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A B S T R A C T 

I assessed the reproductive biology, diet, and body size of Myotis lucifugus, M. 

septentrionalis, and Lasionycteris noctivagans in the northern boreal forest within the 

E M E N D study area, which encompassed several forest types and harvested patches 

(open, thinned, and intact). I also investigated habitat selection by the three bat species 

within different forest types and patch types that created habitat with different levels of 

clutter. Perhaps due to wet and cool conditions, females were non-reproductive and M. 

lucifugus displayed an atypical diet. Myotis spp. were less affected by clutter density 

than were larger bats, as L. noctivagans preferred more open habitat whereas M. 

septentrionalis preferred intact forest compared to open and thinned forest. M. lucifugus 

preferred the edge of open deciduous forest as well as intact deciduous forest. 

i i i 
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C H A P T E R O N E 

G E N E R A L INTRODUCTION 

Introduction 

A n individual's fitness depends on its survival and reproductive success (Stearns 

1992), which varies with its ability to secure adequate resources such as food and shelter. 

The study of life histories, the schedule of events throughout an individual's life that 

influence its fitness, helps to understand population dynamics (Stearns 1992). Life 

history traits include age at first maturity, number of offspring per reproductive event, 

number of reproductive events, and life span, for example (Stearns 1992). The ability of 

an organism to accomplish these tasks wi l l vary with habitat as prey availability, shelter, 

and predator densities vary. Life histories can also vary geographically in response to 

different selection in different environments (Brigham 1991). 

Disturbance to an ecosystem can influence an organism's ability to survive and 

reproduce. A disturbance is generally defined as any discrete event that changes 

resources, substrate availability or the physical environment. As a result, it disrupts 

ecosystem, community or population structure (White and Pickett 1985). "Disturbance" 

has often been used interchangeably with "perturbation", which involves any change in a 

parameter that defines a system. However, identifying a perturbation requires knowledge 

of system norms and applies only when the disturbance is new to the system, such as an 

anthropogenic disturbance (White and Pickett 1985). Disturbances that occur relatively 

frequently generally occur across generations, thus they can select for traits that enable 
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coping with the disturbance. However, a perturbation occurs rarely and thus exerts short

lived selection that does not result in long-term evolution (White and Pickett 1985). 

The impacts of disturbances on forests have received considerable attention due to 

the economic importance of this ecosystem. Forest harvesting is the most recent 

perturbation in this ecosystem. Some organisms are more flexible in their behaviours and 

can therefore exploit the altered landscape. For example, bird species that normally 

occupy shrub or young forests can inhabit regenerating clear-cuts (Annand and 

Thompson 1997). Conversely, bird species that normally occupy mature forest can live 

in regenerating selectively thinned forest (Annand and Thompson 1997). 

Logging can have several impacts on the system. First, it can cause absolute loss 

of habitat to organisms. For example, birds that characteristically nest in mature forest 

suffer loss of habitat, which often immediately increases bird density in remaining 

suitable habitat, followed by a decrease in density due to overcrowding (Robinson and 

Robinson 1999). Second, remaining suitable habitat becomes fragmented thus 

influencing population dynamics as individuals of some species may not cross unsuitable 

habitat (Andreassen et al. 1998). The ability of an organism to cope with perturbation 

depends on its life history and ecology. Animals such as dormice (Muscardinus 

avellanarius) with low population densities and low fecundity, display low recruitment. 

Therefore, these animals are more sensitive to perturbations (Bright and Morris 1996). 

Generalists and animals with larger home ranges tend to be less affected by perturbation 

than those with smaller home ranges or specialists (Andren 1994, Kavanagh and Bamkin 

1995). 
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Although bats are highly mobile, they have similar life histories to dormice 

(Tuttle and Stevenson 1982) and, therefore, should be sensitive to perturbation (Law 

1996, Parker et al. 1996). In Canada, bats are insectivorous and many species depend on 

forests for food and shelter (van Zy l l de Jong 1985). They also play important ecological 

roles in forest ecosystems. To meet their high energy-demands, bats consume up to their 

body weight of insects each night (Gould 1955, Barclay et al. 1991). A s major 

consumers of nocturnal, flying insects, bats may thus influence insect populations, 

including potential pests. In addition, bats often feed in areas distinct from their day 

roosts. As they return to their roosts, bats deposit their nitrogen-rich feces across the 

landscape (Marcot 1996). Furthermore, as they continue to digest their prey in their day 

roosts, bats may supplement the nitrogen available to nearby vegetation (Rainey et al. 

1994). Therefore, bats may influence the nutrient dynamics of the forests on which they 

depend. However, bats must first select suitable habitat in which to forage. 

Habitat suitability for foraging bats depends on several things, including prey 

abundance and the ease of prey location. Both insect abundance and ease of insect 

location cannot always be maximized simultaneously for bats feeding in a forested 

landscape. Insects may be more abundant in intact forest than adjacent open habitat 

(excluding riparian zones such as ponds and lakes, Grindal 1996, Burford et al. 1999). 

However, the number of obstacles with which a bat must contend is also higher in intact 

forest. The relatively high flight speeds of bats, combined with nocturnality and the use 

of echolocation for navigation, render flying among obstacles problematic. Bats must 

detect and avoid obstacles, or contend with physical clutter, and they must differentiate 
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among obstacles and potential prey, or contend with acoustical clutter (Fenton 1990). In 

areas of higher clutter, the costs associated with increased search time and lost foraging 

opportunities may outweigh the benefits of higher insect availability. The costs of higher 

clutter may be more important for habitat selection by larger species as they fly more 

quickly than smaller species, thus compromising their maneuverability (Norberg and 

Rayner 1987). A forested landscape is a mosaic of suitable and less suitable patches. 

This mosaic develops naturally as a result of disturbances such as fire, windstorms, and 

insect outbreaks. However, in many areas, the mosaic is also influenced by forest 

harvesting. Regardless of the process that creates habitat patches, bats are faced with a 

trade-off when selecting foraging habitat. 

Expansive forest harvesting began recently in the boreal mixedwood forest of 

Alberta. In response to increasing concerns of conserving biodiversity, a 

multidisciplinary initiative known as E M E N D (Ecosystem Management by Emulating 

Natural Disturbance) has been established (Sidders and Spence 2000). This is an 

experimental study in which logging companies harvested using modified techniques 

according to the prescriptions designed by scientists. The overall goal of E M E N D is to 

determine whether modified harvest regimes could mimic natural disturbance. This 

emulation is to be achieved by burning several patches in the area for comparison with 

clear-cuts, thinned and intact patches. 

Little is known about the life histories and ecology of bats at higher latitudes 

where E M E N D is located. Therefore, it is difficult to forecast the impacts of harvesting 

on bats inhabiting this area of the mixedwood boreal forest. In addition, although the 
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effects of logging on foraging and roosting bats have received considerable attention 

recently (e.g. Barclay and Brigham 1996), studies have not addressed the effects of 

thinning on habitat selection by bats. Furthermore, few studies have addressed the 

influence of logging on habitat selection by bats from the perspective of individual 

species rather than the community as a whole, despite potential differences due to 

differences in wing morphology. 

The goals of my research were to: 1) survey for bats inhabiting the boreal forest 

north of Peace River, Alberta; 2) assess various aspects of the biology of the species in 

the area, including diet, reproductive chronology, and latitudinal variation in body size; 

3) assess habitat selection by foraging bats in a harvested landscape and; 4) determine 

whether different species with different wing morphologies show distinct habitat 

preferences. 

To address these objectives requires unbiased sampling of different forest types 

and a common technique is monitoring for ultrasonic echolocation calls. It has been 

assumed that the ability to detect ultrasound decreases with increasing vegetation density 

(Humes et al. 1999, Law et al. 1999), and results have been interpreted according to this 

assumption. Many studies have investigated sound transmission in different habitats for 

birds and other animals for which sound is an important mode of communication (e.g. 

Wiley and Richards 1982). However, to date none have tested the influence of habitat 

type on the ability to detect ultrasound. Differences in detectability among habitats could 

have important consequences on the design and interpretation of bat habitat-use studies. 
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Therefore, my final objective was to, 5) test the influence of habitat type on the ability to 

detect ultrasound. 

Study Area 

I investigated habitat use by foraging bats in the E M E N D study area, located in 

the boreal forest north of Peace River, Alberta, Canada (56° 40' North, 118° West; Fig. 

1.1). This area is mesic with considerable water in the form of beaver ponds, lakes and 

streams. The study area experienced frequent and high precipitation and moderate 

temperatures. For example, it rained on 33% of the nights during June and July 2000 and 

on five occasions it rained for two to four consecutive nights. Between June and 

September 2000, 343 mm of rain fell (J. Stewart and T. Jones pers. comm.) Mean (± 

S.E.) temperatures 30 min after sunset during June and July 2000 were 8.6 ± 0.98 and 

13.5 ± 0.49, respectively (pers. obs.). There are no long-term data available for the 

E M E N D area, thus it is difficult to determine whether temperatures and precipitation 

during 1999 and 2000 were typical for the area. 

Four forest types, all with pyrogenic histories, were encompassed within a 10km 

area, including deciduous dominant (Ddom), conifer dominant (Cdom), mixedwood 

( M X ) , and deciduous dominant with conifer understory (DdomU; Fig. 1.2). The 

deciduous dominant forests primarily consisted of trembling aspen (Populus tremuloides) 

with mean age ranging from 57 to 93 years. White spruce (Picea glauca) was the 

dominant tree in the conifer-dominant forests. Mean age for these forests ranged from 73 

to 131 years. In mixedwood forests, white spruce was more abundant than trembling 
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Figure 1.1. Map o f Alberta indicating the E M E N D study area, north 
o f Peace River, Alberta. 
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aspen. In stands of deciduous domiant with conifer understory, trembling aspen was the 

dominant canopy species with white spruce forming the understory. Additional tree 

species occured in each forest at low densities, including balsam poplar {Populus 

balsamifera), black spruce {Picea mariana), and lodgepole pine {Pinus contorta). 

Three replicates of each forest type were selected for experimental manipulation. 

During the winter of 1998/1999 harvesting was completed to create a mosaic of six patch 

types (mean patch size lOha) within each forest type (Fig. 1.2). Each forest type wi l l also 

eventually receive three fire patches, for a total of 108 treatment patches (4 forest types x 

3 replicates x 9 patch types = 108 patches). Harvested patch-types include 0 (clear-cut), 

10, 20, 50, 75 (thinned), and 100 (intact) per cent retention, where per cent retention 

corresponds to the per cent of trees left standing after harvest. To achieve the prescribed 

thinning in the 10-75% patches, 5m-wide corridors were created every 20m within the 

patch to allow access for the cutting machinery (Fig. 1.3). Trees removed from the 

corridors represented 25% removal from the patch. According to treatment level, the 

remaining trees were removed randomly from within the retention strips between the 

corridors to yield the appropriate harvest treatment. A proportion of the retention trees 

was left standing in each patch in the form of one small (0.25ha) and one large (0.75ha) 

ellipse. Ellipses were also left in clear-cuts and served to mimic patches of trees left 

untouched by fire, known as fire skips. 



Retention Strip Machine Corridor 
(15 m) (5 m) 

I I 

Figure 1.3. Schematic illustrating a thinned compartment, which consisted of 
machine corridors (5 m wide) and retention strips (15 m wide). A l l trees were 
removed from the machine corridors, which represented removal of 25 % of the trees 
from the entire patch. Trees were removed from the retention strips to yield the 
appropriate patch retention level. For example to achieve 20% retention of the patch, 
3 of every 4 trees were removed from the retention strips to harvest an additional 55% 
of the patch. To achieve 50% retention, 1 of every 3 trees were removed from the 
retention strips to harvest an additional 25 % of the patch. 
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C H A P T E R T W O 

MONITORING E C H O L O C A T I O N C A L L S 

Introduction 

When investigating habitat use by foraging bats, many researchers use bat 

detectors to monitor bat activity (the number of echolocation passes) as an index of 

relative use of different habitats (e.g. Humes et al. 1999, Kalcounis et al. 1999, Law et al. 

1999). In some instances, with the appropriate software, studies also differentiate among 

species of bats on the basis of their echolocation calls (e.g. O'Farrell et al. 1999). 

However, this method of measuring habitat use by foraging bats presents two major 

logistical problems. First, using calls to distinguish among species can be problematic. 

Secondly, the ability to detect ultrasound may be influenced by differences in vegetation 

density in different habitats. 

Due to geographic, intra-individual and inter-individual variation, it is difficult to 

determine species-specific characteristics of echolocation calls in areas not previously 

surveyed (e.g. Barclay 1999). A set of reference calls must be obtained from identified 

bats captured in the area of interest. Some studies have qualitatively compared unknown 

calls to reference calls (O'Farrell and Gannon 1999, O'Farrell et al. 1999), however this 

procedure is subjective and not repeatable by others and is not as reliable. Passes 

recorded by bat detectors are subject to background noise and as a result determining 

whether a call is in fact a call or noise can also be problematic. To enable me to 

investigate the species-specific effects of harvesting on bats, I assembled a call library 
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and assessed whether I could distinguish species of bats apart on the basis of their 

echolocation calls. 

Sound transmission has received considerable attention, especially in studies of 

animals such as birds, frogs, insects and whales, which use sound to communicate (e.g. 

Wiley and Richards 1982, Penna and Solis 1998, Romer and Lewald 1992, Mercado and 

Frazer 1999). Research has focused primarily on long-range communication, as it plays 

an important role in the establishment and defence of territories and mate attraction. 

