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Swarming Behaviour and Fall Roost-use of Little Brown 
(Myotis lucifugus), and Northern Long-eared Bats (M 

septentrionalis) in Nova Scotia, Canada 

By Amanda Lowe, August 2012 

ABSTRACT 

Temperate bats exhibit a poorly understood behaviour during the fall known as 
swarming, which has both survival and reproductive consequences. The goal of this 
project was to characterize how variation in physical conditions influence the movement 
patterns and resources used during the swarming season of the little brown bat {Myotis 
lucifugus), and the northern long-eared bat (M septentrionalis) in Nova Scotia, Canada. 
The objectives were to: 1) investigate if the swarming behaviour of male little brown bats 
is influenced by individual differences in body condition and reproductive status; and 2) 
characterize the roosts used by both species during the season. Swarming behaviour was 
not influenced by body condition and reproductive status alone, although the data 
indicate that males of a lower body conditions do return more often, and swarm for 
longer durations. Roosts used during the swarming season had a predominantly south
western orientation unlike summer roosts, but were most often found in mid-late decay 
stage trees of conifer-dominated forests. 

Keywords: swarming; reproductive status; body condition; roost; Myotis lucifugus; 
Myotis septentrionalis. 

i 



ACKNOWLEDGEMENTS 

My many thanks to my supervisor Hugh, for having the desire and will to create 

an open learning environment for budding scientific thinkers. Aerial assistance was 

generously provided in kind from the Department of Natural Resources, Pam Mills, and 

the keen pilots. Funding sources that made this project possible include the Natural 

Sciences and Engineering Research Council of Canada (Alexander Graham Bell CGS to 

AL and Discovery grant to HGB); Nova Scotia Habitat Conservation Fund; and internal 

funds provided by St. Mary's University Faculty of Graduate Studies and Research. 

Equal thanks to my lab-mates, fellow students, and confidents (Lynne Burns, Jen 

Randall, Katie Porter, and Jonathan Gallant) for support, guidance, and constructive 

criticism. Also, I thank my multiple field-assistants for their endless patience, time, and 

effort; including my enthusiastic family who were eager to help when field-assistants 

were unavailable. And lastly, I thank the Rawdon community members who, kindly 

provided the use of the community centre for home-base during my study, let me track 

bats daily in their back yards, upsetting the neighbourhood dogs, and parking 

suspiciously outside their houses late at night. 

ii 



TABLE OF CONTENTS 

ABSTRACT i 
ACKNOWLEDGEMENTS ii 
TABLE OF CONTENTS iii 
LIST OF FIGURES iv 
LIST OF TABLES v 

Chapter 1. An Introduction to the Swarming Behaviour of Little Brown and 
Northern Long-eared Bats 1 

Chapter 2.Body condition of adult male little brown bats (.Myotis lucifugus) 
explain little of the inter-individual variation of swarming behaviour in Nova 
Scotia, Canada 12 

Chapter 3.The fall roost-use of the Little Brown bat {Myotis lucifugus) and the 
Northern Long-eared bat (M septentrionalis) during swarming in Nova Scotia, 
Canada 47 

Chapter 4. Swarming Behaviour and Fall Roost-Use: Synthesis 77 

APPENDIX 1. Re-visits to the Rawdon, Nova Scotia swarming site (# re-visits, 
via the PIT tag antenna and the automated receiver), and the number of days bats 
were known to be roosting within the search area (days located), for radio- and 
PIT-tagged adult male M. lucifugus in 2010 (n=7) and 2011 (n=28) 86 

APPENDIX 2. Telemetry stations about the swarming site used to daily search for 
bats 88 

in 



Chapter 2: 
LIST OF FIGURES 

Figure 1. The approximate extent of the study are which was centered on a swarming site 
at an abandoned mine in Rawdon, Nova Scotia, 2009-2011 20 

Figure 2 a-d. Body condition of individual adult male M. lucifugus caught during 
swarming at an abandoned gold mine in Rawdon, Nova Scotia, during 2009-2011 (n = 
211), fitted with a second order polynomial best-fit-line 28 

Figure 3.The average observed body condition of adult male M. lucifugus caught during 
swarming at an abandoned gold mine in Rawdon, Nova Scotia, during 2009-2011 (n = 
61), assigned to each of the reproductive status categories 29 

Figure 4. The proportion of nights a PIT tag carrying bat re-visited the swarming site and 
entered the hibernaculum (n =17/42) during 2011. 

