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ABSTRACT 

Approximating natural disturbance patterns is the accepted model for harvesting 

practices in the new ecosystem management era of forest management. However, few 

studies exist that assess the effects of natural disturbance patterns on wildlife and 

therefore, there is a lack of baseline data to assess the effectiveness of the management 

practice. Thus, the overall aim of my study was to assess the relative activity, distribution. 

and roost selection of bats in logged, naturally disturbed (by fire), and undisturbed 

habitats. 

I used capture data and radio telemetry to assess the effects of natural disturbance 

and logging on the roost selection and behaviour of bats belonging to the genus Myotis in 

the sub-boreal spruce forests of north-central British Columbia. I found that bat capture 

success and sex ratio depended on disturbance history. Females were captured more 

frequently then expected in undisturbed habitats and capture success in general was better 

in undisturbed habitats. I tracked 17 female Myotis spp. to 33 day roosts and 4 additional 

roosts were located through random observations and by inspecting cavities for guano. 

Roosts were closer to capture locations in undisturbed habitats compared to logged 

habitats. The 37 day roosts found were primarily in two trees species, lodgepole pine 

(Pinus contorta) and trembling aspen (Populus tremuloides). In pine trees, bats roosted 

under bark, usually alone, whereas aspen were typically used as maternity colonies. All 

maternity roosts were in naturally formed lateral cracks and colony size was large. 

Using ultrasonic detectors, I found that in habitat patches where bats were 

recorded, there was a significant positive correlation between bat activity and patch size. 

When remnant patches were grouped into small (< 5 ha) and large (>6 ha), activity was 

ii 
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significantly greater in large patches. There was no correlation between bat activity and 

the distance the patch was isolated from a continuous tract of mature forest. Activity was 

significantly greater in riparian patches compared to upland patches, but no difference 

was found between remnant and undisturbed, continuous forest stands. 

In sub-boreal forests, management of bat habitat should focus on the maintenance 

of mature stands and retaining and recruiting snags of both lodgepole pine and trembling 

aspen. I recommend that forest managers attempting to approximate natural patterns by 

leaving residual patches as wildlife habitat, should ensure patches are larger than current 

averages of 2 ha, although patches should not be considered a replacement for large tracts 

of mature forest. 
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Chapter 1 

Bat roosting and foraging ecology in naturally disturbed habitats 

Introduction 

Loss of habitat and fragmentation have been identified as key factors leading to 

decline in species number and populations and ultimately extinction worldwide 

(Groombridge 1992). One activity, which contributes substantially to these factors, is the 

exploitation of forest resources. Traditional industrial forestry practices combined with 

fire suppression activities have resulted in a variety of changes to stand composition, 

structure (the spatial pattern of vegetation in forests), and the overall mosaic of landscape 

patterns (O'Hara et al. 1994, Bergeron and Harvey 1997, DeLong 1998). 

Recently, changes in societal values have pressured many governments to adopt 

regulations requiring an ecologically based management paradigm for timber harvesting. 

This complex task requires that non-timber values be treated equally to sustained yield of 

product (Lindenmayer and Franklin 1997). In general terms, forest practices that are 

sustainable must not irreversibly alter soil structure and fertility, nutrient and water 

cycling, or biodiversity (Ferguson 1996). Although a definition for ecosystem 

management remains ambiguous, common themes include "ecological and integrated 

systems management, adaptive scientific management, cooperation and collaboration, and 

integration of social values into management decisions" (Rigg 2001). 

Natural Disturbance Regimes 

One approach to ecosystem management that has emerged is to adopt a strategy of 

trying to mimic natural disturbance regimes as the model for harvesting activities (Hansen 

1 
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sustainable must not irreversibly alter soil structure and fertility, nutrient and water 

cycling, or biodiversity (Ferguson 1996). Although a definition for ecosystem 

management remains ambiguous, common themes include “ecological and integrated 

systems management, adaptive scientific management, cooperation and collaboration, and 

integration of social values into management decisions” (Rigg 2001).

Natural Disturbance Regimes

One approach to ecosystem management that has emerged is to adopt a strategy of 

trying to mimic natural disturbance regimes as the model for harvesting activities (Hansen
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et al. 1991, Hunter 1993, Bunnell 1995, Angelstam 1998). Natural disturbances such as 

fire, wind, and insect outbreaks have played an important role in shaping the structural 

mosaic of boreal and sub-boreal forests (Rowe and Scotter 1973, Zackrisson 1977, Van 

Wagner 1978, Johnson 1992). It is assumed that the plant and animal populations in the 

area have evolved with these disturbances, and perhaps even rely upon them. Thus if 

these patterns can be approximated, biodiversity should be maintained (Bunnell 1995, 

DeLong and Tanner 1996, White and Harrod 1997). In theory, natural disturbance models 

seem a panacea for the logging industry. However, without adequate research evaluating 

the effects of natural disturbance on forest biota or the effectiveness of natural 

disturbance models this theory remains unanswered. 

There are a number of unresolved issues that are currently giving ecologists 

concerns. Disturbance regime parameters such as interval, intensity, and size, used in the 

development of management models are applied as averages based on a relatively short 

period of data collection (White and Harrod 1997). These parameters are primarily 

estimated based on data for dominant vegetation and canopy closure as identified on 

aerial photographs (Johnson 1992). These averages often do not take into account the 

natural variation through time. Additionally, patterns of succession and recent work 

suggest the age of mixedwood and deciduous stands in boreal forests have been 

underestimated (Cumming et al. 2000). Therefore, age estimates may be flawed and the 

general application of averaging parameters likely "smooth out" the natural variability 

that is found in nature. Thus, the overall result of forest harvesting may still remain — a 

decrease in stand age, structural complexity, and spatial heterogeneity (Cumming et al. 

2000, Weir et al. 2000). 
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Decreasing the natural variation of available habitat types is expected to cause a 

decrease in species diversity (Wilson 1988, Bunnell and Kremsater 1990, Bunnell and 

Huggard 1999, Hobson and Schieck 1999, Hobson and Bayne 2000). If these differences 

are to be mitigated with the application of natural disturbance models it is imperative that 

we understand natural landscape patterns and how the patterns come about (Weir et al. 

2000) as well as the effects of these patterns on diversity (Bunnell 1995, DeLong and 

Tanner 1996). 

Bats 

Bats represent an incredibly diverse fauna within mammals. With over 900 

species worldwide, the order Chiroptera is second in diversity only to Rodentia. Many 

plants depend on bats for pollination or the dispersal of seeds. In Canada, all bats are 

insectivorous and the major predator of nocturnal, flying insects and as such undoubtedly 

play a substantial role in ecosystem function (Law 1996, Crampton and Barclay 1998). 

Often eating as much as 1.5 times their body mass in a single night they potentially play a 

regulatory role in insect populations including forest pest species (Hill and Smith 1984). 

Bats are long-lived mammals and have low reproductive rates therefore they are 

particularly susceptible to habitat loss because of their low rates of recovery. However, 

due to the general lack of historical data, it is not clear in many instances if bat 

populations are declining or increasing. 

There has been a substantial increase in our knowledge of bat foraging and 

roosting ecology, the 2 most critical requirements for temperate bats in summer, due to 

the accessibility of relatively inexpensive ultrasonic bat detectors and radio transmitters 

small enough to use on species <15 g (Fenton 1997). Still, bats are generally omitted from 
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management plans even though forest-harvesting activities have a number of potential 

impacts on their roosting and foraging habitat. 

Roosting Habitat 

Roosts provide bats with a place for social interactions and rearing young, as well 

as protection from predators and weather (Kunz 1982). Roosts must also provide suitable 

microclimate conditions, which may be different depending on the reproductive condition 

and life stage of an individual (Hamilton and Barclay 1994). There are 16 bat species that 

occur in British Columbia, 7 of which potentially occur in my study area (Nagorsen and 

Brigham 1993). Species known to occur from capture records include little brown, 

western and northern long-eared, and long-legged myotis, and silver-haired bats. All of 

these bat species exploit trees with obvious signs of decay, cavities or exfoliating bark, 

for roosts and are associated with forest environments throughout much of their range 

(Nagorsen and Brigham 1993). 

Foraging Habitat 

Ultrasonic bat detectors allow biologists to "eavesdrop" on the activity of bats. 

Although roosts may be the most critical factor limiting bat populations in many cases 

(Humphrey 1975), prey availability could play an important role in determining bat 

distribution (Fenton 1997). In general, high levels of relative bat activity is associated 

with riparian areas due to the availability of drinking water and insect prey (Lunde and 

Harestad 1986, Thomas 1988, Barclay 1991, Brigham 1991, Limpens and Kapteyn 1991, 

Grindal et al. 1999); and along natural and artificial edges (Furlonger et al. 1987, Grindal 

and Brigham 1999, O'Donnell 2000, Zimmerman and Glanz 2000). Use of edges is most 

likely a compromise between prey availability and low levels of clutter (Grindal and 

Brigham 1999) but might also be due to the navigational advantage of using linear 
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landscape elements (Limpens and Kapteyn 1991, Serra-Coto et al. 2000). In the forest 

interior, bat activity tends to be higher in older stands (Thomas 1988, Crampton and 

Barclay 1998, Jung et al. 1999, Humes et al. 1999) or stands that have structural 

characteristics similar to older stands (i.e. thinned; Humes et al. 1999). 

Potential impacts of logging 

Forest harvesting activities can potentially affect roosting and foraging habitat in a 

number of ways. Trees with decay characteristics used by many species of bats are known 

to decrease in abundance in managed forests (Franklin and Forman 1987, Ohmann et al. 

1994, Martin and Eadie 1999). Cavity roosts are either excavated by woodpeckers or 

naturally formed from a combination of factors (Vonhof and Barclay 1996, Kalcounis and 

Brigham 1998, Sedgeley and O'Donnell 1999, Bonar 2000, Vonhof and Wilkinson 2000). 

Primary cavity excavators typically select large diameter trees infected with a heart rot 

fungus, the abundance of which tends to be lower in managed landscapes (Martin and 

Eadie 1999, Bonar 2000, Wiebe in press). In Australia, Gibbons (1994) reported that the 

natural formation of hollows in trees takes between 35 - >140 yr. It is conceivable that 

this length of time would be much greater in temperate or boreal regions where growth 

rates are slower. Regardless, with current rotation intervals often < 100 yr, the abundance 

of naturally forming cavities will also likely be reduced. 

Forest harvesting activities can increase linear landscape elements and potentially 

provide rewarding foraging habitat. However, there is little work done on the comparison 

between vertical and horizontal (canopy edge) bat activity. Large gaps, associated with 

clear-cuts and the resulting isolation, may also prevent access to potential foraging habitat 

(AlhOn 1983, Estrada et al. 1993, Ekman and de Jong 1996, Pavey 1998). 
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The interaction between roosts and prey availability can also play an important 

role in bat habitat selection (Kunz 1982). Reproductive success and juvenile growth can 

be influenced by the location of roosts in relation to foraging areas (Tuttle and Stevenson 

1982). Thus, for comprehensive conservation planning, both foraging and roosting 

habitats must be considered. 

Objectives 

With that background, I designed my study with three broad objectives in mind. 

They included: 1) describe roost sites in the sub-boreal spruce forest and assess roost site 

selection criteria 2) assess the effects of 2 disturbance histories (fire and logging) on 

capture success, roost switching behaviour, and commuting distance between roosts and 

foraging sites, and 3) assess the relative level of bat activity within remnant stands 

naturally created by wildfire compared to continuous stands. 