These studies consistently find that sound transmission is frequency-dependent. Higher 

frequencies are more sensitive to atmospheric absorption, scattering from vegetation, and 

turbulence and boundary layer effects (Wiley and Richards 1982). Thus, the overall 

conclusion has been that to maximize the range of sound transmission, animals should 

produce low frequency calls. 

The pitch that an animal produces depends partly on body size; smaller animals 

cannot produce low frequency sounds (e.g. insects; Romer and Lewald 1992). Bats are 

perhaps most well known for their use of ultrasound to navigate at night. Although they 

can emit lower frequency sounds, ultrasound allows bats to detect small objects, such as 

insects (Altringham 1996). 

Differences in habitat type may influence sound transmission, as demonstrated for 

birds and frogs (Morton 1975, Cosens and Falls 1984, Appleby and Redpath 1997, Penna 

and Solis 1998). Differences in habitat type may also influence transmission of 

ultrasound; however, no studies have tested this possibility for bat calls. In fact, except 

for a few studies (Griffin 1971, Lawrence and Simmons 1982), sound transmission of bat 



calls has received little analysis in general. Perhaps the influence of habitat type on 

sound transmission by bats has not been explored because of the logistical difficulties 

associated with generating and detecting ultrasound. In addition, variation in sound 

transmission is likely less important to echolocating bats than to other animals using 

sound for communicating because of the short range at which echolocation works 

(Altringham 1996). Differences in sound transmission may be important to researchers 

eavesdropping on echolocating bats. 

With recent advances in technology, many bat studies now employ bat detectors 

to study habitat use by bats (e.g. Humes et al. 1999, Kalcounis et al. 1999, Law et al. 

1999). These detectors receive the ultrasonic calls of bats and convert them into audible 

or digital signals. Some researchers have assumed that it is more difficult to detect bats 

in areas with more vegetation than in open habitat (e.g. Humes et al. 1999, Law et al. 

1999). Despite the increasing use of bat detectors in studies of habitat use by bats, only a 

few studies have investigated the range of bat detectors. For example, Livengood et al. 

(2000) demonstrated that the reception zone of Anabatll detectors changes in shape and 

size with sound frequency. In addition, the sensitivity of different types of detectors has 

been tested (Fenton 2001, Fenton et al. 2001). However, the influence of habitat type on 

the ability to detect ultrasound has not been assessed. 

Differences in detection range of bats in different habitats could compromise 

interpretation of results and should be considered in the study design i f differences exist. 

Misinterpretation of results and false conclusions about the ecology of bats could also 

lead to inappropriate management recommendations. Therefore, I assessed the untested 



assumption that habitat type influences the ability to detect ultrasound. I tested the 

prediction that increased vegetation density reduces detectability of ultrasound. The 

influence of logging on habitat use by bats has been the subject of recent habitat studies 

(e.g. Barclay and Brigham 1996), as many bats rely on forests for both food and shelter. 

Therefore, I studied sound transmission in a forested landscape that has been subjected to 

harvesting. I predicted that sound would transmit best in open habitat (clear-cuts), least 

in intact habitat (no harvesting) and intermediately in areas of selective thinning (thinned 

habitat). Furthermore, I predicted that due to differences in the density of obstacles, such 

as branches, sound transmission would be reduced in conifer forests compared to 

deciduous or mixed forests, in which branches and leaves are concentrated higher in the 

canopy. 

Methods and Materials 

Species Identification 

Call Analysis 

To assess differences habitat use among different species of foraging bats I 

recorded echolocation calls with Anabatll detectors connected to tape recorders. I 

transformed recorded passes to a visual frequency-time display using a zero crossing 

analysis interface module (Titley Electronics). Echolocation call characteristics are 

believed to be species specific (e.g. O'Farrell et al. 1999). To determine which species of 

bat produced the passes in the habitat patches, I measured several variables for search 

phase calls, including maximum frequency (the highest frequency of a call), minimum 
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frequency (the lowest frequency of a call), and duration (Fig. 2.1). From these 

parameters I calculated slope, the difference between the maximum and minimum 

frequency, divided by duration. I compared these variables to a library of reference calls 

collected from individuals identified to species (see Library Calls below). 

To ensure consistent, accurate measurement of call variables, I established a set of 

criteria for discriminating between background noise and calls (Fig. 2.1). If a point on 

the frequency-time display followed the same trajectory as the clear signal (no obvious 

noise) and it was less than or equal to 5 kHz above or below the clear signal, it was 

considered part of the call. Likewise, i f a group of points followed the same trajectory as 

the clear component of the signal and were less than or equal to 10 k H z above or below 

the signal, they were considered part of the call. If a signal was not clear it was not 

analysed. 

Library calls 

I obtained a library of echolocation passes in the field by recording the calls of 

previously identified bats. I attached a small chemiluminescent tag (Pucci, Starlite, 

Brisbane, California) to the dorsal surface of the bat using surgical glue (Skin-Bond, 

Smith and Nephew, Largo, Florida). After releasing a tagged bat at the capture site, I 

followed it until it resumed normal flight, when I recorded its echolocation calls. I 

repeated this process for five little brown, four northern long-eared and two silver-haired 

bats. Obtaining reference calls from several individuals allowed me to account for inter-

individual variation in call structure (Betts 1998). Library passes consisted of calls 



Figure 2.1 Reproduction of an Anabat fde which illustrates the criteria used to measure calls and the call characteristics 
measured for species identification. 



produced by bats in flight in their natural habitat within my study area. Such calls 

provide a more accurate representation of bat calls than those obtained from hand-held 

bats or bats flown in a room (Barclay 1999) or in different habitats (Kalko and Schnitzler 

1993, Jacobs 1999). Cal l structure varies geographically within species (Barclay et al. 

1999), so that comparisons to calls obtained in my study area provided more accurate 

information than i f I had used calls recorded elsewhere. For the library calls, I measured 

the same variables as for calls obtained for the habitat use measures. 

I used a multivariate analysis of variance (SAS 8.1, Proc G L M ) to determine 

which call variables discriminated between species. I then established the values of a 

variable that bounded values characteristic of a species and identified the unknown (field) 

calls using the established thresholds. Any calls with a maximum frequency less than 60 

kHz were removed from analysis, as I defined these as call fragments. 

The Influence of Different Habitats on the Ability to Detect Ultrasound 

Between 27 July and 6 August 2000,1 measured the ability to detect ultrasound in 

open, thinned and intact boreal forest north of Peace River, Alberta, Canada (56° 40' 

North and 118° West). I measured sound transmission in 0, 50, and 100% retention 

patches, where percent retention refers to the percentage of trees remaining after harvest. 

I sampled one 50 and one 100% patch in each of three stand types: deciduous dominant 

(trembling aspen, Populus tremuloides), conifer dominant (white spruce, Picea glauca), 

and mixed (aspen and spruce). As all of the 0% patches were relatively uniform with 



respect to potential sources of sound attenuation, I used only one 0% patch (i.e. clear-

cut). 

Within a patch, I mounted a speaker (Technics leaf tweeter, model E A S -

10TH400B), oriented down at a 30° angle to the horizontal, on a telescopic pole and 

raised it 8.7 m above the ground, the maximum attainable height. Using a sound 

generator (Technical Services, University of Calgary, gated sinewave generator), I 

produced a series of five pure-tone bursts of sound (Is in duration) at either 25 or 40kHz. 

These frequencies represent those commonly used by various models of bat detectors to 

distinguish between larger and smaller species of bats, respectively (e.g. Crampton and 

Barclay 1998). Standing 18 m from the base of the pole, I recorded whether I could 

detect the sound with an Anabatll detector (Titley Electronics, Australia). To 

approximate the typical survey method used in bat habitat studies (e.g. Humes et al. 

1999), I held the detector, set at sensitivity 8, l m above the ground and directed it at the 

speaker. I then gradually reduced the amplitude of the pulses until I could not detect any 

of the five bursts. I term this the minimum intensity required for detection, and a lower 

value indicates easier detection. 

Within the 0% patch and the three 100% patches I measured the minimum 

intensity required for detection in four arbitrary directions from the base of the speaker-

pole. I did this at each of three locations at least 20m apart. Within the 50% patches, 

5m-wide corridors had been created every 20m by removing all the trees to accommodate 

the equipment required to thin these patches selectively. The appropriate percentage of 

trees was then removed from the strips (retention strips) of trees remaining between 
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machine corridors. Therefore, the 50% patches were a mosaic of machine corridors and 

retention strips alternating across the patch. I positioned the speaker-pole in the centre of 

a retention strip and oriented the speaker perpendicular to the machine corridor. This 

corresponds to the orientation of the remote Anabatll systems I used to measure bat 

activity in the thinned patches (see Chapter 3). I measured the minimum intensity 

required for detection and then repeated the process with the speaker oriented in the 

opposite direction. Therefore, in each 50% patch I sampled in two directions from the 

base of the pole, at three separate locations at least 20m apart. In no case did 

measurements at different locations take the same trajectory. 

By repositioning the pole and measuring in various directions, I could account for 

variation in vegetation within patches, which may affect sound attenuation. In total I 

collected 12 measurements of minimum detection intensity in each 100% patch and the 

0% patch, and six measurements in each 50% patch. I sampled on days with no wind or 

rain, between 0900 and 1700 hours. 

In the lab I converted the amplitude readings from the sound generator to decibels 

(dB). I placed the speaker 10cm from 1.7cm microphone of a sound level meter (Briiel 

and Kjaer, Copenhagen, model 2209). To minimize background noise, I placed sound-

attenuating foam behind and below the speaker and microphone. Subsequently, I 

produced pulses of sound at amplitudes ranging from the lowest reading to the highest 

readings obtained in the field for both 25 and 40kHz, and measured the intensity. I then 

converted dB to microbars to provide a non-log measure of sound intensity (Broch 1971). 



I used restricted maximum likelihood to estimate the variance-covariance 

structure of the repeated measurement within patches based on a model of heterogeneous 

compound symmetry (SAS 8.e, Proc Mixed). I tested for the effects of forest type, patch 

type and frequency on minimum required intensity in 50 and 100% patches using a mixed 

model (SAS 8.e, Proc Mixed). The 0% patch was not included in this analysis as only 

one forest type was sampled. In this analysis minimum required intensity was the 

dependent variable, and forest type, patch type and frequency were the independent 

variables. A l l second and third order interactions were also included in the model. The 

location of the pole was nested within patch type, which was a repeated measure in the 

model. I then performed Dunn-Sidak multiple comparisons (Sokal and Rohlf 1994) 

between each forest type with each frequency and patch type. For example, I compared 

the minimum required intensity for 25 kHz in conifer and deciduous forests within 50% 

patches. I made 12 comparisons in total and adjusted my Type I error rate to a = 0.004 

( a c = l - ( l - a F ) 1 / r . 

I used a separate mixed model (SAS 8.e, Proc Mixed) to test for differences 

among 0, 50 and 100% patches. In this analysis minimum required intensity was the 

dependent variable, and patch type and frequency were the independent variables. A l l 

second order interactions were also included in the model. The location of the pole was 

nested within patch type, which was a repeated measure in the model. I then performed 

Dunn- Sidak multiple comparisons (Sokal and Rohlf 1994) between each patch type 

within each frequency. I made 6 comparisons in total and thus adjusted my Type I error 

rate to a = 0.008. I repeated this process for each of the three forest types separately. To 



meet normality assumptions I logged the data. I present least squares means of logged 

values in all figures. 

Results 

Species Identification 

Larger species (i.e. silver haired bats, L. noctivagans) were easily distinguished 

from smaller species of bats (i.e. little brown, M. lucifugus, and northern long-eared, M. 

septentrionalis, bats) based on call characteristics, as larger species had lower maximum 

and minimum frequencies and considerably longer calls, reflected in a smaller slope. 

Therefore, I did not require statistical analyses to distinguish passes of larger and smaller 

species. I did obtain some calls that did not directly reflect the characteristics of the 

reference calls for silver-haired bats and these may have been produced by big brown 

(Eptesicus fuscus) and hoary {Lasiurus cinereus) bats. Reference calls of big brown bats 

captured in other areas resemble those of my reference calls for silver-haired bats. 

However, I neither captured either E. fuscus or L. cinereus, nor saw them flying in the 

area. Although big brown and hoary bats may have been present in my study area, I 

conclude that silver-haired bats were more abundant and I refer to them in my results. 

Calls of little brown and northern long-eared bats could be distinguished 

statistically (F = 8.76; df = 4, 4; p = 0.03). Both maximum and minimum frequency were 

too variable to serve as reliable indicators of species (F = 1.15, df = 1, 7; p = 0.286; F = 

0.13, df = 1, 7; p = 0.723, respectively), whereas both duration and slope allowed for 

differentiation between the two Myotis species (F = 20.66; df = 1, 7; p < 0.001; F = 



166.39; df = 1, 7; p < 0.001, respectively). A s slope incorporates duration, I used this 

variable to distinguish between little brown and northern long-eared bats. M. lucifugus 

produced longer and less steep calls than M. septentrionalis. 

The slope of echolocation calls of little brown bats (n = 75) ranged between 3.5 

and 15.9 kHz / ms, while that of northern long-eared bats (n = 55) ranged between 8.5 and 

27.4 kHz / ms. These values overlap for the two species between 11.0 and 12.9, so I 

identified all calls falling within this range simply as Myotis species. I defined M. 

lucifugus calls as those possessing slopes between 3.5 and 10.9, while M. septentrionalis 

calls fell between 13.0 and 27.4. Nine and 21.8% of little brown and northern long-eared 

reference calls, respectively, fell in the unknown range. Only seven per cent of little 

brown and northern long-eared bat reference calls fell within the range of the other 

species. 

