz & Kiefer, 2014), can be frequently found co-

occurring in the same forest habitats (Kaňuch et al., 2008; Schöner et al., 2010), and are 

ecologically similar: These medium-sized, insectivorous bat species are highly philopatric to 

their natal colony (Burland et al., 2001; Kerth et al., 2002; Rivers et al., 2005). As typical for 

forest-dwelling bat species, adult females raise their offspring in tree roosts during the maternity 

season in summer (Kaňuch et al., 2008), though bat boxes are also frequently accepted and 

buildings can be used as well (Dietz & Kiefer, 2014). During the breeding season, adult males 

are typically solitary but may occasionally be found in the colonies (Safi, 2008). After fledging 

of the young in late summer, the colonies disperse and the individuals move to swarming sites 

for mating (Burland et al., 2001; Kerth & Morf, 2004; Parsons et al., 2003; Rivers et al., 2005) 

and subsequently hibernate there until spring before returning to their natal colonies.  
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All three species studied in my work display fission-fusion behavior (Červený & Horáček, 

1981; Heise, 1988, p.; Kerth & König, 1999), and have been shown to react to social calls of 

con- and – to a certain extend – heterospecifics when searching for new roosts (Schöner et al., 

2010).  However, while comprehensive knowledge on the social structure and roosting behavior 

concerning Natterer’s bats is still limited - there is evidence for distinct interspecific differences 

regarding these aspects (Fleischmann & Kerth, 2014; Schöner et al., 2010).  

 

Astroviruses 

Astroviruses are single-stranded RNA viruses that commonly infect various avian and 

mammalian species including humans (De Benedictis et al., 2011; Moser & Schultz-Cherry, 

2005) and bats (Fischer et al., 2016, 2017; Halczok et al., 2017), with a remarkably high 

detection rate and diversity in the latter (Chu et al., 2008; Drexler et al., 2011; Fischer et al., 

2016, 2017). Mammalian astroviruses are transmitted via the fecal-oral route (Mendenhall et 

al., 2015) and typically cause diarrhea (Moser & Schultz-Cherry, 2005). In bats, however, 

astrovirus positive individuals have been reported to appear clinically healthy (Fischer et al., 

2017). So far, little is known about astrovirus infection routes in bats. However, as astrovirus 

infections have been described to be especially common in settings with a high density closely 

connected potential hosts (Glass et al., 1996; Grellet et al., 2012; Shan et al., 2011), bat 

individuals can be assumed to face the risk of infection when they closely associate with 

infected colony members. Moreover, as astroviruses have been shown to be able to persist for 

several days in the environment (human astrovirus, Abad et al. 2001), bats could potentially get 

infected when using contaminated roosts even if the virus shedding animals are no longer 

present. Though, as bat astroviruses seem to be highly species-specific (Fischer et al., 2016), 

the spillover risk to other co-occurring bat species might be limited.  

 

1.4 Study aim and hypotheses 

The aim of my work was to analyze virus transmission within a Natterer’s bat colony with 

regards to the colony’s social network, and to assess the implications of roosting behavior and 

roosting interactions between colonies.  
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Astroviruses are well suited for analyzing such virus transmission networks as they have a 

remarkably high detection rate and diversity in bats (Chu et al., 2008; Drexler et al., 2011; 

Fischer et al., 2016, 2017). The focal bat species of this study is the Natterer’s bat (Myotis 

nattereri) as it has an especially high astrovirus detection rate and diversity (Fischer et al., 

2016). Moreover, this species is known to display highly dynamic roosting behavior though 

information on their social network - hitherto solely based on ringing data - is scarce and 

deficient (August et al., 2014; Park et al., 1998).  

In order to fill these gaps and to ensure a sound foundation for the subsequent analysis of virus 

transmission, we first assessed the social network structure in a free-ranging colony of 

Natterer’s bats with regard to individual parameters; namely sex, age and breeding status. Next, 

astrovirus detection rate and transmission pathways within the colony were examined based on 

their individual roost use, individual astrovirus samples, and previously gained insights on their 

social network - a link that had not been researched before. Finally, to place our findings within 

a bigger context, the roosting dynamics between co-occurring colonies of Natterer’s bats 

(Myotis nattereri), Bechstein’s bats (Myotis bechsteinii), and brown long-eared bats (Plecotus 

auritus) were investigated; a research topic that might be especially interesting in the context 

of pathogen transmission. Although all three species have been shown to be attracted to roosts 

with a play-back set-up emitting social calls of con- and heterospecifics (Schöner et al., 2010), 

almost nothing is known about how different con- and heterospecific colonies influence each 

other in their roost use. 