I present the results of 2 summers of fieldwork in the sub-boreal spruce forest of 

British Columbia. I have written each chapter as a distinct manuscript meant to stand 

alone; thus the reader will find that there is some repetition both in the introduction and 

study area sections. Chapter 2 addresses the first 2 broad objectives. I present results from 

mist netting and radio tracking bats and compare differences between undisturbed areas, 

areas dominated by logging, and areas dominated by past fire events. Specifically, by 

assessing the relative capture success and the behaviour of bats in the different 

disturbance histories I describe the effects of varying disturbance on bat populations and 

what some management implications may be. I also describe roost characteristics of non-

reproductive and reproductive bats with reference to what has been found in other 

geographic areas. Chapter 3 addresses the final broad objective of determining if remnant 

habitat patches provide suitable habitat for bats. 
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Chapter 2 

Distribution and roost selection of Myotis bats along a disturbance gradient in the 
sub-boreal spruce forest of British Columbia 

Abstract 

I used bat capture data and radio telemetry to assess the effects of natural 

disturbance (fire) and logging on the roost selection and behaviour of bats belonging to 

the genus Myotis in the sub-boreal spruce forests of north-central British Columbia. 

Natural disturbance patterns have recently been adopted as models for timber harvesting 

practices. However, our understanding of how natural disturbances affect populations is 

in its infancy. In order to incorporate the natural disturbances management "lessons" it is 

imperative that we understand the effects of, and the differences between, naturally 

disturbed versus harvested landscapes. I found that bat capture success and sex ratio were 

dependent on disturbance history. Fewer bats we captured in disturbed sites (fire and 

logged) compared to undisturbed sites and more females than expected by chance were 

captured in undisturbed sites. I tracked 17 female Myotis spp. to 33 day roosts and 4 

additional roosts were located by random observations and inspecting cavities for guano. 

Roosts tended to be closer to capture locations in undisturbed habitats compared to 

logged habitats. There was no significant difference in distance traveled between roosts. 

The 37 day roosts were primarily in two species of trees, lodgepole pine (Pinus contorta) 

and trembling aspen (Populus tremuloides). In pine trees, bats roosted under bark, usually 

alone, whereas aspen were primarily used by maternity colonies. All maternity roosts 
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were in naturally formed lateral cracks and colony size was large. No roosts were located 

in cavities excavated by woodpeckers. My results suggest that female Myotis are most 

affected by logging disturbance, which has important implications to bat population 

maintenance in managed landscapes. In sub-boreal forests, management of bat habitat 

should focus on the maintenance of mature stands and retaining and recruiting snags of 

both lodgepole pine and trembling aspen. 

Introduction 

Modern management of forest resources has moved towards harvesting practices, 

which attempt to approximate natural disturbance regimes. The rationale behind this 

practice is that the flora and fauna of the area are presumably adapted to natural 

disturbances and thus if anthropogenic disturbance can emulate natural patterns, 

biodiversity will be less negatively affected (Hansen et al. 1991, Bunnell 1995). 

Therefore, the challenge is to understand how populations are affected by natural 

disturbances and apply these "lessons", with a goal of conserving species diversity in 

managed landscapes (Hunter 1993, DeLong 1998). 

Sub-boreal and boreal forests are subject to stand replacing disturbance regimes 

(Rowe and Scoffer 1973, Zackrisson 1977, Van Wagner 1978); the most significant of 

which was wildfire (DeLong 1998, Johnson 1992). In the sub-boreal spruce forests of 

British Columbia, fires typically occurred with a frequency of about once every 125 years 

and ranged from a few ha in size to over 15,000 ha (Bunnell 1995). Due to fire 

suppression policies and increased harvesting activities in the sub-boreal spruce forests of 

British Columbia large-scale natural disturbances have been replaced by clear-cut logging 

(De Long and Tanner 1996). 
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Large-scale stand replacing fires at relatively frequent intervals are simpler than 

other natural disturbances (i.e. they leave less standing timber, coarse woody debris, and 

regenerate as a even aged stand compared to smaller disturbances of lower intensity), but 

are still more complex in comparison to current harvesting patterns (DeLong and Tanner 

1996). The most obvious differences are that harvesting is selective both in terms of stand 

age and pattern, removes most woody debris including snags, and creates greater access 

to areas due to the construction of roads (O'Hara et al. 1994, DeLong and Tanner 1996). 

As well, there is a tremendous amount of natural variation within any disturbance regime, 

which adds to the complexity. The intensity of a fire disturbance can vary within any 

given event depending on a number of factors including local fuel load, moisture regime, 

topography, and weather conditions (White and Harrod 1997). The frequency of 

disturbance may also vary between relatively short periods of time (Weir et al. 2000). Our 

primary understanding of the complexities of natural disturbance and the response of 

forest biota to these differences, both subtle and obvious limit our ability to approximate 

the disturbance regime. 

Studies that report the responses of insect, bird, and mammal communities to 

natural and human disturbance have shown a number of differences (see Rempel et al. 

1997, Hobson and Schieck 1999, Buddle et al. 2000, Drapeau et al. 2000). Bats are also 

expected to respond to differences in stand structure and landscape pattern because of 

their association with linear landscape elements for foraging and as landmarks for 

navigation (Limpens and Kapteyn 1991, Brigham et al. 1997b, Verboom and Spoelstra 

1999, Zimmerman and Glanz 2000) and stands with a high density of dead or decaying 

trees for roosting (Thomas and West 1991, Campbell et al. 1996, Vonhof and Barclay 

1996, Grindal and Brigham 1998, Crampton and Barclay 1998). However, specifically 
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how bats react to natural or anthropogenic disturbance is not well understood (Fenton 

1997). 

In the neotropics, where bat diversity is rich, some researchers have used bats as 

indicators of disturbance (Fenton et al. 1992, Medellin et al. 2000). In temperate regions, 

although species diversity is reduced, there is a growing body of literature reporting 

increased bat activity associated with mature forests (Thomas 1988, Erickson and West 

1996, Crampton and Barclay 1998, Humes et al. 1999, Jung et al. 1999). The abundance 

of mature age class stands and snags decreases in managed landscapes (Hunter 1993, 

Martin and Eadie 1999), thus, bat communities will likely also respond negatively to 

these changes. Lumsden et al. (1995) suggested that bats may be more tolerant of 

fragmentation than other animals; however, recent studies in Australia have found 

negative responses by bats to fragmentation (Pavey 1998, Law et al. 1999). Therefore, I 

chose to study bats to assess if there were differences in abundance and behaviour 

between landscapes with different disturbance histories. 

The specific aim of my study was to increase our understanding of how natural 

and anthropogenic disturbance influence the habitat use of bats by comparing the 

distribution of captures and roosting behaviour along a gradient of naturally disturbed by 

fire, logged and undisturbed habitat. With the development of transmitters small enough 

to use on bats there have been a number of studies that document roost site preferences 

and habitat selection in general. However, few studies have used capture records and 

telemetry to assess how bats are affected by different land use histories or habitat types 

(but see Crampton and Barclay 1998, Pavey 1998, Waldien et al. 2000). To my 

knowledge, this is the first study that specifically investigates natural versus 

anthropogenic disturbance in North America. I had three objectives: Determine if 1) 
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these changes. Lumsden et al. (1995) suggested that bats may be more tolerant of 

fragmentation than other animals; however, recent studies in Australia have found 

negative responses by bats to fragmentation (Pavey 1998, Law et al. 1999). Therefore, I 

chose to study bats to assess if there were differences in abundance and behaviour 

between landscapes with different disturbance histories.

The specific aim of my study was to increase our understanding of how natural 

and anthropogenic disturbance influence the habitat use of bats by comparing the 

distribution of captures and roosting behaviour along a gradient of naturally disturbed by 

fire, logged and undisturbed habitat. With the development of transmitters small enough 

to use on bats there have been a number of studies that document roost site preferences 

and habitat selection in general. However, few studies have used capture records and 

telemetry to assess how bats are affected by different land use histories or habitat types 

(but see Crampton and Barclay 1998, Pavey 1998, Waldien et al. 2000). To my 

knowledge, this is the first study that specifically investigates natural versus 

anthropogenic disturbance in North America. I had three objectives: Determine if 1)
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disturbance history affects capture in terms of sex, age, and number; 2) disturbance 

history affects commuting distance between capture and roost sites and between 

consecutive roosts; and 3) evaluate roost selection and examine if similar roost 

characteristics are selected compared with other geographic regions. Based on the 

association between bats and forests with particular age and structural characteristics, I 

predicted that more bats would be caught in undisturbed areas than disturbed areas, more 

females would be caught in undisturbed areas, and commuting distances to roosts and 

between roosts would be greater in disturbed areas. I also predicted that roosts would 

have specific attributes that would discriminate them from a random sample of potential 

roosts. Specifically, confirmed roost trees would have a larger DBH, would be higher 

than the canopy height, be closer to other trees with potential roosts, closer to a 

permanent water source, and have fewer potential obstructions to the roost entrance and 

would occur in stands which have a lower density of trees, greater density of available 

roosts and a lower canopy closure. 

Most information about bat roost selection comes from studies concentrating on 

habitat requirements for females because of the constraints imposed on their roosting 

behaviour due to the costs of reproduction (Kunz 1982). From a conservation perspective, 

maternity roosts are perhaps the most critical summer resource for many bat species 

(Humphrey 1975, Kunz 1982, Fenton 1997) and sub-optimal roosts may decrease 

reproductive success (Brigham and Fenton 1986). Therefore, I concentrated my efforts on 

assessing female roost selection. Although males may select roosts similar to those used 

by non-reproductive females, I did not test this assumption. 
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Study Area 

I conducted my study within the moist cool variant (DeLong et al. 1993) of the 

sub-boreal spruce (SBS) biogeoclimatic zone (Meidinger et al. 1991) approximately 100 

km northwest of Prince George, British Columbia, Canada (54° 25`N, 124° 45W) 

between May and August of 1999 and 2000. The landscape is dominated by lodgepole 

pine (Pinus contorta) and hybrid white spruce (Picea glauca x engelmannii) with locally 

dominant stands of trembling aspen (Populus tremuloides) or black spruce (Picea 

mariana). Common shrubs include soopolallie (Sheperdia canadensis), velvet-leaved 

blueberry ( Vaccinium myrtilloides), black huckleberry ( Vaccinium membranaceum) 

thimbleberry (Rubus parviflorus), devil's club (Oplopanax horridus) and black twinberry 

(Lonicera involucrata) (DeLong et al. 1993). The zone is considered the best 

representative of the sub-boreal climate (DeLong et al. 1993). Average summer (June - 

September) temperature ranges from 9.7 to 15.0°C and precipitation is ca. 40 mm per 

month (Environment Canada). The elevation of the study area ranges between 750-1070 

m asl but all sites I sampled were located between 800-850 m asl. 

I captured 5 bat species in the area: little brown (Myotis lucifugus), long-legged 

(M. volans), western long-eared (M evotis), northern long-eared myotis (M 

septentrionalis), and silver-haired bats (Lasionycteris noctivagans). Big brown (Eptesicus 

Ascus) and hoary (Lasiurus cinereus) bats may also occur in the area but have not been 

confirmed (Nagorsen and Brigham 1993). 
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Methods 

Distribution 

To assess broad habitat characteristics I measured the amount of dominant forest 

cover in 1 km2 (100 ha) plots surrounding each netting site using 1:20,000 forest cover 

maps and a metric dot area grid. Habitat was classified into four categories: recent clear-

cut (<40 yr), stands >120 yr, water/marsh, and stands regenerating from fire <60 yr. 

Stands regenerating from fire ranged in age from ca. 40 - 60 yr. Based on the dominant 

(>50%) forest cover, sites were then categorized into disturbance classes of naturally 

disturbed, recently logged, and undisturbed (Table 2.1). Sites were distributed throughout 

ca. 500 km2 a minimum of 2 km apart. It is important to note that anthropogenic 

management activities occurred at all sites including roads, thinning, and clear-cutting. I 

made my best effort to ensure that the distribution of netting sites were representative of 

the dominant disturbance history. Because bats are not evenly distributed throughout a 

landscape, my protocol is a compromise between randomness and subjectivity. 