The Influence of Different Habitats on the Ability to Detect Ultrasound 

Minimum sound intensity required for detection varied significantly with forest 

type, patch type, and frequency (F = 7.54, df = 2,23; p - 0.002; F = 31.3, df = 1, 17.8; p < 

0.001; F = 302.69, df = 1, 35.8; p < 0.001, respectively; Fig. 2.2). A l l second and third 

order interactions were also significant, including forest type x patch type (F = 34.32, df 

= 2, 33; p < 0.001), forest type x frequency (F = 7.93, df = 2, 34.3; p < 0.001), patch type 

x frequency (F = 29.61, df = 1, 35.8; p < 0.001) and forest type x patch type x frequency 

(F = 12.33, df = 2, 34.3; p < 0.001). Multiple comparisons indicate that for 25 kHz, 

minimum sound intensity required for detection within 50% patches was significantly 
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Figure 2.2. Least squares means (± S.E.) of log transformed values of the 
minimum sound intensity required to detect 25 and 40 kFIz in 50 and 100% 
patches within conifer, deciduous, and mixed forests, n = 6 and 12 in 50 and 
100% patches, respectively. 



higher in deciduous forests than in conifer and mixed forests (t = 7.98, df = 9.95, p < 

0.001; t = 1.596, df = 6.72, p < 0.001, respectively). 

Converse to 40 kHz, minimum sound intensity required for detection of 25 kHz 

within 100% patches was significantly lower in deciduous forests than in conifer and 

mixed forests (t = 4.21, df = 10.5, p = 0.002; t = -2.25, df = 8.19, p = 0.038). In both 50 

and 100% patches, minimum sound intensity required for detection of 25 k H z did not 

differ between conifer and mixed forests (t = 0.24, df = 6.65, p = 0.815; t = 2.17, df = 

8.19, p = 0.061, respectively). Multiple comparisons indicate that for 40 kHz , minimum 

sound intensity required for detection in 50 % patches did not differ between conifer and 

mixed forests (t = -0.54, df = 18, p = 0.592), nor did it differ between conifer and 

deciduous forests (t = -1.12, df = 11.2, p = 0.285), nor between deciduous and mixed 

forests (t = 0.82, df = 6.37, p = 0.441). Multiple comparisons also demonstrated that the 

minimum intensity required for detection of 40 kHz in 100% patches did not vary 

significantly between conifer and mixed forests (t = 0.14, df = 8.4, p = 0.023), nor did it 

vary between conifer and deciduous forests (t = 0.367, df = 11.4, p = 0.023), or deciduous 

and mixed forests (t = -1.54, df - 13.4, p = 0.148). 

Min imum sound intensity required for detection of 40 kHz did not vary 

significantly among 0, 50 and 100% patches, regardless of forest type (conifer forest: t = 

0.35, df = 7.62, p = 0.738; t = -1.21, df = 7.62, p = 0.263; t = -1.83, df = 14.5, p = 0.088; 

Fig. 2.3). For 25 kHz, it was more difficult to detect sound in 100% patches than in 50% 

patches in both conifer and deciduous forests (t = -5.01, df = 8.01, p = 0.001; Fig. 2.3A; t 

= -4.80, df = 7.89, p = 0.001 Fig. 2.3B, respectively). Within mixed forests it was more 
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Figure 2.3. Least squares means (± S.E.) of log transformed values of the 
minimum sound intensity required to detect 25 and 40 kHz in 0, 50 and 100% 
patches within A) conifer, B) deciduous, and C) mixed forests, n = 12, 6 and 12 
in 0, 50, and 100% patches, respectively. 
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difficult to detect 25 kHz in the 0% patch than in the 50% patches (t = -13.62, df = 15.1, 

p < 0.001; Fig. 2.3C). Within conifer and deciduous forests, minimum sound intensity 

required for detection of 25 kHz did not vary significantly between 0 and 50% patches (t 

= 2.65, df = 8.01, p = 0.029; Fig. 2.3A; t = 0.62, df = 6.63, p = 0.556; Fig. 2.3B, 

respectively) or between 0 and 100% patches (t = -1.83, df = 14.5, p = 0.088; Fig. 2.3A; t 

= 2.65, df = 10.8, p = 0.023; Fig. 2.3B, respectively). Within mixed forests, there was no 

significant difference in the minimum sound intensity required for detection of 25 k H z 

between 50 and 100% patches (t = 1.26, df = 7.33, p = 0.247) or between 0 and 100% 

patches (t = 0.68, df = 8.63, p = 0.514; Fig. 2.3C). The minimum intensity required for 

detection was significantly lower for 40 kHz than 25 k H z (F = 302.69, df = 1, 35.8; p < 

0.001; Fig. 2.2; F = 121.09, df= 1, 16.7; p < 0.001; Fig. 2.3). 

Discussion 

Species Identification 

Bat genera (Lasionycteris and Myotis) were readily distinguished by echolocation 

pulses. However, identification of Myotis species was more challenging. Cal l 

characteristics such as maximum and minimum frequency used in previous studies to 

distinguish among species (Thomas 1988, O'Farrell et al. 1999), were too variable within 

species to allow discrimination between M. lucifugus and M. septentrionalis. Maximum 

frequency is subject to rapid attenuation (Fenton and Bel l 1981) and bats flying out of 

detector range may have truncated calls rendering minimum frequency unreliable. Some 

other studies used reference calls from bats flying within enclosures and found minimum 



frequency was a reliable characteristic for species identification (e.g. Lance et al. 1996). 

Furthermore, minimum frequency varies considerably among individuals for some 

species (Betts 1998). The slope of the calls differentiate between the two Myotis spp. 

most reliably. Unlike my study, many others qualitatively discriminated among species 

using maximum and minimum frequency (e.g. O'Farrell and Gannon 1999, O'Farrell et 

al. 1999), which is less reliable and cannot be repeated by others. 

I could identify approximately 30% of the passes in the field to species, which 

may be considered too low to provide valuable information. L o w species discrimination 

may be due to intraspecific variation in recorded calls caused by Anabatll detectors 

(Fenton et al. In press). However, the usefulness of species discrimination lies in the 

question of interest. For my purposes, differentiation between little brown and northern 

long-eared bats was important to my question about differences in habitat selection due to 

differences in their wing morphologies. I found significant differences in habitat use 

among bat species (see Chapter 4) despite low species discrimination 

The Influence of Different Habitats on the Ability to Detect Ultrasound 

Differences in habitat significantly influenced transmission of some ultrasound. 

However, the influence was not as I predicted or as assumed in previous studies (Humes 

et al. 1999, Law et al. 1999). Differences in forest type did influence the ability to detect 

25 kHz sound, however, the influence differed with patch type. In thinned forest it was 

easier to detect 25 k H z in conifer and mixed forests. This, in addition to equal detection 

of 40 k H z in all forest types regardless of patch type, is in contrast to previous studies 



that found that sound attenuated more readily in coniferous stands than in deciduous 

stands (Marten and Marler 1977), as seen in the intact patches for 25 k H z in my study. 

However, previous studies have measured attenuation of sounds ranging from 350Hz to 

11kHz, considerably lower than the 25 and 40kHz I used. 

The significant interactions were likely influenced by the reduced detection of 25 

kHz in thinned patches within the deciduous forests. A n increase in vegetation density 

(intact vs thinned forest) did not significantly reduce the ability to detect 40kHz in any of 

the forest types. Studies have illustrated that when signalers and receivers are both one 

metre above the ground, attenuation of sounds < 20kHz does not differ between open and 

forested habitat (Marten and Marler 1977). Differences in sound transmission between 

open and forested habitat were detected only i f both signaler and receiver were at ground 

level and were therefore subjected to ground effect, or i f both were at canopy height 

(Marten and Marler 1977). My results were not subject to either of these influences as I 

measured sound transmission one metre above the ground, with the signal elevated 8.7m 

above the ground, which did not place the sound source in the canopy. 

In contrast to 40 kHz, transmission of 25kHz sound was affected by patch type. 

However, the influence depended on forest type and the effect was not as I predicted. In 

all three forest types, sound transmission of 25 kHz was best in thinned patches. 

Although sound transmission was reduced in intact conifer and deciduous forest 

compared to thinned patches of the same forest type, there was no difference in sound 

transmission between clear-cut and intact patches in any forest type. In fact, it was more 



difficult to detect 25 kHz in the clear-cut than in the thinned mixed forest. The influence 

of vegetation on transmission of ultrasound is not a straightforward one. 

M y results indicate that differences in detectability of echolocation calls, across 

various habitats, differs with call frequency. Some species may be equally detectable 

across different forested habitats, while others may not. Detection differences are also 

not simply related to vegetation density, as has been assumed previously (Humes et al. 

1999, Law et al. 1999). Interpretation of activity data wi l l need to take these 

complexities into account. Differences in detectability may also be important from a 

bat's perspective. Bats respond to conspecific calls (Barclay 1982, Balcombe and 

Fenton 1988), and the ability to detect conspecific calls as a means of locating prey 

patches may differ among habitat types. 

It was more difficult to detect 25kHz sound than 40kHz, contrary to studies that 

have demonstrated that lower frequencies transmit better (Griffin 1971, Penna and Soli's 

1998). This result likely does not reflect a physical phenomenon, rather an artifact of the 

bat detector. Anabatll detectors are designed to be less sensitive to frequencies below 

40kHz so as to minimize the detection of insects and other background noise. 

Investigations into habitat selection by bats have been the focus of many recent 

studies. The influence of disturbances, such as logging, has been of particular interest 

when studying habitat use of forest-dwelling species of bats. Differences in the ability to 

detect bats in different habitats may influence our interpretations of results obtained from 

these studies. Ultimately our understanding of the ecology of foraging bats and 

subsequent management recommendations could be misguided due to differences in 



detectability of bats. M y results suggest that such variation in detection ability is not 

straight forward and needs to be studied further. For example, my study does not provide 

insight into potential differences in the detectability of ultrasound in forests of different 

ages. A s tree density differs between older and younger stands, there is a potential 

influence that should be addressed. 



31 

C H A P T E R T H R E E 

P O P U L A T I O N S T R U C T U R E , R E P R O D U C T I V E B I O L O G Y , AND DIET O F 
T H E B A T C O M M U N I T Y INHABITING T H E B O R E A L FOREST N E A R P E A C E 

RIVER, A L B E R T A 

Introduction 

Animals occupying the limits of their ranges may be subject to marginal habitat 

compared to conspecifics in more central locations. Species richness tends to decrease 

with increasing latitude due to limits imposed on many organisms by the absence of 

required climatic or biotic conditions (Pagel et al. 1991, Wi l l i g and Lyons 1998). 

Bats inhabiting temperate regions have a brief period during which to produce and 

rear offspring as well as accumulate fat stores for winter hibernation or migration (Turtle 

and Stevenson 1982). A bat's ability to achieve these tasks depends heavily on 

environmental conditions; cool temperatures and precipitation reduce foraging 

opportunities for bats due to limited insect activity (Grindal et al. 1992, Lewis 1993). In 

addition, the costs of thermoregulation by bats are greater in cooler climates (Turtle and 

Stevenson 1982) and foraging in rain compromises detection of insects (Griffin 1971) 

and wets fur, which also reduces thermoregulatory ability (Tuttle and Stevenson 1982). 

Cool areas with high precipitation wi l l have relatively few successfully 

reproducing female bats due to increased costs, which aggravate the already considerable 

costs associated with bearing and rearing young (Kurta et al. 1989). Cool temperatures 

also delay embryo development (Racey 1973). Although bats can use torpor to save 

energy, pregnant and lactating females often avoid this strategy (Hamilton and Barclay 



1994) due to the costs of delayed parturition and reduced lactation associated with 

reduced metabolic rate during torpor (Racey and Swift 1981). Late parturition reduces 

the time available to both mothers and juveniles to accumulate fat stores prior to entering 

hibernation or migration (Thomas et al. 1990, Barclay 1991). 

Bats at higher latitudes are subject to adverse conditions, and as a result their 

reproductive biology likely differs from that of conspecifics at lower latitudes. Not only 

are bats in northern parts of their range exposed to cooler temperatures at night, but 

insects are less abundant (Rydell 1992), smaller in size (Mayr 1970), and emerge for brief 

periods after dusk (Barclay 1991). Furthermore, nights are shorter at higher latitudes. 

Therefore, during nights of suitable ambient conditions, foraging may not be as profitable 

as that experienced by bats in more southern locations. Females inhabiting areas with 

harsh conditions wi l l likely have delayed parturition and lactation, relative to females in 

more southern parts of their range (Schowalter et al. 1979). 

To minimize heat loss to the environment, animals at higher latitudes tend to be 

larger, thus minimizing their surface area to volume ratio (Bergmann's rule; Mayr 1970). 

Minimiz ing heat loss may be especially important to bats as they are governed by strict 

energy budgets. Bats can also use torpor to cope with cooler temperatures and lower 

foraging opportunities in marginal habitat. Males are more likely to use this energy 

saving strategy (Hamilton and Barclay 1994), as they do not pay the costs suffered by 

reproductive females. Therefore males should be able to occupy marginal habitats more 

readily than females, as seen for some species of bats (Barclay 1991). 