 

We hypothesized that: 

1.) The social network of Natterer’s bats closely resembles those of other ecologically 

similar bat species e.g. the Bechstein’s bat (Kerth et al., 2011). 

2.) Individuals that are strongly connected to their roost mates (high node strength in a 

weighted network) or switch between only few roosts are more exposed to astroviruses 

and thus have a higher infection risk. Moreover, given the gregariousness and close 

contact between colony mates in bats (Kerth, 2008a), the colony’s social network is 

likely to significantly influence astrovirus transmission within the colony. Alternatively, 

if astrovirus transmission in Natterer’s bats follows an indirect pathway via 



14  INTRODUCTION 

 

 

contaminated roosts, we expect individuals that frequently used the same roost in close 

temporal succession to carry the same astrovirus sequence variants. 

3.) As parasites and pathogens are often species-specific (Fischer et al., 2016; Rupp et al., 

2004), colonies should avoid roosts previously used by foreign conspecifics (compare 

Reckardt & Kerth, 2007). In contrast, roosts of any heterospecific colony might be 

attractive (Schöner et al., 2010). 

 



 

 

 

2 RESULTS AND DISCUSSION 
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2 RESULTS AND DISCUSSION 

2.1 The social structure of Natterer’s bats  

 

➔Manuscript 1: Zeus et al. 2018 

In order to get insight into the social structure of a colony of Natterer’s bats, we monitored 

occupied roosting (bat) boxes with an automatic RFID-system across three breeding seasons 

(Zeus et al., 2017). Moreover, in both spring and autumn, the colony was captured to gain 

information on sex, age class, breeding status and relative relatedness of its members. 

Subsequently, the resulting daily roosting associations and the abovementioned individual 

parameters were analyzed to gain information on the network structure and on the temporal 

stability of associations. In addition, we assessed the influence of the individual parameters on 

an individual’s node strength (the summed association strength), examined the influence of 

relatedness to pairwise association strength, and tested for assortative mixing.  

Despite the very frequent roost switching and extremely high fission-fusion behavior (Zeus et 

al., 2017), the social network was almost fully connected with very low modularity and thus 

only consisted of one community. This observed structure is contrary to findings in many other 

large fission-fusion societies, e.g. in the ecologically similar Bechstein’s bat (Baigger et al., 

2013; Kerth et al., 2011), where large groups consist of a modular network with several 

communities. In these species, group members maintain weak bonds between and strong ones 

within these communities. In contrast, in our colony of Natterer’s bats the associations between 

colony members - while non-random - were less differentiated and pairs of individuals 

maintained an overall lower rate of association.  

Nevertheless, despite the high fission-fusion dynamics and comparably weak social bonds, 

Natterer’s bats were able to maintain relatively stable associations during the breeding season 

as well as across several years, indicating that social bonds were revived after the disintegration 

of the colony for several months during hibernation. While such long-term social bonds have 

been described in species with a very differentiated social structure (Archie et al., 2006; Kerth 

et al., 2011; Patriquin et al., 2010), it is unclear how Natterer’s bats are able to maintain these 

stable associations in their highly dynamic unimodular network. 
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The analysis of the collected individual parameters revealed that all of them - namely sex, 

breeding status and age class - influenced the overall association strength of an individual within 

its colony. In summary, adults, breeding bats, and in particular the females showed the strongest 

bonds to their colony mates. As all analyzed attributes are highly dependent of each other, these 

findings may not be surprising in a maternity colony where reproductive active females 

communally raise their young (McCracken & Wilkinson, 2000). Contrary, there are no reports 

in temperate bats of males and non-breeding females contributing actively to the rearing of the 

young (Kunz & Hood, 2000), which likely results in different roost requirements and demands 

compared to their breeding female colony members (e.g. roost temperature; Hoying & Kunz, 

1998; Kunz & Hood, 2000; Wilde, Knight, & Racey, 1999). We found stronger pairwise 

associations not only between closely related individuals (similar to Archie et al., 2006; 

Gompper et al., 1997; Kerth et al., 2003, 2011; Wilkinson, 1984) but also between those with 

similar traits (assortative mixing, Newman, 2003), which both might have also influenced the 

temporal stability between individuals within and across years as mentioned before. 