I captured bats by using mist nets set over slow moving water and ponds, in forest 

gaps, and along trails. To reduce capture bias, I changed the configuration of nets at sites 

when sampling was repeated on more than one occasion and placed nets at different 

heights (up to a maximum of 6 m). Netting was only conducted when the temperature at 

sunset was above 6 °C, there was no precipitation, and wind speed was low (Kunz and 

Kurta 1988). I sampled sites in a random order with the restriction that effort was 

relatively equal in each disturbance category. I measured netting effort in terms of hours, 

recorded from the time of first bat pass until I closed nets and number of nets set. At each 

site I set 1 to 4 nets ranging in length from 6-12 m. Overall, netting effort was 

standardized between disturbance histories for time and length of net used. 
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All bats caught were identified to species (Nagorsen and Brigham 1993) and 

sexed. I assessed reproductive status of females by palpating the abdomen and examining 

the mammary glands. Bats were classified as pregnant if a fetus could be felt: lactating, if 

milk could be expressed from the nipple; or post lactating if no milk could be expressed 

but there was a bare patch around the nipple (Racey 1988). If no fetus could be felt prior 

to July, the bat's reproductive status was classified as unknown because early stages of 

fetal development are easily missed. After 1 July, if there was no evidence of 

reproductive activity, bats were classified as non-reproductive. To assess distribution of 

males to females across disturbance histories I assumed an overall sex ratio of 1:1 which 

was supported by previous presence/absence inventory data in the SBS (Psyllakis and 

Martin 1997). Protocols for the ethical handling and treatment of bats were approved by 

the University of Regina President's Committee on Animal Care. 

Commuting Distance 

I affixed 0.47-0.52 g transmitters (model LB-2, Holohil Systems Ltd, Carp, ON) 

to females belonging to the genus Myotis by clipping fur between the scapulae and gluing 

transmitters on with a small amount of Skin-Bond® surgical glue (Smith & Nephew 

United, Inc., Largo, FL). The mass of bats tagged ranged between 7 - 9 g, therefore 

transmitter loads represented up to 7.5% of body mass. Although this broke the 5% rule 

suggested (Aldridge and Brigham 1988) this was comparable to other studies which 

found condition of bats unaffected (no loss in body mass) after transmitters had dropped 

off (Pavey 1998, O'Donnell and Sedgeley 1999). To track bats, I used a TR-2 receiver 

coupled to a H-frame antenna (Telonics, Inc., Mesa, AZ) and a R-1000 receiver coupled 
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Table 2.1. Relative proportions of disturbance histories at netting sites and 

classification category. 

Site Name Forest > 120 
yr 

Fire Logged Water I 
Marsh 

Disturbance 
Category 

2x8 11.84 78.08 0 10.08 Fire 
54 km 3.04 64.64 22.88 9.44 Fire 
25 km 0 73.44 13.92 12.64 Fire 
Camp 7.1 63.68 0 29.12 Fire 
ATV 0 89.12 2.08 8.8 Fire 
41 km 0 94.24 3.52 2.24 Fire 
29 km 0 24.32 66.56 9.12 Logged 
Younges 38.24 0 58.24 3.52 Logged 
Straight younges 36 0 61.28 2.72 Logged 
Off younges 24 0 73.92 2.08 Logged 
Teardrop Creek 0 0 76.48 23.52 Logged 
Rikki turn 0 0 81.44 18.56 Logged 
Stinky 43.20 0 51.68 5.12 Logged 
Salmon main 63.52 0.48 25.12 10.88 Undisturbed 
Boot 81.28 0 2.4 16.32 Undisturbed 
Great Beaver Creek 89.12 0 2.88 8.0 Undisturbed 
603 lake 54.56 1.44 37.28 6.72 Undisturbed 
Manhattan 58.24 0 32.48 9.28 Undisturbed 
BY 78.24 0 6.4 15.36 Undisturbed 

to a 3 element yagi antenna (Communications Specialists, Inc., Orange, CA). I tracked 

bats on each day subsequent to release for as long as the transmitter was active and 

attached (1 -19 days). I observed trees bats were tracked to at dusk, to confirm the use of 

the tree as a roost and gather other information such as height of roost, entrance aspect, 

and number of bats emerging. Residency time (number of consecutive days spent in a 

roost) was only recorded when I knew the exact arrival and departure dates. 

Universal Transverse Mercator (UTM) co-ordinates were derived using a 

handheld GPS-12 (Garmin Co., Olathe, KS) at each roost located. I plotted roost locations 

on 1:20,000 forest cover maps and measured horizontal distances (± 50 m) to the capture 

location, between roosts when roost switching was documented, and to the nearest 

permanent water source. 
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Roost Selection 

I measured roost and forest stand characteristics after the radio-tagged bat (and 

any others) had vacated the roost to minimize disturbance. Following Vonhof and 

Barclay (1996), I set out a 17.8 m (0.1 ha) radius plot with the roost as the focal tree. For 

each plot, I measured roost entrance height, tree height, stand height (by averaging a 

random sample of 4-10 trees) and stand slope using a clinometer. Entrance aspect, and 

stand aspect were measured using a compass. Diameter at breast height (DBH) was 

measured using a standardized tape. The percent bark and percent limbs remaining was 

calculated by averaging independent estimates of two observers. The tree was then 

classified into a decay class based on standardized criteria (Table 2.2). I measured 

distance to the nearest tree as tall or taller than the roost entrance in a 90° arc from the 

roost entrance. I assumed this would be the first obstruction a bat would encounter when 

emerging from its roost if it flew in a straight line. Canopy closure was measured using a 

densiometer. I averaged the results from measurements taken 1.5 m from the roost tree in 

each of the four cardinal directions. Distance to the 2 nearest live trees and available trees 

(tree with noticeable pealing bark, crack, or cavity) were measured, as well as DBH and 
• 

height of these trees. The number of trees and available trees per ha were based on counts 

from within the 0.1 ha plot. Age class and elevation were obtained from forest inventory 

maps and topographical maps. For roosts in cavities, the external length and width at the 

greatest dimension of the cavity were also measured when possible. 
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Table 2.2. Decay stage classification code (modified from the British Columbia 

Wildlife Tree Classification System; Ministry of Forests) 

Stage Description 
I Live, healthy; no decay; no obvious defects 
2 Live; obvious defect - cavity, fungus, or peeling bark 
3 Recently dead; needles present or obvious defect 
4 Dead; no needles or leaves present, obvious defect, <50% of limbs 

lost 
5 Dead; top often broken, >50% of limbs lost 
6 Dead; no branches or bark; broken off along mid-trunk 
7 Dead; >3 m stub; extensive internal decay 
8 Dead; <3 m stub; extensive internal decay 
9 Debris; downed stub or stump; extensive decay 

To assess selection of day roost sites by bats, trees confirmed to be used by bats 

were compared to a random sample of trees with similar decay features. I selected 

random trees using two methods. Random conifer trees were located by using a random 

bearing and random distance (maximum 400 m) from the known roost tree. If this bearing 

and distance was in a different stand or a physical barrier (river, lake) prevented me from 

reaching the designated point the process was repeated. The closest tree to the randomly 

selected point with exfoliating bark or a cavity was then measured in the same way as the 

known roost tree. I used a different method for deciduous roosts because trees with 

similar decay features were rare in the immediate vicinity of known roosts. To locate a 

random sample of deciduous trees, I used transects through dominant or co-dominant 

aspen stands. Each tree within 15 m of either side of the transect was enumerated and 

trees that had characteristics of those used by bats as maternity roosts (crack or cavity) 

were measured. In addition, cavities were inspected for the presence of guano to 

determine if there had been past use. All measurements taken at known roosts were 

repeated for these random trees. 
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Throughout the 2000 field season, I monitored three maternity colony roosts 

located the previous year using a fibreglass screen guano trap set at the base of the tree 

below the roost exit. This allowed me to monitor the level of reuse. I inspected the guano 

trap once every 5-8 days and removed any guano or debris that had been collected. To 

confirm that the pellets I collected originated from bats, I compared them with known 

guano pellets collected from captured bats using a dissecting microscope. 

Statistical Analysis 

To test the null hypotheses that observed capture success and sex ratios were as 

expected given netting effort in areas with different disturbance histories, I used chi-

square analysis with Yates correction when necessary (Zar 1999). If the average number 

in each cell of the contingency table was < 6 (Roscoe and Byars 1971) I used a Fisher 

Exact test. I analyzed captures combined for both years of the study because of overall 

low capture success. I analyzed commuting distance between roosts and capture sites and 

consecutive roosts using a one factor ANOVA with disturbance history as the main effect. 

I analyzed conifer and deciduous trees separately to account for the structural 

differences in roost type and method of selection of random trees. I used logistic 

regression (Hosmer and Lemeshow 1989) to build a model to distinguish between known 

roost trees and random trees. I first analyzed variables with univariate techniques prior to 

inclusion into the logistic regression model. Only variables that were below a set p-value 

(0.2; Hosmer and Lemeshow 1989) and were not significantly correlated with or 

biologically explained by other variables were entered into the analysis. The final logistic 

regression model was determined by interactive backward elimination of variables 

without significant contribution. All data are reported as mean ± standard error (SE) and I 

used a = 0.05 as the level of significance. 
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without significant contribution. All data are reported as mean ± standard error (SE) and I 

used a = 0.05 as the level of significance.
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Results 

Distribution 

I caught 38 bats belonging to the genus Myotis during 117.2 hours of netting. The 

probability of capture was not distributed equally between sites with different disturbance 

histories (X2=13.0, df-2, p<0.0015). Capture success was lower than expected in logged 

and fire sites and higher than expected in undisturbed sites (Figure 2.1), although the 

increased capture rates in undisturbed habitats was the primary contributor to the chi-

square value. In addition, the sex of captured bats was not independent of disturbance 

history (X2 = 6.7, dfr2, p<0.05). In fire disturbed landscapes, the probability of capturing 

a male or female was equal, in landscapes dominated by logging, the probability of 

capturing a male was approximately 3 times greater and in undisturbed landscapes the 

probability of capturing a male was approximately 1/3 (Figure 2.2). Again, the increased 

rate of female occurrence in undisturbed habitats was the primary contributor to the chi-

squared value. 

Commuting Distance 

I fitted 17 females (14 M. lucifugus, 2 M. volans, 1 M. septentrionalis) with radio-

transmitters and tracked these bats over a total of 117 transmitter days to 33 different 

roost trees. Three bats captured and radio-tagged at logged sites led me to 6 roosts, 5 

roosts were found from the 2 bats radio-tagged in the fire disturbed areas and 24 roosts 

were used by 12 bats radio-tagged in the undisturbed area. Roost trees were significantly 

closer to capture sites in areas undisturbed than logged areas (F=5.89, dfr2, p<0.01, 

Tukey's test for unequal n, p<0.035;Figure 2.3) but the distance between consecutive 
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Figure 2.1. Comparison of observed to expected Myotis capture rates (based on netting 

effort) at fire, logged and undisturbed sites. 
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Figure 2.2. Comparison of observed to expected capture rates of males and 

females in fire, logged, and undisturbed sites. 
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Figure 2.3. Mean (± SE) commuting distance from capture locations to roost locations. 

Bars that do not share a letter are significantly different. 
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roosts did not differ significantly as a factor of the disturbance history (F=4.47, df--2, 

p<0.03, Tukey's test for unequal n, p>0.08; Figure 2.4.). 