The purpose of this study was to survey bats inhabiting the northwestern boreal 

forest near Peace River, Alberta. With few exceptions (e.g. Crampton and Barclay 1996) 

no surveys have been conducted in northern Alberta. I assessed various aspects of the 

biology of bats occupying the area, including diet, reproductive chronology, and size. I 

made several predictions. Based on known geographic ranges, I expected to capture the 

following species: Myotis lucifugus, M. septentrionalis, M. volans, Eptesicus fuscus, 

Lasionycteris noctivagans, and Lasiurus cinereus (van Zy l l de Jong 1985). I predicted 

that: (1) sex ratios would be biased toward males as they are more likely to occupy 

marginal habitat: (2) bats in my study area would have longer forearms than conspecifics 

inhabiting more southern locations, and (3) pregnancy, lactation, and post-lactation 

would occur later among females in my study area than in conspecifics at lower latitudes. 

Materials and Methods 

I investigated the general and reproductive biology of bats in the E M E N D 

(Ecosystem Management by Emulating Natural Disturbance) study area, located in the 

boreal forest north of Peace River, Alberta, Canada (56° 40' North and 118° West). This 

area represents the northern limit of the known geographic range of several species of bat 

in Alberta (van Zyl l de Jong 1985). This area is mesic with considerable water in the 

form of beaver ponds, lakes and streams. The study area experienced frequent and high 

precipitation and moderate temperatures. For example, it rained on 33% of the nights 

during June and July 2000, and on five occasions it rained for two to four consecutive 

nights (pers. obs). Between June and September 2000, 343 mm of rain fell (J. Stewart 



and T. Jones pers. comm.) Mean (± S.E.) temperatures 30 min after sunset during June 

and July 2000 were 8.6 ± 0.98 and 13.5 ± 0.49, respectively (pers. obs.). There are no 

long-term data available for the E M E N D area, thus it is difficult to determine whether 

temperatures and precipitation during 1999 and 2000 were typical of the area. 

Three forest types, all with pyrogenic histories, are encompassed within a 10km 

area. These include deciduous dominant (Ddom), conifer dominant (Cdom), and 

mixedwood ( M X ) . The deciduous dominant forests primarily consist of trembling aspen 

(Populus tremuloides) with mean stand age ranging from 57 to 93 years. White spruce 

(Picea glauca) is the dominant tree in the conifer dominant forests. Mean age for these 

forests ranges from 73 to 131 years. In the mixedwood forests, white spruce is more 

abundant than trembling aspen. Additional tree species occur in each forest at low 

densities, including balsam poplar {Populus balsamiferd), black spruce {Picea mariana), 

and lodgepole pine (Pinus contorta). 

Between 4 June and 16 July 1999, and 1 June and 8 August 2000,1 placed mist 

nets and harp traps across seismic lines, to capture commuting bats. I also placed nets 

above puddles in seismic cut-lines and at the edge of beaver ponds to capture drinking 

and foraging bats. Upon capture of bats I recorded the following: species, age, sex, 

forearm length, mass and reproductive condition. Age was determined by examining the 

epiphyseal plates in the knuckles of the fourth metacarpal, which is fully calcified in 

adults but partially cartilageneous in juveniles (Anthony 1988). I classified the 

reproductive condition of females as either non-reproductive, pregnant, lactating, or post-

lactating. Palpation of the lower abdomen revealed pregnancy, whereas enlarged nipples 



and expression of milk indicated lactation. The presence of bare patches of skin around 

dry, dark nipples indicated post-lactating females (Racey 1988). 

To test for differences in body size I measured forearm length with vernier 

calipers and mass with a Pesola scale. Although Bergmann's rule relates to surface area 

and volume, body mass provides a less reliable measure of body size in bats due to 

changes among females during reproductive stages as well as changes in mass due to fat 

accumulation for hibernation (Hamilton and Barclay 1998). There is a direct correlation 

between body mass and forearm length in bats, therefore, Bergmann's rule can be applied 

to forearm length as an indicator of differences in body size. I compared forearm lengths 

among adults only, as juveniles continue to grow until they enter hibernation. Bats 

complete somatic growth in their first year of development, thus there are no differences 

in size between yearlings and older adults (Tuttle and Stevenson 1982). 

I also obtained forearm measurements from previous studies in other parts of 

North America for comparison of body size. I obtained forearm data for M. lucifugus 

from other areas in northern Alberta (Lac LaBiche, A B ; 54-55°N, 111- 113°W; L . 

Crampton pers. comm.), central Alberta (Drayton Valley, A B ; 53°N, 115°W; Lippert 

2001), southern Alberta (Kananaskis, A B , 51°N, 115°5'W; P. Faure pers. comm.; 

Bindloss, A B , 51°N, 110°W; B . Chruszcz pers. comm., C. Lausen pers. comm.; M i l k 

River, A B , 49°N, 112°W; M . Saunders pers. comm.), northern British Columbia (Prophet 

River, B C ; 58°N, 123°W; Crampton et al. 1997), and southern British Columbia (Mount 

Revelstoke, B C ; 51°N, 119°W; C. Caceres pers. comm.). These populations fell within 

different subspecies of M. lucifugus (Fig. 3.1), some of which differ in body size, which 
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Figure 3.1. Map of Alberta and British Columbia depicting the distributions of the M. 
lucifugus subspecies: 1) M. I. lucifugus, 2) M. I carissima, 3) M. I. pernox, and 4) M. I. 
alascencis. Letters indicate the locations o f the populations for which I compared mean 
forearm length (see Figure 3.2). 



may confound a latitudinal effect. Therefore, I performed a general linear model with 

mean forearm length as the dependent variable and subspecies, population nested within 

subspecies, and sex as the independent variables (SAS 8.e, Proc G L M ) . To determine 

whether there was a latitudinal effect on forearm size within subspecies, I performed a 

linear contrast using appropriate adjusted coefficients (Kirk 1995). I performed a linear 

contrast for M. I. lucifugus only as I did not have sufficient data for the other subspecies. 

To assess diet composition, I obtained fecal samples from captured individuals by 

placing each in a cotton bag for a minimum of l h to allow digestion of food. I analyzed 

fecal samples obtained during 1999 under a dissecting microscope to determine diet. 

Although there may be differences in digestibility among different insect types, fecal 

analysis accurately reflects the diet of bats (Whitaker 1988). I saturated the sample with 

70% ethanol to soften the feces and then carefully teased apart the contents, identifying 

insect fragments to Order, and Family when possible (Whitaker 1988, Shiel et al. 1997). 

If I could not identify a fragment I placed it in an unknown category. I determined the 

percent composition of each individual's sample. 

To determine whether bats in my study area followed similar foraging patterns 

during the night and season as those in other areas, I recorded echolocation calls with 

Anabatll detectors. During 1999,1 recorded echolocation calls for 2.5 hours, beginning 

30 min after sunset, as bat activity typically reaches its maximum at this time in areas of 

similar latitude (Crampton 1995). Silver-haired bats appeared to increase their activity 

later during the night. Therefore, during 2000 I extended sampling to l h prior to sunrise. 

Detectors were placed in various locations throughout the mixedwood boreal forest for a 



separate study on habitat use of bats in the area (see Chapter 4). To address activity 

patterns during the night I obtained the mean number of passes detected per hour of 

sampling between 15 June and 1 July 2000. I excluded 1999 as I did not sample 

throughout the night. I focused on activity between 15 June and 1 July as this was a 

period of good weather (i.e. relatively warm ambient temperatures) and most bats should 

have emerged from their hibernacula (Schowalter et al. 1979). I differentiated among 

species producing the recorded calls based on species-specific characteristics (see 

Chapter 1 for details). 

Results 

Community and Population Structure 

During 95.8 net-nights in 1999 and 84.8 net-nights in 2000,1 captured 23 and 33 

bats, respectively. These captures are equivalent to 0.24 and 0.39 bats per net night 

during 1999 and 2000, respectively. The earliest capture was on 26 May 1999, and the 

latest capture was on 7 August 2000. During both years, all of the individuals captured 

were adults. Little brown bats (M. lucifugus) represented 73% of the captures, 23% were 

northern long-eared bats ( M septentrionalis), and silver-haired bats (L. noctivagans) 

comprised 4% of captured bats. O f the 41 little brown bats, 23 were males and 18 were 

females, which is not significantly different from a 1:1 sex ratio (x 2 = 0.61, df = 1, P > 

0.05). Five of the 13 northern long-eared bats were males. Both of the silver-haired bats 

were females. One female little brown was post-lactating on 12 July 2000, but none of 

the remaining females (n = 27) of all species showed signs of pregnancy, lactation or 
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post-lactation. During 2000, three males possessed enlarged testes; a male northern long-

eared bat on 30 June and another on 21 July, and a male little brown on 21 July. None of 

the other males captured during the two years possessed enlarged testes. 

Body Size 

Mean (± S.E.) forearm length of little brown and northern long-eared bats was 

38.8 ± 0 . 1 7 mm and 37.9 ± 0.63, respectively. Mean forearm length did not differ 

significantly between years. Male little brown bats were significantly smaller than 

females (F = 13.28, df = 1, p < 0.001). Because sex was included in my statistical model, 

differences between males and females were accounted for when testing for differences 

in mean forearm length among populations and subspecies. 

M. I. lucifugus was significantly larger than M. I. carissima and M. I. alascencis (F 

= 8.77, df = 1, p = 0.033; F = 56.54, df = 1, p < 0.001, respectively), whereas M. I 

alascencis was significantly smaller than M. I. carissima (F = 26.8, df = 1, p < 0.001). 

The five populations of M. I. lucifugus followed a marginally significant latitudinal trend 

(F = 3.64, df = 1, p = 0.057; Fig. 3.2); bats in northern populations were larger than those 

in southern regions. 

Diet 

I identified most of the insect fragments in fecal samples, as indicated by the 

small proportion of unknown fragments in the samples (Table 3.1). Early in the season, 

chironomids comprised the majority of the diet of little brown bats. Homopterans were 
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Figure 3.2. Mean (± S.E.) forearm length o f male and female Myotis lucifugus captured at A) E M E N D (n = 18 
females and 23 males); B ) Lac LaBiche, A B ( n = 24F, 4M) ; C) Drayton Valley, A B (n = 27M); D) Bindloss, A B ( n 
= 10F, 19M); E) Kananaskis, A B (n = 6F, 40M); F) M i l k River, A B (n = 40F, 97M); G) Mount Revelstoke, B C (n = 
19F, 11M); and H) Prophet River, B C (n = 6M) . 



Table 3.1. Mean (± S.E.) proportion of insect groups comprising the diet of Myotis 
lucifugus captured early (26 May and 12 June) and late (10, 11, 16 July) in 1999. The 
most abundant insect groups are indicated in boldface. 

Insect Group Early (n = 7) Late (n = 13) 

Lepidoptera 0.01 ± 0.00 0.84 ± 0.08 

Chironomidae 0.74 ± 0.15 0.09 ± 0.07 

Homoptera 0.11 ± 0.10 0.00 ± 0.00 

Hymenoptera 0.06 ± 0.05 0.01 ± 0.01 

Neuroptera 0.04 ± 0.04 0.03 ± 0.01 

Coleoptera 0.02 ± 0.02 0.01 ± 0.00 

Unknown 0.03 ± 0.02 0.01 ± 0.01 



the second most abundant insect group in the diet of little brown bats, followed by a 

small proportion of Hymenoptera. Later in the season, moths (Lepidoptera) were most 

frequently encountered in the diet (Table 3.1). A northern long-eared bat captured early 

in the season (26 May 1999) had consumed primarily chironomids (72%), followed by 

coleopterans (beetles, 28%). A second long-eared bat captured later in the season (11 

July 1999) had fed almost exclusively on moths (91%). 

Activity Patterns 

Bat activity was generally low. I detected 459 passes during 214.17 hours of 

sampling in 1999 (2.14 passes/h) and 1734 passes during 1118.75 hours of sampling in 

2000 (1.55 passes/h). O f the total 2183 passes detected between 1999 and 2000, 78 and 

8% of the passes were produced by Myotis spp. and silver-haired bats, respectively. I 

could not classify 12% of the passes into either group as they were too fragmented. I 

could identify 29% of all Myotis passes to species; 25% of the total were little brown 

passes and 4% were northern long-eared passes. Failure to identify passes to species 

resulted most commonly from passes consisting entirely of fragmented calls. For details 

regarding species identification see Chapter 2. Due to the low percentage of passes 

identified to species, I consider Myotis spp. as a group to address general activity 

patterns. 

Activity of the bat fauna in my study area did not follow a predictable pattern 

through the summer; activity increased initially during 1999 then decreased slightly, 

whereas activity fluctuated considerably during 2000 (Fig. 3.2). During the night, 



60 1999 

2000 

0 -I i 1 1 1 1 1 i 

1 2 3 4 5 6 7 8 

Week 

Figure 3.3. Activity rate of all species of bats during the active season o f 1999 and 2000. Week corresponds 
to a seven day period, where week one begins 1 June. 



activity patterns appeared to differ between Myotis spp., and Lasionycteris noctivagans 

(Fig. 3.3). Myotis spp. displayed relatively consistent activity throughout the night after 

an initial peak 1.5h after sunset (Fig. 3.3). Silver-haired bat activity fluctuated 

throughout the night, with a peak 1.5h prior to sunset, when Myotis spp. had reduced 

activity (Fig. 3.3). 