Figure 5. The total time an individual spent swarming in 2011 while carrying a functional 
transmitter (n = 9; R2 = 0.53, df = 8, p = 0.016) 31 

Figure 6. The locations of each roost in relation to the mine for the adult male Myotis 
lucifugus caught during the 2010-2011 swarming seasons in Rawdon, Nova Scotia 33 

Figure 7. The distances of roosts of radio-tagged adult male M. lucifugus from the 
Rawdon swarming site in Nova Scotia, 2010-2011 (n = 24; R2 = 0.08, df = 23, p -
0.09) 34 

Chapter 3: 

Figure 3. The mean (* ± 95% CI) orientation of all natural roosts (i.e., all roosts but 
houses) for a) Little Brown male (n = 19, mean = 235 ± 72.7°), b) Northern Long-eared 
male (n = 6, mean = 223 ± 52.5°), and c) Northern Long-eared female (n = 4, mean = 202 
± 60.8°) bats. Radius numbers on the right indicate the maximum number of bats with 
roosts in each direction, as represented by the lines 63 

iv 



LIST OF TABLES 

Chapter 2: 

Table 1. Descriptors of four reproductive statuses visually assigned for adult male M 
lucifugus caught during swarming at an abandoned gold mine in Rawdon, Nova Scotia 
(Aug-Sep 2011) 22 

Chapter 3: 

Table 1. The distance of roosts from the swarming site of roosts (m), the frequency of 
roost-types used (%), and the mean (SD) roost- and plot-characteristics for each bat group 
studied during the 2010-2011 fall swarming periods in Rawdon. "n" is the number of 
bats re-located, for which there may be multiple roosts. Roost characteristics are limited 
to tree roosts. Plot characteristic measurements include all tree, stump and rock roosts. 

61 

v 



Chapter 1 

An Introduction to the Swarming Behaviour of 
Little Brown and Northern Long-eared Bats 



An introduction to the swarming behaviour of temperate bats 

To characterize the resources required for the reproduction and survival of 

individual animals (i.e., resources that increase fitness), an understanding of the seasonal 

variation in resource-use is necessary (Harris et al. 1990; Knight and Gutzwiller 

1995:14). As energy demands and resource availability changes, so must behaviours 

(Schooley 1994; Szaro et al. 1990). Base-line data that identify the seasonal changes of a 

species' behaviour and requirements for reproduction and survival can provide natural-

resource managers with knowledge to make informed decisions on how a species might 

be impacted by disturbances (Westman 1985). However, if the daily behaviour of an 

animal remains unknown during any particular season, estimating or measuring the 

impact of a disturbance during that season for that species remains difficult, if at all 

possible. 

Temperate-zone animals alter their behaviour from season to season to facilitate 

the acquisition of energy as the abundance of available food varies accordingly among 

seasons. Some animals, like squirrels, beavers, mice, and some birds (e.g., jays), will 

stock-pile food (Aleksiuk 1970; Smith and Reichman 1984; O'Connell 1989), and 

significantly reduce the size of their home range during the winter (Shradin and Pillay 

2006). Others migrate long distances to regions where food is more abundant (e.g., 

caribou (Rangifer tarandus), Cichowski 1989; passerines, Schaub and Jenni 2000; and 

insects like the Monarch butterfly (.Danus plexippus), Urquhart and Urquhart 1978). But 

other animals will choose to wait out the seasonal lack of food by lowering their 
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metabolisms and entering into prolonged periods of inactivity, known as 'hibernation' 

(Buck and Barnes 2000). 

One group of mammals known for their use of hibernation, are the insectivorous 

bats that remain in the temperate-zone year-round (Order Chiroptera: Vespertilionidae; 

Twente et al. 1985). Hibernating bats remain in a dormant state of torpor (Willis 2006), 

with their body temperatures at, or below, ambient temperature for approximately 12 

days at a time without arousal (Twente et al. 1985; Humphries et al. 2006). The greatest 

source of energy expense and activity in hibernation occurs during and following arousals 

(Thomas et al. 1990); bats will groom themselves, re-hydrate, expel built-up urine and 

metabolic wastes (Speakman and Racey 1989; Thomas and Cloutier 1992), and 

sometimes copulate before re-entering their inactive state (Thomas et al. 1979; Barclay 

and Thomas 1979). 