Roost Selection 

I located 4 additional roosts by inspecting cavities for guano (2) and random 

observations at dusk (2) for a total of 37 confirmed roosts. Nineteen roosts were in 

coniferous trees (18 lodgepole pine, 1 hybrid white spruce). One of the conifer roosts was 

in a large crack in a lodgepole pine and the remaining 18 were under patches of 

exfoliating bark. Roosts in deciduous trees were primarily in natural lateral cavities of 

trembling aspen (13) and black cottonwood (1) with an additional 4 under exfoliating 

bark. Bats roosting under bark most often roosted alone (1.29 ± 0.77, range 1-4) whereas 

cavity roosts tended to house large colonies (86.4 ± 115, range 2-388). Reproductive bats 

only used cavity roosts whereas non-reproductive bats used both colony and solitary 

roosts. 

My sample size for M. lucifugus was sufficient to make comparisons between 

reproductive and non-reproductive individuals. The distance from the capture location to 

roosts differed between reproductive (614 in ± 535) and non-reproductive bats (1726 m ± 

1290; t = 2.2, df= 24, p=0.039). However, the distance between consecutive roosts did 

not differ significantly between reproductive (654 m ± 511) and non-reproductive 

individuals (1557 m ± 1347; t = 1.28, df= 14, p = 0.22). There was no difference 

between the residency time in each roost for reproductive (3.25 ± 1.31 days) and non-

reproductive individuals (2.8 ± 1.9 days; t = -0.426, df= 11, p=0.68). The overall mean 

residency time for all bats monitored was 2.7 ± 1.6 days. 
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Figure 2.4. Mean (± SE) distance between consecutive roosts. No significant differences. 
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compared the characteristics of 13 visually confirmed conifer roosts to 16 randomly 

selected conifer trees. Five variables were selected to be entered into the logistic 

regression model after univariate analysis (Table 2.3): tree height compared to canopy, 

percentage of bark remaining, percentage of limbs remaining, canopy closure, and 

distance to nearest tree in a 90° arc. All variables contributed significantly to the model 

(x2=28.69, df=5, p<0.001) resulting in the correct classification of known roosts 92% of 

the time and random trees 94% of the time. Relative to random trees, known roosts were 

taller compared to canopy height, had significantly more remaining limbs, less bark, the 

nearest tree was farther away and the canopy was more open. 

Fourteen lateral cavity roosts in trembling aspen were compared to 20 

random trees with similar decay features. Of the 13 variables entered into this analysis 

(distance to edge, entrance height, tree height, tree height compared to canopy, DBH, 

distance to nearest tree, distance to nearest available tree, trees per hectare, available trees 

per hectare, canopy closure, canopy height, distance to nearest tree in 90° arc, and 

external cavity length), only 4 were included in the final model. The external length of the 

cavity was longer, entrance height was higher, DBH was greater and distance to nearest 

tree was greater for known roost trees (x2=42.0, df=4, p<0.001). This model correctly 

classified both used roosts and random trees 100% of the time. 

In general, conifer roosts were not closer to permanent sources of water (t=0.12, 

df=35, p>0.70) or edges (t=0.064, df=28, p>0.80) than deciduous roosts. The mean 

distance from roost tree to water was 274.8 ± 44.4 m and the mean distance from roost 

tree to edge was 161.8 ± 69.2 m. Most conifer trees used as roosts were in decay stage 4 

or 5, whereas deciduous roosts tended to be in decay stage 2 (Figure 2.5). Thirty-two of 
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Table 3. Univariate comparison of variables between known roosts under bark of conifers and random 
trees and aspen roosts and random trees. Mean t Standard Deviation 

Variable 
Pine and Spruce 

n Roost Random n P n 
Aspen and Cottonwood 
Roost Random n P 

Distance to water° 19 286.3+-285.3 316.6+-299.8 25 0.859 18 262.8+-281.9 301.4+-205.6 21 0.210 

Distance to edge° 13 269.9+-551.1 45+-24.9 6 0.861 17 79.2+-124.6 103.1+-82.3 16 0.059 

entrance height° 15 13.3+-8.1 13.36+-8.1 25 0.983 16 7.6+-4.9 1.6+-1.2 21 0.000 

Entrance Aspect* 0.462 0.538 
N (271-90) 6 13 6 10 
S (91 - 270) 9 12 10 11 

Tree height° 16 22.64-7.9 18.8+-9.2 25 0.190 16 26.0+-9.3 20.2+-8.5 21 0.055 

Tree Height compared to canopy`••° 16 -4.5+-8.4 -8.2+-8.3 25 0.131 16 3.6+-10.7 7.3+-8.8 21 0.000 

Diameter at breast height° 16 25.7+-7.5 23.6+-7.3 25 0.383 16 49.1+-10.1 37.0+-11.7 21 0.002 

% Bark remaining° 18 78.1+-19.2 85.8+-16.0 25 0.258 16 89.4+-18.0 94.7+-11.0 21 0.771 

% Limbs remaining° 16 50.0+-38.0 26.6+-31.1 25 0.061 16 72.2+-43.5 82.1+-38.0 21 0.592 

Decay stage••d 0.923 1.000 
2-4 10 16 17 13 17 21 
5-7 6 9 4 4 

Distance to nearest tree° 18 21.0+-0.9 4.2+-11.5 25 0.448 18 3.53+-3.0 2.0+-1.4 21 0.044 

Distance to nearest available tree° 18 3.5+-1.7 3.3+-2,5 25 0.740 16 5.7+•4.5 8.5+-4.7 21 0.076 

Trees per hectare° 18 556.1+-349.6 531.2+-137.5 25 0.453 17 288.4+-222.8 383 2+-118 5 19 0.115 
Available trees per hectare 18 128.9+-63.6 125.6+-60.8 25 0.885 17 56.7+-38.2 34.8+-20.9 21 0.030 
Canopy closure° 18 65.4+-14.2 71.5+-17.8 25 0.196 17 85.5+-26.4 79.4+-11.1 21 0.071 

Canopy height° 18 27.2+-4.9 27.9+-4.8 24 0.664 16 24.2+-10.9 27.5+-3.8 21 0.190 

age class° 0.560 0.227 
3-4 17 2 1 24 17 3 17 
7-8 15 23 14 17 

Distance to nearest tree in 90o arc° 13 10.3+-7.0 4.5+-2.4 18 0.004 16 10.9+-10.0 6.8+-2.9 21 0.087 

External length of cavity' 9 3.4+-2.3 0.62+-0.8 21 0.000 
a Chl-square 
b West 
c Mann-Whitney U-test 
d Fisher Exact Test 
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Figure 2.5. The proportion of roost in each decay stage. Cavity roosts were primarily in 

deciduous species in decay stage 2. 
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Figure 2.6. Distribution of all known roost trees by forest stand age class 
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the 37 roosts found (86.5%) were in forest stands between 120-250 years old. The 

remaining 13.5% were in stands between 40-80 years old (Figure 2.6). 

I documented 3 cases where individual bats returned to a previously used roost 

during the period of time I tracked them. This is likely an underestimate of overall roost 

re-use due to the short battery life of transmitters. Guano was collected continuously from 

the 3 trees found in the 1999 field season monitored throughout the 2000 field season. I 

collected small amounts of guano at 2 of the 3 trees (38 pellets), but the third roost 

regularly had a large amount of guano at its base (1715 pellets total; Table 2.4). 

Table 2.4. Number of pellets collected from known maternity roosts found in 

1999 monitored on a weekly basis in 2000. 

Week checked Roost 1 Roost 2 Roost 3 
11 June 13 7 3 
18 June 3 2 59 
25 June 1 0 38 

2 July 1 0 22 
9 July 0 0 588 

16 July 3 1 72 
23 July 2 0 67 
30 July 5 0 607 

Discussion 

Distribution 

Disturbance history affected both the number and sex ratio of Myotis bats caught. 

Females were less commonly associated with areas disturbed by anthropogenic causes 

then natural causes or undisturbed areas and both sexes were caught less frequently in 

disturbed areas. These results were highly influenced by the capture success and ratio of 

females caught in undisturbed habitats. When using contingency tables, once the original 
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hypothesis has been rejected, it is inappropriate to draw additional comparisons (Zar 

1999). The hypothesis that capture success is better in undisturbed habitats and more 

females will be captured in undisturbed habitats should be tested with new data. 

Compared to logging, natural disturbances typically leaves a greater amount of standing 

dead material, residual trees, and remnant stands (O'Hara et al. 1994). Due to differences 

in energy demands between males and females during the reproductive season (Kurta et 

al. 1989) logged habitats likely have limited numbers of suitable roosts. Additionally, the 

greater occurrence of gaps may also have an affect. In the fire disturbed area, the stands 

were a minimum of 40 yr old, whereas in the logged area the landscape was dominated by 

recent clear-cuts. Bats are thought to use canopy edges for commuting and foraging in 

both temperate rainforest and boreal forests (Bradshaw 1996, Kalcounis et al. 1999) and 

this edge was available in both the fire disturbed and undisturbed habitats. It is unclear at 

what forest age canopy edges become usable to bats but obviously this habitat does not 

exist in recent clear-cuts. 

Commuting Distance 

In logged habitats, commuting distance between roosting and capture sites 

increased, reflecting the probable decrease in roost availability. Foraging and commuting 

between roosts and foraging areas makes up the majority of energy budgets of bats (Kunz 

1982). The energy demands of reproduction have been hypothesized to limit the 

distribution of female little brown bats in other areas subject to unpredictable insect 

availability and cool temperatures (Barclay 1991). The energetic costs of commuting 

greater distances between foraging and roosting sites may also limit the distribution of 

females. Hinsley (2000) described a mathematical model which predicts a decrease in 
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females. Hinsley (2000) described a mathematical model which predicts a decrease in
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reproductive success of an insectivorous bird when commuting distance and number of 

trips was increased between nest and foraging areas. The cost of increased distance 

between foraging and roosting sites for reproductive bats will need to be assessed to 

determine if fragmentation has the potential to affect reproductive success. An additional 

risk of sub-optimal habitats is a decrease in juvenile survival over the first winter as they 

are under increased pressure to accumulate fat stores before the onset of hibernation 

(Kunz 1982). Greater amounts of energy spent commuting between foraging and roosting 

sites may reduce the amount of fat accumulation. Tuttle (1976) reported that mean masses 

of juvenile Myotis grisescens (gray bats) were inversely proportional to the distance 

roosts were located from water. Over a 2-week period masses of juveniles that were 

further away from water declined, whereas juveniles that roosted close to water increased. 

Thus, I suggest that females and juveniles will be most affected by fragmentation and 

habitat loss. This is supported by the capture results from my study where female capture 

rates decreased in habitats that were affected by logging disturbance. On islands and in 

landscapes fragmented by agriculture the use of suitable habitat decreased with increased 

isolation (Ahlen 1983, Estrada 1993, Ekman and de Jong 1996, Pavey 1998). This 

avoidance reflects a sensitivity of bats to fragmentation that is supported by my capture 

data. 

The time since last disturbance in my study varied between disturbance history 

where logging activity (in its current form of clear-cutting) is relatively recent (40 years) 

and the main fire activity was ca. 60 years ago. Coinciding with the increase in harvest 

activity there was also a policy for fire suppression. These factors limited the 

interpretations in this study in two ways. Firstly, I could not find cut blocks at 
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regeneration stages equivalent to the fire disturbance. Likewise, fire suppression has also 

likely influenced some changes in the composition of stands, secondary canopy, and age 

class mosaic. Ideally, this study would have compared stands at equivalent stages of 

regeneration so that a successional gradient could be interpreted. 

