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I studied presence, relative abundance, and resource selection of bats 

in managed Douglas-fir (Pseudotsuga menziesii) forests in western Oregon 

from May through September, 1999–2001.  Species richness was not related 

to elevation, density of snags, or length of edge or perennial streams in 

sampled landscapes.  I captured bats more frequently in landscapes with 

moderate to high densities of snags and sex ratios were skewed toward 

males, especially in snag-rich landscapes at higher elevations.  Elevation 

generally was negatively related to captures of female bats.  I determined use 

of day roosts by female and male long-eared myotis (Myotis evotis), female 

long-legged myotis (Myotis volans), and female big brown bats (Eptesicus 

fuscus).  Relative to random structures, all three species used snags that had 

less canopy closure, more adjacent snags, and were closer to the edge of the 

stand.  Diameter of snags was an important variable differentiating roost and 

random snags used by big brown bats and long-legged myotis.  I found 

considerable overlap in structural and contextual characteristics of snags and 



 

trees used as roosts among the three species of bats.  My findings provide 

evidence that females of sympatric species of bats may alter their choices of 

roosts when co-existing in landscapes with low densities of snags.  Female 

and male long-eared myotis primarily used stumps and down logs in 

landscapes with low densities of snags, while using snags more frequently in 

landscapes with high snag densities.  I found that tree species and structural 

characteristics of snags, stumps, and logs used as roosts generally were 

similar between female and male long-eared myotis and that context variables 

(e.g., elevation) best differentiated use of structures between sexes.  Failure to 

account for differences in use of roosts among species, between sexes, and 

among landscapes with varied conditions could lead to erroneous conclusions 

and ineffective or inappropriate management recommendations.  Elevational 

gradients and densities of snags are important factors to consider when 

developing snag and green tree retention strategies for bats in this region.  

Forest management practices that retain and create large snags in landscapes 

currently with low densities of snags would benefit female bats, especially at 

lower elevations.
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CHAPTER 1 - INTRODUCTION 
 

Managed forests in the Pacific Northwest are under increasing pressure 

to provide not only forest products, but also maintenance of biological diversity 

(Bunnell and Huggard 1999).  Approaches to managing forests have changed 

dramatically over the past several decades; lands managed by public 

agencies in this region currently emphasize forest protection and sustaining 

ecosystem processes, and reductions in harvest of timber have occurred since 

development and implementation of the Northwest Forest Plan (U.S. Forest 

Service and Bureau of Land Management 1994, Cissel et al. 1999).  

Commercial forestry in this region, which has converted large areas of older 

forest to younger, second-growth plantations, emphasizes rapid growth of 

timber on short rotations that often conflicts with goals for biodiversity (Hansen 

et al. 1991, Carey and Curtis 1996).  However, commercially managed forests 

do contribute to biodiversity, and management objectives for production of 

wood products are not necessarily incompatible with objectives for managing 

biodiversity.  Yet, land managers face a complex array of elements associated 

with biodiversity and spatial scales upon which they operate that generate 

many challenges to successful implementation of management plans (Bunnell 

and Huggard 1999).  Managing forests to provide a desirable mixture of 

resources to meet multiple objectives requires knowledge on how animals 

respond to habitat and habitat alterations within and among stands across the 

landscape (McComb 2001).   
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Several species of bats rely on forests in temperate North America for 

roosting and foraging (Barclay and Brigham 1996, Hayes 2003) and they 

contribute to biodiversity and serve a unique role as one of the only nocturnal 

predators of flying insects.  Bats occupying habitats that are highly susceptible 

to loss and disturbance, such as forests, are of special concern to 

conservation biologists in part because of their unique life history traits and 

vulnerability to population declines (Kunz and Fenton 2003, O’Shea et al. 

2003).  Indeed, public and private land management plans increasingly are 

expected to consider habitat requirements to sustain populations of bats in 

forests (Miller et al. 2003).  Until recently, little was known about the ecology of 

bats in forests or their response to management practices (Christy and West 

1993), but significant strides have been made over the past decade (Hayes 

2003).  Bats exhibit a high degree of mobility across a variety of habitats, thus 

dictating a landscape approach for their management (Duchamp et al. 2007).  

The majority of existing information on habitat ecology of bats in forests has 

focused on understanding resource use by individual species, usually at the 

stand-scale, and within a single landscape context (e.g., older forest), thus 

limiting the depth of knowledge necessary for effective planning (Miller et al. 

2003).  Forest management activities can have direct (i.e., fatality) and indirect 

(e.g., loss of habitat, changes in prey availability) impacts on bats (Hayes and 

Loeb 2007).  Successful conservation and management of bats in forests 

requires understanding their habitat requirements, distribution of resources, 
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and use of habitats to evaluate response of bats to habitat perturbations and 

mitigate resulting effects. 

Low-quality habitat for bats could result from low density of resources, 

degradation of resources, unsuitable vegetative structure, or unsuitable or 

inhospitable location in the landscape (Pulliam 1988, Duchamp et al. 2007).  

Availability and quality of roost sites are thought to be critical factors 

influencing population size and distribution of some species of bats (Humphrey 

1975, Fenton 1997, Hayes 2003, Kunz and Lumsden 2003).  High levels of bat 

activity in mature and old-growth forests (Perkins and Cross 1988, Thomas 

1988, Thomas and West 1991, Humes et al. 1999) is thought to be partially a 

consequence of availability of large, older trees for roosting in these stands 

(Thomas and West 1991, Crampton and Barclay 1998, Hayes 2003, Barclay 

and Kurta 2007).  However, Waldien et al. (2000) documented that long-eared 

myotis (Myotis evotis) are flexible in selection of roost sites and suggested that 

use of roost structures may differ among landscapes with different availability 

of large snags.  It remains unclear if other species of bats use habitat 

differently among landscapes with varying availability of snags. 

Twelve species of bats have been documented in western Oregon and 

nine species are known to roost in crevices and cavities of snags and live 

trees in Douglas-fir (Pseudotsuga menzesii) forests west of the Cascade 

Range (Thomas and West 1991, Christy and West 1993, Hayes, 2003).  Five 

of these species are designated as sensitive by the Oregon Department of 
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Fish and Wildlife and five as species of concern by U.S. Fish and Wildlife 

Service (Table 1.1), in part because of the paucity of information regarding 

their basic biology and response to forest harvesting.  While several studies on 

habitat use of bats are reported from this region (e.g., Ormsbee and McComb 

1998, Humes et al. 1999, Waldien et al. 2000), few efforts have focused 

attention on commercially managed private forests or across a breadth of 

landscape conditions.  Information developed within this context is needed to 

evaluate and improve management prescriptions for conservation of bats 

across a diversity of managed landscape conditions.  

I studied presence, relative abundance, and resource selection of bats 

in managed Douglas-fir forests in the western Oregon Cascade Range from 

May through September 1999–2001.  This study was part of a larger effort 

conducted by the Cooperative Forest Ecosystem Research program (CFER) 

to address the influence of landscape diversity on species in forested 

ecosystems of western Oregon.  A key focus of my study centered on 

evaluating how varying densities of snags in landscapes may influence bats.  

In the following chapters, I describe the relationships of bats using diverse 

landscapes and discuss implications for managing habitat features to 

conserve bats in managed forests.  Chapter 2 presents information on 

captures of bats, including species richness, male:female ratios, and 

abundance of bats in relation to landscape characteristics.  I expected that 

species richness and numbers of captures of bats would be negatively
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Table 1.1.  Species of bats occurring in Douglas-fir forests of the western Oregon and their associated status among State 
and Federal agencies. 
 
Species Bureau of Land             

Management  Status 1 
U.S. Fish and Wildlife  
Service Status 2 

Oregon Department of 
Fish and Wildlife Status 3 

Townsend’s big-eared bat Sensitive Sensitive 
(former Category II) 

State Sensitive – 
Critical 

Big-brown bat No status 
 

No status 
 

No status 
 

Silver-haired bat Tracking No status 
 

State Sensitive – 
Undetermined 

Hoary bat No status 
 

No status 
 

No status 
 

California myotis No status 
 

No status 
 

No status 
 

Western long-eared myotis Sensitive Sensitive 
(former Category II) 

State Sensitive - 
Undetermined 

Little-brown bat No status 
 

No status 
 

No status 
 

Fringed myotis Tracking Sensitive 
(former Category II) 

State Sensitive – 
Vulnerable 

Long-legged myotis Tracking Sensitive 
(former Category II) 

State Sensitive - 
Undetermined 

Yuma myotis Tracking Sensitive 
(former Category II) 

No status 
 

 
1  Bureau of Land Management; Sensitive = protect, manage and conserve these species and their habitats such that BLM actions will not contribute to future need to list them as 
Threatened or Endangered (T&E); Tracking = collect occurrence data on these species to determine status, not considered as special status species for management. 2  U.S. Fish and 
Wildlife Service; Sensitive = species whose status is undetermined and may be candidates for future listing. 3  Oregon Department of Fish and Wildlife; Critical = species for which 
listing as T&E is pending if conservation actions are not taken; Vulnerable = species for which listing as T&E is not believed to be imminent and can be avoided through adequate 
protection measures and monitoring; Undetermined = species for which status is unclear and study is warranted before judgment can be made. 
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influenced by low densities of snags in landscapes.  I also expected there to 

be an influence of elevational gradient on presence and relative abundance of 

different genders of bats (e.g., Cryan et al. 2000) and species richness (e.g., 

McCain 2007).  Additionally, I expected captures of bats to be positively 

related to measures of foraging habitat in the landscape. 

  Few studies have addressed differences in use of habitat among 

sympatric species of bats (but see Chung-MacCoubrey 2003) and failure to 

account for variation among species may lead to inappropriate conclusions 

and management recommendations (Hayes 2003, Miller et al. 2003, Broders 

al. 2006).  I focused my study on selection of day roosts by females of three 

sympatric forest-dwelling bats: the big brown bat (Eptesicus fuscus), long-

legged myotis (Myotis volans), and long-eared myotis.  I chose these species 

because 1) they are distributed across the western Oregon Cascade Range 

(Ormsbee 1997, Waldien 1998); 2) they are large enough to carry radio 

transmitters while keeping weight of the transmitter relative to body mass 

<8%, which is assumed to have minimal influence on roost selection of smaller 

species (e.g., Brigham et al. 1997, Waldien et al. 2000); and 3) long-eared and 

long-legged myotis are designated as “sensitive” by state and Federal 

agencies (Table 1.1).  Big brown bats are large, “open-habitat” adapted 

species (Nagorsen and Brigham 1993) that typically select large snags for 

roosting (Brigham 1991, Betts 1996, Vonhof and Barclay 1996).  Long-legged 

myotis are medium-sized bats adapted to a more “cluttered” environment 
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(Nagorsen and Brigham 1993) and generally prefer large snags for roosting 

(Ormsbee and McComb 1998, Baker and Lacki 2006), and long-eared myotis 

are habitat generalists that appear flexible in their selection of roost structures 

among various landscape conditions (Vonhof and Barclay 1997, Waldien et al. 

2000, Rancourt et al. 2005).  Chapter 3 describes use of conifer snags and 

live trees as roosts by females of these three species of bats. 

Studies addressing differences in selection of habitats and roosts by 

females and males, while rare, are valuable for refining hypotheses about the 

roosting ecology of bats and developing management strategies for 

conserving them in forests (Hayes 2003).  Indeed, recent studies have 

demonstrated differences in use of roosting and foraging areas between 

genders of some species of bats (Broders and Forbes 2004, Broders et al. 

2006).  Failure to account for intrasexual differences in use of habitats and 

structural features could lead to erroneous conclusions and ineffective or 

inappropriate management recommendations (Hayes 2003, Miller et al. 2003, 

Broders et al. 2006, Barclay and Kurta 2007).  I radio-tagged female and male 

long-eared myotis during this study; Chapter 4 presents an evaluation of 

variation in use of day roosts between sexes of this species. 

My study contributes to conservation and management of bats in 

managed forests of the western Oregon Cascades by providing resource 

managers knowledge about the types of roost structures important for multiple 

species of bats and relationships important for managing habitat elements 
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through space and time in diverse landscape conditions.  My study builds 

upon current and past research of bats in the western Oregon Cascades 

region (e.g., Ormsbee and McComb 1998, Waldien et al. 2000), and 

integrates with regional issues associated with managing snags and green 

trees in Douglas-fir forests.  Ultimately, my findings will be used to evaluate 

effectiveness of existing management strategies (e.g., Oregon Department of 

Forestry 1997) and develop prescriptions and habitat management planning at 

broader, regional scales that can be tested with new research. 
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CHAPTER 2 - PRESENCE AND RELATIVE ABUNDANCE OF BATS IN 
RELATION TO LANDSCAPE CHARACTERISTICS IN WESTERN OREGON 

 
 

Abstract 

We used mist nets to capture bats at natural and created ponds in 

Douglas-fir (Pseudotsuga menziesii) forests in the western Oregon Cascade 

Range.  We captured 1,324 individuals of nine species during 254 surveys 

with 1,016 net-hours from 1999–2001.  Mean capture success was 5.4 bats 

captured/visit (SE = 0.8, 95% CI = 3.8–7.0).  Most captures were adult males 

(66.7%), followed by adult females (30.6%), juvenile females (1.5%) and 

juvenile males (1.2%).  We did not observe statistically significant relationships 

between number of species captured at a site and elevation, density of snags, 

length of edge, or length of perennial streams in the surrounding landscape.  

We captured bats most frequently in landscapes with moderate to high 

densities of snags.  Sex ratios were skewed toward males, especially in snag-

rich landscapes at higher elevations.  Captures of male bats (all species 

combined) and male silver-haired bats (Lasionycteris noctivagans) were 

positively related to density of snags in the landscape and elevation of the 

capture site.  Captures of all female bats, reproductive females, female big 

brown bats (Eptesicus fuscus), and female long-eared myotis (Myotis evotis) 

were negatively related to elevation.  Numbers of males and females of other 

species of bats captured were not related to variables we measured.  

Accounting for intersexual differences in distribution and relative abundance 
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along elevational gradients is important when interpreting results from mist net 

surveys and when developing recommendations for conservation and 

management of bats. 

 

Introduction 

Land managers increasingly are being asked to consider habitat needs 

for bats when planning forest management activities (Miller et al. 2003).  In 

addition to special status given to some species by state and federal agencies, 

seven species or subspecies of bats in the U.S. are federally classified as 

threatened or endangered (O’Shea et al. 2003a), in part due to the paucity of 

information on their basic biology, use of habitats, population trends, and 

response to changing landscape conditions.  Because of the ecological 

importance of bats and their vulnerability to habitat changes, monitoring 

population trends is an important goal (O’Shea and Bogan 2003a).  However, 

mark-resight techniques remain undeveloped for most species of bats, 

particularly foliage-, crevice-, and cavity-roosting species, largely because 

these species are highly vagile and have low detectability and low capture 

probabilities (O’Shea and Bogan 2003a).  In the absence of more reliable 

population measures, biologists and managers have relied on information on 

species composition and indices of abundance gathered with mist nets and 

acoustic detectors to assess populations, develop habitat associations, and 
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deduce potential impacts of management activities (O’Shea and Bogan 2003a, 

Baker and Lacki 2004).   

Bats exhibit a high degree of mobility across a variety of habitats and 

their activity patterns vary spatially and temporally (Hayes 1997), suggesting 

that landscape-scale habitat features may influence abundance and 

distribution of bats (Jaberg and Guisan 2001, Duchamp et al. 2007, Duff and 

Morrell 2007).  Availability and quality of roosts are thought to be critical 

factors influencing population size and distribution of some species of bats 

(Humphrey 1975, Fenton 1997, Hayes 2003, Kunz and Lumsden 2003).  

Proximity to drinking and foraging sites also influences use of habitat by bats 

and may limit their distributions and populations (Brigham 1991, Waldien and 

Hayes 2001, Kunz and Lumsden 2003, Hayes and Loeb 2007).  Elevation has 

been reported to influence distribution of bats in several regions (e.g., Grindal 

et al. 1999, Cryan et al. 2000, Jaberg and Guisan 2001, McCain 2007).  

Information on how these factors influence distribution and relative abundance 

of bats is important for understanding how they use forests and possible 

impacts of land management.  Unfortunately, these data generally are lacking 

for most species of bats in the Pacific Northwest, hindering development of 

strategies to conserve bats in forests in this region (Christy and West 1993, 

Baker and Lacki 2004).   

Our primary objective was to evaluate support for three hypotheses that 

have been proposed to explain patterns of abundance of bats in the western 
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Oregon Cascade Range.  It has been hypothesized that abundance of bats is 

positively and linearly related to number of structures preferred for roosting, 

most notably snags (Hayes and Loeb 2007).  The roost density hypothesis 

predicts that species diversity and captures of both bats increases with 

increasing density of snags.  Our study represents the first attempt to relate 

abundance of bats to density of snags. 

Decreases in temperature and food abundance at high elevations have 

been postulated to exact energetic costs on the ability of some species of bats 

to occupy higher elevation habitats (Graham 1983, 1990; Willig et al. 2003).  

Furthermore, several studies have reported that abundance of reproductive 

female bats declines with increasing elevation and often only males are 

captured at higher elevations (e.g., Cryan et al. 2000, Russo 2002, Senior et 

al. 2005, Dietz et al. 2006).  Given the wide distribution of many species of 

bats that use western coniferous forests (see Hayes 2003), Cryan et al. (2000) 

predicted that distributions and abundances of female bats would be 

negatively related to elevation.  Thus, the elevational gradient hypothesis 

predicts lower species diversity at higher elevations, a negative relationship 

between captures of female bats, particularly reproductive females, and 

elevation, and no relationship or a positive relationship between captures of 

males and non-reproductive females with elevation. 

Bats also are known to concentrate foraging activity along forest edges 

(Grindal and Brigham 1999, Hogberg et al. 2002, Patriquin and Barclay 2003, 
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Hayes and Loeb 2007) and near streams (Grindal et al. 1999, Waldien and 

Hayes 2001, Seidman and Zabel 2001, Ober 2006).  Thus, the foraging area 

hypothesis predicts higher species diversity with increasing amounts of 

foraging habitat and increased abundance of bats with amount of foraging 

habitat in the landscape.   

 

Study Area 

We conducted this study along the west slope of the Cascade Mountain 

Range in Lane, Linn, and Douglas counties, Oregon, USA from the Calapooya 

River north and east of Springfield, Oregon south to the North Umpqua River 

east of Roseburg, Oregon (Figure 2.1).  Our study area was between 43o25’ 

and 44o20’ north latitude and 122o25’ and 123o25’ west longitude and occurred 

in the Western Cascades Physiographic Province, characterized by a maritime 

climate with wet, mild winters and cool, dry summers (Franklin and Dyrness 

1988).  Elevations ranged from 150 m to over 1,500 m.   

Our study area was dominated by natural and planted stands of 

Douglas-fir (Pseudotsuga menzesii).  Other conifers in this zone include 

western hemlock (Tsuga heterophylla) and western redcedar (Thuja plicata).  

Red alder (Alnus rubra) was the most abundant deciduous tree species, often 

occurring in and around riparian areas and disturbed sites.  Bigleaf maple 

(Acer macrophyllum) also was a common deciduous tree in this zone.  