In contrast to the less-active winter, males and females live busy lives during the 

summer. Females of many species form maternity colonies of up to 1000's of individuals 

in which to have their young (Davis and Hitchcock 1965; Fenton 1970), roosting 

sometimes exclusively in tree cavities (Broders and Forbes 2004), while other species use 

man-made structures, such as attics and bell towers (Griffin 1940; Davis and Hitchcock 

1965). Males, on the other hand, roost solely or in small groups (<5, Kalcounis and 

Hecker 1996; Broders and Forbes 2004), and as best we know, bear none of the young-

rearing responsibilities. While nights are spent foraging on seasonally abundant insects 

(Henry et al. 2002; Murray and Kurta 2004; Lacki et al. 2007), days be spent in a 

shallower and shorter form of hibernation known as 'torpor', to conserve energy (Kurta 

and Kunz 1988; Hamilton and Barclay 1994; Dietz and-Kalko 2006). 
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Although many summer and winter behaviours of temperate bats have been 

studied since the 1940's (the little brown bat in particular, Griffin 1940; Twente 1955; 

Davis and Hitchcock 1965), there remains an under-studied season (McCracken and 

Wilkinson 2000). Fall is an important time of year during which year-round temperate 

bats must put on sufficient fat stores to sustain a winter spent in hibernation (Kunz et al. 

1998; Cryan and Veilleux 2007:153). Fat storage is facilitated by seasonal changes in 

roosting behaviour to select cooler roosts that favour torpor and energy conservation 

(Ingersoll 2010), and the reduction of energy expending behaviours during the fall 

(Speakman and Rowland 1999). However, not all behaviours exhibited by bats during the 

fall seem to conserve energy. 

Beginning in early August, and lasting until hibernation in October, bats partake 

in a behaviour known as swarming (Davis and Hitchcock 1965; Fenton 1969). During 

these 6-8 weeks, male and females of several species fly in and around the entrances of 

hibernacula. At some sites, thousands of individuals can swarm in a single night 

(Schowalter et al. 1979; Parsons and Jones 2003; Rivers et al. 2006). The swarms are 

typically male-biased (Fenton 1969; Schowalter 1980), especially in the early and late 

stages of this period (Davis and Hitchcock 1965; Cope and Humphrey 1977). New 

individuals join the swarm throughout the night (Davis and Hitchcock 1965; Hall and 

Brenner 1986), but may only swarm for < 2 hours (Fenton 1969), spending the day away 

from the swarming site (Thomas et al. 1979). Furthermore, based on mark-recapture 

studies, it seems that few bats return to a single swarming site within the same season 

(Fenton 1969, Parsons et al. 2003; Rivers et al. 2006), and < 16 % of bats captured during 

swarming will return to hibernate at the same site (Twente 1955; Fenton 1969; Whitaker 
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and Rissler 1992; Furmankiewicz 2008). There are records of bats visiting a different 

swarming site in the same season (Davis and Hitchcock 1965; Hall and Brenner 1968; 

Fenton 1969; Rivers et al. 2006; Glover and Altringham 2008; Suba et al. 2008). Whether 

making trips between a swarming site and summering sites, or visiting multiple sites 

within a single season, it is probable that swarming behaviour expends additional energy. 

There are multiple hypotheses to explain swarming including that it functions as a 

method of familiarizing newly volant juveniles with the location of hibernation sites 

(Fenton 1969; Cope and Humphrey 1977; Veith et al. 2004). Researchers also 

acknowledge swarming as an opportunity to assess the conditions of the hibernacula 

(Davis and Hitchcock 1965; Furmankiewicz and Gorniak 2002), and the beginning of a 

mating season (McCracken and Wilkinson 2000; Parsons et al. 2003; Keith et al. 2003). 

The hypothesized relationship between swarming and mating is supported by a 

physiological peak in sperm production of males (Gustafson and Damassa 1985; 

Entwistle et al. .1998), and the observation of mating behaviours during swarming season 

(Davis and Hitchcock 1965; Fenton 1969; Thomas et al. 1979; Kerth et al. 2003). 

However, the entirety of the mating season may not be limited to the fall (Watt and 

Fenton 1995); female and male bats of several species can store sperm for up to 7-8 

months following either copulation, or the cessation of spermatogenesis respectfully, 

(Gustafson 1979; Racey 1972; Racey et al. 1987; Wai-Ping and Fenton 1988; Entwistle et 

al. 1998; McCracken and Wilkinson 2000), and copulations have been observed during 

mid-winter arousals from hibernation (Thomas et al. 1979; Wai-Ping and Fenton 1988). 