Roost Selection 

Since radio-transmitters have become small enough to affix to bats, a number of 

studies have documented the roost preferences of a variety of bat species. Whereas the 

western long-eared myotis (M. evotis) is quite flexible in managed landscapes, roosting in 

a variety of locations including stumps (Vonhof and Barclay 1997, Waldien et al. 2000) 

forest populations of little brown, long-legged and northern long-eared myotis all appear 

to depend on trees in early to mid stages of decay in older stands (this study, Crampton 

and Barclay 1998, Brigham et al. 1997a, Ormsbee and McComb 1998, Vonhof and 

Wilkinson 2000). Although my sample size did not allow me to make interspecific 

comparisons, all species selected trees with similar decay patterns and primarily in the 

same 2 species of trees. 

As in other studies, roosts in conifers could be distinguished from random trees by 

the height of tree compared to the canopy height (Campbell et al. 1996, Vonhof and 

Barclay 1996, Brigham et al. 1997a, Betts 1998a, Ormsbee and McComb 1998, Waldien 

et al. 2000). However, in my study this did not necessarily mean that the height of the 

roost tree extended above the surrounding canopy. I suspect height of the tree is more 

related to the pattern of decay where roosts have a greater number of remaining limbs and 

were therefore less likely to have a broken top and thus taller. A greater proportion of 

bark was exfoliating on known roost trees, which may provide greater flexibility for 
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locating optimal thermal conditions on any particular tree without switching roosts. The 

longevity of a roost under bark is not known. It has been suggested that once bark begins 

to exfoliate it falls off rapidly (Barclay and Brigham in press, Vonhof and Barclay 1996, 

Rabe et al. 1998), therefore, in coniferous forests, a high density of trees in varying 

progress of decay may be required to provide sufficient roosts to maintain healthy bat 

populations over time. In my study area only non-reproductive bats used conifer roosts 

different from other areas (Waldien et al. 2000, Ormsbee 1996, Zielinski and Gellman 

1999). 

Long lateral cracks were characteristic of all maternity roosts and unlike other 

studies (Vonhof and Barclay 1996, Crampton and Barclay 1998, Kalcounis and Brigham 

1998), I did not document bats using any cavities excavated by woodpeckers. The lateral 

cracks are probably formed by a combination of heart rot fungus and a trauma such as a 

frost crack or scarring from another tree falling against the roost tree. In all cases, a large 

lip had formed around the trauma creating a narrow entrance. This process requires a 

number of sequential events and likely takes decades before a suitable roost is developed 

(K. Lewis pers. comm.). This type of cavity formation is relatively rare, necessitating my 

method of locating random deciduous trees to compare with known cavity roosts. 

Additional evidence for the long length of time it likely takes for these types of roosts to 

develop is that only 2 maternity roosts were located in stands < 120 yr and both were 

large, old, residual snags (dead tree) left by the last disturbance. Although aspen are 

generally considered an early successional species, relatively short lived and temporary 

fixtures on the landscape, recent work suggests that they are probably self replacing in 

some circumstances and thus, many stands are much older than previously thought 

(Cumming et al. 2000). This has important implications for species that use aspen 
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cavities, natural or otherwise, as management strategies currently target aspen and 

mixedwood aspen stands for rapid rotation or complete conversion to softwood species 

(Stelfox 1995). Martin and Eadie (1999) suggest aspen is a "keystone" species for 

ecosystem integrity. 

The significance of lateral cavity use may be twofold. The extended length 

probably allows bats greater flexibility in finding optimal thermal zones than in cavities 

excavated by birds. Vaughan and O'Shea (1976) found that vertical crevices in rock cliffs 

had a much greater range of temperatures than horizontal crevices. Hamilton and Barclay 

(1994) reported that in an attic colony of big brown bats (Eptesicus fuscus), individuals 

selected locations within the roost that optimized the use of torpor and that reproductive 

females entered torpor on 50% of the days monitored. Secondly, the larger cavity 

volumes may also allow for greater numbers of individuals to roost together allowing the 

bats to take advantage of inter-individual heat production. Indeed, I found that the number 

of bats using roosts was considerably greater than has been documented in other locations 

including roosts holding as many as 181, 192, and 388 individuals. The sub-boreal spruce 

region of British Columbia is a cool, wet region and the influence of large colonies on 

microclimate within roosts may be critical for successful reproduction as growth rate 

increases with colony size (Racey 1982). 

Large colony size may also be reflective of limited availability of suitable roosts. 

The availability of excavated and natural formed cavities should be quantified to 

determine if there is active selection for naturally forming cavities. This has important 

implications for management plans which incorporate bats as secondary cavity users 

under the umbrella of primary cavity-nesters. Recommendations which are meant to 

increase or maintain the abundance of primary excavators may not be sufficient to 
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maintain bat populations if they are not included in the "nest-web" (Martin and Eadie 

1999, Bonar 2000). 

Maternity roosts were higher than randomly available cavities. The height may be 

beneficial in terms of increased momentum at emergence for less maneuverable pregnant 

adults, adults moving non-volant young, and newly volant young (Norberg and Rayner 

1987, Kalcounis and Brigham 1995, Campbell et al. 1996). Increased height may also 

offer additional protection from ground predators as for cavity-nesting birds (Nilsson 

1984). I observed signs of mammalian chewing at 3 roost entrances. The selection of trees 

with larger DBH in early decay stages also influences the microclimate within the roost. 

Wiebe (in press) reported that temperatures in Northern Flicker (Colaptes auratus) 

cavities in large DBH or live aspens were less variable and stayed warmer at night than 

cavities in smaller or dead aspen. This characteristic may be particularly important to 

bats as the pup's ability to thermoregulate is limited in the early weeks of life (Herreid 

1967, Sano 2000) and thus they would benefit from a stable thermal environment at night 

when adults leave to forage. 

All known conifer and deciduous roosts were in small gaps with low canopy 
• 

closure. Micro-site temperature may tend to be higher in gaps with the increased 

absorption of solar radiation (Betts 1998a, Waldien 2000 et al.) which would be 

particularly important for reproductive bats as low temperatures decrease fetal and 

juvenile growth rates (Racey 1973). Lower canopy closure is also likely reflective of 

stand density and clutter immediately surrounding the roost. As in other studies, I found 

that nearest neighbor trees and trees causing potential obstruction to the roost were 

greater distances from roost trees (Campbell et al 1996, Vonhof and Barclay 1996, 

Crampton and Barclay 1998, Brigham et al. 1997a). Decreased stem density and clutter 
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around the roost entrance may have multiple benefits relating to maneuverability 

(Norberg and Rayner 1987). 

As in my study, other studies have found a considerable amount of roost switching 

both for reproductive and non-reproductive females. Switching may be an adaptation to 

reduce predation risk and parasite loads, or moves to find preferable microclimates 

(reviewed in Lewis 1995). Reproductive bats may move juveniles between roosts to teach 

pups locations and characteristics of appropriate roost trees. Additionally, large colonies 

may frequently switch between trees to reduce the build up of guano in the limited space 

of the cavity, although decomposition rate of guano under these conditions is unknown. 

I documented radio-tagged bats returning to previously used roosts on 3 

occasions. However, the results of the monitoring of the maternity roost located in 1999 

suggests that roost reuse is underestimated. Searching for new roosts may require a 

considerable amount of energy (Hamilton and Barclay 1994, O'Donnell and Sedgely 

1999). The affect of roost lost due to natural causes such as windthrow, fire, excessive 

decay, or unnatural causes such as logging is unknown as the number of roosts a 

population needs to maintain numbers has not been quantified. Given the high rate of 

roost switching, it is likely that a large number of roosts need to be maintained and 

continually recruited. 

Emphasis has been placed on studying roost selection by females as the 

availability of maternity roosts is considered the limiting factor for forest bat populations 

(Humphrey 1975, Fenton 1997). Roosts provide critical habitat in terms of protection 

from elements and predators, and a place where social interactions occur (Lewis 1995, 

Kunz 1982). Non-reproductive females may select roosts in a similar fashion to males, 
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maximizing energy conservation benefits by choosing roosts that allow the bats to enter 

torpor (Kunz 1982). However, Vonhof and Wilkinson (2000) found that male northern-

long-eared bats (M septentrionalis) selected roosts that were distinctive from roosts that 

females selected. Therefore, differences between male and female roost selection needs to 

be quantified. 

Management Implications 

Overall, I found that bats were affected by disturbance both in terms of abundance 

and behaviour. The underlying causes for these differences are likely due to the 

availability of roosting habitat and the landscape relationship between roosts and foraging 

habitat. Currently, harvesting occurs at a specific stand age to maximize economic return; 

however, natural disturbance is not age selective. The harvesting of stands in older age 

classes reduces abundance of trees with cavities and other forms of decay (Ohmann et al. 

1994, Martin and Eadie 1999). Female bats may be most negatively affected by this 

difference given capture results. Additionally, many studies investigating habitat use by 

bats rely solely upon recording relative levels of activity based on echolocation calls. 

Using this method, intersexual differences will be obscured and resulting management 

plans may be biased. Intraspecific variation in habitat use is an important underlying 

factor in community structure and needs to be understood to make comprehensive 

conservation or management plans (Monamy 1997). 

A confounding factor, which will reduce the abundance of cavity trees, is the 

conversion of aspen and mixedwood stands to a preferred economic species. Practices 

that remove or prevent recruitment of aspen will ultimately have a negative impact on the 

availability of maternity roosts and thus the overall population of bats. In boreal areas of 
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North America, bat activity has been shown to be highest in and over mixedwood habitats 

(Crampton and Barclay 1998, Kalcounis et al. 1999). Species richness is often greater in 

stands with an aspen component (Stelfox 1995, Hobson and Bayne 2000) as many species 

rely on cavities for reproduction and or shelter (Martin and Eadie 1999). Managers should 

leave trees with cavities unharvested, preferably in patches or strips to reduce windfall 

damage and isolation from continuous tracts of forest. Specific efforts should also be 

made to recruit aspen into regenerating cut-blocks to ensure availability of roosts over 

time. Although it is unlikely that rotation interval will be extended greatly, a greater 

proportion of mature age class forests should be maintained including stands of lodgepole 

pine. The low density of roosts in stands <120 yr indicate that current rotation intervals of 

60-100 yr will remove virtually all roosting habitat if provisions are not made. 

Areas with high densities of maternity roosts should be considered for special 

management treatment and logging should be minimized. In cases where extraction 

continues, efforts should be made to ensure that stands are linked to foraging sites 

through corridors or buffer strips. Studies should be designed to assess the effectiveness 

of corridors and buffers to bat movements as there is some evidence that in Australia 

corridors were not used more often than open areas (Law et al. 1999). Although bats are 

often associated with riparian habitat for foraging (Grindal et al. 1999), most roosts were 

in upland habitat thus, riparian buffer strips should not be considered alone as suitable bat 

habitat maintenance. As I found maternity colonies only in naturally forming cavities, it 

should not be assumed that management recommendations for primary and secondary 

cavity nesting birds would be sufficient for bats. 

38 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 

North America, bat activity has been shown to be highest in and over mixedwood habitats 

(Crampton and Barclay 1998, Kalcounis et al. 1999). Species richness is often greater in 

stands with an aspen component (Stelfox 1995, Hobson and Bayne 2000) as many species 

rely on cavities for reproduction and or shelter (Martin and Eadie 1999). Managers should 

leave trees with cavities unharvested, preferably in patches or strips to reduce windfall 

damage and isolation from continuous tracts of forest. Specific efforts should also be 

made to recruit aspen into regenerating cut-blocks to ensure availability of roosts over 

time. Although it is unlikely that rotation interval will be extended greatly, a greater 

proportion of mature age class forests should be maintained including stands of lodgepole 

pine. The low density of roosts in stands <120 yr indicate that current rotation intervals of 

60-100 yr will remove virtually all roosting habitat if provisions are not made.