Understory vegetation was typically dominated by salmonberry (Rubus 
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spectabilis), thimbleberry (R. parviflorus), salal (Gaultheria shallon), 

huckleberry (Vaccinium spp.), red elderberry (Sambucus racemosa), vine 

maple (Acer circinatum), and swordfern (Polystichum munitum).  Our study 

area was a mix of public and private lands with diverse management histories, 

objectives, and habitat conditions.  Public lands encompassed a mix of late 

successional forest reserves within a matrix of younger managed stands.  

These forests were managed for multiple use objectives that include late-

successional habitat, recreation, fish and wildlife habitat, and timber 

production (U.S. Forest Service and Bureau of Land Management 1994).  

Private, commercial forests were managed primarily for production of wood 

products.  Intensive high-yield timber management has been practiced here 

since the mid-1960s and usually included planting nursery-grown seedlings, 

fertilization, control of competing deciduous vegetation, pre-commercial and 

commercial thinning, and clear-cutting on 45–60 year rotations.  This young 

conifer forest was interspersed with riparian reserves, recent clear-cuts, and 

smaller gaps associated with streams, topography, and roads. 

 

Methods 

Survey and Capture 

We defined available capture sites as ponds with dimensions between 

5 x 5 m and 20 x 20 m, enabling use of standard mist nets to capture bats, 

located >1.6 km from human development (e.g., houses, barns) and other 
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similar sized ponds.  Once all possible capture sites in the study area were 

identified, we estimated the amount of forest >80 years old in a 2.4 km radius 

circle centered on the possible capture site (1,832 ha) using a geographic 

information system (GIS, ArcGIS version 6.0; ESRI, Inc., Redlands California) 

and forest inventory data from Weyerhaeuser Company’s Calapooya Tree 

Farm, which also included forest age class data from the U.S. Bureau of Land 

Management (Eugene and Roseburg Districts).  We then categorized each 2.4 

km radius circle as having low (0–100 ha), medium (101–250 ha), and high 

(>250 ha) area of forest >80 years old and randomly selected 12 ponds in 

each of the 3 categories (n = 36) for mist net surveys. 

Bats were captured using mist nets (Avinet, P.O. Box 1103, Dryden, 

NY, USA 13053-1103) during 254 mist-net surveys for 1,016 net-hours from 

late May through early September 1999–2001.  We established a random 

order for the 12 capture sites in each of our initial three categories based on 

amount of forest >80 years old and simultaneously surveyed three capture 

sites on the same evening (one in each category) until all 12 sets of capture 

sites had been surveyed, and then repeated the order.  We used the same 

number and configuration of nets each time a site was surveyed.  We 

attempted to survey each capture site once each month in late May-June, 

July, and August during each year of the study.  Mist-net stations were 

monitored four hours beginning at civil sunset.  We halted surveys when 

precipitation or excessive wind occurred and only used data from nights when 
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all three sites were surveyed completely.  We completed 6–9 surveys at each 

site. 

Once a bat was captured, we recorded species, sex, age, and 

reproductive status, following Anthony (1988) and Racey (1974, 1988).  We 

distinguished juveniles based on the degree of ossification in the joints of the 

phalanges of the third metacarpal (Racey 1974).  We determined pregnancy 

by palpating the abdomen of female bats.  We considered female bats that 

secreted milk from a nipple as lactating and those that had obvious suckle 

marks around the nipple, but did not secrete milk, as post-lactating.  Juvenile 

females and those with no discernable reproductive characteristics were 

classified as non-reproductive.  Captures and all animal handling procedures 

were conducted in accordance with permits and processes issued by the 

Oregon Department of Fish and Wildlife (permit numbers 116-99, 003-00, and 

021-01) and the Institutional Animal Care and Use Committee at Oregon State 

University (AUF#2241). 

Landscape Characteristics 

For our measurements of landscape characteristics and analyses, we 

defined a landscape as a 4.8 km radius circle (7,326 ha) centered on the 

capture site because >95% of day roosts used by big brown bats (Eptesicus 

fuscus), long-eared myotis (Myotis evotis), and long-legged myotis (M. volans; 

Chapter 3) occurred within 4.8 km of a capture site.  We geo-referenced 

coordinates for all capture sites with a Trimble Pathfinder Pro XL global 
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positioning system (GPS; Trimble Navigation, Ltd., Sunnyvale, CA; ±1 m 

accuracy).  We used GIS (ArcGIS versions 8.3, 9.0 & 9.1; ESRI, Inc., 

Redlands California) to create a database and compile predictor variables for 

each landscape.  We used a USGS 10-m digital elevation model to calculate 

elevation at capture sites.  We developed a stream layer based on a database 

from the Oregon Department of Forestry, following stream definitions for 

medium (average annual flow >0.04 m3 and <0.2 m3/sec) and large (average 

annual flow >0.2 m3/sec) fish- and non-fish-bearing permanent streams as 

described by Lorenson et al. (1994).  We used ArcGIS Spatial Analyst to tally 

total length of these streams in each landscape. 

We used GIS to merge forest stand inventory data provided by timber 

companies and federal agencies and developed a layer that included eight 

classes based on stand age and land ownership: 0–10 years, 11–20 years, 

21–40 years on private ownership, 21–40 years on federal ownership, 41–80 

years on private ownership, 41–80 years on federal ownership, 81–200 years, 

and >200 years.  After merging datasets, we determined that spatial 

inconsistency associated with edge matching between datasets was <1% of 

the total area encompassed by our study area.  We assumed age of stands 

was correctly classified by each owner or agency.  This first level stratification 

yielded a data layer that constituted 40–100% of the available area for each 

landscape.  Proportions of each landscape not accounted for by forest 

inventory data were generally private, non-industrial lands (PNI) and were 
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classified as such.  To quantify proportion of PNI lands and create 100% area 

coverage for each landscape, we digitized a stand polygon layer using 1-m 

digital orthophotography (circa 2000) from the State of Oregon (Oregon 

Geospatial Enterprise Office 2007; http://www.gis.state.or.us/data/alphalist. 

html; accessed 1 March 2007).  We were unable to reliably assign the same 

stand classes derived from forest inventory data to our digitized, PNI stand 

polygons.  Thus, we collapsed the 21–40 and 41–80 year classes and the 81–

200 and >200 year classes to single classes and assigned each PNI polygon 

to one of the following five classes: non-forest, 0–10, 11–20, 21–80, and >80 

year old stands.  We used forest inventory polygons of known age that were 

adjacent to a PNI forest polygon in question and visually compared them to 

identify the stand class as accurately as possible. 

We quantified snag density (snags/ha) for each stand class using field 

methods and calculations outlined by Bate et al. (1999) (Appendix A).  To 

estimate number of snags in a landscape, we multiplied mean number of 

snags/ha (>25.4 cm DBH and >3 m tall, decay classes 2–6; Appendix A) by 

the number of ha in each stand class in that landscape.  Mean densities 

estimated for snags in 21–40 year-old and 41–80 year-old stands in private 

lands were used to estimate a mean density for snags in PNI stand class 21–

80.  Similarly, we used the mean snag density for 81–200 and >200 year old 

stands as an estimate of snag density for PNI stands >80 years old.  We 

summed total number of snags estimated in each stand class within each 

http://www.gis.state.or.us/data/
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landscape and then reclassified each landscape as having an estimated low 

(total <20,000, <2.7/ha, n = 14), medium (20,000–40,000, 2.7–5.5/ha, n = 12), 

or high (>40,000, >5.5/ha, n = 10) density of snags (see Appendix B for 

examples). 

Because all but one landscape contained at least one polygon classed 

as PNI, we used the five class system used for PNI stands (described above) 

for calculating length of edge in the landscape.  We defined total edge as the 

length of edge between 1) non-forest and 11–20, 21–80, and >80 year old 

stands; 2) 0–10 year-old stands and 21–80 and >80 year-old stands; and 3) 

11–20 year-old stands and those >80 years old.  We used the ArcGIS Spatial 

Analyst to calculate length of edge between each class and summed them for 

each landscape. 

Data Analysis 

We pooled data for all surveys and years and modeled the number of 

captures as an index of abundance for males (all species combined), females 

(all species combined), reproductive (pregnant and lactating) females (all 

species combined), non-reproductive females (all species combined), and 

individual species and sexes of bats with >50 total captures.  We used the log 

number of visits as an offset (an explanatory variable whose coefficient is 1) in 

all models to weight the count of bats by numbers of visits.  We developed a 

candidate set of 15 models that included the null (intercept only), four single 

variable models (elevation, snag density, length of edge, and length of 
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streams) and ten two-variable models with and without interactions to 

determine if and how relationships of abundance of bats relative to snag 

density and elevation would change as length of streams and edge changed 

(Appendix C).   We defined species richness as the number of species 

captured during two or more surveys at a given capture site.  We did not have 

large enough samples to model reproductive status separately for females of 

individual species. 

We used multiple regression and generalized linear models 

(PROCGLM; SAS Institute 2000) to determine which models best explained 

species richness and number of bats captured at a site.  We attempted to fit 

models using Poisson distributions, but with the exceptions of female long-

eared and female California myotis (M. californicus), data were overdispersed 

and did not fit this distribution.  We examined residual plots to assess whether 

data fit normal or log-normal distributions and chose the model best fitting the 

data based examination of residual plots (Ramsey and Schafer 1997).  We 

evaluated models using the small sample variant of the Akaike Information 

Criterion and adjusted for over-dispersion (QAICc) using QAICc differences 

(∆QAICc) and Akaike weights (wi; probability that the ith model is the best 

approximating model among all the candidate set, given the data; Burnham 

and Anderson 2002).  We considered any model with ∆QAICc <2 to be a 

competing model warranting discussion relative to biological inferences 

(Burnham and Anderson 2002).  We calculated Nagelkerke's R-square value 
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for generalized linear models (Nagelkerke 1991) as a measure of the 

coefficient of determination for each model.  All analyses were performed in 

SAS® (Version 8.2, SAS Institute 2000). 

 

Results 

Species Composition, Richness, and Sex Ratios 

We captured 1,385 bats of nine species, including 43 individuals that 

were seen entangled in mist nets but escaped before positive identification 

could be determined.  Overall mean capture success was 5.4 bats/visit (SE = 

0.8, 95% CI = 3.8–7).  Five species, silver-haired bats (Lasionycteris 

noctivagans; n = 350), big brown bats (n = 289), long-eared myotis (n = 259), 

long-legged myotis (n = 220), and California myotis (n = 137) constituted 

93.5% of total captures (1,255 of 1,342 known captures; Table 2.1).  Mean 

number of bats captured/visit in landscapes with low density of snags (n = 14, 

x = 3.23, SE = 0.55, range = 1.3–6.3) was significantly lower than in 

landscapes with medium (n = 12, x = 6.78, SE = 2.05, range = 0.9–28; P = 

0.049) or high (n = 10, x = 6.93, SE = 0.85, range = 4–11.3; P = 0.002) 

densities of snags. 

Males of three species (silver-haired bats, big brown bats, and long-

eared myotis) were captured at over 85% of the sites (Table 2.1).  Females 

generally occurred at fewer sites, with female big brown bat, long-legged 

myotis, long-eared myotis, and California myotis captured at 53 to 67% of the 
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sites (Table 2.1).  The fringed myotis (M. thysanodes; both genders), female 

silver-haired bat, female Yuma myotis (M. yumanensis), female little brown bat 

(M. lucifugus), and male hoary bats (Lasiurus cinereus) were less frequently 

captured (<6 sites; Table 2.1).  Often, males and females of a given species 

were captured during only one survey at a given site (Appendix D).  We 

captured all nine species only at one location (Table 2.2), and captured both 

males and females of eight of these species during two or more surveys and 

once for one species at this site (Appendix D).  At other sites, number of 

species captured during two or more surveys varied from 0 to 7.  One capture 

site yielded 7 species, but each was captured during just one of the eight 

surveys conducted at this site (Table 2.2; Appendix D).  The null model was 

the best approximating model for number of species captured during two or 

more surveys among capture sites, but density of snags and length of streams 

were variables in competing models (Table 2.3). 

Adult males comprised 66.7% of all captures, adult females 30.6%, 

juvenile males 1.2%, and juvenile females 1.5%, yielding ratios of 2.2 

males/female and 35.3 adults/juvenile.  Ten capture sites (28%) had 

male:female ratios <1, 20 sites (56%) had male:female ratios >1.9, 4 sites 

(11%) had nearly equal male:female ratios (1.00–1.35), and at 2 sites (5%) 

only males were captured (Table 2.2).  Mean male:female ratios were 2.7 (n = 

14, SE = 0.70, range = 0.45–6.0) for landscapes with low densities of snags, 

4.2 (n = 12, SE = 1.25, range = 0.46–11.5) for landscapes with medium 
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densities of snags, and 12.9 (n = 10, SE = 3.07, range = 0.9–32.0) for 

landscapes with high densities of snags.  Male:female ratios averaged 11.8 (n 

= 13, SE = 2.47, range = 2.83–32.0) at sites with elevations >825 m and 2.8 (n 

= 23, SE = 0.64, range = 0.45–11.5) at sites <825 m in elevation.  Of the 

female bats whose reproductive status was recorded, 94% (n = 129) of 

pregnant or lactating females, 79% (n = 49) of post-lactating females, and 

70% (n = 95) of non-reproductive females were captured at ponds <825 m in 

elevation. 

Number of Captures in Relation to Landscape Characteristics 

Males 

The best model for captures of male bats of all species combined 

included number of snags in the landscape and elevation at the capture site 

(Table 2.3; Appendix E).  Under this model, number of captures of male bats 

increased 1.5% ([e 0.015 -1]*100; 95% CI = 0.2–2.8) for each increase of 1,000 

snags in the landscape (Table 2.4); this translates to a predicted increase in 

number of captures of males of 11.3% for every 1 snag/ha increase in the 

landscape.  Under the top model numbers of captures of males also increased 

10.3% ([e 0.098 -1]*100; 95% CI = 0.20–21.4) for each 100 m increase in 

elevation at the capture site (Table 2.4).  A competing model included only 

snags in the landscape (∆QAICc = 1.24; Table 2.4).  Under this model, 

numbers of captures of male bats increased 2.3% ([e 0.023 -1]*100; 95% CI = 

1.2–3.5) for each increase of 1,000 snags in the landscape, which translates 
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to a predicted increase of 17.3% in number of captures of males for every 1 

snag/ha increase in the landscape. 

The model including number of snags and elevation at the capture site 

also was the best model for male silver-haired bats (Table 2.3).  Under this 

model, number captures of male silver-haired bats increased 3.8% ([e 0.037 -

1]*100; 95% CI = 2.2–5.3) for each increase of 1,000 snags in the landscape 

(28.5% for every 1 snag/ha increase in the landscape) and increased 12.1% 

([e 0.114 -1]*100; 95% CI = 0.10–25.4) for each 100 m increase in elevation at 

the capture site (Table 2.4).  A competing model included only snags in the 

landscape (∆QAICc = 1.18).  Under this model, captures of male bats 

increased 4.7% ([e 0.046 -1]*100; 95% CI = 3.4–6.1) for each increase of 1,000 

snags in the landscape, which translates to a predicted increase of 35.3% in 

number of captures of males for every 1 snag/ha increase in the landscape. 

The null model was the best model for male big brown bats, long-

legged myotis, and California myotis and a strongly competing model for male 

long-eared myotis (Table 2.3).  Snag density was a competing model for male 

big brown bats, length of stream was a competing model for male California 

myotis, and long-legged and long-eared myotis had several competing models 

with the null model (Table 2.3), suggesting that there was not a strong 

relationship between number of captures of males of these species and the 

variables we measured. 
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Females   

Elevation and length of edge best explained number of captures of 

female bats for all species combined (Table 2.3).  Under this model, number of 

captures of female bats decreased 14% ([1-e -0.151]*100; 95% CI = 3.7–23.3) 

for each increase of 100 m in elevation and 0.7% ([1-e -0.007]*100; 95% CI = 

0.04–1.5) for each 1 km increase in edge (Table 2.5).  A strongly competing 

model included only elevation (∆QAICc = 0.73).  Based on this model, number 

of captures of female bats decreased 12.1% ([1-e -0.129 -1]*100; 95% CI = 1.3–

21.7) for each increase of 100 m in elevation. 

The model best explaining captures of pregnant and lactating female 

bats for all species combined included elevation and length of streams (Table 

2.3).  Under this model, captures of reproductive female bats decreased 

13.7% ([1-e -0.147]*100; 95% CI = 4.8–21.8) for each increase of 100 m in 

elevation and 3.3% ([1-e -0.034]*100; 95% CI = 0.4–6.2) for each 1 km increase 

in length of streams (Table 2.5).  A competing model included elevation and 

length of edge (∆QAICc = 1.97).  Based on this model, number of captures of 

female bats decreased 17.4% ([1-e -0.191]*100; 95% CI = 8.6–25.3) for each 

increase of 100 m in elevation and 0.6% ([1-e -0.006]*100; 95% CI = 0.1–1.3) for 

each 1 km increase in edge (Table 2.5).   

The null model was the best model for non-reproductive and post-

lactating females and length of edge was a competing model (Table 2.3).  This 

suggests that there was not a strong relationship between numbers of 
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captures of females in these reproductive conditions and the variables we 

measured (Table 2.3). 

The best model for female big brown bats included elevation and length 

of streams (Table 2.3).  Numbers of captures of female big brown bats 

decreased 9.1% ([1-e -0.095 -1]*100; 95% CI = 1.2–18.3) for each increase of 

100 m increase in elevation and 4.3% ([1-e -0.044 -1]*100; 95% CI = 1.1–7.4) for 

each 1 km increase of streams (Table 2.5).  A strongly competing model 

(∆QAICc = 0.36) included only length of streams; number of captures of female 

big brown bats decreased 4.9% ([1-e -0.05 -1]*100; 95% CI = 1.7–8.1) for each 

1 km increase of streams under this model. 

Elevation and length of edge best explained numbers of captures of 

female long-eared myotis (Table 2.3).  Using this model, number of captures 

of female long-eared myotis decreased 22.8% ([1-e -0.259 -1]*100; 95% CI = 

4.2–37.8) for each increase of 100 m increase in elevation and 1.3% ([1-e -0.013 

-1]*100; 95% CI = 0.1–2.5) for each 1 km increase of edge (Table 2.5).  A 

strongly competing model (∆QAICc = 0.19) included elevation, number of 

snags in the landscape, and the interaction between elevation and snags 

(Table 2.3).  At 500 m elevation, captures of female long-eared myotis 

increased 5.2% ([e 0.051 -1]*100; 95% CI = 1.6–9.0) for each increase of 1,000 

snags in the landscape.  At 800 m elevation, the relationship between 

abundance of female long-eared myotis and snags diminished, with captures 

increasing only 1.3% and the 95% confidence interval included a 1.1% 
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decrease to a 3.9% increase in captures of female long-eared myotis for each 

increase of 1,000 snags in the landscape.  Above 800 m, there was no change 

in captures of females of this species in relation to changing numbers of 

snags.  A second competing model included elevation, length of edge, and the 

interaction between elevation and length of edge (Table 2.3).   At 500 m in 

elevation, captures of female long-eared myotis decreased 2% ([1-e -0.02 -

1]*100; 95% CI = 0.2–3.7) for 1 km increase in edge.  At 800 m and above, the 

number of captures of female long-eared myotis did not change with length of 

edge. 

The null model was the best model for female California myotis and 

long-legged myotis, but there also were several competing models for these 

species (Table 2.3).  These findings suggest that there was not a strong 

relationship between number of captures of females of these species and the 

variables we measured. 