Discussion 

I caught three of the six species that I expected would inhabit my study area based 

on known geographic ranges (van Zy l l de Jong 1985). The three species I did not catch 

in my area included the hoary (Lasiurus cinereus), big brown (Eptesicus fuscus), and 

long-legged (Myotis volans) bat, all of which would be near the northern limit of their 

ranges i f caught in my study area (van Z y l l de Jong 1985). B i g brown and hoary bats fly 

above the canopy (van Zy l l de Jong 1985) above heights at which I placed nets. 

Therefore, these species could have been present in the area but were not captured. 

However, I did not observe these species in flight, nor did I detect any echolocation 

passes of hoary bats. 

With the exception of little brown bats, my study area is also near the northern 

limits of the known ranges in Alberta of the species I did catch (Fenton and Barclay 

1980, Kunz 1982, Caceres and Barclay 2000). This is especially true of the silver-haired 

bat, which is migratory (Kunz 1982) and comprised only a small percentage of my 

captures and echolocation activity. The northern long-eared bat was the second most 

abundant species in my area, and their relative abundance exceeds that documented in 



Figure 3.3. Mean (± S.E.) activity rate of A ) Myotis spp. and B) 
Lasionycteris noctivagans duirng night between 15 June and 1 July 2000. 
Time period corresponds to 30 minutes of sampling with ultrasound 
detectors, beginning 30 minutes after sunset. 
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several previous studies in Western Canada (Crampton 1995, Caceres 1998). The 

somewhat greater abundance of northern long-eared bats in my area allowed me to gain 

information regarding its diet, reproductive biology and habitat use for this species, 

which is a blue-listed species in Alberta. 

Although the relative abundance of northern long-eared bats was high in my study 

area, overall capture and activity levels of all the species were lower than most surveys 

conducted in other areas. For example, at Bindloss, near Medicine Hat, Alberta, a total of 

276 bats were captured during three summers (1995-1997; net-nights were not provided, 

Holloway 1998). M y capture success was also lower than that of a study conducted at a 

similar latitude; 2.16 bats per net night were captured in Lac LaBiche, Alberta (Crampton 

1995). However, my capture rate was comparable to a previous study in Mount 

Revelstoke National Park, British Columbia, where captures of 0.40 and 0.20 bats per 

net-night occurred in 1996 and 1997, respectively (Caceres 1998). 

Activity and capture success in my study area may have been low because bats 

were subject to many nights of rain and cool temperatures, both of which reduce or 

preclude bat activity. Similar conditions were documented in a previous study that also 

reported low captures and activity (Caceres 1998). In contrast, a study conducted in Lac 

LaBiche, A B , reported a considerably higher capture success. Lac LaBiche experienced 

lower precipitation (203 and 257mm between May and September 1992 and 1993, 

respectively) and warmer temperatures than my study area (mean daily temperatures 

between May and September 1992 and 1993 were 12.3 and 12.9°C, respectively; Stelfox 

1995). 



Higher capture success in my study area during 2000 cannot be explained by an 

increase in the number of bats in the area as bat activity detected with echolocation 

detectors was lower during 2000 than 1999. Activity was low during both years, and was 

not related to my increased experience. Thus low captures probably reflect low 

population densities relative to other areas. Low activity rates could also be a result of 

brief periods of activity each night, but activity in my area was relatively consistent 

throughout the night. Therefore, I conclude that the low activity was due to low 

population densities and unsuitable foraging conditions. 

Evidence of poor foraging opportunities lies in the absence of dusk and dawn 

peaks in activity that are typically observed for bats in other areas (van Z y l l de Jong 

1985, Caceres 1998). Peaks in insect activity correlate with peaks in bat activity in other 

areas. Therefore, the absence of such a pattern suggests that no such peaks in insect 

availability occurred in my study area. 

Poor foraging opportunities and poor ambient conditions may also account for the 

absence of reproductive females in my area. For example, 11 reproductive females and 

18 juveniles were caught during 1993 in Lac LaBiche, A B (L. Crampton pers. comm.), 

which experienced warmer temperatures and lower precipitation, despite a similar 

latitude (see above). In response to the unfavourable conditions, females in my study 

area may have resorbed or aborted their embryos (Turtle and Stevenson 1982). As a 

result of this low recruitment, my study area may represent a sink for bat populations as 

mortality would exceed reproductive output (Pulliam 1988). 



If the wet and cool conditions experienced in my study area are typical, a 

reproductive population of bats may not be supported, yet bats occur in my study area. 

Thus, an alternative explanation for the absence of reproductive females in my study area 

may be that individuals in my area are incapable of breeding for that year. For example, 

females in my study area could be predominantly yearlings, which typically do not 

reproduce in their first year, especially in northern parts of their ranges (Schowalter 

1980). Non-reproductive females may have remained in the wetter, cooler habitat to 

facilitate the use of torpor, which would allow for energy savings for future reproductive 

attempts. A similar explanation was invoked for the presence of males at high altitudes 

(Barclay 1991). Reproductive females may migrate to more suitable habitat for bearing 

young and were therefore not captured in my study area. This suggests that the bats 

caught in my study area may not normally be residents of the area, and as such, 

conditions in the area may exert short-lived selective pressures on individuals. The 

absence of reproductive females and juveniles in my area was reflected in the relatively 

consistent activity throughout the season, in contrast to a typical increase with lactation 

and a peak when juveniles become volant (Barclay 1989). 

In accordance with previous literature, M. I. carissima, which occupy southern 

Alberta were smaller than the more widely distributed M. I. lucifugus throughout the 

remainder of Alberta (Smith and Schowalter 1979, Smith 1983). Although it is suggested 

that M. I. alascencis occupying most of British Columbia is similar in size to M. I. 

lucifugus (Smith and Schowalter 1979), my data suggest this subspecies is considerably 

smaller in size than M. I. lucifugus and M. I carissima. Although subspecies differed in 



size, in accordance with previous studies in other areas (Fujita 1986), populations within 

the subspecies M. I. lucifugus, followed a latitudinal trend, suggesting that Bergmann's 

rule roughly applies to little brown bat populations. The latitudinal trend in forearm size 

may not have been significant due to the small size of the Prophet River population in 

northern B C , which was considered to belong to M. I. lucifugus. A s stated previously, 

bats occupying my study area may not be long-term residents and were not likely born in 

the area, given the lack of reproductive females. Therefore, bats in my study area may 

not meet the assumptions of Bergmann's rule as they may have originated elsewhere. 

However, it is likely that bats in my study area originated and are residents of the 

northern region of Alberta as they are not likely to travel from southern regions. 

Bats at higher latitudes have fewer foraging opportunities. Gleaners, such as the 

northern long-eared bat, exploit a wider variety of prey as they can detect and catch 

insects on foliage (Faure et al. 1993), which are available throughout the night (Barclay 

1991). A s a result, gleaners in marginal habitat may be less influenced than aerial 

hawkers, which catch only flying prey that are not available during low ambient 

temperatures (Barclay 1991). A similar argument may explain the presence of 

reproductive female western long-eared bats (M. evotis) and absence of reproductive 

female little brown bats at higher altitudes (Barclay 1991). 

In my study area, little brown bats increased foraging opportunities by feeding 

close to the surface of water when ambient air temperatures were below 0°C. Water 

moderates ambient temperature and may allow some insects to remain in flight and thus 

provide a source of prey for aerial hawkers. This foraging strategy was partly reflected in 



the diet of little brown bats as they primarily consumed chironomids early in the summer. 

However, later in the summer their diet, which was almost exclusively comprised of 

moths, was atypical of conspecifics in other regions (Buchler 1976, Anthony and Kunz 

1977, Barclay 1991, Holloway 1998). Due to small samples and little replication at 

different capture sites, it is difficult to determine whether the shift in dietary composition 

from chironomids to moths reflects a shift in prey availability or differences in foraging 

habitat used. Early in the season bats were captured near a lake whereas those captured 

later were within forested habitat. In the absence of the moderating effects of water on 

ambient air temperature, dipterans may not have been capable of flying at night in my 

area as temperatures may have been too low. However, some moth species are capable 

of shivering thermogenesis (Heinrich 1987) and may have been more readily available in 

the forest than other insects. 

I could not address differences in diet among the three species of bats in my area 

due to small samples. However, there was a qualitative difference in activity patterns 

between the Myotis spp. and the silver-haired bats. Silver-haired bats increased their 

activity late at night at a time when Myotis spp activity decreased. 

Due to the lower availability of insects at higher latitudes and altitudes, bat 

populations are believed to be male biased in these areas (Thomas 1988, Barclay 1991, 

Cryan et al. 2000). Males may occupy marginal habitat whereas females seek more 

suitable habitat as they incur higher energetic costs associated with bearing and rearing 

young whereas males can use torpor (Thomas 1988, Barclay 1991). I did not observe a 

biased sex ratio in the little brown or northern long-eared bat populations in my area. 
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However, the females present in my area were not reproductive, and thus did not incur 

the costs associated with reproduction. 

In summary, environmental conditions may strongly dictate the biology of the bat 

community inhabiting the mixedwood boreal forest near Peace River, Alberta, which 

displayed differences in reproductive biology and diet compared to conspecifics in other 

regions. Due to low overnight temperatures and frequent precipitation, foraging 

opportunities may have been limited, as reflected by the low echolocation activity. A s a 

result it was not feasible for females to reproduce as they would not have met the 

energetic demands of maintaining homeofhermy in addition to bearing and rearing 

offspring (Racey and Speakman 1987). 



C H A P T E R FOUR 

T H E F O R A G I N G E C O L O G Y O F T H R E E SPECIES OF VESPERTILIONID 

BATS IN H A R V E S T E D B O R E A L FOREST IN N O R T H W E S T E R N A L B E R T A 

Introduction 

A n organism's fitness depends on its ability to survive and successfully reproduce 

(Stearns 1992), which often depends on attaining patchily distributed resources, such as 

food and shelter. Historically fire, floods, and insect outbreaks created a mosaic of 

habitat patches in forests (Hansson 1992). In many cases, anthropogenic disturbances 

now contribute to the patchiness in our forests through logging and agriculture, the 

influence of which depends on the disturbance history to which species have been 

exposed, the behaviour of the species, and their life histories. For example, animals 

previously exposed to windstorms or other disturbances, as well as animals with larger 

home ranges and generalists, are less affected by logging and agriculture than are 

specialists and animals with smaller home ranges (Andren 1994, Kavanagh and Bamkin 

1995, Schiek et al. 1995, Robinson and Robinson 1999). Animals such as dormice, 

Muscardinus avellanarius, and bats (Chiroptera) are relatively long lived and have low 

fecundity (Turtle and Stevenson 1982, Bright and Morris 1996). A s a result these 

animals display low recruitment and are therefore more sensitive to anthropogenic 

disturbances (Bright and Morris 1996, Law 1996, Parker et al. 1996). 

Bats are the only true flying mammals, and therefore when foraging they travel 

faster and farther than similarly sized terrestrial mammals, or other volant animals, such 



as most birds. Bats must thus contend with physical clutter when flying (Fenton 1990), 

which reduces flight efficiency (Norberg 1981, Jones and Rayner 1991). Furthermore, 

insectivorous bats use echolocation to detect obstacles and potential prey. In areas with a 

more obstacles, bats spend more time detecting obstacles than prey, or dealing with 

acoustical clutter (Mackey and Barclay 1989, Fenton 1990, Brigham et al. 1997), and 

thus their foraging efficiency is reduced. Therefore, clutter presumably plays an 

important role in a bat's use of a site for travel or foraging,, as it influences resource 

acquisition (Brigham et al. 1992, Brigham et al. 1997, Grindal and Brigham 1998). 

Food abundance is also an important factor influencing habitat use by bats. In 

some forests, insects tend to be more abundant in areas with greater tree density, such as 

intact forest, than in clear-cuts (Grindal 1996, Burford et al. 1999). Therefore, bats face a 

trade-off between food-poor patches with minimal physical and acoustical clutter versus 

richer, cluttered habitats. Different bat species resolve this trade-off differently. Larger 

species must fly quickly to overcome gravity and drag, thus compromising their 

maneuverability, whereas smaller species can fly slowly with greater maneuverability 

(Norberg and Rayner 1987). Consequently, larger species are generally limited to more 

open habitat, whereas more maneuverable species exploit richer food sources in more 

cluttered habitat (Crome and Richards 1988, Aldridge and Rautenbach 1987, Fenton 

1990, Kalcounis and Brigham 1995). Bats forage wherever the benefits outweigh the 

costs, or where insect density is high. For example, maneuverable species wi l l forage in 

open habitat when insects are abundant, such as along the edge of clear-cuts (Brigham et 



al. 1992, Saunders and Barclay 1992). Therefore, habitat use by bats does not always 

conform to expectations based solely on wing morphology (e.g. Furlonger et al. 1987). 

Most of the approximately 950 species of bats are insectivorous, including all 18 

species inhabiting Canada, most of which are forest-dwelling (van Z y l l de Jong 1985). 

The forest-dwelling bats rely on forests for both food and shelter, and these bats also 

perform important ecological roles. For example, to meet its high energy requirements, 

an individual bat often consumes up to its body weight, or more, in prey during a single 

night (Gould 1955, Anthony and Kunz 1977, Barclay et al. 1991). Therefore, bats may 

collectively influence insect populations. Because of the important ecological interaction 

between bats and forests, the primary goal of my research was to investigate habitat 

preferences of foraging bats at several spatial scales in logged forest in northern Alberta. 