As a result, it is unclear which copulations contribute to the majority of successful 
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fertilizations, (Burland et al. 2001; Rivers et al. 2005; Senior et al. 2005), and the 

importance of swarming behaviour in reproduction. 

With a limited understanding of the movements of bats during the swarming 

season, and even less of what motivates individual differences in bat swarming 

behaviours, wildlife managers remain unable to make informed decisions on how to 

minimize the impact of human disturbances to temperate bats during every season. Two 

European-based studies (Parsons and Jones 2003; Furmankiewicz 2008) and 3 North 

American studies (Wethington et al. 1996; Neubaum et al. 2006; Ingersoll et al. 2010) 

have investigated where bats roost during the fall swarming period using radio 

transmitters and telemetry tracking, but most species remain to be studied. 

As such, the goal of this project was to investigate the fall behaviours of two 

North American bat species that stay in the temperate zone year-round: the little brown 

bat (Myotis lucifugus LeConte 1831) and the northern long-eared bat (M. septentrionalis 

Trouessart 1897). Chapter 2 highlights the complexity of swarming behaviours among 

the adult, male M. lucifugus that visit a swarming site in Rawdon, Nova Scotia. I 

investigate if the swarming behaviours of males reflect a trade-off between two activities 

presumed to positively influence fitness (i.e., fat storage for survival and swarming for 

reproduction). I hypothesize that males of a higher body condition and reproductive 

status will remain at, and closer to, a swarming site more than males of a lower body 

condition and reproductive status. In Chapter 3,1 document the resources used for 

roosting by both males and females of M. lucifugus and M. septentrionalis during the 

swarming season, in Nova Scotia, Canada. Each of the above mentioned chapters are 
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written as standalone manuscripts prepared for publication. In Chapter 4,1 summarize the 

major findings of both Chapter 2 and 3, and highlight aspects of fall swarming behaviour 

among the study species that require further study as a result of the current findings. 
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ABSTRACT 

Fall is a busy transition period for insectivorous bats that survive the temperate 
winter in hibernation. In addition to storing fat, these bats partake in a poorly understood 
behaviour known as swarming; both of which have direct and competing fitness 
consequences. Swarming occurs over 6-8 weeks prior to the onset of hibernation at 
hibernacula. One hypothesis to explain this behaviour is courtship and copulation. This 
study investigates if inter-individual differences in the amount of stored fat (i.e., body 
condition) impacts reproductive status and influences the swarming behaviour of adult 
male Myotis lucifugus in Nova Scotia, Canada. It was predicted that bats with a high 
body condition would be reproductive and would remain at, and closer to, a swarming 
site than males of a lower body condition and reproductive status as these individuals 
must focus on fat storage. Males in an advanced state of reproduction had a significantly 
greater body condition than non-reproductive males. However, contrary to the 
prediction, males with a high body condition entered the hibernaculum significantly less 
often and spent significantly less total time swarming than males with a low body 
condition . There was no difference between radio-tagged bats of a low and high body 
condition in the probability of their relocation. Of the individuals that were relocated, 
there was also no difference in the distance they roosted from the swarming site. 
Variation in behaviour among males of different body condition suggests that one or 
more other factors have a significant influence on inter-individual variation in swarming 
behaviours. 
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Introduction 

The investigation of individual-animal behaviours is important because it permits 

inference on the variation of survival and reproduction, and thus natural selection 

(Kingsolver et al. 2001; Davies et al. 2012). Because of inter-individual variation in 

behaviour, group level averages may mask important variation (Thomas and Taylor 1990; 

Schooley 1994; Hayes and Jenkins 1997). Variation in behaviours among individuals can 

explain alternative strategies which maximize fitness, can be associated with other 

phenotypic differences among individuals, whereas averaged behaviours may result in 

spurious inferences (Bolnick et al. 2012). 