Areas with high densities of maternity roosts should be considered for special 

management treatment and logging should be minimized. In cases where extraction 

continues, efforts should be made to ensure that stands are linked to foraging sites 

through corridors or buffer strips. Studies should be designed to assess the effectiveness 

of corridors and buffers to bat movements as there is some evidence that in Australia 

corridors were not used more often than open areas (Law et al. 1999). Although bats are 

often associated with riparian habitat for foraging (Grindal et al. 1999), most roosts were 

in upland habitat thus, riparian buffer strips should not be considered alone as suitable bat 

habitat maintenance. As I found maternity colonies only in naturally forming cavities, it 

should not be assumed that management recommendations for primary and secondary 

cavity nesting birds would be sufficient for bats.

38

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Chapter 3 

Bat activity in naturally disturbed and undisturbed habitat in north-central British 

Columbia 

Abstract 

Natural disturbance patterns are the accepted model for harvesting practices in the 

new ecosystem management era of forest management. For example, by retaining 

residual patches of unharvested trees within a clear-cut, forest managers attempt to 

approximate patterns of wildfire and hope to provide habitat suitable for wildlife. 

However, few studies exist that assess the effects of natural disturbance patterns on 

wildlife and therefore there is a lack of baseline data to assess the effectiveness of this 

practice. Thus, the purpose of my study was to assess the relative activity of bats in 

mature residual forest patches, unburned in a successional landscape create by fire, and 

continuous undisturbed forests of the same age and tree composition. Using Anabat 

ultrasonic bat detectors, I found that in patches where bats were detected, there was a 

significant positive correlation between bat activity and patch size. There was no 

correlation between bat activity and the distance the patch was isolated from a continuous 

tract of mature forest although the regenerating forest may have provided a commuting 

edge and not completely isolated the patch. Activity was significantly greater in riparian 

patches compared to upland patches but not different between remnant stands and 

continuous, undisturbed stands. Bat activity was detected earlier in upland patches than 

riparian patches and large bats were detected earlier in undisturbed forests. Based on my 
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results, I recommend that forest managers who are attempting to approximate natural 

patterns by leaving residual patches as wildlife habitat, should ensure patches are a 

minimum size (at least 5 ha). Landscape pattern should also be considered so that patches 

are not solely associated with riparian areas, connectivity, and long-term successional 

patterns are also taken into account. However, patches should not be considered a 

replacement for large tracts of mature forest. 

Introduction 

Managing forest resources exclusively for tree-fibre extraction is no longer 

socially accepted (Lindenmayer and Franklin 1997). In part, forest managers are now 

faced with the complex, and often conflicting goal, of preserving biodiversity. It is argued 

that the best and most practical way to incorporate this goal is to approximate natural 

disturbances, the theory being that the flora and fauna of a region have evolved with 

natural disturbance and thus will be less negatively affected by unnatural disturbance of 

similar pattern and frequency (Hansen et al. 1991, Hunter, 1993, Bunnell 1995, 

Angelstam 1998, Bengtsson et al. 2000). However, anthropogenic disturbance often 

differs from natural disturbance in frequency, intensity, and pattern (DeLong and Tanner 

1996, Niemela 1999). Therefore, it is imperative to investigate how populations are 

affected by natural disturbance to properly emulate the effects with anthropogenic 

disturbance and to gather a baseline of information necessary to mitigate differences in 

unnatural landscapes. Although there are a few North American studies which have 

investigated habitat use by birds, terrestrial mammals, and insects in naturally disturbed 

sites (i.e. Rempel et al. 1997, Imbeau et al. 1999, Hobson and Schieck 1999, Buddle et al. 

40 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 

results, I recommend that forest managers who are attempting to approximate natural 

patterns by leaving residual patches as wildlife habitat, should ensure patches are a 

minimum size (at least 5 ha). Landscape pattern should also be considered so that patches 

are not solely associated with riparian areas, connectivity, and long-term successional 

patterns are also taken into account. However, patches should not be considered a 

replacement for large tracts of mature forest.

Introduction

Managing forest resources exclusively for tree-fibre extraction is no longer 

socially accepted (Lindenmayer and Franklin 1997). In part, forest managers are now 

faced with the complex, and often conflicting goal, of preserving biodiversity. It is argued 

that the best and most practical way to incorporate this goal is to approximate natural 

disturbances, the theory being that the flora and fauna of a region have evolved with 

natural disturbance and thus will be less negatively affected by unnatural disturbance of 

similar pattern and frequency (Hansen et al. 1991, Hunter, 1993, Bunnell 1995, 

Angelstam 1998, Bengtsson et al. 2000). However, anthropogenic disturbance often 

differs from natural disturbance in frequency, intensity, and pattern (DeLong and Tanner 

1996, Niemela 1999). Therefore, it is imperative to investigate how populations are 

affected by natural disturbance to properly emulate the effects with anthropogenic 

disturbance and to gather a baseline of information necessary to mitigate differences in 

unnatural landscapes. Although there are a few North American studies which have 

investigated habitat use by birds, terrestrial mammals, and insects in naturally disturbed 

sites (i.e. Rempel et al. 1997, Imbeau et al. 1999, Hobson and Schieck 1999, Buddie et al.

40

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2000, Drapeau et al. 2000), this is the first study that I am aware of to assess the relative 

activity level of bats in naturally disturbed and undisturbed landscapes. 

Historically, in the sub-boreal spruce (SBS) forests of north-central British 

Columbia, the most significant disturbance at the landscape scale was wildfire (Rowe and 

Scotter 1973, Van Wagner 1978). Fires were often large and burned with a return 

frequency of ca. 125 yr. (Bunnell 1995). Natural landscapes in the SBS are characterised 

by a mosaic of stands of different species composition, ages, and disturbance histories 

(DeLong and Tanner 1996). Fires ranged in size from a few ha to > 15,000 ha (Bunnell 

1995). Often, a portion of forest within the fire boundary was skipped due to topographic 

location, moisture regime, stand composition, wind conditions and other environmental 

factors (Eberhart and Woodward 1987, Johnson 1992, DeLong and Tanner 1996). The 

larger the fire was, the greater relative proportion of stands within the fire boundary that 

remain unburned (DeLong and Tanner 1996). These unburned remnants are considered 

"biological legacies" that include large diameter trees, snags, and coarse woody debris 

important to the long term function of the ecosystem (Hansen et al. 1991). Many bat 

species roost in trees in early stages of decay (Vonhof and Barclay 1996, Brigham et al. 

1997, Campbell et al. 1997, Crampton and Barclay 1998); therefore, these remnants 

potentially offer suitable habitat in a landscape otherwise dominated by young 

regenerating forests. To more closely emulate natural patterns in areas managed for 

timber extraction, techniques to incorporate the role of unburned patches have included 

leaving residual tree patches within clear-cuts. Thus, the aim of my study was to assess 

the relative level of bat activity within natural remnant stands and continuous undisturbed 

reference stands the same age and stand composition to address whether remnant patches 

provide comparable habitat to bats. 
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Bats offer an interesting opportunity to study natural landscape patterns as it is 

suggested that they are less affected by fragmentation (Lumsden et al. 1995). Due to their 

ability to fly, colonisation of isolated patches that provide suitable habitat may not be as 

difficult as for other animals. Conversely, if the mobility of bats allows them to easily 

travel to suitable foraging and roosting habitats, it also permits easy avoidance of 

unsuitable habitat. Thus, in some situations bats may be useful indicators of disturbance 

or habitat quality (Estrada et al. 1993, Fenton et al. 1992, Medellin et al. 2001). 

Echolocation call design and morphology play an important role in predicting the 

sensitivity of bats to fragmentation, where bats that are tolerant to foraging in structurally 

complex, or "cluttered" environments are expected to be negatively affected (Pavey 

1998). This prediction has been confirmed in a number of recent studies that assessed the 

effects of fragmentation on bats (Ekman and de Jong 1996, Pavey 1998, Law et al. 1999). 

Additionally, many studies have shown an association between higher bat diversity and 

abundance in older forests and stands that have more complex vegetation structure 

(Brown et al. 1997, Crampton and Barclay 1998, Thomas 1988, Jung et a1.1999, Humes 

et al. 1999). These associations suggest that bats are sensitive to perturbations to foraging 

habitat and the connectivity between foraging and roosting habitats. 

Specifically, Law et al. (1999) reported that in Australia, bat activity was greatest in 

continuous forests compared to fragmented habitat. Likewise, Ekman and De Jong 

(1996) reported that the three bat species they studied were detected less frequently than 

expected in a patchy environment. Pavey (1998) studied a "clutter" tolerant species and 

also reported the highest level of activity within a woodland habitat. Some of these 

associations are certainly due to prey availability as both riparian areas and forests act as 

prey sources. However, Ekman and de Jong (1996) and Grindal (1996) both found that 
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foraging activity was not always correlated with high prey availability suggesting that 

bats select habitat for reasons other than just prey. These reasons may include avoidance 

of predation, wing morphology and resulting manoeuvrability, ease of flying and 

echolocation call design (Aldridge 1986, Ekman and De Jong 1996, Grindal 1996, 

Brigham et al. 1997b, Limpens and Kapteyn 1991, Neuweiler 1989). Additionally, to 

maximise energy efficiency it is expected that an individual will minimise commuting 

distance between roosting and foraging sites (Humphrey 1975). 

Thus, based on the habitat requirements of bats, I predicted that bat activity would be 

greater in continuous reference stands than in remnant stands and greater in riparian 

stands than upland stands. I also predicted that within patches activity would increase 

with patch size and decrease with the degree of isolation from continuous mature forests. 

STUDY AREA 

I conducted my study within the moist cool variant (DeLong et al. 1993) of the 

sub-boreal spruce (SBS) biogeoclimatic zone (Meidinger et al. 1991) approximately 100 

km northwest of Prince George, British Columbia, Canada (54° 25'N, 124° 45'W) in 

August of 1999 and between June and July of 2000. The landscape was dominated by 

lodgepole pine (Pinus contorta) and hybrid white spruce (Picea glauca x engelmannii) 

with locally dominant stands of trembling aspen (Populus tremuloides) or black spruce 

(Picea mariana). Common shrubs included soopolallie (Sheperdia canadensis), velvet-

leaved blueberry ( Vaccinium myrtilloides), black huckleberry (Vaccinium 

membranaceum) thimbleberry (Rubus parviflorus), devil's club (Oplopanax horridus) 

and black twinberry (Lonicera involucrata) (DeLong et al. 1993). The zone is considered 

the best representative of the sub-boreal climate (DeLong et al. 1993). Average summer 
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(June - September) temperature ranges from 9.7 to 15.0°C and precipitation is ca. 40 mm 

per month (Environment Canada). The elevation of the study area ranged between 750-

1070 m asi but all stands I sampled were located between 800-850 m asl. 

I captured 5 bat species in the area: little brown (Myotis lucifugus), long-legged 

(M. volans), western long-eared (M. evotis), northern long-eared myotis (M. 

septentrionalis), and silver-haired bats (Lasionycteris noctivagans). Big brown (Eptesicus 

fuscus) and hoary (Lasiurus cinereus) bats may also occur in the area but have not been 

confirmed (Nagorsen and Brigham 1993). 