Although the influence of logging on habitat use by foraging bats has recently 

received considerable attention (e.g. Barclay and Brigham 1996), few studies have 

addressed this influence experimentally. Furthermore, studies conducted globally yield 

conflicting results (Crampton and Barclay 1996, Grindal 1996, Hayes and Adams 1996, 

Parker et al. 1996, Law et al. 1999, Law and Anderson 2000), likely because they address 

bat communities rather than individual species where differences in habitat use may 

become apparent (e.g. Pavey and Burwell 2000). Many studies have compared habitat 

use by bats in clear-cuts and adjacent intact forest, as well as between habitat edges and 

the centre of clear-cuts (Limpens and Kapteyn 1991, Walsh and Harris 1996, Verboom 

and Spoelstra 1999). No studies have tested the immediate response of bats to thinned 

forests, despite the increasing commonness of this harvesting practice. One preliminary 



study measured the effect of thinning on foraging bats, but the methodology was 

questionable and preliminary data were not analyzed statistically (Perdue and Steventon 

1996). In addition, one study tested the effect of thinning on bat communities several 

years following harvest (Humes et al. 1999). 

I tested for differences in foraging by bats among three forest types, including 

deciduous dominated, conifer dominated, and mixed forests. I hypothesized that bats 

would use conifer forests least as branches and leaves are distributed throughout the 

canopy and understory, whereas in deciduous forests they are concentrated in the canopy, 

thus allowing greater access to the understory. Within forest stands I tested for 

preferences of bats among open, thinned and intact patches. Finally, I tested for 

preferential use of patch edges and for machine corridors in thinned patches, as they also 

create habitat edges. Due to differences in maneuverability among bat species, I assessed 

differences among species in their habitat use at all spatial scales. I hypothesized that 

smaller, more maneuverable species would not be influenced by clutter, whereas larger 

species would be constrained to more open habitat. Consequently, I hypothesized larger 

species would use the centre of patches more than the edges, as edges are more cluttered. 

Methods and Materials 

Study Site 

I investigated habitat use by foraging bats in the E M E N D (Ecosystem 

Management by Emulating Natural Disturbance) study area (56° 40' N and 118° W), 

located in the boreal forest north of Peace River, Alberta, Canada. This area is mesic 



with considerable standing water in the form of beaver ponds, lakes, and streams. The 

study area is typified by high precipitation (343 mm between June and September 2000, 

J. Stewart and T. Jones, pers. comm.) and moderate temperatures (mean ± S.E. 

temperature 30 min. after sunset; June 2000 = 8.6 ± 0.98, July 2000 = 13.5 ± 0.49). 

Three forest types, all with pyrogenic histories, were encompassed within a 

10km 2 area. These included deciduous dominant (Ddom), conifer dominant (Cdom), and 

mixedwood ( M X ) . The deciduous dominant forests primarily consisted of trembling 

aspen (Populus tremuloides) with mean age ranging from 57 to 93 years. White spruce 

(Picea glauca) was the dominant tree in the conifer-dominant forests. Mean age for these 

forests ranged from 73 to 131 years. In the mixedwood forests white spruce was more 

abundant than trembling aspen. Additional tree species occured in each forest at low 

densities, including balsam poplar (Populus balsamifera), black spruce (Picea mariana), 

and lodgepole pine (Pinus contorta). During the winter of 1998/1999 harvesting was 

completed to create a mosaic of open, thinned, and intact patches (mean patch size 10 ha) 

within each of the forest types. 

Study Species 

I captured three species in my study area including, little brown (Myotis 

lucifugus), northern long-eared (M. septentrionalis) and silver-haired (Lasionycteris 

noctivagans) bats. Little brown and northern long-eared bats are similar in body size; 

however, they have different wing morphologies. Northern long-eared bats possess 

lower wing loading and aspect ratio, rendering them more maneuverable (Norberg and 



Rayner 1987), as reflected by their ability to glean, or remove insects from foliage (Faure 

et al. 1993). Little brown bats possess slightly longer, narrower wings, and are incapable 

of gleaning. Rather they forage above water or aerial hawk (remove insects from the air 

while in flight). Finally, silver-haired bats possess relatively shorter and broader wings 

than little brown bats, but they are also heavier, thus requiring faster flight (Norberg and 

Rayner 1987). Based on these descriptions, northern long-eared bats are the most 

maneuverable, followed by little brown bats, with silver-haired bats the least 

maneuverable. 

Habitat Use 

Between 4 June and 16 July 1999, and 1 June and 8 August 2000 I monitored bat 

activity in various habitat patches. I sampled all three forest types, thus allowing me to 

apply my results to a broad range of forest types. To assess habitat use by foraging bats 

in open, thinned, and intact habitat, I measured relative bat activity in patches using 

Anabatll remote systems that consisted of an Anabatll detector (Titley Electronics, 

Ballina, Australia) connected to a tape recorder (Optimus CTR-116) and delay switch 

(Anabatll, Titley Electronics). Remote systems were housed in weatherproof containers 

and mounted l m off the ground to minimize sound attenuation by understory vegetation. 

I set detectors at a sensitivity of eight and oriented them at a 45° angle to maximize the 

sampled air space. 

Within each of three replicates of the three forest types, I measured bat activity in 

0 (clear-cut), 20, 50 (thinned), and 100 (intact) percent retention patches, where percent 



retention corresponds to the percent of trees left standing after harvesting. These harvest 

treatments provided a continuum of patch densities that bats had to fly through. Each 

patch was associated with a buffer of intact forest. I sampled the interface between the 

buffer and the patch (the edge), as bats tend to forage preferentially along edges (e.g. 

Grindal 1996). I located the edges in all patches, including intact patches, by 

demarcations on the trees. Bats may prefer some edges due to ease of flight (Verboom 

and Spoelstra 1999) and thus convoluted edges would be more difficult to travel. 

Therefore, I placed detectors along the straightest edge. 

Within thinned patches, machine corridors (5m wide) had been cut to allow 

access by harvesting machines, thus achieving the prescribed thinning treatment. A l l 

trees within the corridors were removed, and the appropriate percentage of trees was left 

in retention strips (15m wide) between the corridors. A s a result, each thinned patch 

consisted of machine corridors alternating with retention strips. Machine corridors and 

retention strips ran perpendicular to the edge I selected for bat monitoring: therefore, the 

edge consisted of a similar alternating pattern of corridors and retention strips. To 

measure activity across both machine corridors and retention strips, I placed a detector in 

the centre of a retention strip and oriented it perpendicular to the adjacent machine 

corridor. 

I also monitored in the centre of patches, which I defined as a point at least 50 m 

from any edge. Similar to the edge sampling, I placed the detector in the centre of a 

retention strip oriented perpendicular to the adjacent machine corridor. The detectors at 



the edge and centre of a patch were oriented in the same direction. In summary, I 

sampled the edge and centre of 36 patches (3 forest types * 3 replicates * 4 treatments). 

Each evening, beginning 30 min after sunset, I sampled the four patches (0, 20, 

50, and 100%) within a given replicate forest. I rotated among the forest types 

throughout the season, beginning with a mixed forest, followed by a conifer forest and 

then a deciduous forest. Each night I recorded ambient temperature at 30-min intervals, 

beginning 30 min after sunset. 

Reproductive female bats forage differently during the summer in response to 

demands of different reproductive stages (Barclay 1989). Because of its influence on 

measures of habitat use across the season, reproductive status is traditionally included in 

the sampling regime and analysis. However, females in my study area were not 

reproductively active (Chapter 3); therefore, I did not consider reproductive status in my 

analysis of habitat use. 

M y sampling regime differed slightly between 1999 and 2000. During 1999,1 

monitored four patches each night, three remotely by setting up bat detectors at each 

location (i.e. edge or centre), and one in person (for a total of seven detectors). In person, 

I moved between each location in a patch with a hand-held Anabatll detector and spent 

four 10-min periods in each location. Monitoring began 30 min after sunset and 

continued for 150 min, which is the period of maximum foraging activity by bats at the 

latitude of my study area (Crampton and Barclay 1998). 

During 2000,1 made two modifications to my methods. I remotely monitored 

activity in all four patches where I placed remote systems at both the edge and centre. 



During 1999,1 found that lower-frequency passes (i.e. L. noctivagans) were most 

common after the 150-min sampling period. Therefore, during 2000 I began sampling 30 

min after sunset and continued until one hour prior to sunrise. During both 1999 and 

2000 I used the number of passes detected as an index of relative use of the habitat 

patches by bats. As a relative measure of foraging activity in the patches, I measured the 

number of feeding buzzes detected (Griffin et al. 1960). 

Due to different protocols and ambient temperatures, I tested for a difference in 

activity rate between years. I found no significant difference between years, therefore I 

pooled the data collected during 1999 and 2000. A s I had a preponderance of low pass 

rates with some higher values, it was difficult to meet assumptions of normality. 

Therefore, I first tested for the effect of forest and patch type and location (edge vs 

centre) on the absolute presence of bats using the proportion of total sampling nights with 

any number of passes as the dependent variable in a general linear model (SAS 8.1, Proc 

G L M ) . To meet assumptions of normality, I arcsine square-root transformed proportion 

of nights (Zar 1984). In the event that transformations could not sufficiently normalize 

my data, I still performed a general linear model, as these models are robust against 

skewed data (Zar 1984). A l l , data with the exception of M. septentrionalis activity, were 

successfully normalized. 

I tested for the effects of forest type and patch type and location on relative 

activity when bats were present (i.e. nights with no bats detected were removed from the 

analysis) using a mixed model (SAS 8.1, Proc Mixed). In this analysis, pass rate was the 

dependent variable and ambient temperature the covariate. I log transformed [log 10 
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(x+0.05)] the data to normalize them, although this was not always successful. I included 

forest type, patch type, and location as independent variables, replicate as a nested 

variable within forest type, and patch type x replicate (forest type) as a repeated measure 

in the model. I also included all interaction terms. A l l non-significant interaction terms 

were eliminated using hierarchical backwards stepwise elimination. When significant 

main effects were obtained, I performed relevant post hoc contrasts and adjusted rejection 

values. To best illustrate the relationships among the data I present least squares means 

for all of these data. 

Because few buzzes were recorded, I tested for the effect of forest and patch type 

on the foraging activity of bats (number of observed buzzes) using chi-square tests. 

Expected values were calculated based on the duration of sampling because sampling 

effort was not distributed uniformly among forest and patch types. In all analyses I used 

a Type I error rate of a = 0.05, unless specified otherwise. 

Machine Corridor vs Retention Strip 

Between 1 June and 31 July 2000,1 monitored bat activity in retention strips and 

machine corridors to test for differential use of these two locations in thinned patches. 

Using Pettersson detectors (model D100, Lars Pettersson Elektronik, Sweden), I 

measured bat activity in the 20 and 50% retention patches, within each of the three 

replicates of the deciduous and conifer forest types. 

Using detectors set at 25kHz and 40kHz, I assessed the use of the retention strips 

and machine corridors by both large and small species of bats, as these frequencies are 



commonly used to discriminate between the two species-groups (Crampton and Barclay 

1998). I held the detectors with the microphones oriented vertically to minimize the 

detection range and the likelihood of detecting activity in adjacent locations. 

Beginning 30 min after sunset, I alternately sampled the retention strips and 

machine corridors for 15 min each for a total of 150 min. Each night I arbitrarily chose 

the location (corridor or retention strip) in which I began sampling. For each 15-min 

sampling period I sampled in a different corridor or retention strip when possible. I did 

not sample in either location i f it was within 20 m of an edge. I measured activity in a 

single patch each night. During the season, I alternated between 20 and 50% patches and 

rotated through the three forest types. I recorded the number of high- and low-frequency 

passes and buzzes detected in each location. 

I used a mixed model (SAS 8.1, Proc Mixed) to test for the effects of forest type, 

patch type, and location (machine corridor vs retention strip) on mean pass rate (square-

root transformed). Temperature was the covariate, replicate was nested within forest 

type, and patch type x replicate (forest type) was a repeated measure. To best illustrate 

the relationships among the data I present least squares means. To test for the effects of 

forest type, patch type, and location on foraging activity (number of buzzes), I used chi-

square tests. Expected values were again calculated based on sampling effort. A Type I 

error rate of a = 0.05 was used in all analyses. 



R E S U L T S 

I detected 459 passes during 214.17 h of sampling during 1999 (2.14 passes/hr) 

and 1734 passes duirng 1118.75 hours of sampling during 2000 (1.55 passes/ hr). O f the 

total (2193), Myotis and silver-haired bats produced 78 and 8% of the passes, 

respectively. Thirteen per cent of the passes could not be classified into either group as 

they were too fragmented. I could identify 29% of all Myotis passes; 25% were Myotis 

lucifugus passes and 4% were M. septentrionalis. Failure to identify passes to species 

resulted either from slope values falling within the unknown range, or more commonly, 

passes consisting entirely of fragmented calls which could not be analysed for species 

identification. Due to the low percentage of passes identified to species, I addressed 

questions with respect to small species as a group as well as on an individual-species 

level. 

The species composition of bat activity was relatively constant between years, 

with one exception. Myotis passes increased for little brown bats from 16 to 26% 

between 1999 and 2000, respectively. Buzz rate of little brown bats also dramatically 

increased from 0.06 buzzes per hour during 1999 to 0.31 buzzes per hour during 2000. 