 

Discussion 

Our findings supported the hypothesis that roost density is a strong 

determinant of abundance of male bats, but there were differences in patterns 

of captures between sexes that may be confounded by distribution of snag-

rich habitats along elevational gradients.  Although we captured more bats in 

landscapes with moderate to high densities of snags than in landscapes with 

low densities of snags, male-biased sex ratios were particularly strong in snag-
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rich landscapes at higher elevations.  Snag density in the Pacific Northwest is 

strongly related to stand age and management history (Spies et al. 1988, 

Ohmann et al. 1994, Ohmann and Waddell 2002, this study, Appendix A) and 

most remaining older forest with high density of snags exists on federal land 

(Ruggiero et al. 1991, Chappell et al. 2001), often at higher elevations.  

Indeed, all of our landscapes classified as having high densities of snags were 

located on federal land and all but two were >825 m in elevation.  Our data on 

number of captures of male silver-haired bats and all male bats combined 

supported predictions under the roost density and elevational gradient 

hypotheses.  Given that male silver-haired bats constituted more than a third 

of all captured males, relationships of this species strongly influenced 

observed relationships for all males combined. 

Snag density did not explain number of captures of females for any 

species of bat on our study area.  However, lack of support for the roost 

density hypothesis for female bats was confounded by distribution of our 

capture sites along gradients of snag density and elevation.  Ponds where we 

captured the most female bats (>20 bats, n = 6 of 36 ponds [17%]) averaged 

569 m (SE = 16.4; range = 524–624 m) in elevation and were located in 

landscapes with snag densities ranging from 1.9–6.3/ha.  Only 15% of all 

female bats captured (n = 64) were in landscapes with high densities of snags 

(6.3–9.4/ha), which averaged >825 m in elevation; 40 of these females were 

non-reproductive and 13 were post-lactating.  However, we believe that 
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numbers of female bats may increase with increasing density of snags in low 

to moderate elevation landscapes, and our contention is supported by our data 

in three ways.  First, we rarely captured female bats in landscapes at lower 

elevations and having low densities of snags.  Second, based on a strongly 

competing model, we found that captures of female long-eared myotis 

increased modestly with increasing snag density, but only to a point when 

increasing elevation negated this relationship.  Finally, we found that bridges 

where we readily captured numerous reproductive female bats of several 

species had surrounding landscapes with medium and high densities of snags 

and were relatively low in elevation ( x = 612 m, SE = 40; range = 450–773). 

Our findings supported the elevational gradient hypothesis for females 

and corroborate other studies documenting an inverse relationship between 

elevation and relative abundance of females of several species (Fenton et al. 

1980, Grindal et al. 1999, Cryan et al. 2000, Baker and Lacki 2004).  This 

relationship may result from sexual differences in energetic and thermal needs 

and foraging and roosting strategies employed by females and males to 

balance those needs.  Ambient temperatures decrease with increasing 

elevation in mountain ranges worldwide (McCain 2007).  Colder ambient 

temperatures may impose constraints on use of foraging and roosting habitat 

by females, especially pregnant and lactating females (Cryan et al. 2000).  

Reproductive females have high energetic demand and their daily energy 

expenditure during peak lactation can be twice that of non-lactating females 
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(Kurta et al. 1989).  Density and activity of aerial insects decrease with 

temperature (Taylor 1963) and females foraging at lower elevations with 

higher ambient temperatures may encounter greater prey abundance and 

distribution, thus increasing their foraging efficiency (Grindal 1996, Grindal and 

Brigham 1999).  Warmer ambient temperatures at lower elevations also may 

influence microclimate of roosts.  Females of most species of tree-roosting 

bats roost communally and may select warmer roosts within portions of the 

landscape having higher ambient temperatures so as to reduce the need for 

using torpor to conserve energy (Hayes 2003, Barclay and Kurta 2007).  

Although females sometimes use torpor to conserve energy (Chruszcz and 

Barclay 2002, Solick and Barclay 2007), torpor increases susceptibility to 

predation, decreases milk production, and delays fetal development and 

juvenile growth rates, potentially influencing survival of young (Racey and 

Swift 1981, Wilde et al. 1999).  By selecting warmer roosting conditions, 

females may minimize thermoregulatory costs.  Though less is known about 

strategies employed by males, they generally are believed to be nomadic, live 

alone or in small groups, and have lower energetic requirements than 

reproductive females (Kunz 1974, Barclay 1991).  Males also are thought to 

use torpor more readily than females either under adverse conditions when 

prey availability is low, or perhaps to reduce foraging time and energy 

expenditure, thus allowing males to occupy more harsh environments, such as 
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higher elevations, more so than reproductive females (Barclay 1991, 

Grinevitch et al. 1995, Cryan et al. 2000, Barclay and Kurta 2007).   

Non-reproductive and post-lactating females experience different 

energetic demands than pregnant or lactating females, potentially allowing 

non-reproductive and post-lactating females to be more flexible in selection of 

roosting and foraging habitats.  If true, non-reproductive females should be 

distributed similarly to males and we would have expected to capture them 

more frequently at higher elevation ponds.  We only captured 64 females at 

elevations >825 m during our study and most of these were non-reproductive 

or post-lactating (83%, 53/64).  However, 70% (95/135) of all non-reproductive 

females were captured at lower elevations during this study which suggests 

that non-reproductive females are not distributed similar to males on our study 

area.  Non-reproductive females will join maternity colonies in many species 

(e.g., big brown bats; Willis and Brigham 2004) and may have done so during 

our study, although we could not confirm this.  Juveniles and other non-

reproductive females may use lower elevations more readily to seek thermal 

energetic benefits and food availability previously described so as to increase 

their chance of survival through winter and successful reproduction the 

following year. 

Although riparian habitats (Grindal et al. 1999, Waldien and Hayes 

2001, Seidman and Zabel 2001, Ober and Hayes 2008) and edges created by 

forest harvest (Grindal and Brigham 1998, 1999, Hogberg et al. 2002, 



 

 

36

Patriquin and Barclay 2003, Hayes and Loeb 2007) are important foraging 

sites for bats, our findings did not support predictions that landscape-level 

patterns of these variables would explain variation in number of captures of 

bats on our study area.  We found that captures of female bats were 

negatively related to length of streams and edge, but the influences of these 

variables were small relative to the influence of elevation in our models.  Lack 

of support for the foraging area hypothesis may have resulted from the spatial 

scale of our study, and abundance or activity of bats may be predicted by 

these variables at smaller spatial scales.  In the Oregon Coast Range, Ober 

and Hayes (2008) found that characteristics of vegetation at a relatively fine 

spatial scale explained more variation in bat activity than did characteristics of 

vegetation at broader scales.  Erickson and West (2003) found that edge and 

other landscape-scale variables did not explain a significant amount of 

variation regarding bat activity as did stand-level variables.  Indeed, our 

measure of edge was relatively coarse, and may not reflect finer scale 

resolution of heterogeneity provided by structurally complex forest stands that 

provide bats with diverse foraging opportunities (Kalcounis et al. 1999, 

Erickson and West 2003, Patriquin and Barclay 2004).  The extent to which 

abundance and distribution of forest-dwelling bats relates to available foraging 

habitat and whether bats become limited by foraging habitat (Lacki et al. 2007) 

in managed Douglas-fir forests in this region warrants further investigation. 
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Scope and Limitations 

All methods for capturing bats are subject to bias (Kunz and Brock 

1975, Kunz and Kurta 1988, O’Shea and Bogan 2003b), and inferences from 

mist net surveys should be made in the context of factors influencing the data.  

We randomly selected sites, replicated them among varying conditions, 

randomly ordered our surveys, and conducted multiple surveys at each site, 

adding rigor to our capture efforts (McKelvey et al. 2001).  Even so, our efforts 

were limited by the small number of ponds suitable for mist netting.  As a 

result, the population of landscapes from which we sampled did not represent 

the full range of snag densities and elevational gradients to allow a better 

assessment of snag rich landscapes at lower elevations.   

While the influence of capture-related bias is well understood for 

sampling small mammals (e.g., Chao 1987), the magnitude of this bias 

remains unclear for bats.  We used counts as an index of relative abundance 

and assume similar detection probabilities across sites, but the extent to which 

this assumption is realistic is unknown (Anderson 2001, MacKenzie 2005, 

2006).  Temporal patterns of bat activity vary with weather and other factors 

(Hayes 1997, Erickson and West 2002), yet the effect of these variables on 

detection probability using mist nets for monitoring bats have not been fully 

evaluated and warrant greater attention.  Although patterns we observed 

generally corroborate those reported from other studies, indices developed 

using data collected with mist nets should be interpreted carefully until the 



 

 

38

assumption of constant detection probability is validated (McKelvey et al. 

2001, O’Shea et al. 2003b).   

Management recommendations 

Accounting for intersexual differences in distribution and relative 

abundance along gradients of roosting habitat and elevation is important when 

interpreting results from monitoring and developing recommendations for 

conservation and management of bats.  In the western Oregon Cascades, 

landscapes dominated by federal ownership with high densities of snags likely 

provides suitable habitat for both male and female bats and supports viable 

populations of bats.  However, forests managed using contemporary intensive 

management practices may not provide snag densities capable of supporting 

large numbers of bats.  Hayes and Loeb (2007:212) presented alternative 

scenarios for snag management in relation to hypothesized changes in 

numbers of bats in response to changing roost density.  They proposed that if 

abundance of bats increased steeply with number of roosts and reached an 

asymptote relatively quickly, modest levels of snag retention would result in 

substantial benefits for bats.  However, if numbers of bats increase only 

gradually with increasing density of snags at low initial densities, then modest 

retention would only support small populations of bats until some threshold 

when increased retention would support larger populations (Hayes and Loeb 

2007).  Our data for males suggest that numbers of bats increase gradually as 

snag density increases (Figure 2.2), and moderate to high levels of snag 
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retention in landscape with low densities of snags would have the greatest 

conservation benefit for bat populations in this region.  Forest management 

practices that retain and perpetuate high densities of roost trees (Hayes 2003, 

Kunz and Lumsden 2003, Barclay and Kurta 2007, Hayes and Loeb 2007) will 

benefit populations of forest-dwelling bats and may be critical for sustaining 

reproductive females in intensively managed landscapes at lower elevations. 
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Figure 2.1.  Location of the study area in the western Oregon Cascades, USA, 
where bat presence and relative abundance was determined from 1999–2001.  
Shaded area in the insert represents the area encompassed by 36 landscapes 
(4.8 km radius circles centered on ponds selected for study). 
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Figure 2.2.  Relationship between number of males captured and density of 
snags in the landscape at 36 ponds where bats were captured in the western 
Oregon Cascades from 1999–2001. 
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Table 2.1.  Number of adult and juvenile (in parentheses) male and female bats captured, and number of sites where 
each species was captured during mist net surveys at 36 ponds in the western Oregon Cascades, 1999–2001. 
 
 No. Bats Captured  Percent of  No. Sites 
Species   Males      Females Total  total captures Males Females 

 
Silver-haired bat 341 (0) 9 (0) 350  26.1  31 4 
      
Big brown bat 151 (1) 135 (2) 289  21.5  31 21 
      
Long-eared myotis 189 (4) 64 (2) 259  19.3  32 19 
      
Long-legged myotis 77 (7) 127 (9) 220  16.4  23 19 
      
California myotis 62 (3) 66 (6) 137  10.2  24 24 
      
Little brown myotis 35 (0) 6 (0) 41  3.1  13 6 
      
Yuma myotis 18 (2) 3 (1) 24  1.8  10 4 
      
Hoary bat 14 (0) 0 (0) 14  1.0  4 0 
      
Fringed myotis 7 (0) 1 (0) 8  0.6  2 1 
       
       
Total 894 (17) 411 (20) 1,342      
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Table 2.2.  Location of ponds used as capture sites and their associated elevation, estimated number of snags/ha in the 
landscape (sites are sorted from lowest to highest number of snags), length of medium and large streams, length of edge, 
species richness (SR1 and SR2), and sex ratios (no. males / females).  SR1 is the number of species captured at least 
once during one or more surveys and SR2 is the number of species captured at least once during two or more surveys. 
 

Pond Location 
(Township/Range/Section) 

Elevation 
at pond (m) Snags/ha 

Length of 
stream (km)  

Length of 
edge (km) SR1 SR2  M:F 

 
T15S-R1E-S2 381 0.8 42.4  118.7 4 2 8.00 

T15S-R2E-S11 1101 0.9 55.3  34.3 3 3 2.83 
T16S-R1E-S1 771 1.2 38.7  59.6 5 2 6.00 

T15S-R3E-S34 858 1.2 52.6  29.5 6 3 3.42 
T24S-R3W-S13 693 1.5 30.8  8.1 5 3 6.00 
T16S-R1E-S15 567 1.7 45.6  37.1 5 1 0.50 
T20S-R2W-S16 691 1.7 41.3  161.9 4 4 1.00 
T17S-R1W-S2 587 1.8 45.6  39.1 5 4 0.67 

T21S-R4W-S15 322 1.8 35.8  149.2 3 3 0.91 
T16S-R1E-S23 736 1.9 43.7  22.9 7 6 0.54 
T16S-R1W-S34 512 2.4 40.3  48.3 5 4 0.69 
T22S-R2W-S18 751 2.4 37.4  17.8 7 0 1.20 
T23S-R3W-S10 653 2.7 54.9  85.1 5 3 5.50 
T22S-R3W-S16 467 2.7 52.6  81.0 4 3 0.45 
T16S-R2W-S7 743 2.7 44.4  90.5 9 9 1.11 

T24S-R2W-S28 922 2.8 53.6  57.2 7 5 3.08 
T22S-R3W-S26 809 3.0 35.2  1.4 5 2 0.80 
T24S-R3W-S27 699 3.0 47.8  124.7 3 2 males only 
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Table 2.2.  Continued. 
 

Pond Location 
(Township/Range/Section) 

Elevation 
at pond (m) Snags/ha 

Length of 
stream (km)  

Length of 
edge (km) SR1 SR2  M:F 

 
T14S-R1W-S17 502 3.2 29.0  52.4 5 4 1.90 
T23S-R1W-S8 774 3.7 56.3  31.8 5 5 3.86 

T15S-R2W-S28 810 3.7 44.4  42.4 6 5 1.35 
T15S-R2W-S15 623 3.7 30.6  48.7 5 5 0.46 
T23S-R2W-S36 1332 4.6 44.0  86.9 3 1 males only 
T17S-R2E-S13 552 4.8 44.2  61.3 6 3 0.55 
T25S-R2W-S25 1063 5.1 52.8  36.2 5 5 6.00 
T26S-R2W-S4 751 5.4 65.2  63.7 4 2 11.50 
T16S-R3E-S29 630 6.3 51.0  62.4 7 7 0.91 
T25S-R1W-S3 828 6.5 54.5  21.6 7 3 11.67 

T24S-R1W-S29 1039 6.5 47.7  47.6 6 4 7.60 
T26S-R2W-S1 934 7.5 46.1  90.9 6 3 9.00 
T22S-R1E-S5 625 7.9 56.8  62.1 4 2 4.17 

T21S-R1E-S11 838 8.3 50.7  121.4 7 3 7.00 
T22S-R1E-S19 1072 8.6 64.3  97.9 3 2 20.00 
T22S-R2E-S17 1276 9.1 40.9  82.1 5 3 24.50 
T22S-R2E-S9 1451 9.3 43.2  33.6 6 2 12.60 
T22S-R2E-S4 1261 9.4 46.8  39.4 6 3 32.00 

         
 
.
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Table 2.3.  Variables, number of parameters, difference in Akaike Information 
Criteria score between the ith model that with the lowest QAICc (∆QAICc ), 
Akaike weights (w i), and Nagelkerke's R-square value (R2 

N) for all models <2 
∆QAICc that explain number of species and individual bats captured in relation 
to variables measured within 4.8 km radius landscapes centered on each of 36 
capture sites in the western Oregon Cascades, 1999–2001.   
          
           
Model    K  ∆QAICc wi  R2 

N  
  
 
Species richness 
 
null    2  0.00  0.28  0.000 
snags    3  1.23  0.15  0.046 
riparian   3  1.70  0.12  0.027 
 
All Males 
 
elevation + snags  4  0.00  0.33  0.418 
snags    3  1.24  0.18  0.342 
null    2  12.3  <0.001 0.000 
 
All females 
 
elevation + edge  4  0.00  0.27  0.205 
elevation   3  0.73  0.19  0.123  
null    2  2.78  0.07  0.000 
 
Pregnant/lactating females 
 
elevation + riparian  4  0.00  0.40  0.348 
elevation + edge  4  1.97  0.15  0.307 
null    2  9.19  <0.001 0.000 
 
Non-reproductive/post-lactating  
 
null    2  0.00  0.31  0.000 
edge    3  1.44  0.15  0.028  
 



 

 

53

Table 2.3.  Continued. 
          
           
Model    K  ∆QAICc wi  R2 

N  
  
 
Big brown bat 
 
Males  
null          2  0.00  0.29  0.000 
snags    3  1.65  0.13  0.022 
 
Females 
elevation + riparian  4  0.00  0.35  0.274 
riparian   3  0.36  0.29  0.208 
null    2  5.79  0.02  0.000 
 
 
California myotis 
 
Males 
null    2  0.00  0.25  0.000 
riparian   3  0.32  0.22  0.064 
 
Females 
null    1  0.00  0.22  0.000 
riparian   2  0.91  0.14  0.108 
edge    2  1.03  0.13  0.099 
snags    2  1.80  0.09  0.036 
 
 
Long-eared myotis 
 
Males 
elevation   3  0.00  0.20  0.092 
null     2  0.82  0.14  0.000 
elevation + riparian  5  1.25  0.11  0.197  
   elevation*riparian 
snags             3  1.64  0.09  0.046 
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Table 2.3.  Continued. 
          
           
Model    K  ∆QAICc wi  R2 

N  
  
 
Long-eared myotis 
 
Females 
elevation + edge  3  0.00  0.30  0.551 
elevation + snags  4  0.19  0.27  0.662  
   elevation*snags 
elevation + edge  4  0.89  0.19  0.629 
   elevation*edge 
null    1  5.22  0.02  0.000 
 
 
Long-legged myotis 
 
Males 
null          2  0.00  0.17  0.000 
elevation   3  0.28  0.14  0.062 
snags    3  0.35  0.14  0.060 
riparian   3  1.42  0.08  0.029 
edge    3  1.43  0.08  0.029 
snags + edge  4  1.76  0.07  0.092 
 
Females 
null    2  0.00  0.29  0.000 
snags    3  1.74  0.12  0.019 
elevation   3  1.89  0.11  0.015 
riparian   3  1.95     0.11  0.013 
 
 
Silver-haired bat  
 
Males 
snags + elevation  4  0.00  0.43  0.640 
snags    3  1.18  0.24  0.596 
null    2  29.2  <0.001 0.000 
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Table 2.4.  Parameter estimates, standard errors, and 95% confidence 
intervals for best and competing models (those <2 ∆QAICc) explaining number 
of male bats captured at 36 ponds in the western Oregon Cascades, 1999–
2001. 
  