Bats that overwinter in temperate areas must gain at least 2.3 grams of body fat to 

sustain 7-9 months of hibernation (Kunz et al. 1998). However, during the fall when this 

fat storage is occurring, bats also partake in a poorly-understood behaviour known as 

swarming, which has been described as pattern-less and dynamic (Davis and Hitchcock 

1965; Fenton 1969; Furmankiewicz 2008). Swarming takes place at the entrances of 

hibernacula (Fenton 1969; Davis and Hitchcock 1956) where large mixed-sex groups of 

multiple bat species will congregate for a 6-8 week period before hibernation in October 

(Navo et al. 2000; Furmankiewicz and Gorniak 2002; Parsons et al. 2003; Glover and 

Altringham 2008; Suba et al. 2008). Some explanations for these seasonal congregations 

include information-transfer between adults and young-of-the-year about the location of 

hibernacula (Fenton 1969), and it permits a seasonal assessment of hibernacula to ensure 

suitable over-wintering conditions (Davis and Hitchcock 1965). Further, it is recognized 

that swarming is an important time for mating (Thomas et al. 1979; Racey and Entwistle 

2000; Kerth et al. 2003; Parsons et al. 2003; Veith et al. 2004; Nicola et al. 2005; Rivers 
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et al. 2005, 2006; Glover 2006; Furmankiewicz and Altringham 2007; Furmankiewicz 

2008). In late-August and early-September, the reproductive condition of males of 

several Myotis species peak (Gustafson 1979; Gustafson and Damassa 1985; Encarnacao 

et al. 2004b), and there have been many observed copulations during this time (Fenton 

1969; Thomas et al. 1979; Schowalter 1980). 

Swarming activities have been documented in several European (Furmankiewicz 

and Gorniak 2002; Parsons et al. 2003; Rivers et al. 2006; Glover and Altringham 2008; 

Suba et al. 2008) and North American species (Davis and Hitchcock 1965; Fenton 1969; 

Thomas et al. 1979; Schowalter 1980; Whitaker and Rissler 1992), but the inter-

individual variation in behaviour during swarming is not understood. It has been 

documented that Myotis lucifugus remain at a swarming site for < 2 hours (Thomas et al. 

1979; Fenton 1969) and data suggest that most bats rarely re-visit a swarming site within 

one season (Fenton 1969; Parsons et al. 2002; Rivers et al. 2006). However, some 

individuals do return to the swarming site more than once (Fenton 1969; Parsons and 

Jones 2003; Rivers et al. 2006; Glover and Altringham 2008). This results in a high 

hourly turnover of individuals in the swarms (Hall and Brenner 1968). Often, < 20 % of 

swarming bats are recovered hibernating at the same site in the winter following their 

initial capture (Twente 1955; Fenton 1969; Whitaker and Rissler 1992; Furmankiewicz 

2008). In fact, bats tagged at swarming sites are more likely to be re-located hibernating 

at the site 2-3 years after the initial capture (Davis and Hitchcock 1965; Hall and Brenner 

1968; Parsons et al. 2003; Suba et al. 2008). Additionally, there are records of same-

season movements between swarming sites (Davis and Hitchcock 1965; Hall and Brenner 

1968; Fenton 1969; Rivers et al. 2006; Glover and Altringham 2008; Suba et al. 2008), 



Interpretation of these movement patterns is difficult, since there is little consistency in 

the documented movements of swarming bats, and a poor understanding of what 

influences the behaviour of bats during the fall (Parsons and Jones 2003). 

As such, the goal of this project was to characterize the movement patterns of 

individual bats during the swarming season and to investigate factors that may explain 

inter- individual variation. Both fat storing and mating activities occur during the fall 

(Fenton 1969; Ewing et al. 1970; Speakman and Racey 1986; Kunz et al. 1998; 

Speakman and Rowland 1999; Ingersoll et al. 2010), but the trade-off between these 

competing activities (i.e., fat storage promoting winter-survival and courtship and 

copulation promoting reproduction) has not been quantified (Ingersoll et al. 2010). 

Evolutionary theory predicts that animals will allocate energy in a way that maximizes 

fitness (Krebs and Davies 1993). In situations where the costs associated with 

reproduction are high enough to significantly decrease an individual's over-winter 

survival, a strategy that reduces investment in reproduction may be adopted (Skogland 

1986; Clutton-Brock 1991; Kuerca 1991). As such, individuals must balance activities 

that promote fat storing and reproduction during the fall such that fitness is maximized 

(Speakman 1997). 

I investigated if inter-individual variation in swarming behaviour of adult male 

little brown bats (Myotis lucifugus; 6-9g) can be explained by variation in body condition 

(BC; an indicator of body fat content) and reproductive status (RS). The little brown bat 

is a long-lived species (< 30 years, Keen and Hitchcock 1980), with a wide distribution 

encompassing most of North America (Fenton and Barclay 1980). Individuals of this 

species roost in trees, rocks, or buildings during the summer and hibernate in caves and 