This increase is reflected in an increase for Myotis as a group from 0.13 to 1.17 buzzes 

per hour between 1999 and 2000, respectively. 



Habitat Use 

Smaller Species Group: Myotis spp. 

Forest type, patch type, and location did not significantly influence the presence 

or absence of Myotis species (overall model: F = 1.70, df = 6, 65; p = 0.135). However, 

when present, Myotis spp. activity varied significantly with forest type (F = 5.74, df = 2, 

207; p = 0.004; Fig. 4.1). Mean activity rate was higher in conifer forests than in 

decidous and mixed forests (F = 11.48, df = 1, 207; p < 0.001). These differences 

resulted from consistently high activity in a single 50% conifer patch. Removal of those 

observations still resulted in higher mean activity rates in conifer forests than in the other 

forest types (F = 7.53, df = 1, 197; p = 0.007; Fig. 4.1). A l l figures represent means that 

exclude the unusual 50% patch. Mean pass rate did not differ between deciduous and 

mixed forests (F = 0.00, df = 1, 197; p = 0.972; Fig. 4.1). Myotis spp. activity did not 

vary significantly among patch types and locations (Fig. 4.2). There was a significant 

interaction between forest and patch type (F = 4.54, df = 6, 207; p < 0.001). Finally, as 

with all analyses of activity rate, activity levels were significantly higher in 1999 than in 

2000 (F = 34.23, df = 1, 207; p < 0.001). Interactions of habitat variables with year were 

not significant and were removed from the model. 

Foraging activity (number of buzzes) of Myotis spp. was significantly influenced 

by patch type, as well as location. The number of feeding buzzes was significantly 

greater than expected in deciduous forests (x2 = 13.7, df = 3, p < 0.05, Fig . 4.3), and in 

these forests feeding activity was significantly higher in clear-cuts and intact patches than 

in the thinned patch types (x2 = 9.1, df = 1, p < 0.05; f = 6.4, df = 1, p < 0.05; Fig . 4.3). 
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Figure 4.1. Least squares means (± S.E.) of the log number of A) Myotis 
and B) L. noctivagans passes detected per hour in three forest types, n = 
33 -42 . 
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Figure 4.2. Least squares means (± S.E.) of the log number of Myotis spp. 
passes detected per hour at the edge and centre of four patch types within A) 
Cdom, B) Ddom, and C) M X stands, n = 11-14 nights. 
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Figure 4.3 Total numbers of observed and expected Myotis spp. buzzes 
detected in four patch types within A) Cdom, B) Ddom, and C) M X stands. 
Expected number of buzzes was calculated based on the number of sampling 
minutes. 



Within mixed forests, there was no significant difference between the number of buzzes 

detected and the number expected by sampling effort (x2 = 3.4, df = 3, p > 0.05; Fig. 4.3). 

In the three forest types combined, the number of feeding buzzes was significantly 

greater at the edge than in the centre of clear-cuts (x = 28.2, df = 1, p < 0.05, Fig. 4.4A). 

Within both the conifer and deciduous forests, mean activity did not differ 

between machine corridors and retention strips in either 20 or 50% patch types (F = 1.30, 

df = 1, 67; p = 0.258; Fig. 4.5). However, within the conifer forests, the number of 

buzzes detected in machine corridors was significantly lower than expected in 20% 

patches, whereas there was no significant difference between machine corridors and 

retention strips in 50% patches (%2 = 8.3, df = 1, p < 0.05; x2 = 1.8, df = 1, p > 0.05; Fig. 

4.6). The number of buzzes did not differ between corridors and retention strips in the 20 

and 50% patches within deciduous forests (x2 = 2.92, df = 1, p > 0.05; x2 = 0.286, df - 1, 

p > 0.05; Fig. 4.7). 

Myotis lucifugus and M. septentrionalis 

The three habitat variables did not affect the presence of little brown or northern 

long-eared bats (overall models: F = 1.64, df = 6, 65; p = 0.151; F = 0.66, df = 6, 65; p = 

0.684, respectively). Furthermore, in contrast to Myotis spp. as a group, forest type, 

patch type, and location did not significantly influence mean pass rate of either little 

brown (F = 0.24, df= 2, 113; p = 0.788; F = 1.58, df = 2, 113; p = 0.198; F = 3.20, df = 3, 

113; p = 0.077, respectively; Fig. 4.8) or northern long-eared bats separately (F = 0.01, df 

= 2, 48; p = 0.988; F = 0.53, df = 2,48; p = 0.665; F = 2.33, df = 1, 48; p = 0.134, 



Figure 4.4. Total numbers of observed and expected A ) Myotis spp. and B) 
M. lucifugus buzzes detected in the centre and edge of the 0% patches in all 
forest types combined. Expected number of buzzes was calculated based on 
the number of sampling minutes. 
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Figure 4.5. Least squares means (± S.E.) of the log number of Myotis spp. 
passes detected per hour in machine corridors and retention strips in A) 
Cdom and B) Ddom forests, n = 9 nights. 
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Figure 4.6. Total numbers of observed and expected Myotis spp. buzzes 
detected in machine corridors and retention strips in A ) 20% and B) 50% 
patches in conifer forests. 
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Figure 4.7. Total numbers of observed and expected Myotis spp. buzzes 
detected in machine corridors and retention strips in A ) 20% and B) 50% 
patches in deciduous forests. 
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Figure 4.8. Least squares means (± S.E.) of the log number o f M 
lucifugus passes detected at the edge and centre of four patch types within A) 
Cdom, B) Ddom, and C) M X stands, n = 11-14 nights. 



respectively; Fig. 4.9). Location had a marginal effect on the activity levels of little 

brown bats, as they were more active along the edge than in the centre of some patches (F 

= 3.20, df = 1, 113; p = 0.077; Fig. 4.8). 

Although forest type, patch type, and location did not significantly influence 

activity levels of little brown and northern long-eared bats, patch type and location did 

influence foraging activity of the two species. Within each forest type, the number of M. 

lucifugus feeding buzzes detected in the different patch types differed significantly from 

that expected based on sampling effort (x2 = 15.6, df = 3, p < 0.05 (Cdom); x2 = 12.3, df = 

3, p < 0.05 (Ddom); x2 = 8.9, df = 3, p < 0.05 ( M X ) ; Fig. 4.10). Within deciduous 

forests, little brown bats foraged significantly more in clear-cuts than in the other patch 

types (x2 = 9.2, df = 1, p < 0.05), and they foraged significantly more often in the 20% 

and the intact patches than in the 50% patches (x2 = 4.2, df = 1, p < 0.05; Fig. 4.10). 

Within the mixed forest, foraging was significantly greater in 50% patches than in the 

other patch types (x2 = 7.9, df = 1, p < 0.05; Fig. 4.10). In addition, within the three 

forest types combined, the number of feeding buzzes was significantly higher along the 

edge than in the centre of the clear-cuts (x2 = 11.7, df = 1, p < 0.05, Fig. 4.4B). There 

was no statistical effect of patch type or location on foraging activity of northern long-

eared bats in conifer, deciduous or mixed forests (x2 = 2.2, df = 3, p > 0.05; x2 = 6.2, df= 

3, p > 0.05; x2 = 5.1, df = 3, p > 0.05; Fig. 4.11). However, no northern long-eared bat 

passes were detected in the centre of clear-cuts (Fig. 4.11) and no feeding buzzes 

produced by M. septentrionalis were detected in either location in the clear-cuts (Fig. 



Figure 4.9. Least squares means (± S.E.) of the log number o f M 
septentrionalis passes detected per hour at the edge and centre of four patch 
types within A) Cdom, B) Ddom, and C) M X stands, n = 11-14 nights. 
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Figure 4.10. Total numbers of observed and expected M. lucifugus buzzes 
detected in four patch types within A) Cdom, B) Ddom, and C) M X stands. 
Expected number of buzzes was calculated based on the number of sampling 
minutes. 
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Figure 4.11. Total numbers of observed and expected M septentrionalis 
buzzes detected in four patch types within A) Cdom, B) Ddom, and C) M X 
stands. Expected number of buzzes was calculated based the number of 
sampling minutes. 



4.11). Furthermore, northern long-eared bats foraged more often than expected in the 

intact patches (Fig. 4.11). 

Larger Species: Lasionycteris noctivagans 

Forest type and location did not significantly influence the presence of silver-

haired bats (F = 2.28, df = 2 , ; p = 0.11; F = 0.48, df = 1,; p = 0.49). However, the 

presence of silver-haired bats was significantly influenced by patch type (F = 3.06, df= 

3, 80; p = 0.03). L. noctivagans was present more often in 0% patches and were absent 

from intact patches on all but one night. When silver-haired bats were present, activity 

did not differ significantly among forest type (F = 1.48, df = 2, 80; p = 0.234; Fig. 4 .IB). 

Mean pass rate differed significantly among patch types (F = 3.06, df = 2, 80; p = 0.033; 

Fig. 4.12). Activity levels were significantly higher in 0% patches than 20 and 50% 

patches (F = 7.10, df = 1, 77; p = 0.009, Fig. 4.12). I detected only two feeding buzzes 

during the two years of sampling, and therefore did not analyze the influence of habitat 

types on foraging activity of silver-haired bats. Within conifer and deciduous forests, 

there was no significant difference in mean pass rate between the machine corridors and 

retention strips within the 20 and 50% patch types (F = 0.78, df = 9, 317; p = 0.63; Fig. 

4.13). 

Discussion 

Myotis species preferred the most cluttered forest type, conifer, which suggests 

that this species group were not negatively influenced by clutter at a stand level. Higher 
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Figure 4.12. Least squares means ( ± S . E . ) of the log number of L. 
noctivagans passes detected per hour at the edge and centre of four patch types 
within A ) Cdom, B) Ddom, and C) M X stands, n = 11-14 nights. Note, analyses 
were performed on means when bats were present, therefore absent data points 
represent instances when bats were never detected. 
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Myotis spp. activity in conifer forests is not consistent with my prediction and with 

previous studies (Walsh and Mayle 1991, Walsh and Harris 1996). Some studies suggest 

that conifer forests in other areas offer fewer foraging opportunities for bats (Thomas 

1988, de Jong 1994). Perhaps this was not the case in my study area. Alternatively, 

conifer forests may provide other benefits aside from foraging habitat, such as roosts and 

protection from predators and wind. Bats prefer older trees for roosting sites (Crampton 

and Barclay 1998). The conifer stands in my study area were generally older (mean age 

ranged from 73 to 131 yr) than the deciduous stands (mean age ranged from 57 to 93 yr). 

However, in mixedwood forests, bats preferred to roost in aspen trees (Crampton and 

Barclay 1998). 

The patch in which I measured unusually high activity was surrounded by water 

where little brown bats often prefer to feed. The number of buzzes recorded in this patch 

was also unusually high which suggests insect availability was also higher (which is often 

the case near water; Grindal et al. 1999). Within forest types Myotis spp. activity did not 

differ between patch types, which suggests that clutter did not influence habitat selection 

by these bats. 

Little brown and northern long-eared bats showed no species-specific preference 

for forest type. This may be due to the reduced sample because I could identify only 30% 

of passes to species. Therefore, I may not have had sufficient power to detect differences 

in use of forest types by the two Myotis spp. separately. 

Consistent with previous studies (Erickson and West 1996, Krusic and Neefus 

1996), Myotis species showed no preference for open, thinned or intact patches, when 



bats when considered separately. Myotis feed in and above the canopy (Kalcounis et al. 

1999) and may use the top of the canopy as a habitat edge similar to their use of edges in 

clear-cuts (Bradshaw 1996, Grindal and Brigham 1999). Therefore, I may not have 

detected differences in activity among patch types i f bats were detected above the 

canopy. 

Foraging activity of Myotis spp. varied significantly with patch type. Myotis spp. 

together, and little browns on their own, foraged more in deciduous clear-cuts, 

specifically at the edge, and in intact patches. This suggests that these bats may have 

been selecting for insect availability as in some areas insects are more abundant in uncut 

forest and at the edge of clearcuts (Grindal 1996, Burford et al. 1999) due to passive 

accumulation at the edge created by wind (Lewis and Stephenson 1966, Lewis 1969, 

Lewis and Dibley 1970, Verboom and Spoelstra 1999). Bats may also prefer edges as 

they may provide shelter from wind (Verboom and Spoelstra 1999) and predators. Edges 

may also provide landmarks for orientation by commuting bats (Verboom et al. 1999). 

Northern long-eared bats did not forage in clear-cuts and were never detected flying 

through the centre of these patches. Furthermore, M. septentrionalis foraged more in 

intact patches than expected. Northern long-eared bats are capable of gleaning, removing 

insects from foliage (Faure et al. 1993), which is not as possible in open patches 

compared to thinned or intact forest. As observed in other bat communities (Fenton and 

Bel l 1979, Aldridge 1986, Aldridge and Rautenbach 1987, Pavey and Burwell 2000), this 

differential use of habitats among species suggests resource partitioning between M. 

lucifugus and M. septentrionalis. 
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Contrary to my prediction, Myotis spp. did use machine corridors more than 

retention strips when commuting within thinned patches. Within the conifer forests, 

foraging activity was higher in retention strips in the 20% patches. This suggests that 

habitat selection by smaller, more maneuverable bats, such as Myotis species, may be 

governed by clutter when foraging within thinned forest. 