 
Sex/            
Species Variable Estimate SE       95% CL 
  
  
Males  
 

intercept -0.196  0.334 
elevation 0.098  0.049  0.002 – 0.194 
snags  0.015  0.007  0.002 – 0.028 

   
  intercept 0.348  0.204 
  snags  0.023  0.006  0.012 – 0.034 
 
 
Silver-haired bat  
 
  intercept -2.227  0.392 

elevation 0.114  0.058  0.001 – 0.227 
snags  0.037  0.008  0.022 – 0.052 

   
  intercept -1.593  0.239 
  snags  0.046  0.007  0.033 – 0.059 
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Table 2.5.  Parameter estimates, standard errors, and 95% confidence 
intervals for best and competing models (those <2 ∆QAICc) explaining number 
of female bats captured at 36 ponds in the western Oregon Cascades, 1999–
2001. 
  
 
Sex/         
Species Variable Estimate SE       95% CL 
  
  
Females  
 

intercept 1.726  0.588 
elevation -0.151  0.058      -0.265 – -0.038 

  edge  -0.007  0.004       -0.015 – 0.001 
   

intercept 1.083  0.496 
  elevation -0.129  0.059  -0.245 – -0.013 
 
 
Pregnant/Lactating Females 
 

intercept 1.830  0.747 
elevation -0.147  0.050      -0.246 – -0.049 

  riparian -0.034  0.016       -0.064 – -0.004 
 
  intercept 0.963  0.523 
  elevation -0.191  0.052  -0.292 – -0.090 
  edge  -0.006  0.004  -0.013 – 0.001 
 
 
Big brown bat  
  

intercept 1.786  0.812 
elevation -0.095  0.055       -0.202 – 0.012 

  riparian -0.044  0.017       -0.077 – -0.011 
 
  intercept 1.339  0.802  
  riparian -0.050  0.017       -0.084 – -0.017 
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Table 2.5.  Continued. 
  
 
Sex/         
Species Variable Estimate SE       95% CL 
  
  
Long-eared myotis   
 

intercept 1.271  0.936 
elevation -0.259  0.110       -0.475 – -0.043 

  edge   -0.013  0.006       -0.025 – -0.001 
 

intercept -2.752  1.411 
elevation 0.126  0.197       -0.260 – 0.512 

  snags   0.114  0.046       0.023 – 0.204 
elev*snag -0.0125 0.006  -0.025 – -0.0004 

 
intercept 3.135  1.849 
elevation -0.527  0.255       -1.027 – -0.027 

  edge   -0.041  0.025       -0.090 – 0.008 
elev*edge 0.004  0.004  -0.003 – 0.011
 

 



 

 

CHAPTER 3 – USE OF CONIFER SNAGS AND TREES AS ROOSTS BY 
FEMALES OF THREE SPECIES OF BATS IN WESTERN OREGON 

 

Abstract 

We investigated use of conifer snag and tree roosts by females of three 

species of forest-dwelling bats in Douglas-fir (Pseudotsuga menzesii) forests 

in the western Oregon Cascade Range from 1999–2001.  We radio-tagged 29 

female big brown bats (Eptesicus fuscus), 55 long-legged myotis (Myotis 

volans), and 27 long-eared myotis (Myotis evotis) and located 42 snag and 35 

tree roosts for big brown bats, 105 snag and 24 tree roosts for long-legged 

myotis, and 24 snag roosts for long-eared myotis.  All three species roosted 

most frequently in Douglas-fir snags and used them in similar proportions to 

their availability.  Big brown bats and long-legged myotis rarely roosted in 

stands <40 years old.  Age classes of stands in which female big brown bats 

and long-legged myotis roosted in live trees and female long-eared myotis 

roosted in snags did not differ from those of randomly available structures.  

Odds of a snag being used as a roost by big brown bats increased with 

diameter at breast height (DBH) of snags and decreased with distance from 

the capture site.  Diameter of snags used for roosting and the number of small 

(10–50 cm DBH) snags within the 20-m radius plot were variables in the best 

model for use of snags by long-legged myotis.  The best model for long-eared 

myotis included distance to the capture site; odds of a snag being used as a 

roost by female long-eared myotis decreased with 
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increasing distance from the capture site.  Odds of a live tree being used by 

big brown bats and long-legged myotis decreased with increasing distance 

from the capture site.  We found considerable overlap in structural and 

contextual characteristics of snags and trees used as roosts among the three 

species of bats.  While big brown bats and long-legged myotis used only 

snags and trees as roosts, long-eared myotis used a diversity of roost 

structures and frequency of use of different types of roosts differed with 

varying density of snags in the landscape.  Frequency of use of snags by long-

eared myotis increased with density of snags and was nearly twice as high in 

landscapes with high densities of snags as in those with low densities.  Our 

findings suggest that bats alter their choices of roosts in landscapes with low 

densities of snags.  Forest management practices should consider the needs 

of multiple species of bats and the distribution of roosts in the landscape, 

especially where densities of snags are low and at low elevations in intensively 

managed landscapes.   

 

Introduction 

Knowledge of the roosting ecology of forest-dwelling bats is 

fundamental to understanding influences of management activities and 

developing strategies for conserving bats in managed forests.  Selection of 

roosts by bats is influenced by a number of factors, including diversity and 

abundance of roosts, distribution and abundance of prey, distribution of roosts 
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in relation to foraging areas, and bioenergetics (Kunz and Lumsden 2003, 

Broders and Forbes 2004, Barclay and Kurta 2007).  Tree roosts are critically 

important for forest-dwelling bats because they provide shelter from weather, 

protection from potential predators, and a location to raise young, hibernate, 

digest food, and socially interact with other individuals (Hayes 2003, Kunz and 

Lumsden, 2003, Hayes and Loeb 2007).  Bats should select roosts that 

provide these functions to maximize their fitness, although the relative 

importance of each function and characteristics of roosts to achieve them may 

vary with species, population, gender, and reproductive condition (Barclay and 

Kurta 2007). 

Availability of suitable roosts is postulated to be a determinant of 

abundance and distribution of temperate zone bats (Humphrey 1975, Kunz 

1982, Hayes 2003).  Females of at least some species of bats may be limited 

by availability of roosts suitable for reproduction (Lewis 1995).  High levels of 

use of mature and old-growth forests (Perkins and Cross 1988, Thomas 1988, 

Crampton and Barclay 1998, Humes et al. 1999) is thought to be partially a 

consequence of availability of large, older trees for roosting in these stands 

(Kunz 1982, Crampton and Barclay 1998, Hayes 2003, Barclay and Kurta 

2007).  However, Waldien et al. (2000) documented that long-eared myotis 

(Myotis evotis) are flexible in selection of roost sites, and suggested that use 

of roost structures may differ among landscapes with different availability of 

large snags.  While distribution and availability of roosts influences behavior 
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and use of habitat for other species (e.g., Brigham 1991), use of roost 

structures among landscapes with varying availability of snags is largely 

unknown. 

Studies of resource partitioning in bat communities have focused 

almost exclusively on morphology and echolocation and assume that species’ 

differences in these characteristics result in partitioning of food resources and 

use of habitats for foraging (Aldridge and Rautenbach 1987, Saunders and 

Barclay 1992).  Little information is available on differences in use of roosts by 

sympatric species of bats or whether they partition available roosts (Kunz and 

Lumsden 2003).  Previous research suggested that characteristics of roosts 

selected by bats should be similar among species (e.g., Vonhof and Barclay 

1996), and at a coarse level they generally are (Hayes 2003).  Indeed, some 

studies have found little or no difference in roost characteristics of sympatric 

species of bats (e.g., Crampton and Barclay 1998, Psyllakis and Brigham 

2006).  Other studies have documented inter- and intra-specific selection of 

different roost characteristics at different scales (Lumsden et al. 2002a, b; 

Chung-Maccoubrey 2003a, Broders and Forbes 2004).  Whether species-

specific differences in the type of roost used or specific characteristics of 

roosts are sufficient to reduce competition and allow coexistence remains 

poorly understood (Barclay and Kurta 2007). 

Most studies of roost selection by bats have focused on a single 

species and few have evaluated use of roosts by multiple species 
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simultaneously.  Investigating only one species can provide an incomplete 

view of roosting ecology of bats in a particular area and could result in 

management recommendations that do not benefit the broader community of 

bats (Chung-MacCoubrey 2003a).  Information on use of roosts by multiple 

species of bats in a given area could provide insight into inter-specific 

ecological patterns and would likely improve management prescriptions to 

provide habitat for bats through time across diverse ownerships and over 

multiple spatial scales.  We studied use of conifer snags and trees as day 

roosts by females of three sympatric forest-dwelling bats, the big brown bat 

(Eptesicus fuscus), long-legged myotis (Myotis volans), and long-eared 

myotis, in managed Douglas-fir (Pseudotsuga menzesii) forests in the western 

Oregon Cascade Range.  Our objectives were to 1) determine which 

characteristics best differentiated between used and random snags and trees 

for each species; 2) determine whether structural characteristics (e.g., 

diameter, height) or context of roosts (e.g., elevation, aspect, proximity to 

resources) best differentiated snags and trees used as roosts by the three 

species of bats; and 3) determine if different types of roosts (e.g., snags, 

trees, stumps, downed logs) are used by female bats in landscapes with 

different densities of snags.   

Study Area 

We conducted this study along the west slope of the Cascade Mountain 

Range in Lane, Linn, and Douglas counties, Oregon, USA from the Calapooya 
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River north and east of Springfield, Oregon south to the North Umpqua River 

east of Roseburg, Oregon (Figure 3.1).  Our study area was between 43o25’ 

and 44o20’ north latitude and 122o25’ and 123o25’ west longitude and occurred 

in the Western Cascades Physiographic Province,  characterized by a 

maritime climate with wet, mild winters and cool, dry summers (Franklin and 

Dyrness 1988).  Elevations ranged from 150 m to over 1,500 m.   

Our study area was dominated by natural and planted stands of 

Douglas-fir.  Other conifers in this zone include western hemlock (Tsuga 

heterophylla) and western redcedar (Thuja plicata).  Red alder (Alnus rubra) 

was the most abundant deciduous tree species, often occurring in and around 

riparian areas and disturbed sites.  Bigleaf maple (Acer macrophyllum) also 

was a common deciduous tree in this zone.  Understory vegetation was 

typically dominated by salmonberry (Rubus spectabilis), thimbleberry (R. 

parviflorus), salal (Gaultheria shallon), huckleberry (Vaccinium spp.), red 

elderberry (Sambucus racemosa), vine maple (Acer circinatum), and 

swordfern (Polystichum munitum).  Our study area was a mix of public and 

private lands with diverse management histories, objectives, and habitat 

conditions.  Public lands encompassed a mix of late successional forest 

reserves within a matrix of younger managed stands.  These forests were 

managed for multiple use objectives that include late-successional habitat, 

recreation, fish and wildlife habitat, and timber production (U.S. Forest Service 

and Bureau of Land Management 1994).  Private, commercial forests were 



 

 

64

managed primarily for production of wood products.  Intensive high-yield 

timber management has been practiced here since the mid-1960s and usually 

included planting nursery-grown seedlings, fertilization, control of competing 

deciduous vegetation, pre-commercial and commercial thinning, and clear-

cutting on 45–60 year rotations.  This young conifer forest was interspersed 

with riparian reserves, recent clear-cuts, and smaller gaps associated with 

streams, topography, and roads. 

 

Methods 

Capture and Radio Telemetry 

We defined potential capture sites as 1) ponds with dimensions 

between 5 x 5 m and 20 x 20 m, enabling use of standard mist nets to capture 

bats, located >1.6 km from human development (e.g., houses, barns) and 

other similar sized ponds, or 2) bridges with I-beam construction over large, 

fish-bearing streams (Lorensen et al. 1994) located >1.6 km from human 

development and other bridges.  Once all possible capture sites in the study 

area were identified, we estimated the amount of forest >80 years old in the 

2.4 km radius circle surrounding the possible capture site using a geographic 

information system (GIS, ArcGIS version 6.0; ESRI, Inc., Redlands California) 

and forest inventory data from Weyerhaeuser Company’s Calapooya Tree 

Farm, which also included forest age class data from the U.S. Bureau of Land 

Management (Eugene and Roseburg Districts).  We then categorized each 2.4 
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km radius circle as having low (0–100 ha), medium (101–250 ha), and high 

(>250 ha) area of forest >80 years old and randomly selected 12 ponds in 

each of the 3 categories (n = 36) and 12 bridges (4 in each category) for 

capture efforts.  Because we only captured big brown bats, long-legged 

myotis, or long-eared myotis at 8 of these bridges, a total of 44 landscapes (36 

pond sites and 8 bridges) were sampled during this study.   

Bats were captured at ponds using mist nets (Avinet, P.O. Box 1103, 

Dryden, NY, USA 13053-1103) and at bridges using hand-held mist nets 

(Waldien and Hayes 1999) and hoop nets from late May through early 

September 1999–2001.  Once a bat was captured, we recorded species, sex, 

age, and reproductive status following Anthony (1988) and Racey (1974, 

1988).  We determined age based on degree of ossification in the joints of the 

phalanges of the third metacarpal (Racey 1974) and determined pregnancy by 

palpating the abdomen of female bats.  We considered female bats that 

secreted milk as lactating and those that had obvious suckle marks around the 

nipple but did not secrete milk as post-lactating. 

We attached radio transmitters (0.45–0.54 g Model LB 2; Holohil 

Systems Ltd., Ontario, Canada) to adult female big brown bats, long-legged 

myotis, and long-eared myotis weighing >6.0 g, and attempted to distribute 

radios evenly among species of bats across sampled landscapes and 

throughout the sampling period.  We clipped a small amount of fur from 

between the scapula and attached a transmitter with Skinbond surgical 
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adhesive (Smith & Nephew, Inc., Largo, FL; Wilkinson and Bradbury 1988).  

Radio-marked bats were held for 20 minutes to allow the adhesive to set and 

were released at the capture site.  The ratio of transmitter to body mass 

ranged from 3.8–5.9% for big brown bats and 6.0–7.8% for the two species of 

Myotis.  Captures and all animal handling procedures were conducted in 

accordance with permits and processes issued by the Oregon Department of 

Fish and Wildlife (permit numbers 116-99, 003-00, and 021-01) and the 

Institutional Animal Care and Use Committee at Oregon State University 

(AUF#2241). 

We used Wildlife Materials TRX-1000S and 2000S (Wildlife Materials, 

Inc., Carbondale, IL) receivers, and hand-held 3- and 5-element yagi antennas 

to track radio-tagged bats to their day roosts.  We attempted to track radio-

tagged individuals to a confirmed roost each day until the transmitter failed or 

was shed by the bat.  If a radio-tagged bat did not switch roosts on 

consecutive days, we verified that it was still alive or had not shed its 

transmitter by monitoring the radio signal or by visually observing bats 

emerging from day roosts at dusk.  If the bat did not emerge for 3 days, we 

assumed the transmitter was shed or the bat had died.  Our final analyses did 

not include structures for which no evidence indicated the bat had left the roost 

at least once to prevent misclassification of structures where a transmitter had 

been shed by bats in night roosts or while flying over the structure (Waldien et 

al. 2000).  Each structure used as a day-roost was geo-referenced with a 
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Trimble Pathfinder Pro XL global positioning system (GPS; Trimble 

Navigation, Ltd., Sunnyvale, CA; ±1m accuracy). 

We radio-tagged 137 female bats (50 female big brown bats, 59 female 

long-legged myotis, and 29 female long-eared myotis).  Nine of 50 big brown 

bats, 4 of 59 long-legged myotis, and 1 of 29 long-eared myotis that were 

radio-tagged were never found and assumed to have left the study area or the 

radios ceased functioning.  Additionally, 12 big brown bats only used houses 

as day roosts and were excluded from further analyses.  One radio-tagged 

long-eared myotis was located outside the landscape area and was excluded 

from the analysis.  Thus, we used roosts from 29 big brown bats, 55 long-

legged myotis, and 27 long-eared myotis in our final analyses. 

Locating Random Structures  

Selection of structures used for roosting by bats is most commonly 

investigated by comparing attributes of roosts and roost trees to those of 

other, randomly selected trees in the immediate vicinity of the roost or in the 

same stand (Miller et al. 2003, Barclay and Kurta 2007).  In contrast, we 

sampled randomly selected snags and trees at the two landscape-scales 

previously defined based on the assumption that any bat captured and radio-

marked at a site had equal chance of flying to any point within the landscape 

to select a snag or tree for roosting. 

We determined that 20% of day roosts used by radio-marked big brown 

and long-legged myotis in the study area occurred >2.4 km from the capture 
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site, but that >95% of day roosts used by these species occurred within 4.8 km 

of capture sites.  Ninety-nine percent of roosts used by long-eared myotis 

were within 2.4 km of the capture site.  Thus, we used 2.4 km radius circles to 

define landscapes for long-eared myotis and 4.8 km radius circles (7,326 ha) 

for big brown and long-legged myotis for locating random points, measuring 

habitat variables, and conducting habitat analyses. 

We used ArcGIS 8 (ESRI, Inc., Redlands California) to generate 250 

random points from 20 m grids overlaid on each landscape.  We then 

randomly selected points for sampling from all possible points available (44 

landscapes x 250 points in each landscape yielded 11,000 landscape-point 

combinations) to ensure equal chance of any point in any landscape being 

sampled.  Random points were sampled without replacement.  At each 

selected sample point, we established a 100 m long transect along a randomly 

selected direction.  If the direction chosen did not allow for the 100 m transect 

to be established within the stand, we randomly selected a new direction.  We 

selected the first snag or tree encountered within 20 m on either side of the 

transect line.  If we did not encounter a snag or tree along the first transect for 

a given random point, we repeated this step up to 3 times and if no tree or 

snag was encountered, the point was discarded and the next randomly 

selected point was sampled.  No randomly selected structure was used by 

radio-tagged bats during our study, but some of these structures may have 

been used by untagged bats during our study. 
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Roost and Random Structure Characteristics 

We measured tree characteristics and plot- and landscape-scale habitat 

variables suggested to be important factors influencing use of snag and tree 

roosts by forest-dwelling bats (Table 3.1; Lacki and Baker 2003, Barclay and 

Kurta 2007).  These measurements were taken on each roost and random 

structure sampled during the study. 

Field Measurements   

 We categorized snags and trees as conifer or hardwood and when 

possible identified them to species.  At each snag or tree, we measured 

diameter at breast height (DBH; cm) using a diameter tape and height (m) of 

the structure with a laser range finder.  We visually estimated percentage of 

bark remaining for each snag and assigned it to one of 6 decay classes based 

on Brown (1985); these were later collapsed into three categories following 

Waldien et al. (2000).  We established a 20-m radius (0.15 ha) plot centered 

on each roost and random structure and recorded the total number of snags 

>10 cm DBH and >3 m tall (Waldien et al. 2000) and measured height of the 

dominant canopy with a laser range finder. 

GIS Measurements  

We used ArcGIS 8 and a USGS 10-m digital elevation model to 

determine elevation, percent slope, and aspect of each roost and randomly 

selected structure.  We used the line statistic analysis tool in ArcGIS Spatial 
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Analyst to calculate distance from a roost or random structure to the capture 

site and to the nearest pond with open water. 

We created a forest cover layer using 1-m digital orthophotography 

(circa 2000) from the State of Oregon (Oregon Geospatial Enterprise Office 

2007; http://www.gis.state.or.us/data/alphalist.html; accessed 1 March 2007) 

and overlaid it with coordinates of all roosts and random points.  We added a 

stream layer based on a database developed by the Oregon Department of 

Forestry that included all medium (average annual flow >0.04 m3 and <0.2 

m3/sec) and large (average annual flow >0.2 m3/sec) fish and non-fish bearing 

permanent streams (Lorenson et al. 1994, Oregon Department of Forestry 

1997).  We used the linear measurement tool in ArcView to determine 

distance from each roost and random point to closest medium or large 

perennial stream and to the nearest edge of a gap in the canopy of a forested 

stand (an opening in the forest >20 m wide) or the edge of an adjacent stand.  