METHODS 

Activity 

Remnant stands were defined as small patches (< 22 ha) of mature (>120 yr) 

forest surrounded by an extensive forest matrix regenerating from fire ranging in age 

from 40-60 yr. DeLong and Tanner (1996) found in their study area, also in the SBS, that 

ca. 98% of remnant stands left by fires < 1000 ha were < 10 ha in size and ca. 65 % of 

remnant stands left after fires > 1000 ha were < 20 ha. Therefore I felt that remnant stands 

< 22 ha fell within what could be expected after a fire disturbance. Reference stands were 

all located in stands undisturbed in the last 120 yr or more, and not adjacent to a stand 

with a recent disturbance history (i.e. clear-cut). These stands were part of continuous 

matrix forest (> 120 yr) a minimum of 800 ha. I did not sample the young, unthinned 

regenerating stands as these forest types have been found to have no, or little bat activity 

(Erickson and West 1996, Humes et al. 1999) 

I sampled at random sites within each stand 2 times per summer season. In 1999, I 

sampled 16 stands from 6 August to 23 August. In 2000, I conducted sampling over two 
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periods at 32 stands, including 12 of the stands sampled in 1999. I collected the first 

round of data between 20 June to 16 July and the second between 2 August to 24 August 

2000. Each year, I used 4 Anabat detector systems (Titley Electronics, Ballina, Australia) 

coupled with delay switches, which allowed data to be automatically transferred to an 

audiocassette tape from sunset to sunrise. Data were collected from tapes by viewing 

frequency-time graphs with the aid of Anabat 5 software and an IBM laptop computer. 

Detectors were placed ca. I m off the ground and at an angle of 45° directed towards the 

center of the stand. 

If the stand was adjacent to a road, I placed detectors a minimum of 2 tree lengths 

into the stand (>50 m) to avoid edge effects (Franklin and Forman 1987). Remnant 

patches ranged in size from 2.1 ha to 21.1 ha. In small patches, it was not always possible 

to maintain the minimum edge distance criteria without crossing the center of the patch. 

therefore, detectors were placed as close to the center point as possible. In riparian stands, 

I placed detectors with the microphone directed away from the body of water to avoid 

detecting bats foraging or commuting directly over water. 

Based on echolocation characteristics, I categorized passes as either Myotis spp. 

(dominant portion of call — 40 khz) or large bat (dominant portion of call < 35 khz). Due 

to current debate about the accuracy of correctly identifying Myotis calls to the level of 

species (Barclay 1999, O'Farrell et al. 1999) and between silver-haired and big brown 

bats (Betts 1998b), and my lack of reference calls, no attempt was made to further 

distinguish between groups. I categorized commuting passes as detections that consisted 

of a minimum of 2 continuous calls (Thomas 1988, Krusic et al. 1996). I categorized 

foraging attempts on the basis of an increase in pulse repetition or "feeding buzz" (Fenton 

and Bell 1979). I discarded data if the recording was obscured by any background noise 
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(i.e. rain), or if there was an electronic failure and data were not recorded for the whole 

night. I averaged data for each stand and used the means in my analysis. 

For each night surveyed, time of first pass was evaluated in reference to the end of 

civil twilight, as determined from tables provided by the Herzberg Institute for 

Astrophysics (Victoria, BC). I assumed that the earlier the first pass occurred was an 

indication of bats roosting closer to the sampling station. Due to the nature of recording 

bat activity, I made a number of additional assumptions. Because I collected data in 

stands with similar vegetation features, I assumed that attenuation would not be 

significantly different between stands and thus all bats of the same species would have an 

equal probability of being detected. Although some bats echolocate less intensely than 

others and as a result species have varying minimum detection ranges. because 

comparisons between species were not made I assumed that it would not affect my overall 

analysis. 

Stand Structure 

Remnant stands were paired with undisturbed reference stands of similar 

dominant vegetation characteristics. All stands were located by reviewing forest 

inventory maps and matching stands with similar dominant vegetation, age class, and 

height class, followed by ground truthing. A 17.8 m (0.1 ha) plot was established and 

number of trees / ha and number of available trees / ha (any tree with exfoliating bark, a 

noticeable crack, or cavity) were tallied. Canopy closure was measured with a concave 

densiometer by stepping 1 m in each cardinal direction from plot center and averaging the 

4 readings. A clinometer was used to calculate canopy height based on an average from 3-

5 canopy tree measurements. All stands were generally level. I compared vegetation and 

structural characteristics between stands using MANOVA analysis to ensure that they 
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were similar prior to the collection of bat activity data. Pairs were numbered and sampled • 

randomly throughout the 3 periods. Stands were separated by a minimum of 800 m and a 

maximum of 5400 m (mean = 2411 m t 1260) and no riparian stands were located 

adjacent to the same stream or river to ensure independence. I sampled 2-4 stands each 

evening. 

Statistical Analysis 

I ensured that there was an equal number of riparian and upland stands. Each 

stand was nested within the disturbance treatment (remnant) or reference (undisturbed) 

stand types. I defined upland stands as being more than 400 m from a permanent source 

of water and riparian stands as being within 25 m of a permanent source of water. In 

1999, I sampled 4 stands in each of the four categories: remnant riparian, remnant upland, 

undisturbed riparian, and undisturbed upland. In 2000, I increased my sample size to 8 

replicates in each stand category for a total of 32 stands. This was sufficient replication to 

detect a medium Effect Size of 0.75 (Cohen 1992) with 13 = 0.80 and a = 0.05 as 

determined by a prior power analysis (Friendly 2000). I reused 12 stands from 1999 and 

compared variation between the 2 years. I analyzed the correlation between bat activity 

and 2 landscape features, patch size and isolation. I chose a correlation analysis because I 

did not measure edge to interior forest ratios, which could potentially affect causal 

interpretations. When a significant correlation was detected I standardized the variable 

before further inclusion in the analysis. I used ANOVA where assumptions of normality 

and homogeneity of variance could be met. If normality could not be met, I used Kruskal 

- Wallis or Mann-Whitney tests. I adopted an alpha of 0.05 for all analysis and all data are 

reported as means ± standard errors. 
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before further inclusion in the analysis. I used ANOVA where assumptions of normality 

and homogeneity of variance could be met. If normality could not be met, I used Kruskal 

- Wallis or Mann-Whitney tests. I adopted an alpha of 0.05 for all analysis and all data are 

reported as means ± standard errors.
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RESULTS 

Structurally, there was no significant difference between remnant and reference 

stands (Wilks' Lambda=0.807, p=0.321). At stands surveyed in both years (n=12) there 

was no significant variation between years in total activity level (Wilcoxon Z= 1.49, 

p=0.136) so I pooled the data. In 1999, detectors were set for a total of 36 nights. Four 

(11%), of those nights were discarded as a result of poor weather conditions or 

mechanical failure. On the remaining 32 nights I recorded 949 passes and foraging 

attempts. In 2000, detectors were set for a total of 74 sampling nights. Ten sampling 

nights (13.5%) were discarded as a result of poor weather conditions or mechanical 

failure. Of the remaining 64 sampling nights, a total of 725 passes and foraging attempts 

were recorded, an overall total of 1674 passes and foraging attempts. I categorized 1326 

(81.2%) passes as Myotis spp., 205 (12.5%) as large bats, and 103 (6.3%) as foraging 

attempts. Because the number of Myotis spp. passes accounted for the majority of 

activity and large bat passes and foraging attempts were significantly correlated with 

Myotis activity (Table 3.1), all data were pooled and analysis was done for total activity 

per night. Thus, the data were representative of a gross evaluation of total relative bat 

activity between varying habitat types unless otherwise noted. 

Table 3.1. Correlation matrix for measures of activity 

Mean number of 
total passes 

Mean 40 khz Mean 35 
khz 

Mean 40 khz r=0.98 
p=0.00 

Mean 35 khz r=0.56 r=0.45 
p=0.0I p=0.06 

Mean buzz r=0.88 r-:0.89 r=0.36 
p=0.00 p=0.00 p=0.27 

48 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 

RESULTS

Structurally, there was no significant difference between remnant and reference 

stands (Wilks’ Lambda=0.807, p=0.321). At stands surveyed in both years (n=12) there 

was no significant variation between years in total activity level (Wilcoxon Z= 1.49, 

p=0.136) so I pooled the data. In 1999, detectors were set for a total of 36 nights. Four 

(11%), of those nights were discarded as a result of poor weather conditions or 

mechanical failure. On the remaining 32 nights I recorded 949 passes and foraging 

attempts. In 2000, detectors were set for a total of 74 sampling nights. Ten sampling 

nights (13.5%) were discarded as a result of poor weather conditions or mechanical 

failure. Of the remaining 64 sampling nights, a total of 725 passes and foraging attempts 

were recorded, an overall total of 1674 passes and foraging attempts. I categorized 1326 

(81.2%) passes as Myotis spp., 205 (12.5%) as large bats, and 103 (6.3%) as foraging 

attempts. Because the number of Myotis spp. passes accounted for the majority of 

activity and large bat passes and foraging attempts were significantly correlated with 

Myotis activity (Table 3.1), all data were pooled and analysis was done for total activity 

per night. Thus, the data were representative of a gross evaluation of total relative bat 

activity between varying habitat types unless otherwise noted.

Table 3.1. Correlation matrix for measures of activity

Mean number of Mean 40 khz 
total passes_________________

Mean 35 
khz

Mean 40 khz r=0.98
p=0.00

Mean 35 khz r=0.56 
p=0.0l

r=0.45
p=0.06

Mean buzz r=0.88
p=0.00

r=0.89
p=0.00

r=0.36
p=0.27

48

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Number of passes per night was not related to length of night (r=0.19, p=0.35). In 

patches where bats were detected (15 of 16), there was a significant correlation between 

patch size and square root transformed activity (1=0.58, p=0.022; Figure 3.1). The mean 

patch size was not significantly different between upland and riparian stands (1=0.30, 

p=0.77). Activity was significantly greater in large (10-21) patches compared to small (2-

8 ha) (U=9.0, p=0.017; Figure 3.2). There was no correlation between the amount of 

activity within a patch and the distance the patch was isolated from continuous forest (r=-

0.17, p=0.68). Activity was greater in riparian stands (Mann-Whitney U=186.0, p=0.029; 

Figure 3.3). Activity did not significantly differ between the disturbance histories 

although bat activity was, on average slightly higher in remnant stands (Mann-Whitney 

U=105.0, p=0.39; Figure 3.4). This pattern remained for all stand categories with bat 

activity being slightly higher in remnant riparian and remnant upland stands compared to 

their undisturbed counterparts (H=5.9, p=0.12; Figure 3.5). 

There was no significant difference between time from end of twilight and 

first Myotis spp. pass in remnant versus undisturbed stands, riparian or upland stands or 

an interaction between the two (F=0.13, p=0.73; F=2.40, p=0.14; F=0.48, p=0.49 

respectively; Figure 3.6). The first pass recorded from a large bat was significantly earlier 

in undisturbed stands then remnant stands but there was no difference between upland 

and riparian stands or the interaction between the two (F=4.9, p=0.041; F=0.74, p=0.40; 

F=0.079, p=0.78, respectively; Figure 3.7). 
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Figure 3.1 Correlation between remnant patch size and bat activity in patches 

where bats were present. 
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Figure 3.2. Comparison of mean bat activity (SE bars) in large (10-21 ha) and small 

remnant patches. Different letters indicate significant differences. 
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Figure 3.3. Comparison of mean bat activity (SE bars) in riparian and upland stands. 

Different letters indicate significant differences. 
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Figure 3.4. Comparison of total bat activity in remnant and undisturbed continuous 

stands (means with SE bars). No significant differences. 
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Figure 3.5. Comparison of total bat activity in each stand type (means with SE bars). No 

significant differences. 
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Figure 3.6. Number of minutes after sunset of first Myotis spp. pass (mean with SE bars). - 

No significant differences. 
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Figure 3.7. Number of minutes after sunset of first large bat pass, mean with SE bars 

(bars with different letters indicate significant differences). 
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DISCUSSION 

The vast majority of total bat activity was recorded from species belonging to the 

genus Myotis. Capture records from the area (Chapter 2), also indicate that individuals of 

this genus make up the majority of the bat abundance. Because of the difficulty associated 

with distinguishing between different Myotis calls and intraspecific variation (Barclay 

1999), I cannot draw conclusions about differential habitat use within this group. The four 

myotis species known to occur in the area (little brown, long-legged, northern long-eared, 

western long-eared) have different foraging strategies and likely exploit different habitat 

types (Fenton and Bell 1979, Fenton 1990, Barclay 1991, Nagorsen and Brigham 1993). 