To conclude, while the social organization in Natterer’s bats follows many patterns found in 

other species with distinct fission-fusion behavior, their underlying social structures differ 

fundamentally. 
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2.2 Astrovirus transmission pathways in Natterer’s bats  

 

➔Manuscript 2: Zeus et al. submitted 

So far, research on transmission pathways within the social network of bat colonies is scarce 

and primarily based on simulated data (Kashima et al., 2013; Webber et al., 2016). This study 

was aimed to gain new insights by collecting and combining different field data sets. We 

intended to assess the presence of astroviruses in a colony of Natterer’s bats, and whether 

astrovirus transmission follows a direct route (social contact) or indirect route (roost use). To 

do so, we captured data on the social associations (Zeus et al., 2017, 2018) as well as on the 

individual roost use in a colony of Natterer’s bats during one breeding period. This was done 

via an automatic monitoring of occupied roost boxes with an RFID-system. We further gained 

information on the astrovirus detection rate and occurring astrovirus sequence groups from 

individual fecal and urine samples that were collected during capture events in spring and 

summer. Subsequently we used GLM and MRQAP models to analyze our data. 

Our data revealed a very high diversity and detection rate of astroviruses in the colony, which 

coincides with the findings of previous studies (Fischer et al., 2016, 2017; Halczok et al., 2017; 

Kemenesi et al., 2014, 2016). However, although astrovirus infections typically occur in 

settings with a high density of closely connected hosts (e.g. Glass et al., 1996; Grellet et al., 

2012; Shan et al., 2011), the detected astrovirus presence neither correlated with individual 

node strength nor with the number of different roosts used by an individual.  

As astroviruses are typically transmitted via the fecal-oral route (Mendenhall et al., 2015), a 

potential host might get infected through direct contact to a virus shedding individual, as well 

as via indirect transmission (Taylor et al., 2001), e.g. by using contaminated roosts. 

Interestingly, the strength of pairwise associations was not correlated with the presence of 

shared sequence groups in the respective pair of individuals. Prima facie, this contradicts a 

direct transmission pathway, although the generally close contact between colony mates in bat 

maternity colonies would have suggested otherwise (Kerth, 2008a). However, an effect of 

association strength on astrovirus transmission should not be completely disregarded as the 

MRQAP model which included both subsequent roost sharing and association strength was our 

best fit. It is conceivable that due to the unusual unimodular, and almost fully connected 

network structure in Natterer’s bats (Zeus et al., 2018), with comparably less differentiated links 
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between individuals (compared to e.g. Bechstein’s bats: Baigger et al., 2013; Kerth et al., 2011), 

any apparent effect of association on disease transmission might be diluted. Our results further 

indicate that astroviruses are at least partially transmitted indirectly via contaminated roosts as 

we found individuals that frequently used the same roosts in short succession to carry the same 

astrovirus sequence groups. While frequent roost switching – as also distinctly observed in 

Natterer’s bats (Zeus et al., 2018) – is used by several bat species to avoid parasites and 

pathogens (Kashima et al., 2013; Lewis, 1995; Reckardt & Kerth, 2007), our findings suggest 

that the extensive fission-fusion behavior in Natterer’s bats could even facilitate the spreading 

of pathogens via roost contamination. This is also supported by comparably lower astrovirus 

detection rates (Fischer et al., 2016) in bat species with less prominent fission-fusion behavior 

(Zeus et al., 2017, 2018).  

However, the MRQAP models used here only partly explained our data, which might be due to 

unavoidable constraints in our field data. Nevertheless, the gained results still constitute 

valuable insights for future studies. 

To conclude, while the underlying factors that influence the presence of astroviruses in bats 

still need further examination, we found indications for an indirect transmission route of 

astroviruses via contaminated roosts. Therefore, this study provides first-time insight in the 

transmission pathways within the social network of bat colonies.  
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2.3 Roosting dynamics between co-occurring con- and heterospecific bat 

colonies 

 

➔Manuscript 3: Zeus et al. 2017 

To investigate roosting dynamics between con- and heterospecific bat colonies, we assessed the 

roosting behavior and roost usage of five co-occurring bat colonies – a colony of Natterer’s 

bats, a colony of Bechstein’s bats, as well as three colonies of brown long-eared bats. Occupied 

roosting boxes were automatically monitored via an RFID system across three breeding seasons 

to observe roosting and prospecting behavior. Moreover, we ran simulations to test whether 

colonies significantly preferred using roosts of certain other con- or heterospecific colonies. 