We used ArcView to center a scale-equivalent (i.e., 1:12,000) 20-m radius plot 

on each roost and random point and visually estimated canopy closure to the 

nearest 5% class for each plot. 

To determine the age of each roost and random structure and to 

estimate density of snags in landscapes, we created a database using ArcGIS 

by merging forest stand inventory data provided by timber companies and 

federal agencies.  We developed a layer that included eight classes based on 

stand age and land ownership: 0–10, 11–20, 81–200, and >200 years on 

http://www.gis.state.or.us/data/alphalist.html


 

 

71

private and federal ownership, 21–40 and 41–80 years on private ownership, 

and 21–40 and 41–80 years on federal ownership.  After merging datasets, we 

determined that spatial inconsistency associated with edge matching between 

datasets was <1% of the total area encompassed by our study area.  We 

assumed age of stands was correctly classified by each owner.  This first level 

stratification yielded a data layer that constituted between 40–100% of the 

available area for each landscape.  Proportions of each landscape not 

accounted for by forest inventory data were generally private, non-industrial 

lands (PNI) and were classified as such.  To quantify proportion of PNI lands 

and create 100% area coverage for each landscape, we digitized a stand 

polygon layer using 1-m digital orthophotography (circa 2000) from the State 

of Oregon (Oregon Geospatial Enterprise Office 2007; 

http://www.gis.state.or.us/data/alphalist.html; accessed 1 March 2007).  We 

were unable to reliably assign the same stand classes derived from forest 

inventory data to our digitized, PNI stand polygons.  Thus, we collapsed the 

21–40 and 41–80 year classes to a single class and created five broad 

classes and subjectively assigned each PNI polygon to one of the following: 

non-forest, 0–10, 11–20, 21–80, and >80 year old stands.  We used forest 

inventory polygons of known age that were adjacent to a PNI forest polygon in 

question and visually compared them to identify the stand class as accurately 

as possible. 
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Snag Density 

We quantified snag density (snags/ha) for each stand class within 

landscapes using methods and calculations outlined by Bate et al. (1999; see 

Appendix A).  To estimate number of snags in the landscape, we summed the 

product of mean density of snags/ha (>25.4 cm DBH and >3 m tall, decay 

classes 2–6; Appendix A) estimated for a stand class by the number of ha in 

that stand class for all stand classes.  Densities estimated for stand classes 

21–40 and 41–80 from private lands were added together and divided by 2 to 

calculate a mean density estimate for PNI stand class 21–80.  Similarly, we 

used the mean snag density/ha for 81–200 and >200 year old stands to 

calculate an estimate for PNI stands >80 years old.  Based on these 

calculations, we classified each landscape as having low (total <20,000, 

<2.7/ha, n = 14), medium (20,000–40,000, 2.7–5.5/ha, n = 12), or high 

(>40,000, >5.5/ha, n = 10) density of snags. 

Data Analysis 

We pooled data across all three years to determine which 

characteristics differentiated between roost and random snags and trees for 

each species.  We excluded all roosts located beyond 2.4 km landscapes for 

long-eared myotis (n = 1, 4% of total roosts identified for this species) and 

those located beyond 4.8 km radius landscapes for long-legged myotis (n = 

12, 10%) from the analyses.  We also removed all hardwood snags (n = 5; 

4%) used by long-legged myotis from the final analysis.  We located and used 



 

 

73

in our analysis 42 snag and 35 tree roosts for big brown bats, 105 snag and 24 

tree roosts for long-legged myotis, and 24 snag roosts for long-eared myotis 

(only 3 trees were used by this species).  For each species of bat, we only 

used random structures from landscapes where at least one roost was found 

for that species in our models, and only used random structures located within 

2.4 km radius landscapes used by long-eared myotis.  All random structures 

from 4.8 km radius landscapes used by big brown bats or long-legged myotis 

were included in the models for these two species.  If a structure was used by 

more than one individual of the same species, we only counted the structure 

once for our analysis.  On two separate occasions, two different snags were 

used by two different species and we counted these snags once in the model 

for each species. 

We used Fisher’s exact test (PROC FREQ, SAS Institute 2000) to 

compare frequencies of stand age classes for snags and live trees used as 

roosts to those for random snags and live trees.  We combined stands <40 

years old on private and federal ownership into a single category to compare 

with stands 41–80 years old on private ownership, 41–80 years old on federal 

ownership, and 81–200 and >200 years old on private and federal ownership.  

We also used Fisher’s exact test to compare frequencies of roost and random 

snags and trees by species of tree, and to compare frequencies of types of 

structures (trees, snags, stumps, logs) used as roosts by female bats in 

landscapes estimated to have low, medium, and high density of snags.  For 
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the latter analysis, we combined snags and trees into a single category and 

stumps and down logs into another category. 

For our roost selection models, we created a new variable for aspect by 

using a cosine transformation of the azimuth for each roost and random point 

(cosasp = cos((azimuth/360)*2*π).  We also created a variable reflecting the 

position of a snag or tree relative to its solar exposure and ease of access by 

bats.  A roost or random snag or tree was coded 1 if it had a roost:dominant 

canopy ratio >1, its distance to an edge or gap was <10 m, or its canopy 

closure was <25%; the structure was coded with a zero if none of these 

criteria were met.   

 To determine which characteristics best differentiated between used 

and random snags and trees for each species, we developed 27 and 26 

candidate models for snags and live trees, respectively, that focused on how 

diameter of snags and trees changed in relation to changes in stand and 

landscape variables (see Appendices F and G).  We used logistic regression 

(PROC GENMOD; SAS Institute 2000) to estimate model parameters and 

compared models using the small sample variant of the Akaike Information 

Criterion (AICc) based on AICc differences (∆AICc) and Akaike weights (wi; 

probability that the ith model is actually the best approximating model among 

all the candidate set, given the data; Burnham and Anderson 2002).  We 

considered the model with the lowest AICc and models with ∆AICc <2 to be 

competitive models (Burnham and Anderson 2002).  We calculated 
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Nagelkerke's R-square value for generalized linear models (Nagelkerke 1991) 

as a measure of the coefficient of determination for each model.  Odds ratios 

were calculated by exponentiation of the parameter estimates (Hosmer and 

Lemeshow 1989). 

To determine whether structural characteristics or context of roosts best 

differentiated snags and trees used as roosts by females bats, we used a 

Classification and Regression Tree (CART) analysis to generate a 

classification tree to separate roosts used by the three species (Venables and 

Ripley 1994).  Classification trees generated by CART determine a set of 

logical if-then conditions for predicting or classifying cases (i.e., snag or tree 

roosts).  Decisions are made at one or more branch nodes and based on 

values of specific variables that eventually sort each case into a designated 

group (Venables and Ripley 1994). 

 

Results 

Use of Roosts in Relation to Age Class 

 Frequency of snags used as day roosts by big brown bats differed 

among stand age classes compared to randomly available snags (χ2 = 11.10, 

P = 0.033; Table 3.2).  Big brown bats most frequently roosted in snags in 81–

200-year-old stands.  Twelve percent of snags used as roosts were located in 

young stands <40 years old, whereas 25% of randomly selected snags were 

in this forest class (Table 3.2).  Big brown bats roosted in snags located in 41–
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80-year-old stands on private lands more frequently than randomly available, 

and roosted in snags in old growth stands and 41–80-year-old stands located 

on federal lands in nearly equal frequency to random snags (Table 3.2).  Big 

brown bats roosted in live trees among stand age classes similar to available 

trees (χ2 = 6.20, P = 0.195; Table 3.2).  Patterns of use of snags for long-

legged myotis females differed from the distribution of randomly available 

snags (χ2 = 10.83, P = 0.029; Table 3.2), but use of live trees was similar to 

the distribution of random trees (χ2 = 4.77, P = 0.308; Table 3.2).  They 

infrequently roosted in snags or trees in stands <40 years old, and 7 of 12 

snag roosts and 1 of 3 live tree roosts found in these stands were located 

within riparian management buffers retained during harvest near small- and 

medium-sized perennial streams.  Long-legged myotis roosted in snags in old-

growth stands and 41–80-year-old stands located on federal lands more 

frequently than available and roosted in snags in 41–80-year-old stands 

located on private lands equal to available random snags.  Frequency of 

random snags in 81–200-year-old stands was greater than those used as 

roosts by this species (Table 3.2).  Frequency of snags used as day roosts by 

long-eared myotis among stand age classes did not differ from randomly 

available snags (χ2 = 2.79, P = 0.732; Table 3.2).   

Snag Roosts 

Frequency of use of different species of snags used as day roosts by 

big brown bats differed from randomly available snags (χ2 = 8.72, P = 0.015; 
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Table 3.3).  Big brown bats roosted most frequently in Douglas-fir snags (n = 

34, 81%) and used them in similar frequency to random snags (n = 86, 83%).  

Western hemlock only comprised 5% (n = 2) of snags used by big brown bats 

compared to 14% (n = 15) of random snags, while 14% (n = 6) of snags used 

as roosts were western redcedar compared to 3% (n = 3) of random snags 

(Table 3.3).  Long-eared myotis and long-legged myotis also roosted most 

frequently in Douglas-fir snags, but frequency of use of snags among tree 

species did not differ from randomly available snags (χ2 = 2.80, P = 0.348 for 

long-eared myotis, χ2 = 2.74, P = 0.267 for long-legged myotis; Table 3.3).  

We did not find female long-eared myotis roosting in western redcedar snags. 

The best model for use of snags by big brown bats included diameter of 

snags and distance to the capture site; the probability that this was the best 

model in the candidate set, given our data, was 43% (Table 3.4, Appendix H).  

Odds of a snag being used as a roost by big brown bats increased 29% (odds 

ratio [OR] = 1.29; 95% CI = 1.15–1.43) for each 10 cm increase in diameter, 

and decreased 8% (OR = 0.92; 95% CL = 0.88–0.95) for every 100 m 

increase in distance from the capture site (Table 3.5).  A competing model 

included diameter, number of large (>50 cm DBH) snags within 20 m, and an 

interaction of diameter and large snags; the probability that this was the best 

model in the candidate set given our data was 29% (Table 3.4).  When there 

were no large snags within a 20-m radius plot around a snag, odds of it being 

a roost used by big brown bats increased by 40% (OR = 1.40; 95% CI = 1.21–
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1.62) for each 10 cm increase in diameter (Table 3.5).  When there were 2 

large snags within a 20 m radius plot around a snag, odds of it being a roost 

used by big brown bats increased 18% (OR = 1.17; 95% CI = 1.06–1.31) for 

each 10 cm increase in diameter.  However, the relationship with diameter 

diminished as number of large snags increased above two.  A second 

competing model included diameter, distance to the capture site, and an 

interaction between diameter and distance to the capture site; the probability 

that this was the best model in the candidate set was 20% (Table 3.4).  When 

a snag was located 500 m from the capture site, odds of it being a roost used 

by big brown bats increased by 21% (OR = 1.21; 95% CI = 1.01–1.44) for 

each 10 cm increase in diameter.  Effect of diameter became stronger as 

distance to capture site increased, with odds of a snag being used as a roost 

by big brown bats increasing by 38% (OR = 1.38; 95% CI = 1.12–1.72) for 

each 10 cm increase in diameter when the snag was located 4,500 m away 

from the capture site. 

Diameter and number of small (10–50 cm DBH) snags within 20-m 

radius plots were variables in the best model for use of snags by long-legged 

myotis (Table 3.4).  A competing model included diameter, number of small 

snags, and an interaction of diameter and small snags, and these two top 

models constituted 92% of the weight of evidence for the candidate model set 

(Table 3.4).  Based on the top model, odds of a snag being used as a roost by 

long-legged myotis increased 19% (OR = 1.19; 95% CI = 1.10–1.28) for each 
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10 cm increase in diameter and increased 58% (95% CI = 1.35–1.86) for each 

small snag included within the 20-m radius plot (Table 3.5).  Under the 

competing model, when there were no small snags within a 20-m radius plot 

around a snag, odds of it being a roost used by long-legged myotis increased 

by 15% (OR = 1.15; 95% CI = 1.06–1.27) for each 10 cm increase in diameter.  

When there were 4 small snags within a 20-m radius plot around a snag, odds 

of it being a roost used by long-legged myotis increased 26% (OR = 1.26; 95% 

CI = 1.08–1.48) for each 10 cm increase in diameter, and odds of a snag 

being used as a roost by this species increased to 38% (OR = 1.38; 95% CI = 

0.99–1.92) for each 10 cm increase in diameter when there were 8 small 

snags within 20 m. 

The best model for long-eared myotis included distance to the capture 

site; the probability this was the best model, given our data, was 60% (Table 

3.4).  Odds of a snag being used as a roost by long-eared myotis decreased 

23% (OR = 0.77; 95% CL = 0.66–0.90) for every 100 m increase in distance 

from the capture site (Table 3.5).  A competing model included diameter and 

distance to the capture site (Table 3.4).  Under this model, odds of a snag 

being used as a roost by long-eared myotis increased 8% (OR = 0.92; 95% CI 

= 0.76–1.12) for each 10 cm increase in diameter, and decreased 23% (OR = 

0.77; 95% CL = 0.66–0.90) for every 100 m increase in distance from the 

capture site (Table 3.5). 
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Live Tree Roosts 

Frequencies of species of live trees used as roosts by big brown bats 

and long-legged myotis did not differ those for random trees (χ2 = 0.29, P = 

0.99 for big brown bats, χ2 = 3.16, P = 0.188 for long-legged myotis; Table 

3.3).  The best model for use of live trees as roosts by big brown bats included 

diameter of live trees and distance to the capture site; the probability that this 

was the best model in the candidate set, given our data, was 50% (Table 3.6).  

Based on this model, the odds of a tree being a roost used by big brown bats 

increased 24% (OR = 1.24; 95% CI = 1.08–1.42) for each 10 cm increase in 

diameter, and decreased 9% (OR = 0.91; 95% CL = 0.86–0.96) for every 100 

m increase in distance from the capture site (Table 3.7).  A competing model 

included diameter, distance to the capture site, and an interaction between 

these two variables.  When a tree was located 500 m from the capture site, 

odds of it being a roost used by big brown bats increased by 6% (OR = 1.06; 

95% CI = 0.84–1.34) for each 10 cm increase in diameter.  As with snags, 

effect of diameter became stronger as distance to capture site increased, with 

odds of a tree being used as a roost by big brown bats increasing by 54% (OR 

= 1.54; 95% CI = 1.08–2.18) for each 10 cm increase in diameter when the 

snag was located 4,500 m away from the capture site. 

Distance to the capture site was the best model differentiating roost and 

random live trees for long-legged myotis; the probability that this was the best 

model in the candidate set, given our data, was 38% (Table 3.6, Appendix I).  
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Odds of a tree being a roost used by a long-legged myotis decreased 8% (OR 

= 0.92; 95% CI = 0.86–0.98) for each 100 m increase in distance from the 

capture site (Table 3.7).  A competing model included elevation, and odds of a 

tree being used as a roost by long-legged myotis decreased 41% (OR = 0.59; 

95% CL = 0.40–0.88) for every 100 m increase in elevation (Table 3.7).  A 

second competing model included diameter and distance to the capture site 

(Table 3.6).  Under this model, odds of a tree being a roost used by long-

legged myotis decreased 4% (OR = 0.96; 95% CI = 0.84–1.09) for each 10 cm 

increase in diameter, and decreased 9% (OR = 0.91; 95% CL = 0.85–0.98) for 

every 100 m increase in distance from the capture site (Table 3.7). 

Use of Roosts Among Species 

All three species of bats used Douglas-fir snags as roosts in nearly 

equal frequency (Table 3.3).  Big brown bats used western hemlock snags as 

roosts more frequently than did long-eared or long-legged myotis and used 

western redcedar snags more frequently than the other two species; use of 

snags among species of tree was not significantly different at α = 0.05 (χ2 = 

9.93, P = 0.06).  Long-eared myotis did not use redcedar snags as roosts.  

Species of live trees used as roosts by big brown bats and long-legged myotis 

did not differ (χ2 = 2.63, P = 0.32). 

Eighty-five percent of snags used as roosts by female big brown bats, 

long-eared myotis, and long-legged myotis were correctly classified by the 

CART analysis.  Distance to capture site was the variable best distinguishing 
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use of snags as roosts by long-eared myotis relative to the other species 

(Figure 3.2).  Eighty-eight percent (21/24) of long-eared myotis roosts were 

less than 915 m from the capture site, while 17% (7/42) of snags used by big 

brown bats and 38% (40/105) of snags used by long-legged myotis were 

located within 915 m of the capture site.  Other structural and context 

variables did not clearly isolate snags used as roosts by either big brown bats 

or long-legged myotis and these two species exhibited considerable overlap in 

use of snags. 

Eighty-six percent of live trees used as roosts by female big brown bats 

and long-legged myotis were correctly classified by the CART analysis.  

Distance to stand edge was the variable best distinguishing use of trees 

between these two species (Figure 3.3).  All 35 trees used as roosts by big 

brown bats and 64% of those used by long-legged myotis were less than 273 

m from the edge of a stand or gap; 26% (n = 8) of trees used by long-legged 

myotis were greater than 273 m from an edge (Figure 3.3).  Of those trees 

less than 273 m from an edge, 94% (33/35) of trees used by big brown bats 

and 50% of 14 trees used by long-legged myotis were over 225 m from a 

stream. 

Use of Structures in Relation to Snag Density 

Big brown bats and long-legged myotis only used snags and live trees 

as roosts, regardless of estimated density of snags in the landscape (Table 

3.8).  However, female long-eared myotis used a diversity of roost structures 
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and the frequency of use of different types of roosts differed with varying 

density of snags estimated in the landscape (χ2 = 17.3, P < 0.001).  Frequency 

of use of snags and trees by long-eared myotis increased with increasing 

density of snags and was nearly twice as high in landscapes with high density 

of snags as in those with low densities (Table 3.8).  Conversely, frequency of 

use of stumps and logs was higher in landscapes with low and medium 

densities of snags (Table 3.8). 

 

Discussion 

Our models indicated that the odds of snags and trees being used as 

roosts by females of all species of bats we studied increased with increasing 

diameter, a commonly reported finding in roost selection studies (Kalcounis-

Rüppell et al. 2005, Hayes 2003, Lacki and Baker 2003, Barclay and Kurta 

2007).  Large trees tend to be in more open areas or extend above the 

canopy, thereby increasing detection and access for bats, as well as 

increasing exposure to solar radiation which contributes to cavity warming and 

more desirable roost microclimate (Hayes 2003, Kunz and Lumsden 2003, 

Barclay and Kurta 2007).  Also, the thermal inertia and insulative properties of 

wood and bark increase with increasing diameter and result in more stable 

roost temperatures (Sedgeley 2001, Hayes 2003, Kunz and Lumsden 2003, 

Barclay and Kurta 2007).  Increased warmth of roosts reduces energetic 

demands on females and facilitates development and growth of fetuses and 
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juveniles (Racey 1973, Racey and Swift 1981, Kunz 1982).  Bats also may use 

large snags and trees simply because they are of sufficient age and size to 

have developed numerous cavities and more exfoliating bark area suitable for 

roosting that support more individual occupants (Sedgeley 2003, Barclay and 

Kurta 2007).  Indeed, big brown bats (Brigham 1991, Betts 1996, Willis and 

Brigham 2004, Willis et al. 2006) and long-legged myotis (Baker and Lacki 

2006) are known to form large colonies in roost trees and colony size of these 

species is positively related to size of cavities and trees and amount of bark 

remaining, which may explain their use of larger diameter snags.  Conversely, 

long-eared myotis typically roost solitarily or in small groups (Waldien et al. 