Both long-eared species are more highly associated with cluttered forest environments 

than the more common little brown myotis, which is associated with habitats with 

moderate clutter, and long-legged myotis, which are associated with open habitats 

(Nagorsen and Brigham 1993). Thus, the foraging behaviour of northern and western 

long-eared bats may be the most affected by changes to the forest environment. In 

addition, because call characteristics for the long-eared species are less intense and not 

recorded from as great a distance as the other members of the genus that occur in the area, 

they may have been under represented by this sampling method (Faure et al. 1993). 

Therefore, caution should be exercised in interpreting my results to be representative of 

all species that occur in the area. 

The correlation between patch size and bat activity is important because many 

harvest prescriptions leave relatively small (< 2 ha) patches (J. Vinnedge pers. comm.) 

which may not provide the necessary habitat requirements. Law et al. (1999) reported 

that bat activity in forest remnants as small as 5 ha was relatively equal to large remnants 

and continuous forest. The correlation between bat activity and patch size and the 
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significantly greater amount of bat activity in large patches in this study suggests that 

patches < 5 ha may not provide optimal conditions. Similarly forest birds also seem to 

have a threshold size between 5 and 10 ha, above which occurrence of forest dependent 

birds rapidly increases (Loyn 1987, Barrett et al. 1994). In an experimental study in 

boreal mixedwood forests of Alberta, Schmiegelow et al. (1997) reported that residual 

patches at least 1 ha in size increased the probability of resident bird communities 

resembling those of continuous old forest. Although Schieck and Hobson (2000) reported 

that bird communities in small residual patches differed dependent on disturbance history 

(fire vs. post-harvest). In British Columbia, minimum tree patch sizes within clear-cuts 

has not been defined (Ministry of Forest 1995) but tends to be 2 ha or less (J. Vinnedge 

pers. comm.). More work should be completed that investigates the affects of patch size 

on populations, as this practice is becoming increasingly common as a wildlife habitat 

maintenance measure. 

I expected to find a negative correlation between the amount of activity and the 

distance that patches were isolated from continuous undisturbed stands of forest. This 

may not have been the case because of the mobility of bats and the connectivity of forest 

patches through linear landscape features such as riparian corridors, roads, and canopy 

edge (Limpens and Kapteyn 1991, Grindal and Brigham 1999, Verboom and Spoelstra 

1999, O'Donnell, 2000, Zimmerman and Glanz 2000). 

As expected, activity was greater in riparian stands. Other studies have 

documented greater levels of bat activity in riparian stands (Lunde and Harestad 1986. 

Grindal et al. 1999). This emphasizes the need to stratify the sampling design so that 

interpretations are not biased due to the distance to water. Not expected, was the 

increased level of activity in remnant stands. Because these stands are surrounded by 
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younger. denser stands typically not associated with high levels of bat activity (Erickson 

and West 1996, Humes et al. 1999), these remnant patches may act as a refuge in another 

wise inhospitable environment. Zielinski and Gellman (1999) found similar results from 

the use of remnant redwood stands in California. The fact that activity levels were not 

greater in continuous forests is important biologically because it lends support to the 

hypothesis that remnant patches provide habitat similar to that in continuous undisturbed 

forests. However, remnant patches should not be considered a replacement for large tracts 

of undisturbed forests. Perhaps the greatest threat to bat populations in managed forests is 

the overall reduction in older forest age class as it is becoming more apparent that 

roosting sites are the limiting factor for many species (reviewed by Fenton 1997). 

DeLong and Kessler (2000) reported that continuo! - stands of mature forests had 

a higher density of large DBH snags compared to remnant stands in my study area. Larger 

DBH snags are typically associated with roosting opportunities that may explain the 

decreased time of first pass for large bats in undisturbed forests. Therefore, while remnant 

stands provide foraging and commuting habitat for large bats there may be selection of 

continuous stands for roosting. However, caution must always be employed when using 

an activity or abundance index as an indicator of habitat quality (Van Home 1985). 

My study did not differentiate between patch shape and the resulting amount of 

edge, or interior forest. Future work should focus on a comparison between natural 

patches and residual patches left post-harvest. Post-harvest patches of different size, 

shape, and location related to water should all be considered to determine which 

combination is most suitable for ensuring bat habitat maintenance. Detectors stratified 

throughout the canopy would also benefit interpretations of any future studies and provide 

a more complete picture of bat habitat use. 
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Hayes (1997) measured bat activity at two locations over a one year period and 

reported that temporal variation was high. In my study, I attempted to control for 

variation by sampling pairs on the same night, sampling 8 replicates in each stand type, 

and repeating my sampling effort 2-4 times. Even with this variation between treatment 

groups was large. Ideally all stands would be sampled on the same night and sampled 

more often throughout the season. This may also provide insight into changes of habitat 

use over time. For example, there may be habitat switches due to reproductive condition 

and age. From a conservation perspective, maintenance of summer habitat for females 

and young of the year may be the most critical management objective (Humphrey 1975, 

Fenton 1997). The sampling method I used does not allow for discrimination between 

sexes or an assessment of reproductive condition of the individual. Overall capture 

records from the naturally disturbed areas indicate that the sex ratio between males and 

females was equal, whereas in the undisturbed area, 3 females were captured for each 

male captured (Chapter 2). Therefore, to detect these types of differences it would be 

important to complement any studies that use detectors to an index of activity based on 

mist netting and other capture techniques. 

MANAGEMENT IMPLICATIONS 

The relationship of bat activity to older forests is well established (Thomas 1988, 

Brown et al. 1997, Crampton and Barclay 1999). My study lends further support to the 

value and importance of remnant old patches of forest to wildlife populations in 

landscapes dominated by young forests (Zielinski and Gellman 1999, Lindenmayer and 

Franklin 1997). Plans to incorporate residual patches into harvest prescriptions should 

consider the size of both upland and riparian patches. Small patches <2 ha, may not 

60 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 

Hayes (1997) measured bat activity at two locations over a one year period and 

reported that temporal variation was high. In my study, I attempted to control for 

variation by sampling pairs on the same night, sampling 8 replicates in each stand type, 

and repeating my sampling effort 2-4 times. Even with this variation between treatment 

groups was large. Ideally all stands would be sampled on the same night and sampled 

more often throughout the season. This may also provide insight into changes of habitat 

use over time. For example, there may be habitat switches due to reproductive condition 

and age. From a conservation perspective, maintenance of summer habitat for females 

and young of the year may be the most critical management objective (Humphrey 1975, 

Fenton 1997). The sampling method I used does not allow for discrimination between 

sexes or an assessment of reproductive condition of the individual. Overall capture 

records from the naturally disturbed areas indicate that the sex ratio between males and 

females was equal, whereas in the undisturbed area, 3 females were captured for each 

male captured (Chapter 2). Therefore, to detect these types of differences it would be 

important to complement any studies that use detectors to an index of activity based on 

mist netting and other capture techniques.

MANAGEMENT IMPLICATIONS

The relationship of bat activity to older forests is well established (Thomas 1988, 

Brown et al. 1997, Crampton and Barclay 1999). My study lends further support to the 

value and importance of remnant old patches of forest to wildlife populations in 

landscapes dominated by young forests (Zielinski and Gellman 1999, Lindenmayer and 

Franklin 1997). Plans to incorporate residual patches into harvest prescriptions should 

consider the size of both upland and riparian patches. Small patches <2 ha, may not

60

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



provide the resources needed by bats, and other species that are associated with old, or 

structurally complex forests, to persist in managed landscapes. Although activity was less 

in upland stands, the first pass was detected earlier suggesting these areas may provide 

preferred roosting locations. Roosts located with telemetry during a concurrent study 

(Chapter 2) were a mean distance of ca. 275 m from water. Upland patches tend to be 

slightly warmer than riparian patches and that may influence roosting preference 

(Waldien et al. 2000). Therefore, the retention of riparian buffer strips alone should not be 

considered as a management practice for maintaining bat habitat. 

Although questions remain unanswered regarding management prescriptions for 

residual patches in harvested areas and need to be tested experimentally, a few 

recommendations based on my study can be made in the interim. Patches should be at 

least 5 - 10 ha and include large diameter trees and snags. Partial cuts through the patch 

could be beneficial to stimulate sub-canopy growth, which would create greater structural 

diversity in the long term. Distance to corridors or stand edge should also be considered 

to decrease the perceived isolation of the patch during the regeneration of the clear-cut as 

large gaps may be the limiting factor for bats to exploit remnant patches in harvested 

areas (Alfieri 1983). Additional studies will need to be conducted to determine if a 

threshold distance between forest boundaries and patches exists. 
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Chapter 4 

Conclusion and suggestions for future work 

Understanding the effects of disturbance and habitat fragmentation requires 

knowledge of the manner in which taxa use habitat fragments and the surrounding 

landscape matrix (Forman 1995). The results of my study show that bat species are 

affected by disturbance patterns in terms of number of individuals captured, distance 

traveled to roosts, and size of patch. Logging has a more detrimental effect on bat 

populations then naturally disturbed habitats based on the increased commuting distance 

to roost sites, likely as a result of decreased roost availability. 

A decrease in roost availability and the resulting increased commuting distance 

will most likely have the most detrimental affect on females and juveniles due to the 

additional energy requirements. Thus, loss of roosting habitat will likely result in a 

decline of bat abundance because of their low reproductive and recovery rates. Therefore, 

it should be a priority to forest harvest managers to ensure that potential roosts are 

maintained and recruited on the landscape throughout the rotation period. 

Based on the activity results, remnant patches offer suitable habitat to bats. 

Roosting opportunities may be more abundant in continuous stands, which was reflected 

by the time of the first large bat pass. However, these remnant patches were not isolated 

in large gaps and are therefore more reflective of clear-cuts in late stages of regeneration. 

There are a number of other issues raised by my study that need to be dealt with in 

future work. Further replication at the landscape scale is needed to determine the 

consistency of the patterns that I found and if there is seasonal variation. A library of 

reference calls could be created to help determine habitat use by different species. An 
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increased sample size may allow us to use foraging activity rather then commuting 

activity as an index of habitat suitability. This distinction could have an affect on 

management planning as it may be better to assess foraging activity than bats just 

"passing through". 

Replicating the study in an area that has greater road accessibility may be useful in 

determining the home range size of males and females between and amongst species. 

Some work has been shown that big brown bats are quite faithful to foraging areas 

(Wilkinson and Barclay 1997) and it is unclear what impact losing a foraging area may 

have on an individual or population. Similarly, very little information exists regarding 

roost fidelity over time. What are the implications to a colony if one or many roosts are 

lost? Further work needs to be completed to assess the probability of bats crossing 

forest gaps. If there is a tendency for bats to avoid gaps, at what age of regeneration does 

this avoidance end? Ultimately, once management prescriptions begin to be initiated, 

effectiveness will need to be evaluated and modifications made if necessary. Current 

management prescriptions, such as retaining trees within clear-cuts should also be 

evaluated for their effectiveness. 

In conclusion, bat populations remain an under studied, often ignored, component 

of the forest biota. It is apparent that the rapid changes in the forest landscape will affect 

them; however, it remains unclear what the long term affects of decreased populations 

may be. With progressive and adaptive techniques, complemented with continued 

monitoring, protecting bat populations as a component of forest biodivesity may be 

achieved. 
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