Presence of clutter affected habitat selection by larger, less maneuverable species 

in my study area, but not as I predicted. Contrary to my prediction, silver-haired bats did 

not avoid conifer forests. These results may reflect the fact that maneuverabilty is 

relative. Within my study area, silver-haired bats were the least maneuverable relative to 

the two Myotis spp. (Norberg 1981). However, silver-haired bats relatively 

maneuverable compared to some other species (Norberg and Rayner 1987). Therefore, 

they may not be influenced as strongly by the presence of clutter as larger species with 

higher wing loading and aspect ratios. In fact, in other areas the second largest species in 

Canada, the big brown bat (Eptesicus fuscus), is more flexible in habitat use and use more 

cluttered habitat than previously believed (Simmons et al. 2001). Therefore, it may not 

be surprising that silver-haired bats did not selectively choose among forest types. 

Within stands, clutter probably affected habitat selection by silver-haired bats, as 

they preferred open patches over thinned and intact patches. In fact, no silver-haired bats 

were detected in intact patches, with the exception of three passes detected on one night 

in an intact conifer patch. As in previous studies within clear-cuts with larger species 

(Grindal 1996, Verboom and Huitema 1997), silver-haired bats showed no preference for 

the centre over the edge. Silver-haired bats appear to be an edge-adapted species (Fenton 



1990) as they can exploit edge habitat but cannot forage in closed habitat. Relative to the 

more clutter-adapted Myotis species, silver-haired bats used the centre of open patches 

more often, suggesting that clutter affects habitat selection more for this species than for 

the Myotis species. 

M y results illustrate that when assessing habitat use by bats, we must consider 

individual species in designing a study, or at least species groups. As I have shown, 

individual species can show distinctly different preferences compared to the community 

as a whole, especially i f one species or species group is more dominant, thus driving the 

observed trends of the community. Additionally, bats may use locations within patches 

differently, such as the edge or centre of a clear-cut, or machine corridors and retention 

strips in thinned patches. Therefore, monitoring for bat activity within a patch may 

provide information on the overall use of that patch, but specific locations within the 

patch, that differ in habitat quality, may be more important to bats and as such should be 

taken into consideration when monitoring bat activity. 

Logging has differential impacts on the bat fauna in the northern boreal forest in 

which I studied. Although openings created by clear-cutting promote silver-haired bat 

activity, clear-cutting reduces the activity of northern long-eared bats. Differences in 

habitat use among species must be considered when assessing the impact of a disturbance 

on habitat selection by bats, rather than testing the bat community as a whole. 

Furthermore, my results support my hypothesis that discrepancies among studies of the 

impact of openings on bat activity are due to different preferences exhibited by the 

species of interest. 
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M y study provides insight into the immediate impact of logging on habitat 

selection by bats in the northern boreal forest. Longer-term studies would provide 

additional information as the structure of the forests and patches change over time due to 

loss of trees from windthrow, which has been observed in lower retention patches (J. 

Stewart and T. Jones, pers. comm.). Furthermore, bats show fidelity to foraging grounds 

(Wai-Ping and Fenton 1989, Audet 1990), which suggests they may not have discovered 

the newly created habitat in the area at the time of my study. However, the short-term 

responses that I measured illustrate that small, maneuverable species can exploit all of the 

habitat available to them, regardless of the amount of clutter present. Conversely, larger, 

less maneuverable species are confined to more open habitat with little clutter. 
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C H A P T E R FIVE 

SYNTHESIS AND R E C O M M E N D A T I O N S 

Synthesis 

The E M E N D study area provided a unique environment in which to study the 

biology of bats occupying mixedwood boreal forest. Bats inhabiting the forest north of 

Peace River, Alberta included the little brown {Myotis lucifugus), the northern long-eared 

{M. septentrionalis) and the silver-haired {Lasionycteris noctivagans). Little brown bats 

displayed different reproductive biology, diet, size, and activity patterns compared to 

conspecifics in other parts of Alberta and Canada. For example, with the exception of a 

single post-lactating female, none of the females captured in my area were reproductively 

active. Furthermore, I captured no juveniles. This low reproductive success of females is 

considerably lower than documented at a similar latitude, in Lac LaBiche, Alberta 

(Crampton 1995), and in the interior wet-belt of British Columbia, Mount Revelstoke, 

which was deemed marginal habitat for bats (Caceres 1998). Therefore, I conclude that 

the northwest mixedwood boreal forest near Peace River, A B , also provides only 

marginal habitat for bats due to limited foraging opportunities that result from frequent 

precipitation, cool overnight temperatures, and short nights. This area may also be 

marginal for reproductive females as the growing seasons are shorter which may limit the 

time available for bearing and rearing offspring. 

L o w temperatures (i.e. below 10°C) and precipitation reduce or preclude foraging 

activity of bats as insect availability tends to be low (Grindal et al. 1992, Lewis 1993) and 

costs of thermoregulation high (Turtle and Stevenson 1982). These costs may account for 
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the overall low activity observed in my study area, in addition to lower population 

densities relative to other surveyed areas. A l t h o u g h I d id not measure prey abundance 

and composition, evidence suggests that prey availability differed in my area compared to 

other surveyed areas. Little brown bats fed primarily on chironomids early during 1999. 

However, later in the 1999 season their diet was atypical as it consisted almost 

exclusively of moths (Fenton and Barclay 1980). 

Although poor ambient conditions and different foraging opportunities in my 

study area may account for the low bat activity I observed, suitable foraging habitat could 

have also been limiting. However, my analysis of habitat use by the three species in the 

E M E N D area indicates that this is not the case for little brown or northern long-eared 

bats as their activity was not influenced by tree density, or clutter, when foraging, 

presumably due to their relative maneuverability. Consequently, the Myotis species 

could use all o f the forest and patch types available to them. However, M. lucifugus 

preferred to forage along the edge of clear-cuts as well as in intact deciduous forest where 

insects are thought to be more abundant (Grindal 1996, Burford et al. 1999). Conversely, 

the less maneuverable silver-haired bat may have been limited by suitable foraging 

habitat. 

M y data indicate that silver-haired bats were confined to more open habitat (i.e. 

clear-cuts) and avoided intact forest. The forest in which I conducted my study is 

pyrogenic and has not burned in 70 years, which suggests that openings are not created 

regularly in the immediate area. Furthermore, harvesting began only ten years ago, thus, 

anthropogenic disturbances are not a likely source of open habitat for silver-haired bats. 



However, openings created by standing water as well as those above the canopy were 

available to silver-haired bats in my study area. Lasionycteris noctivagans may simply 

occur at low densities across its range, as the number of silver-haired bats captured and 

detected relative to other species was also low in other Alberta studies (Crampton 1995, 

Lippert 2001). 

Although I detected differential use of habitat patches by the three species of bats 

in my area, these results may be biased by differences in my ability to detect ultrasound 

in different habitats. However, contrary to general assumptions (Humes et al. 1999, Law 

et al. 1999), the ability to detect ultrasound was not directly correlated with increases in 

vegetation density. Furthermore, my data indicate that some species may be detected 

equally across habitat types, whereas others may not. These complexities must be 

considered in the design and analysis of studies investigating habitat use by bats. 

However, my data indicate that these differences did not influence my results for habitat 

use by bats in different habitat types. Myotis spp., which commonly produce 

echolocation calls that end at 40kHz, foraged significantly more often in intact deciduous 

patches and along the edges of clear-cut patches than in the thinned patches. However, 

40kHz sound was detected equally well across all forest types as well as across clear-

cuts, 50% retention patches and intact patches. Furthermore, silver-haired bats, which 

produce calls ending at 25kHz, were significantly more abundant in clear-cuts than in 

thinned and intact patches, despite equal ability to detect 25kHz in open and intact 

patches and higher detectability in thinned patches. 



A s differences in the ability to detect ultrasound in different habitats is unlikely to 

have influenced the results I obtained, it is reasonable to assume that my results 

accurately reflect the foraging behaviour of bats in a harvested forest and were not an 

artifact of detectability differences. From my data, I suggest that the smaller, more 

maneuverable Myotis spp. group, as well as little brown bats specifically, maximized 

their foraging efficiency by selecting habitat with higher insect abundances despite 

greater clutter (i.e. edge of clear-cuts and intact deciduous forest; Grindal 1996, Burford 

et al. 1999). Northern long-eared bats fed in intact forest where gleaning opportunities 

are greatest. Conversely, silver-haired bats reduced the cost of detecting and avoiding 

obstacles by choosing open habitat and avoiding intact forest. Although the bats that I 

caught in my study area were not reproductive, they must maintain themselves for future 

reproductive attempts. Therefore, foraging efficiency, and in turn appropriate habitat 

selection, is crucial. Selection of suitable roosting habitat is also crucial to the survival 

and reproductive success of bats and may have been limited in the E M E N D area. 

Recommendations for Future Research 

The relative importance of foraging and roosting habitat is uncertain and has been 

the focus of some debate. The importance of each of these resources may vary with 

location and species and thus the roosting requirements of the species in my study area 

should be assessed. Roost assessment of northern long-eared bats would be particularly 

useful as they are a blue-listed species in Alberta and information regarding many aspects 

of their biology is lacking. Although many studies have elucidated the roosting 



requirements of various bat species in various forest types, most of these studies have 

addressed this question from the perspective of reproductive females (e.g. Crampton and 

Barclay 1998). Females in my study area were not reproductive and roost selection 

would not be governed by the energetic demands of bearing and rearing young. 

Furthermore, they would not experience the costs of torpor incurred by reproductive 

females. Consequently, non-reproductive females may display similar roosting 

preferences as males, which would differ from the roosting preferences of reproductive 

females. Assessment of the use of torpor by individuals in my study area would also be 

useful in light of the adverse conditions they face. 

Quantitative assessment of insect abundance and composition in combination 

with simultaneous ultrasonic detection in different habitat types would be valuable. In 

addition, I studied the short-term responses of bats to harvesting. However, the structure 

of the patches wi l l change over time as trees regenerate and others are lost from 

windthrow and other sources of mortality. Therefore, longer-term studies of habitat use 

by bats in the E M E N D area would help complete the picture. Finally, the design of the 

E M E N D project presents auto-correlational problems, especially when dealing with 

highly mobile organisms, such as bats. In other words, the apparent preferences 

exhibited by the bats in my study may have been the result of auto-correlation; bats were 

present in a particular patch because they were traveling through to an adjacent patch. To 

address this matter, the foraging patterns of bats could be determined by following them 

using radio-telemetry. However, with current technology, radio-transmitters may be too 
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large for the species in my area and may alter their foraging behaviour (Aldridge and 

Brigham 1988). 

Recommendations for Forest Management 

Before making management recommendations I must recognize the limitations of 

my study. First, my study was conducted in a subset of stands and may not reflect habitat 

selection in other areas of the forest. Second, this study was conducted in relatively 

young forest stands, and habitat selection by foraging bats may differ in older stands as 

they differ in the level of clutter. Third, the environmental conditions that bats in the 

E M E N D area experience are not typical of other areas in the province or across Canada, 

thus the foraging behaviour of bats in the area may differ from those in more favourable 

habitat. Finally, my results provide only information on the short-term response of bats 

to harvesting. Long-term studies would provide further insight as the structure of the 

patches changes over time. Therefore, my recommendations are restricted to mixedwood 

boreal forest near Peace River, Alberta. With these limitations in mind, the following 

recommendations should be considered by forest managers: 

1) I recommend a harvesting strategy that would create a mosaic of open, thinned, and 

intact patches. This would accommodate the different needs of the species within the bat 

community, and it would more closely approximate the natural landscape. For example, 

Myotis spp. were the most abundant in my study and would have driven the observed 

trends of the community. However, the three species in my community displayed 



distinctly different habitat preferences. For example, clear-cutting is detrimental to 

northern long-eared bats, which are a blue listed species in Alberta. This species did not 

use the centre of clear-cuts for commuting or foraging, and they used the edge for 

commuting only. This species also preferred intact forest. On the other hand, little 

brown bats foraged along the edge of clear-cuts as well as in intact deciduous forest. 

Conversely, silver-haired bats avoided intact forest and used clear-cuts. 

2) Clear-cuts within the mosaic should be elongate, thus maximizing the edge available 

to bats. The longest edge should be perpendicular to the normal wind direction to 

enhance foraging. Little brown bats preferred to forage at the edge of clear-cuts more 

than in the centre. In addition, when commuting, northern long-eared bats avoided the 

centre of clear-cuts and silver-haired bats used the edge and centre equally. Insects tend 

to accumulate along edges, therefore edges offer a relatively rich source of prey. 

3) Thinned patches may prove useful in the long-term. Although none of the species in 

my study preferred thinned patches, they may prove more useful than clear-cuts in the 

long-term. A previous study demonstrated that due to the enhanced growth of trees left 

standing in thinned patches, they resembled and were used similarly to mature forests, 

which were preferred by bats (Humes et al. 1999). Therefore, thinned patches should be 

included in the mosaic. 
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4) Roosting habitat is important. Although I did not address the issue of roosting habitat 

in my study, several others have demonstrated that older trees are important roosts for 

bats (e.g. Crampton and Barclay 1998). Suitable roosts are crucial to the survival and 

reproductive success of bats and must be considered by forest managers. 

E M E N D was a multidisciplinary study, therefore there is information concerning 

the impacts of the various harvest regimes on other organisms, such as moss, understory 

vegetation, various invertebrates such as spiders, bark beetles and moths, as well as birds. 

The needs of these organisms may not be reflected by the recommendations I made based 

on the response of bats to harvesting. Managers w i l l need to take this into consideration 

and arrive at a reasonable compromise. 
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