2000), thus allowing them to use smaller sized snags and trees for roosting.  

Their use of larger diameter trees is more likely related to postulated thermal 

benefits rather than cavity size or amount of bark. 

Our roost selection models also demonstrated that the odds of snags 

and trees being used as roosts changes with the spatial context of the roost, 

and that diameter of snag and tree roosts is influenced by different values for 

some context variables.  We also found that context variables associated with 

roosts best differentiated used snag and tree roosts among the species of bats 

we studied.  While some authors have noted that proximity of roosts to 

resources plays a role in larger-scale selection of roosting areas by bats, 

Barclay and Kurta (2007) suggested that characteristics of roosts themselves 

are more important than relatively small differences in time and energy 
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required of some species of bats to access other resources.  Indeed, some 

species appear to choose roosts further from foraging and drinking areas than 

might be expected (e.g., Brigham 1991, Broders and Forbes 2004).  Our data 

suggest that both structural characteristics and context variables are important 

determinants of roost selection.  We found that increasing distance from 

capture sites, which were always associated with water, decreased the odds 

of snags and trees being used as roosts by all three species of bats on our 

study area.  Given high energetic demands and water intake requirements of 

females during reproduction (Kurta et al. 1989), females that choose roosts in 

close proximity to preferred foraging areas associated with ponds and streams 

(Grindal et al. 1999, Waldien and Hayes 2001, Broders et al. 2006) and night 

roosts would reduce commuting costs.  Female long-eared myotis, for 

example, are known to use foraging areas in proximity to water, riparian 

habitat, and roosting areas (Waldien and Hayes 2001).  Females of other 

species of bats also are known to locate their roosts near water sources (e.g., 

Ormsbee and McComb 1998, Boonman 2000).  Differences in roosting 

preferences relative to presence of water and other resources are likely 

region- or habitat-specific and probably vary by species (Hayes 2003, Barclay 

and Kurta 2007).  Our findings support the hypothesis that female bats will 

select roosts in closer proximity to water and potential foraging areas relative 

to random structures available in the landscape.  Our competing models of 

roost selection for big brown bats, however, demonstrated that response to 
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increasing diameter was greatest when a snag or tree was furthest from the 

capture site, suggesting this species may seek larger diameter trees and 

snags that reside further from water associated with capture sites.  This 

suggests that characteristics of roosts may be of overriding importance 

relative to proximity to resources, such as water, for some species (Barclay 

and Kurta 2007). 

Proximity to capture sites also was an important variable differentiating 

use of snags as roosts by females of the three species of bats we studied.  

Long-eared myotis consistently roosted in snags that were <915 m to capture 

sites, whereas 17% of snags used by big brown bats and 38% of those used 

by long-legged myotis were within this distance from capture sites.  This may 

reflect use of smaller home ranges and use of foraging areas in proximity to 

water, riparian habitat, and roosting areas by long-eared myotis (Waldien and 

Hayes 2001).  The slow, maneuverable flight of long-eared myotis is 

energetically expensive (Norberg and Rayner 1987, Chruszcz and Barclay 

2003) and, in combination with long foraging bouts, may limit their ability to 

incur long distance flight from roosts to foraging and water resources relative 

to the other species we studied.  Choice of roost location may be particularly 

important for this species because they live in small colonies or roost solitarily 

and are less able to take advantage of thermal and metabolic benefits of 

communal roosting (Chruszcz and Barclay 2002). 
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Bats also choose roosts where there are several nearby snags, 

perhaps because of reduced canopy closure associated with patches of snags 

may increase solar radiation and access, or because multiple structures 

provide opportunities for switching roosts.  We found that diameter of snags 

used as roosts by big brown bats and long-legged myotis also was influenced 

by the number of snags within 20 m.  While big brown bats on average used 

snags as roosts that had 3.2 times more large snags within 20 m than random 

snags had, they appear to use the largest diameter trees when few or no 

snags are adjacent.  The response to increasing diameter of snags used by 

big brown bats was greatest when no large snags were in proximity and 

diminished when more than 2 large snags were nearby.  The diameter of 

snags used as roosts by long-legged myotis, however, continued to increase 

with increasing number of small snags within 20 m.  This finding suggests that 

this species prefers clumps of snags and will likely select the largest snags 

within a clump, a finding reported by others (Ormsbee and McComb 1998).  

Understanding topographic context associated with roosts is important 

when considering management of snags and green trees intended to provide 

snag roosts for bats in the future.  Broders et al. (2006) hypothesized that if 

bats use several roosts with different exposures and insular properties, 

individuals could select roosts on particular days that optimize thermal benefits 

depending on ambient conditions.  This hypothesis seems most plausible in 

landscapes where roosts are abundant and well distributed, offering such 
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diverse choices for bats; the species of bats we studied used snags and trees 

located on varied aspects and did not select specific slope exposure, which is 

consistent with this hypothesis.  Relationships between elevation and use of 

roosts by bats in our study varied.  Within landscapes we sampled, big brown 

bats roosted in snags and trees that were lower in elevation on average than 

random snags and trees, whereas other species of bats used snags located at 

similar elevations compared to random snags.  Elevation was a variable in a 

competing model differentiating trees used as roost by long-legged myotis 

from random trees.  We contend that female bats in our study area choose 

areas to roost based in part on compromises between densities of snags 

suitable for roosting and elevation, and perhaps other factors.  Female bats 

were captured less frequently at higher elevation sites (Chapter 2) and all 

three species consistently roosted at elevations either equal to or below the 

mean elevation of landscapes they used.  Female bats likely benefit from 

selecting roosts at lower elevations in part due to warmer temperatures or 

higher densities of prey, conditions that may improve foraging and 

thermoregulatory efficiencies for reproductive females (Grindal et al. 1999, 

Cryan et al. 2000, Kunz and Lumsden 2003). 

The three species of bats we studied rarely used snags in young forest 

stands, especially in clearcuts, even when they were available.  Other studies 

also report that bats typically roost in older forest stands, in part due to greater 

availability of potential roost trees in older age stands (Crampton and Barclay 



 

 

89

1998, Cryan et al. 2000) and postulated reduction in risk of predation (Kunz 

and Lumsden 2003).  It has been postulated that roosts having less canopy 

closure, those which are taller than surrounding canopy, or those occurring on 

an edge allow for easier location and access by bats and that such roosts may 

receive more solar radiation important for maintaining optimal roost 

temperature (Hayes 2003, Barclay and Kurta 2007).  Mean daily air and soil 

temperatures are greater in clearcuts than in interior forest (Chen et al. 1993) 

and solar exposure of snags in clearcuts would be expected to be higher than 

those located on edges or within forests.  Thus, if warmer snags are preferred 

by bats, especially females, it seems plausible to expect use of snags in open 

habitat settings like clearcuts.  One possible explanation for our observations 

is that bats may experience increased risk of predation by using snags located 

in clearcuts and young forests.  Snags occur in lower density in clearcuts 

(Ohmann et al. 1994, this study, Appendix A) and often are individual, 

prominent structures that may attract predators differentially than snags 

located on edges or within forests.  It also is possible that roost temperatures 

in snags or trees located in clearcuts undergo greater fluctuation that render 

them unsuitable compared to those in forests that may have more stable 

thermal climates.  Both of these hypotheses, while plausible, await empirical 

evaluation. 

Some studies of roost partitioning in bats have reported differential use 

of tree species among sympatric species (e.g., Boonman 2000, Chung 
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MacCoubrey 2003a), but we did not find that species of snags or live trees 

was an important factor differentiating use by the species of bats we studied.  

Moreover, we found considerable overlap in structural and contextual 

characteristics of snags and trees used as roosts by the species we studied.  

The most pronounced difference in use of roosts and roosting behavior among 

the species we studied was how the types of structures used as day roosts 

differed depending on density of snags in the landscape.  We found that big 

brown bats and long-legged myotis only used snags and trees as roosts in all 

landscapes we studied regardless of density of snags.  Big brown bats are 

known to use rock crevices as roosts in other regions (e.g., Lausen and 

Barclay 2002) and are well known to use anthropogenic structures (e.g., 

Brigham 1991, Lausen and Barclay 2006).  We did not include buildings used 

by big brown bats in our analysis, but noted that more were used by 

individuals radio-marked in landscapes with low density of snags compared to 

other landscapes.  This could be an artifact of proximity of landscapes with low 

densities of snags to the urban interface on privately owned lands and at lower 

elevations compared to those with high densities of snags located on federally 

managed lands.  Whether suitable natural roosts were limiting, thus forcing big 

brown bats to use these structures, or if buildings were actually preferred 

roosts remains unknown.  Long-legged myotis also are known to use rock 

crevices as roosts in other regions (e.g., Cryan et al. 2001, Baker and Lacki 

2006), but we did not document use of rocks for this species or big brown bats 
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in our study area.  Conversely, long-eared myotis used a wide variety of types 

of structures as day roosts during our study, supporting findings from other 

studies (Rabe et al. 1998, Vonhof and Barclay 1997, Waldien et al. 2000, 

Rancourt et al. 2005).  Female long-eared myotis used several different types 

of structures as day-roosts regardless of snag density, but used stumps and 

down logs most extensively in landscapes with low densities of snags.  They 

used snags as day roosts more often in landscapes with high snag densities, 

corroborating findings from Waldien et al. (2000).  By using a wide variety of 

types of structures for day roosts in forested landscapes, long-eared myotis 

may be able to adjust to differing availability of different types of structures in 

the landscape (Waldien et al. 2000), thus taking advantage of otherwise 

inhospitable habitat conditions and possibly avoiding potential competitive 

interactions with sympatric species when snag roosts are limited. 

We were unable to thoroughly examine the influence of snag density on 

use of roosts by bats due to small sample sizes of landscapes where all three 

species were radio-tagged during our study.  Future studies should be 

designed to further elucidate both inter- and intra-specific differences in roost 

selection within and among landscapes with varying density of snags.  Linking 

foraging areas with roosting areas (e.g., Waldien and Hayes 2001, Lumsden 

et al. 2002b, Broders et al. 2006) will be a critical advancement toward 

understanding landscape-scale relationships of bats across landscapes with 

varying densities of snags.  Measures of variation in demographic parameters 
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are needed to assess the impact of variation in resource suitability and 

associated landscape quality (Duchamp et al. 2007).  Unfortunately, we lack 

standardized techniques for tracking demographic parameters at roosts for 

most species of bats (O'Shea et al. 2003).  The lack of clear relationships 

between demographics, resource quality and landscape characteristics 

currently prevents accurate prediction of impacts of landscape change on 

survival and fitness of bat populations and, while daunting, should be a focal 

area of future research (Hayes 2003, Duchamp et al. 2007). 

Scope and Limitations 

We assume our analyses are representative of females of the three 

species of bats we studied, but recognize that some important differences 

between reproductive and non-reproductive females, as well as variability 

between years, could have been masked by pooling data (Miller et al. 2003, 

Barclay and Kurta 2007).  By sampling multiple, randomly selected landscapes 

distributed throughout the western Oregon Cascades, our findings should 

reflect patterns of use of roosts by these species occupying coniferous forests 

in this region, but we caution that variation among landscapes and small 

samples sizes may limit our inferences.  While our statistical inferences are 

limited to the study area sampled, we expect that similar patterns of use would 

occur by females of these species in similar forest conditions found west of the 

Cascades in Oregon and Washington. 
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Management Implications 

Our findings support the contention that maintenance and recruitment 

of snags represents the cornerstone for conservation and management of bats 

in forests (Waldien et al. 2000, Hayes 2003, Hayes and Loeb 2007). While 

some studies have ignored potential interspecific differences and combined 

observations for multiple species of bats (e.g., Rabe et al. 1998), which can 

mask important differences in use of roosts among species (Miller et al. 2003, 

Barclay and Kurta 2007), coarse-scale management recommendations from 

these studies seem prudent based on our findings.  We examined multiple 

species simultaneously and found considerable overlap in use of 

characteristics of snags and trees used as roosts by these species, which 

supports coarse-scale management of snags and trees for multiple species of 

bats.   

In Douglas-fir forests west of the Cascade Range, we recommend 

retaining large (>50.8 cm DBH) snags that either protrude above the canopy, 

reside near a gap or stand edge, or have less canopy closure, and those 

closer to open water and perennial streams.  Large, solitary snags can provide 

roosts for species such as big brown bats, but retaining patches of snags will 

likely increase the probability of use of snags and trees as roosts for all three 

species we studied.  We also recommend that snags be retained primarily in 

upslope habitats and across a range of slope exposures to provide roosts with 

varied microclimates offering choices to optimize thermal benefits depending 
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on ambient conditions.  While snags within riparian areas have benefits for 

numerous species of wildlife (e.g., Hagar 1999), they do not appear to be 

extensively used by bats (e.g., Campbell et al. 1996, Ormsbee and McComb 

1998, Waldien et al. 2000, this study) and may not meet habitat management 

objectives for bats in western Oregon.  Similarly, snags retained in clearcuts 

benefit many species of wildlife (e.g., Schreiber and deCalesta 1992), but we 

found that bats almost never roosted in snags in stands <40 years old.  

Patches of residual trees with low levels of isolation in clearcuts receive use by 

bats for foraging and commuting (Hogberg et al. 2002, Swystun et al. 2001).  

We hypothesize that snags retained within small patches of forest in harvest 

units will receive higher use as roosts compared to those retained in isolation, 

but caution that more research is required to test this hypothesis and evaluate 

the effectiveness of alternative strategies for retaining snags for bats. 

Some species of bats are known to reuse roost trees for several years, 

but colony size appears to decline, which is most likely a function of declining 

suitability of roosts over time (Barclay and Brigham 2001, Chung-MacCoubrey 

2003b).  Given that suitability of roosts used by colonies of female bats may 

persist for considerably less time than do snags themselves, managing for 

large numbers snags and replacement trees is critical for the management of 

bat populations in forests (Barclay and Brigham 2001, Barclay and Kurta 2007, 

Hayes and Loeb 2007).  Snags retained at lower elevations in the landscape 

will likely receive higher use by female bats.  While we found high use of older 
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forest stands by female bats on our study area, landscapes with highest 

densities of snags occurred on federally managed lands generally at higher 

elevations compared to private lands.  Managed landscapes, especially those 

at lower elevations, can provide suitable habitat for female bats, but not in the 

absence of numerous snags and replacement green trees in locations where 

they are likely to be used.  While the number of day roosts required to 

maintain viable populations of bats in forests remains unclear (Hayes 2003), 

increasing the number and distribution of large snags in landscapes with 

current low densities of snags should be a priority.  Creating snags (Chambers 

et al. 1996, Lewis 1998) could improve density and distribution of snags in the 

short-term, but green tree retention strategies that emphasize large trees will 

be an important long-term strategy for the conservation and management of 

forest bats. 
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Figure 3.1.  Location of the study area in the western Oregon Cascades, USA, 
where selection of day roosts by female bats was examined from 1999–2001.  
Shaded area in the insert represents the area encompassed by 44 landscapes 
(4.8 km radius circles centered on ponds and bridges selected for study). 
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Figure 3.2.  Classification and regression tree partition of characteristics of snags used as day roosts by female big brown 
bats (EPFU), long-eared (MYEV), and long-legged myotis (MYVO) in the western Oregon Cascade Range, 1999–2001.  
The number of roosts for each species at each partition appears to the right of the species acronym.  
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Figure 3.3.  Classification and regression tree partition of characteristics of live trees used as day roosts by female big 
brown bats (EPFU) and long-legged myotis (MYVO) in the western Oregon Cascade Range, 1999–2001.  The number of 
roosts for each species at each partition appears to the right of the species acronym.  
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Table 3.1.  Characteristics measured for used and random snags and live 
trees for female big brown bats, long-legged myotis, and long-eared myotis in 
the western Oregon Cascade Range, 1999–2001. 
 
Abbreviation   Description 
 
SPP    Species of snag or tree  
 
DBH    Diameter at breast height (cm) of snag/tree 
 
HT    Height (m) of snag or tree 
 
DECAY   Decay class of snag or tree 
 
BARK    % bark remaining on bole of a snag 
 
SLP    % slope at snag or tree 
 
COSASP Cosine transformation of the aspect (azimuth) of snag 

or tree 
 
ELEV    Elevation (m) at snag or tree 
 
SSNAG Number of small (10–50.8 cm DBH) snags within 20 m 

of snag or tree 
 
LSNAG   Number of large (>50.8 cm DBH) snags within  

20 m of snag or tree 
 
CAN    % canopy cover within 20 m of snag or tree 
 
SOLAR Snag or tree coded as 1 if snag or tree:dominant 

canopy ratio >1 or distance to edge <10 m or canopy 
<25%; coded zero otherwise   

 
DISTCAP   Distance (m) to capture site from snag or tree 
 
DISTEDGE   Distance (m) from snag or tree to edge (gap >20 x 

20 m or edge between two different stand classes) 
 
DISTSTR Nearest distance (m) from snag or tree to perennial 

stream with average annual flow >0.04 m3/day. 
______________________________________________________________
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Table 3.2.  Number (%) of roost and random snags and live trees among forest stand age classes for female big brown 
bats, long-legged myotis, and long-eared myotis in the western Oregon Cascade Range, 1999–2001.   
 
        Age Class     _  
 Species   <40    41–80 (P)  41–80 (F)  81–200  >200  χ2  P 
 
Snags 
 
Big brown bat               11.10  0.033 
 Roost    5 (12)      11 (26)     6 (14)  16 (38)       4 (10) 
 Random  26 (25)            9   (9)   19 (18)  32 (31)              18 (17) 
 
Long-legged myotis              10.83  0.029 
 Roost   12 (11)        13 (12)   39 (38)  13 (12)   28 (27) 
 Random 20 (17)        15 (13)   22 (18)  25 (23)   35 (29) 
 
Long-eared myotis                2.79  0.732 
 Roost    5 (21)           2   (8)     7 (29)    6 (25)     4 (17) 
 Random   5 (22)            0   (0)     5 (22)    7 (30)     6 (26) 
 
Trees 
 
Big brown bat                 6.20 0.195 
 Roost    4 (11)           4 (11)   10 (29)    8 (23)      9 (26) 
 Random    7 (21)           5 (15)     6 (18)     2   (6)   13 (40) 
 
Long-legged myotis                4.77 0.308 
 Roost     3 (14)           3 (14)     8 (35)    3 (14)     5 (23) 
 Random   6 (26)           3 (12)     3 (12)    3 (12)   10 (38) 
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Table 3.3.  Number (%) of roost and random snags and live trees and 
expected frequency among tree species for female big brown bats, long-
legged myotis, and long-eared myotis and live trees for female big brown bats 
and long-legged myotis in the western Oregon Cascade Range, 1999–2001.     
 