As expected, different colonies never used the same roost simultaneously, as in many forest-

living bat species different colonies typically do not mix (August et al., 2014; Kerth et al., 2000; 

Kerth & Van Schaik, 2012). However, roosting ranges of all heterospecific colonies overlapped 

to a great extent, and the same roosts were often occupied by different species in very short 

succession. Conversely, the three conspecific colonies of brown long-eared bats showed strict 

spatial separation during each breeding season. Avoiding roosts of other conspecific colonies 

likely reduces the risk of acquiring species-specific parasites (Rupp et al., 2004) or pathogens 

(Fischer et al., 2016; Zeus et al., submitted).  

However, although the colonies of brown long-eared bats never occupied the roosts of their 

conspecifics, they were distinctly attracted to these roosts and visited them during nightly 

prospections significantly more often than roosts of heterospecifics. As these findings 

undermine the aforementioned hypotheses of parasite and pathogen avoidance in this species, 

the observed prospecting and roosting behavior in the brown-long eared bats might indicate 

alternative causes e.g. the assessment (Doligez et al., 1999; Valone & Templeton, 2002) and 

the avoidance (Amarasekare, 2002; Ambrosio & Baeza, 2016; Goss-Custard, Durell, McGrorty, 

& Reading, 1982) of competition respectively. While the Bechstein’s bat colony did not display 

any interest in occupied roosts of the other colonies, we found the Natterer’s bats to be 

significantly attracted to roosts of brown long-eared bats. Natterer’s bats prospected roosts of 

brown long-eared bats significantly more often than those of any other colony.  
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Moreover, our simulations showed that - given its roosting behavior and preferences for 

individual roost boxes - the Natterer’s bat colony also occupied roosts that were previously used 

by brown long-eared bats significantly more often than expected, sometimes apparently 

evicting brown long-eared bats in the process. Bats have been shown to avoid roosts that pose 

a possible health risk and instead occupy new roosts (Reckardt & Kerth, 2007). However, 

searching for roosts is costly, especially during maternity (Henry et al., 2002; Kunz & Hood, 

2000) and species are known to differ in their abilities of finding new roosts (Fleischmann & 

Kerth, 2014). Thus, taking roost choices of other co-occurring bat species into account might 

be cost efficient, depending on the own demand and capabilities. 

Out of all five colonies, the Natterer’s bats colony showed the highest demand for roosts due to 

their colony size, extensive fission-fusion behavior, and the number of consecutive days a roost 

was used. Thus, for the Natterer’s bats, taking over roosts of heterospecifics might have been a 

cost efficient alternative to finding new roosts on their own and less risky than re-occupying 

their own roosts given the species specificity of many parasites and pathogens (Fischer et al., 

2016; Rupp et al., 2004). Roosts of Bechstein’s bats might have been less attractive given the 

larger body size and aggressive behavior of this species towards intruders (Kerth et al., 2002). 

In contrast to the Natterer’s bats, the other two bat species might either not have the need to 

take over foreign roosts (Bechstein's bat; Fleischmann & Kerth, 2014) or not the means to do 

so. 

To conclude, we found that co-occurring bat colonies can influence each other in their roost use 

by avoiding roosts of conspecific, as well as by being attracted to those of heterospecifics. Both 

observed behaviors might serve the avoidance of species-specific parasites and pathogens, 

although other explanations have to be taken into account as well. Ultimately, the observed 

attraction towards roosts of heterospecifics might also facilitate the spillover of less specific 

parasites and pathogens, which underlines the importance of this study as an effort to entangle 

the complex and dynamic processes between co-occurring social groups. 
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2.4 Conclusion 

The present thesis sheds light on hitherto largely unknown dynamics within colonies of 

Natterer’s bats and their interactions with co-occurring heterospecifics: 

It became apparent that the Natterer’s bat, one of many forest-dwelling bat species with distinct 

fission-fusion behavior, differs drastically in their social structure from other ecologically 

similar species or large social fission-fusion societies in general, as they consist of only one 

highly connected community instead of a modular network.  

Moreover, we found evidence that astroviruses, which are extremely common and diverse 

among bats, are rather transmitted via contaminated roosts than via direct contact although the 

close-knit social networks of bat colonies and their roosting behavior would have suggested 

otherwise. 

Finally, we gained insights in the complex roosting dynamics between co-occurring con- and 

heterospecific bat colonies. Our results showed that different colonies can influence each other 

in their roosting behavior by avoiding or being attracted to each other’s roosts. This might serve 

the containment of species-specific parasites and pathogens, but could also facilitate the 

spreading of more generalistic ones. 

While there is still much research to be done on the interlinkage of bat social systems and virus 

transmission, this thesis provided essential new insights on the interactions within and among 

bat colonies regarding their roosting ecology and astrovirus transmission.  
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