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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.
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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 resQurée availability changes, so must behaviours
(Schooley 1994; Szaro et al. 1990). Base-line data that identify the seasbnal changes of a'
species’ behaviour and requirements for reproduction and survival can provide natural-
resource managers with knowledge to make informed deciéions on how a species might
be impécted bsf disturbances (Westman 1985). However, if the- daily behaviour of an
animal remains unknown during any particulér season, estimating or measuring the
' itﬁpact 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



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
: soufce of energy expense and activity in hiberhation 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; Thémas and Cloutier 1'992), 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 éolonies 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 Kﬁrta 2004; Lacki et al. 2007), déys be spentin 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).



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 uncier-studied season (McCracken and
Wilkinsoﬁ 2000). Fall is an important ﬁme of year during which year-round temperate
bats must put on sﬁfﬁcient fat stores to sustain a winter spent in hibernation (Kunz et al.
1998; Cryan and Veilleux 2007:153). Fat st‘orage'is facilitated by seasonal changes in
roosting behavidur to select cooler roosts that favour torpor and energy conservation
(Ingersoll 2010), and the reduction of energy expending behaviéurs 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 (Feﬁton 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 thfoughodt the night (Davis and Hitchcock 1965; Hall and
Brenner 1986), but may only swarm for < 2 hours (Feﬁton 1969), spending the day away
from the swarming site (Thomas et al. 1979). Furthermore, based on mark-recapture
studies, it seems that few bats returﬁ to a single swarming site within the same season

- (Fenton 1969, Parsons et al. 2003; Rivers et al. 2006), and < 16 % of bats capturéd 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 énd summering sites, or visiting multiple sites
within a single season, it is probable that swarming behaviour expends Aadditional energy.
There are multiple hypotheses t(; explain swarming including that it functions as a
method of familiarizing newly Volaﬁt juveniles with the location of hibernation sites
(Fenton 1969; Cope and Humphrey 1977; Veith et al. 2004). Researchers also
'ackhowledge swarming as an opportunity to assess the conditions of the hibernacula
(Davis and Hitchcock 1965; Furmankiewicz and Gorniak 2002); and’the»beginning ofa -
mating season (McCracken and Wilkihson 2000; Parsons et al. 2003; Kerth 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 swarfning 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 fbllowing either copulation, or the cessation of spermatogenesis respectfully,
(Gustafson 1979; Racey 1972; Racey et al. 1987; Wai-Ping anc! Fenton 1988; Entwistle et
al. 1998; McCracken and Wilkinson 2000), and copulations have been observed during
_ ‘mid-winter arousals from hibérnation (Thomas et al. 1979; Wai-Ping and Fenton 1988).

As a result, it is unclear which copulations contribute to the majority of successful



fertilizations, (Burland et al. 2001; Rivers et al. 2005; Senior et al. 2005), and the

importance of swarming behaviour in reproduction.

With a limited undérstanding of the movements of bats during the swarming
season, and even less of what motivates individual differences in bat swarming
behaviours, wildlife managers femain unable to make informed de_cisions 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. 201 1)) |
have invgstigated where bats roost during the fall swarming beriod 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 Americaﬁ 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. T
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
reproductioh); 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
éondition and reproductive status. In Chapter 3, I 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, I 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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Body condition of adult male little brown bats (Myotis
lucifugus) explain little of the inter-individual variation
of swarming behaviour in Nova Scotia, Canada

By Amanda Lowe, August 2012

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 associafed with other
phenotypic differences among individuals, whereas averaged behaviours may result in
spurious inferences (Bolnibk 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 Hitcﬁcock 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 inforﬁation-transfer between adults and young—éf-the-year about the locatioﬂ of .
hibernacula (Fenton 1969), and it permits a.seasonal assessment Qf 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 A |

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; Fumankiewicz and Altringham 2007, Furmankiewicz
2008). In late-August and early-September, the reproductive condition of males of
several Myotis speciés peak (Gustafson 1979; Gustafson and Damassa 1985; Encafnacao
et al. 2004b), an(i there have been many observed copulations during this time (Fenton
1969; Thomas et al. 1979; Schowalter 1980).
Swarming activities have been documented in several Eufopean (Furmankiewicz

and Gorniak 200V2; Parsons et al. 2003; Rive¥s et_al. 2006; Glover and Altﬁngham 2008;
Suba et al. v2008) and North American species (Davis and Hitchcock 1965; Fenton 1969;
Thomas et él. 1979; Schowalter 1980; Whitaker and Risslerv 1992), but the inter- -
individual variation in behaviour during swarming is not ﬁnderstqod. It has been
documented that Myotis lucifugus remé’in at a swarming site for <2 hours (Thomas et él.
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 an-d
Jones 2003; Rivers et al. 2006; Glover and Altringham 2008). This results in a high
hourly turnover of individuals in the swarms (Hall and Brenher 1968). Often, <20 % of
swaﬁning bats are recovered hibernating at the same site in the winter following their

initial captt’lre (Twente 1955; Fentdn 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 fhe initial capttire (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 an_d Brenner

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