             Species            __ 
     Western Western  
 Species  Douglas-fir  hemlock redcedar    χ2           P 
 
Snags 
 
Big brown bat         8.72        0.015 
 Roost    34 (81)   2   (5)   6 (14)     
 Random    86 (83) 15 (14)   3   (3) 
 
Long-legged myotis         2.74        0.267 
 Roost     86 (82) 15 (14)   4   (4)  
 Random 104 (87)   9   (8)   6   (5) 
 
Long-eared myotis         2.80        0.348 
 Roost    20 (83)   4 (17)   0   (0) 
 Random   21 (92)   1   (4)   1   (4) 
 
Trees 
 
Big brown bat          0.29        0.991 
 Roost    27 (77)   2   (6)   6 (17)     
 Random    26 (79)   1   (3)   6 (18) 
 
 
Long-legged myotis          3.16        0.188 
 Roost     12 (55)   4 (18)   6 (27) 
 Random   21 (81)   2   (8)   3 (12) 
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Table 3.4.  Variables, number of parameters in the model (K), difference in 
Akaike Information Criteria adjusted for small sample size (AICc) score 
between the ith and top-ranked model with the lowest AICc value (∆i), AICc 
weights (w i), the sum of AICc weights (∑w i), and Nagelkerke's R-square value 
(R2 

N) for competing models and the null model explaining differences between 
roost and random snags for females of three species of bats in the western 
Oregon Cascades, 1999–2001.   
 
 
Model 
 

 
K 

 
∆i 

 
 wi 

    
    ∑wi 

     
    R2 

N 

      
Big brown bat      
      
diameter at breast height   
distance to capture site 

3 0.00 0.43 0.43 0.44

   
diameter at breast height 
no. large snags 
diameter*no. large snags interaction 

4 0.80 0.29 0.72 0.45

   
diameter at breast height   
distance to capture site 
diameter*distance to capture site   
  interaction 

4 1.47 0.20 0.92 0.45

   
null 1 49.80 <0.01 - 0.00
   
Long-legged myotis   
   
diameter at breast height 
no. small snags 

3 0.00 0.59 0.59 0.35

   
diameter at breast height 
no. small snags 
diameter*no. small snags interaction 

4 1.16 0.33 0.92 0.35

   
null 1 64.10 <0.01 - 0.00
   
Long-eared myotis   
   
distance to capture site 2 0.00 0.60 0.60 0.43
   
diameter at breast height  
distance to capture site 

3 1.56 0.27 0.87 0.46

   
null 1 16.20 <0.01 - 0.00
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Table 3.5.  Parameter estimates, standard errors, odds ratios and 95% 
confidence limits for best approximating models and competing models (those 
<2 AICc units from the best model) differentiating between used and random 
snags for female big brown bats, long-legged myotis, and long-eared myotis in 
the western Oregon Cascades, 1999–2001. 
 
 
 
Variable 

 
 

Estimate

 
 
SE

        
   Odds  
   Ratio 

 
 
    95% CL 

     
 
Big brown bat 

    

  
  Intercept  -1.132 0.657 - -
  diameter at breast height 0.251 0.055 1.285 1.154–1.431
  distance to capture site -0.089 0.019 0.915 0.879–0.951
  
  Intercept  -5.121 0.921 - -
  diameter at breast height 0.338 0.073 1.402 1.214–1.619
  no. large snags 1.533 0.404 4.633 2.099–10.22
  diameter*no. large snag interaction -0.009 0.003 0.991 0.986–0.997
  
  Intercept  -0.314 1.196 - -
  diameter at breast height 0.173 0.108 1.189 0.962–1.470
  distance to capture site -0.127 0.052 0.881 0.795–0.975
  diameter*distance to capture site 
     interaction 

0.003 0.004 1.003 0.999–1.001

  
Long-legged myotis     
     
  Intercept  -2.487 0.421 - -
  diameter at breast height 0.172 0.038 1.188 1.100–1.280
  no. small snags 0.459 0.083 1.582 1.346–1.862
  
  Intercept  -2.313 0.453 - -
  diameter at breast height 0.148 0.045 1.160 1.060–1.267
  no. small snags 0.337 0.149 1.400 1.046–1.876
  diameter*no. small snag interaction 0.002 0.002 1.002 0.998–1.007
  
Long-eared myotis  
  
  Intercept  2.629 0.801 - -
  distance to capture site -0.259 0.077 0.770 0.660–0.901
  
  Intercept  3.266 1.147 - -
  diameter at breast height -0.083 0.098 0.920 0.759–1.116
  distance to capture site -0.266 0.079 0.766 0.656–0.901
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Table 3.6.  Variables, number of parameters in the model (K), difference in 
Akaike Information Criteria adjusted for small sample size (AICc) score 
between the ith and top-ranked model with the lowest AICc value (∆i), AICc 
weights (w i), the sum of AICc weights (∑w i), and Nagelkerke's R-square value 
(R2 

N) for competing models and the null model explaining differences between 
roost and random live trees for female big brown bats and long-legged myotis 
in the western Oregon Cascades, 1999–2001.   
 
 
 
Model 
 

 
K 

 
∆i 

 
 wi 

    
    ∑wi 

     
    R2 

N 

      
Big brown bat      
      
diameter at breast height 
distance to capture site 

3 0.00 0.50 0.50 0.47

   
diameter at breast height 
distance to capture site 
diameter*distance to capture site 
  interaction 

4 0.06 0.48 0.98 0.49

   
null 1 24.81 <0.01 - 0.00
   
   
Long-legged myotis   
   
distance to capture site 2 0.00 0.38 0.38 0.24
   
elevation 2 1.52 0.18 0.56 0.20
   
diameter at breast height  
distance to capture site 

3 1.82 0.15 0.71 0.25

   
null 1 7.17 0.01 0.95 0.00
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Table 3.7.  Parameter estimates, standard errors, odds ratios and 95% 
confidence limits for best approximating models and competing models (those 
<2 AICc units from the best model) differentiating between used and random 
live trees by female big brown bats and long-legged myotis in the western 
Oregon Cascades, 1999–2001. 
 
 
 
Variable 

 
 

Estimate

 
     

SE

  
Odds  
Ratio 

 
 
    95% CL 

     
 
Big brown bat 

    

   
  Intercept  -0.256 0.937 - -
  diameter at breast height 0.211 0.069 1.235 1.078–1.415
  distance to capture site -0.095 0.027 0.910 0.860–0.960
  
  Intercept  2.225 1.958 - -
  diameter at breast height 0.014 0.145 1.014 0.763–1.349
  distance to pond -0.215 0.093 0.810 0.672–0.967
  diameter*distance to capture site 
    interaction 

-0.009 0.006 0.999 0.997–1.022

  
  
Long-legged myotis     
     
     Intercept  1.522 0.677 - -
     distance to capture site -0.089 0.033 0.920 0.860–0.976
  
     Intercept  2.690 1.136 - -
     elevation -0.524 0.203 0.592 0.397–0.882
  
     Intercept  2.028 1.039 - -
     diameter at breast height -0.044 0.065 0.957 0.843–1.088
     distance to capture site -0.094 0.035 0.910 0.850–0.980
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Table 3.8.  Total number of structures (% of total in each column) used as day roosts by female big brown bats, long-
legged myotis, and long-eared myotis in landscapes with estimated low (L, <2.7 snags/ha), medium (M, 2.7–5.5 
snags/ha), and high (H, >5.5 snags/ha) densities of snags the western Oregon Cascades, 1999–2001. 
 
 
  Snag          Structure Type     
Sex  Density  Snag  Tree  Stump    Log  Rock   Total___    
 
Big brown bat    
   

Low     13 (76)   4 (24)   0 (0)    0 (0)  0 (0)   17 
  Medium    20 (50) 20 (24)   0 (0)    0 (0)  0 (0)   40 
  High       9 (43) 12 (57)   0 (0)    0 (0)  0 (0)   21 
 
Long-legged myotis 
 
  Low     15 (75)   5 (25)   0 (0)    0 (0)  0 (0)   20 
  Medium    63 (76) 11 (15)   0 (0)    0 (0)  0 (0)   74 
  High     27 (82)   6 (18)   0 (0)    0 (0)  0 (0)   33 
 
Long-eared myotis 
 
  Low     2 (12) 2 (12)    9 (52)   4 (24) 0 (0)   17 
  Medium    5 (18) 0 (0)  17 (63)   4 (15) 1 (4)   27 
  High   17 (50) 1 (3)    7 (21)   0 (0)  9 (26)   34 
  

 
 



 

 

CHAPTER 4 – USE OF DAY ROOSTS BY FEMALE AND MALE LONG-
EARED MYOTIS IN WESTERN OREGON  

 
 

Abstract 

We investigated variation in use of day roosts by female and male 

western long-eared myotis (Myotis evotis) in managed forests in western 

Oregon.  We located 78 day roosts used by 27 female and 103 day roosts 

used by 29 male long-eared myotis from 1999–2001.  Structural 

characteristics of snags, stumps, and down logs used as day roosts did not 

differ between sexes, whereas position of roosts in the landscape best 

differentiated use of these structures as day roosts between sexes.  Elevation 

best differentiated female and male use of snags, with the odds of a snag 

being used as a roost by female long-eared myotis relative to a male 

decreasing 48% (odds ratio [OR] = 0.52; 95% CL = 0.35–0.76) for every 100 

m increase in elevation.  The odds of a stump being used as a roost by a 

female relative to a male decreased 26% (OR = 0.74; 95% CL = 0.62–0.88) 

for every 100 m increase in distance from the capture site.  For each 100 m 

increase in distance from a log used as a roost to the nearest stream, the 

odds of use by a female long-eared myotis relative to a male decreased 19% 

(OR = 0.81; 95% CL = 0.70–0.94).  Both sexes primarily used stumps and 

down logs in landscapes with low densities of snags, and used snags as day 

roosts more frequently in landscapes with high densities of snags.  Stumps 

and down logs provide roosting habitat for both sexes of long-eared myotis in 
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a variety of landscape conditions, but especially where densities of snags are 

low.  Providing conifer snags across the landscape, especially at lower 

elevations where reproductive females are most likely to occur, also is 

important for conservation and management of long-eared myotis.  Failure to 

account for sexual differences in use of habitats and structural features could 

lead to ineffective management recommendations for bats in forests. 

 

Introduction 

In many taxa of mammals, females and males live solitarily or in 

segregated social groups outside of the breeding season and often use 

habitats and resources differently (Ruckstuhl and Neuhaus 2005).  Sexual 

segregation often is accompanied by inter-sexual differences in use of habitat 

features and areas that may result in differences in behavior (e.g., foraging), 

as well as reproductive success and survival of sexes (Main and Coblentz 

1990, Conradt 1998, Main and du Toit 2005).  Several hypotheses have been 

proposed to explain differential use of habitats and primarily center on factors 

affecting food acquisition, predation-risk, energy budget, and social factors 

(Main and Coblentz 1990, Ruckstuhl and Neuhaus 2005).  Sexual partitioning 

of resources may be manifested in a number of ways, including use of similar 

resources but in different habitat types or spatial areas, or by using different 

resources in the same habitats or area (Bowers et al. 1979). 
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Most studies of the roosting ecology of forest-dwelling bats have 

focused on females because maintenance of roosts for females, particularly 

maternity roosts, is considered to be a key element for conserving bats in 

forests (Hayes 2003, Hayes and Loeb 2007).  However, maintaining roosts for 

males also is important for maintaining viable populations of bats (Hayes 

2003).  Roosts selected by bats may vary by sex (Kunz and Lumsden 2003), 

but little empirical evidence exists to support postulated differences.  Although 

females and males of many species of bats often hibernate together during 

winter, in spring and summer some species sexually segregate by roost 

location (Kunz and Lumsden 2003, Broders and Forbes 2004), local area 

(Barclay 1991, Broders et al. 2006), or geographical region (Cryan 2003, 

Barclay and Kurta 2007).  Males of many species spend summer months 

alone or in small groups, whereas reproductive females tend to gather in 

maternity colonies (Kunz and Lumsden 2003). 

Insectivorous bats in the temperate zone have particularly high energy 

demands owing to their mode of locomotion and small size (Kurta et al. 1989, 

Chruszcz and Barclay 2002, 2003).  Reproductive females may alter their 

roosting behavior to accommodate high energetic demands and varying 

availability of prey (Hamilton and Barclay 1994, Kunz and Lumsden 2003, 

Barclay and Kurta 2007).  By selecting warm roosts and roosting communally, 

reproductive female bats are thought to increase reproductive success by 

maintaining body temperature and reducing the need to enter torpor, which 
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slows gestation, milk production, and juvenile growth (Racey 1973; Racey and 

Swift 1981, Wilde et al. 1999, Barclay and Kurta 2007).  Conversely, males 

may benefit from roosting in cooler sites and using torpor to save energy 

(Barclay 1991, Cryan et al. 2000, Kunz and Lumsden 2003).  Thus, when 

considering different energetic costs and strategies for conserving energy, 

males, non-reproductive females, and reproductive females might be expected 

to use different types and location of roosts (Hamilton and Barclay 1994, 

Broders and Forbes 2004, Barclay and Kurta 2007). 

Limited studies suggest that males of some species select roosts 

differently than females (Barclay and Kurta 2007).  In New Brunswick, 

characteristics of roosts and proximity of roosts to foraging areas selected by 

males of two species of Myotis differed from those selected by females 

(Broders and Forbes 2004).  Minimum roosting and foraging areas of female 

northern myotis (Myotis septentrionalis) are larger than those used by males 

(Broders et al. 2006).  Female Indiana bats (Myotis sodalis) use trees as 

roosts that are larger in diameter than those used by males (Kurta 2005).  

However, differences in selection of habitats and roosts by females and males 

remain poorly resolved and additional studies are needed to refine hypotheses 

about the roosting ecology of bats and to develop management strategies for 

conserving bats in forests (Hayes 2003).   

The western long-eared myotis (Myotis evotis) often is considered to be 

a habitat generalist capable of using several different types of roosts (Vonhof 
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and Barclay 1997, Waldien et al. 2000, Rancourt et al. 2005).  Currently, all 

studies of this species have focused on females and none have evaluated 

differences in use of day roosts between sexes.  Although Waldien (1998) 

reported some information on use of roosts by male long-eared myotis in 

western Oregon, he did not gather adequate samples to allow for sex-specific 

comparisons of roosts used by this species. 

We determined use of day roosts by female and male long-eared 

myotis in managed forests in western Oregon.  Our objectives were to: 1) 

determine the types of structures used as roosts by female and male long-

eared myotis; 2) determine whether structural characteristics (e.g., diameter, 

height) and context of roosts (e.g., elevation, aspect, proximity to resources) 

differed between sexes and, if so, which variables best differentiated day 

roosts between sexes; and 3) determine if types of roosts used by female and 

male long-eared myotis in landscapes differ with different densities of snags.   

 

Study Area 

We conducted this study along the west slope of the Cascade Mountain 

Range in Lane, Linn, and Douglas counties, Oregon, USA from the Calapooya 

River north and east of Springfield, Oregon south to the North Umpqua River 

east of Roseburg, Oregon (Figure 4.1).  Our study area was between 43o25’ 

and 44o20’ north latitude and 122o25’ and 123o25’ west longitude and occurred 

in the Western Cascades Physiographic Province, characterized by a maritime 
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climate with wet, mild winters and cool, dry summers (Franklin and Dyrness 

1988).  Elevations ranged from 150 m to over 1,500 m. 

Our study area was dominated by natural and planted stands of 

Douglas-fir (Pseudotsuga menzesii).  Other conifers in this zone include 

western hemlock (Tsuga heterophylla) and western redcedar (Thuja plicata).  

Red alder (Alnus rubra) was the most abundant deciduous tree species, often 

occurring in and around riparian areas and disturbed sites.  Bigleaf maple 

(Acer macrophyllum) also was a common deciduous tree in this zone.  

Understory vegetation was typically dominated by salmonberry (Rubus 

spectabilis), thimbleberry (R. parviflorus), salal (Gaultheria shallon), 

huckleberry (Vaccinium spp.), red elderberry (Sambucus racemosa), vine 

maple (Acer circinatum), and swordfern (Polystichum munitum).  Our study 

area was a mix of public and private lands with diverse management histories, 

objectives, and habitat conditions.  Public lands encompassed a mix of late 

successional forest reserves within a matrix of younger managed stands.  

These forests were managed for multiple use objectives that include late-

successional habitat, recreation, fish and wildlife habitat, and timber 

production (U.S. Forest Service and Bureau of Land Management 1994).  

Private, commercial forests were managed primarily for production of wood 

products.  Intensive high-yield timber management has been practiced here 

since the mid-1960s and usually included planting nursery-grown seedlings, 

fertilization, control of competing deciduous vegetation, pre-commercial and 
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commercial thinning, and clear-cutting on 45–60 year rotations.  This young 

conifer forest was interspersed with riparian reserves, recent clear-cuts, and 

smaller gaps associated with streams, topography, and roads. 

 

Methods 

Capture and Radio Telemetry 

We defined potential capture sites as 1) ponds with dimensions 

between 5 x 5 m and 20 x 20 m, enabling use of standard mist nets to capture 

bats, located >1.6 km from human development (e.g., houses, barns) and 

other similar sized ponds, or 2) bridges with I-beam construction over large, 

fish-bearing streams (Lorensen et al. 1994) located >1.6 km from human 

development and other bridges.  Once all possible capture sites in the study 

area were identified, we estimated the amount of forest >80 years old in the 

2.4 km radius circle surrounding the possible capture site using a geographic 

information system (GIS, ArcGIS version 6.0; ESRI, Inc., Redlands California) 

and forest inventory data from Weyerhaeuser Company’s Calapooya Tree 

Farm, which also included forest age class data from the U.S. Bureau of Land 

Management (Eugene and Roseburg Districts).  We then categorized each 2.4 

km radius circle as having low (0–100 ha), medium (101–250 ha), and high 

(>250 ha) area of forest >80 years old and randomly selected 12 ponds in 

each of the 3 categories (n = 36) and 12 bridges (4 in each category) for 

capture efforts.  Because we only captured bats at 8 of these bridges, a total 
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of 44 landscapes (36 pond sites and 8 bridges) were sampled during this 

study.   

Female and male long-eared myotis were captured at ponds using mist 

nets (Avinet, P.O. Box 1103, Dryden, NY, USA 13053-1103) and at bridges 

using hand-held mist nets (Waldien and Hayes 1999) and hoop nets from late 

May through early September 1999–2001.  Once a bat was captured, we 

recorded species, sex, age, and reproductive status, following Anthony (1988) 

and Racey (1974, 1988).  We determined age based on degree of ossification 

in the joints of the phalanges of the third metacarpal (Racey 1974) and 

determined pregnancy by palpating the abdomen of female bats.  We 

considered female bats that secreted milk as lactating and those that had 

obvious suckle marks around the nipple but did not secrete milk as post-

lactating.  We attached radio transmitters (0.45–0.47 g Model LB 2; Holohil 

Systems Ltd., Ontario, Canada) to adult long-eared myotis weighing >6.0 g, 

and attempted to distribute radios evenly between sexes across sampled 

landscapes and throughout the sampling period.  We clipped a small amount 

of fur from between the scapula and attached a transmitter with Skinbond 

surgical adhesive (Smith & Nephew, Inc., Largo, FL; Wilkinson and Bradbury 

1988).  Radio-marked bats were held for 20 minutes to allow the adhesive to 

set and were released at the capture site.  The ratio of transmitter to body 

mass ranged from 6.0–7.8%.  Captures and all animal handling procedures 

were conducted in accordance with permits and processes issued by the 
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Oregon Department of Fish and Wildlife (permit numbers 116-99, 003-00, and 

021-01) and the Institutional Animal Care and Use Committee at Oregon State 

University (AUF#2241). 

We used Wildlife Materials TRX-1000S and 2000S (Wildlife Materials, 

Inc., Carbondale, IL) receivers, and hand-held 3- and 5-element yagi antennas 

to track radio-marked bats to their day roosts.  We attempted to track radio-

tagged individuals to a confirmed roost each day until the transmitter failed or 

was shed by the bat.  If a radio-tagged bat did not switch roosts on 

consecutive days, we verified that it was still alive or had not shed its 

transmitter by monitoring the radio signal or by visually observing bats 

emerging from day roosts at dusk.  If the bat did not emerge for 3 days, we 

assumed the transmitter was shed or the bat had died.  Our final analyses did 

not include structures for which no evidence indicated the bat had left the roost 

at least once to prevent misclassification of structures where a transmitter had 

been shed by bats in night roosts or while flying over the structure (Waldien et 

al. 2000).  Each structure used as a day-roost was geo-referenced with a 

Trimble Pathfinder Pro XL global positioning system (GPS; Trimble 

Navigation, Ltd., Sunnyvale, CA; ±1m accuracy). 

We attached radio transmitters to 29 female and 33 male long-eared 

myotis.  One female and three males that were radio-tagged were never found 

and assumed to have either left the study area or the radio ceased 

functioning.  Additionally, one radio-tagged female and one male were located 
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outside the 2.4 km radius landscape and roosts used by these individuals (n = 

1 for the female, and n = 3 for the male) were not used in the analysis.  Thus, 

we used 78 roosts from 27 females and 103 roosts from 29 males in our final 

analyses.  

Use of Day Roosts 

We defined a landscape as the area encompassed by a 2.4 km radius 

circle (1,832 ha) centered on potential capture sites.  We based this definition 

on data on activity areas and distribution of roosts of long-eared myotis in this 

region (Vonhoff and Barclay 1996, Waldien et al. 2000, Waldien and Hayes 

2001).  We measured characteristics of roost structures, plots around roost 

structures, and landscapes suggested as being important factors influencing 

use of snag and tree roosts by forest-dwelling bats (Lacki and Baker 2003, 

Barclay and Kurta 2007).  We measured characteristics for stumps and 

downed logs following Vonhof and Barclay (1997) and Waldien et al. (2000). 

Field Measurements   

All live trees, snags (>3 m tall), stumps (<3 m tall), and down logs were 

categorized as conifer or hardwood and when possible identified to species.  

At each snag or tree, we measured DBH (cm) using a diameter tape and 

height (m) of the structure with a laser range finder.  We visually estimated 

percentage of bark remaining for each snag and assigned it to a decay class 

of 1–6, modified from Brown (1985).  These categories were later collapsed 

into three categories following Waldien et al. (2000).  For stumps, we 
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measured the diameter (cm) at the top of the stump and the uphill and 

downhill height (cm), and visually estimated the percent of the top of each 

stump covered with vegetation.  For logs, we measured diameter (cm) at the 

large end and total length (m).  We assigned each stump and log to one of 

three decay classes (Waldien et al. 2000) and visually estimated percent bark 

remaining on each.  We established a 20-m radius (0.15 ha) plot centered on 

each roost structure and recorded the total number of snags >10 cm DBH and 

>3 m tall (Waldien et al. 2000) and measured height of the dominant canopy 

with a laser range finder. 

GIS Measurements  

We used ArcGIS 8 (ESRI, Inc., Redlands California) to measure 

physical and biological parameters for roosts.  We used a USGS 10-m digital 

elevation model to determine elevation, percent slope, and aspect of each 

structure.  We used the line statistic analysis tool in ArcGIS Spatial Analyst to 

calculate the distance from a roost to the capture site and to the nearest pond 

with open water.  We created a forest cover layer using 1-m digital 

orthophotography (circa 2000) from the State of Oregon (Oregon Geospatial 

Enterprise Office 2007; http://www.gis.state.or.us/data/alphalist.html; 

accessed 1 March 2007) and overlaid this layer with coordinates of all roosts.  

We then added a stream layer based on a database developed by the Oregon 

Department of Forestry that included all medium (average annual flow >0.04 

m3 and <0.2 m3/sec) and large (average annual flow >0.2 m3/sec) fish and 

http://www.gis.state.or.us/data/alphalist.html
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non-fish bearing permanent streams (Lorenson et al. 1994, Oregon 

Department of Forestry 1997) for landscapes in which roosts were sampled.  

We used the linear measurement tool in ArcView to determine distance from 

each roost to closest medium or large perennial streams and to the nearest 

edge of a gap in the canopy of a forested stand (an opening in the forest >20 

m wide) or the edge of an adjacent stand.  We used ArcView to center a 

scale-equivalent (i.e., 1:12,000) 20-m radius plot on each roost and visually 

estimated canopy closure to the nearest 5% class for each plot. 

We created a database using ArcGIS by merging forest stand inventory 

data provided by timber companies and federal agencies.  We developed a 

layer that included eight classes based on stand age and land ownership: 0–

10, 11–20, 81–200, and >200 years on private and federal ownership, 21–40 

and 41–80 years on private ownership, and 21–40 and 41–80 years on federal 

ownership.  After merging datasets, we determined that spatial inconsistency 

associated with edge matching between datasets was <1% of the total area 

encompassed by our study area.  We assumed age of stands was correctly 

classified by each owner.  This first level stratification yielded a data layer that 

constituted between 40–100% of the available area for each landscape.  

Proportions of each landscape not accounted for by forest inventory data were 

generally private, non-industrial lands (PNI) and were classified as such.  To 

quantify proportion of PNI lands and create 100% area coverage for each 

landscape, we digitized a stand polygon layer using 1-m digital 
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orthophotography (circa 2000) from the State of Oregon (Oregon Geospatial 

Enterprise Office 2007; http://www.gis.state.or.us/data/alphalist. 

html; accessed 1 March 2007).  We were unable to reliably assign the same 

stand classes derived from forest inventory data to our digitized, PNI stand 

polygons.  Thus, we collapsed the 21–40 and 41–80 year classes to a single 

class and created five broad classes and subjectively assigned each PNI 

polygon to one of the following: non-forest, 0–10, 11–20, 21–80, and >80 year 

old stands.  We used forest inventory polygons of known age that were 

adjacent to a PNI forest polygon in question and visually compared them to 

identify the stand class as accurately as possible. 

Snag Density    

We quantified snag density (snags/ha) for each stand class within 2.4 

km radius landscapes using methods and calculations outlined by Bate et al. 

(1999; see Appendix A).  To estimate number of snags in the landscape, we 

summed the product of mean density of snags/ha (>25.4 cm DBH and >3 m 

tall, decay classes 2–6; Appendix A) estimated for a stand class by the 

number of ha in that stand class for all stand classes.  Densities estimated for 

stand classes 21–40 and 41–80 from private lands were added together and 

divided by 2 to calculate a mean density estimate for PNI stand class 21–80.  

Similarly, we used the mean snag density/ha for 81–200 and >200 year old 

stands to calculate an estimate for PNI stands >80 years old.  Based on these 

calculations, we classified each landscape as having low (total <20,000, 

http://www.gis.state.or.us/data/alphalist
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<2.7/ha, n = 14), medium (20,000–40,000, 2.7–5.5/ha, n = 12), or high 

(>40,000, >5.5/ha, n = 10) density of snags. 

Data Analysis 

We pooled data across all three years to determine which 

characteristics differentiated between roosts used by the two sexes.  If a 

structure was used by more than one individual of the same sex, we only 

counted the structure once for our analysis.  We calculated means for 

continuous variables for each type of roost within each landscape and then 

used those mean values (i.e., landscape used as the experimental unit) to 

calculate an overall mean and standard error.  We compared mean 

differences among these characteristics with t-tests (PROC TTEST, SAS 

Institute 2000).  For models differentiating use between females and males, 

we created a new variable for aspect by using a cosine transformation of the 

azimuth for each roost (cosasp = cos([azimuth/360]*2*π).  We also created a 

new variable for snags reflecting the position of a snag relative to its solar 

exposure and ease of access by bats.  A roost was coded 1 if it protruded 

above the surrounding canopy, was <10 m from an edge or gap, or had a 

canopy closure <25%; the structure was coded with a zero if none of these 

criteria were met. 

To evaluate sex-specific differences in use of day roosts, we developed 

13, 11, and 9 single variable models and a null model (intercept only) for snag, 

stump, and log roosts, respectively.  We used logistic regression (PROC 
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GENMOD; SAS Institute 2000) to create models, following methods described 

by Hosmer and Lemeshow (1989), and evaluated models using the small 

sample variant of the Akaike Information Criterion (AICc) based on AICc 

differences (∆AICc) and Akaike weights (wi; probability that the ith model is 

actually the best approximating model among the candidate set; Burnham and 

Anderson 2002).  We considered the model with the lowest AICc and models 

with ∆AICc <2 to be competing models (Burnham and Anderson 2002).  We 

calculated Nagelkerke's R-square value for generalized linear models 

(Nagelkerke 1991) as a measure of the coefficient of determination for each 

model.  Odds ratios were calculated by taking the exponential of the 

parameter estimates (Hosmer and Lemeshow 1989).   

 

Results 

Snags 

Most snags used by female (20/24 [83%]) and male 16/22 [73%]) long-

eared myotis were Douglas-fir; all other snags used were western hemlock.  

Snags used as roosts by females and males were similar in mean diameter, 

height, percent bark, canopy closure, slope, and distance to the capture site 

and stand edge (Table 4.1).  However, snags used by males were higher in 

elevation and further from streams than those used by females.  Snags used 

by males also tended to have more small snags and total snags within 20 m 

than those used by females, although this difference was not significant (P > 
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0.05).  The best model differentiating use of snags by female and male long-

eared myotis included elevation of the snag; the probability that this was the 

best model in the candidate set, given the data, was 97% (Table 4.2).  The 

odds of a snag used as a roost being used by a female long-eared myotis 

decreased 48% (odds ratio [OR] = 0.52; 95% CL = 0.35–0.76) for each 100 m 

increase in elevation (Table 4.3).  The probability of a snag used as a roost 

being used by a female declined to <10% when the snag was located above 

1,000 m in elevation (Figure 4.2). 

Stumps and Downed Logs  

Sixty-four percent of stumps used by female long-eared myotis were 

Douglas-fir, 27% were western hemlock, and 9% were western redcedar; 

similarly, 69% of stumps used by males were Douglas-fir, 21% were western 

hemlock, and 10% were western redcedar.  Stumps used by female and male 

long-eared myotis were similar in diameter, uphill and downhill height, percent 

bark, percent vegetation cover, proximity to the nearest stream, elevation, and 

percent slope (Table 4.4).  Stumps used by females ( x = 556 m, SE = 81) 

were located significantly closer to the capture site than those used by males 

( x = 1,210 m, SE = 152; Table 4.4).   Distance to the capture site was the only 

variable in the best model differentiating use of stumps between female and 

male long-eared myotis, and the probability that this was the best model in the 

candidate set, given the data, was 99% (Table 4.2).  The odds of a stump 

being used as a roost by female long-eared myotis decreased 26% (OR = 
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0.74; 95% CL = 0.62–0.88) for each 100 m increase in distance from the 

capture site (Table 4.3). 

Seventy-five percent of down logs used by females (6/8) and by males 

(15/20) were Douglas-fir.  Twenty-five percent (2/8) of logs used by females 

and 20% (4/20) of the logs used by males were western hemlock; one log 

(5%) used by males was a western redcedar.  Diameter at the large end, 

length, and percent bark remaining were similar on down logs used as roosts 

by female and male long-eared myotis (Table 4.5).  Males tended to use logs 

that were at higher elevations and located on more gentle slopes relative to 

those used by females, but these differences were not statistically significant 

(P > 0.05).  The best model differentiating use of logs by female and male 

long-eared myotis included distance to the nearest stream.  The probability 

that this was the best model in the candidate set, given the data, was 87% 

(Table 4.2).  The odds of a log being used as a roost by female long-eared 

myotis decreased 19% (OR = 0.81; 95% CL = 0.70–0.94) times for each 100 

m increase in distance from a perennial stream (Table 4.3). 

Use of Structures in Relation to Snag Density and Age Class 

Frequency of use of different types of roost structures differed with 

density of snags estimated in the landscape for females (χ2 = 17.3, P < 0.001) 

and for males (χ2 = 8.6, P = 0.013).  The frequency of use of snags increased 

with increasing density of snags for both sexes and was 4.2 times higher for 

females and 2.3 times higher for males in landscapes with high density of 
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snags than in landscapes with low densities (Table 4.6).  Conversely, 

frequency of use of stumps and logs was highest in landscapes with low and 

medium densities of snags.  Although both sexes still used stumps as roosts 

when high densities of snags were available, use of stumps was roughly 2 to 3 

times more frequent in landscapes with low and medium densities of snags 

(Table 4.6).  Type of roost structure used also was related to age of the stand.  

Seventy-five percent (18/24) of snags used by females and 82% (18/22) of 

snags used by males were located in forest stands >40 years old.  

Conversely, all logs used by both sexes, all stumps used by females, and 87% 

(34/39) of stumps used by males were in stands <15 years old. 

 

Discussion 

Structural characteristics of snags, stumps, and logs used as roosts 

generally were similar between female and male long-eared myotis.  The 

habitat context in which roost sites were used best differentiated use of 

structures between sexes on our study area.  Given high energetic demands 

and water intake requirements of females during reproduction (Kurta et al. 

1989), females that choose roosts in close proximity to preferred foraging 

areas associated with ponds and streams (Grindal et al. 1999, Waldien and 

Hayes 2001, Broders et al. 2006) and night roosts would reduce commuting 

costs.  Female long-eared myotis were previously documented to use foraging 

areas in proximity to water, riparian habitat, and roosting areas (Waldien and 
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Hayes 2001).  Females of other species of bats also are known to locate their 

roosts near water sources (e.g., Ormsbee and McComb 1998, Boonman 

2000).  Our findings support the hypothesis that females will differentially roost 

in close proximity to potential foraging areas.  Stumps and logs used by 

females were located significantly closer to the capture site and nearest 

stream, respectively, compared to males.  Snags used by females also were 

closer to streams than those used by males. 

At a broad scale, reproductive females of several species of bats roost 

at lower elevations than do males (e.g., Cryan et al. 2000, Brack et al. 2002, 

Dietz et al. 2006), although this likely varies regionally and with the ecology of 

a particular species (Barclay 1991, Barclay and Kurta 2007).  A well 

documented hypothesis to explain this distributional pattern postulates that 

reproductive females require warmer roosting conditions to minimize 

thermoregulatory costs, whereas males can use cooler, high-elevation sites 

that allow greater use of torpor as an energy-saving mechanism (Thomas 

1988, Barclay 1991, Cryan et al. 2000, Chruszcz and Barclay 2002).  

Additionally, several authors have concluded that insect abundance generally 

declines with increasing elevation and decreasing temperatures (Barclay 

1991, Grindal et al. 1999, Russo 2002, Senior et al. 2005).  Our findings are 

consistent with previous observations of elevational partitioning of roost site 

selection.  Snags used as day roosts that were located at higher elevations 

had higher odds of being used by males compared to females.  Climatic 
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conditions and food availability along elevational gradients could explain our 

findings and those reported by other studies, but we caution that our results 

are partially confounded by sex bias in capture success and distribution of 

radios during this study.  We rarely captured more than one female and male 

long-eared myotis in the same landscape, and we only radio-tagged both 

sexes in the same landscape at three different sites.  Males were more widely 

distributed than females and were captured more frequently at ponds located 

at higher elevations than were females (Chapter 2).  Females were rarely 

captured at the 10 ponds that were >900 m in elevation (5/66 total captures, 

7.6%; all 5 were non-reproductive females). 

Both sexes of long-eared myotis used stumps and down logs 

extensively in landscapes with low densities of snags and used snags as day 

roosts more often in landscapes with high snag densities, corroborating 

findings from Waldien et al. (2000).  By using a wide variety of types of 

structures for day roosts in forested landscapes, female and male long-eared 

myotis may be able to adjust to differing availability of different types of 

structures in the landscape (Waldien et al. 2000), thus taking advantage of 

otherwise inhospitable habitat conditions and possibly avoiding potential 

competitive interactions with each other or sympatric species when snag 

roosts are limited. 

Bats likely balance energy budgets, risk of predation, and availability of 

potential roosting structures when choosing roosts.  The fact that long-eared 



 

 

135

myotis used stumps and logs, structures that are likely to be easily accessed 

by predators, in landscapes where snag densities were moderate or high 

suggests that the thermal and energetic benefits of these structures may 

override predation risk.  Bats roosting in stumps in clearcuts may take 

advantage of warmer ambient temperatures and, therefore, warmer roost 

temperatures, but also may select those stumps within a clearcut that 

minimize threats of overheating (Vonhoff and Barclay 1997).  Roost 

temperatures in stumps used by long-eared myotis are typically warm and use 

of torpor by bats using stumps is unlikely (Vonhoff and Barclay 1997).  

Roosting in stumps may provide an alternative strategy to achieve lower 

thermoregulatory and energetic costs through passive warming rather than 

using torpor in cooler roosts, which is advantageous even for males (Vonhoff 

and Barclay 1997).  This contention is supported in at least two ways.  First, 

rewarming is known to be the most energetically demanding phase of torpor 

(Prothero and Jurgens 1986) and studies have demonstrated that passive 

warming may reduce this energetic expense (Vaughn and O’Shea 1976, 

Chruszcz and Barclay 2002, Solick and Barclay 2007).  The second line of 

support relates to risk of predation.  Use of stumps by bats is low relative to 

their availability (Vonhoff and Barclay 1997, Waldien et al. 2003) and catch-

per-unit effort by predators could be expected to be low as well.  However, we 

hypothesize that a bat encountered in a stump or log by a predator would have 

a high probability of capture if bats were torpid, since torpid bats are incapable 
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of flight (Racey and Swift 1981).  On at least three occasions, we inadvertently 

flushed radio-tagged long-eared myotis (one male and two females) from 

stumps used as roosts with little time for the bat to have recovered from the 

effects of torpor and allow rapid escape.  These anecdotal observations 

support the contention that bats using stumps and logs may be able to do so 

without entering torpor.   

Long-eared myotis rarely used snags in forests <40 years old, 

especially in clearcuts, even when they were available.  It has been 

hypothesized that bats, particularly females, choose warmer roosts (Hayes 

2003, Barclay and Kurta 2007).  Mean daily air and soil temperatures are 

known to be greater in clearcuts compared to interior forest (Chen et al. 1993) 

and solar exposure of snags in clearcuts would be expected to be higher than 

those located on edges or within forests, which may influence warming of 

roosts.  Thus, if warmer snags are preferred by bats, especially females, it 

seems plausible to expect use of snags in open habitat settings like clearcuts.  

However, we found that stumps and logs were used almost exclusively in 

these conditions.  One possible explanation for this observation is that bats 

may experience increased risk of predation by using snags located in 

clearcuts and young forests.  Snags occur in lower density in clearcuts 

(Ohmann et al. 1994, this study, Appendix A) and often are individual, 

prominent structures that may attract predators differentially than snags 

located on edges or within forests.  In contrast, because stumps and down 
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logs are ubiquitous in clearcuts, catch per unit effort by predators would likely 

be lower for bats using these structures.   

Scope and Limitations 

Pooling data on roosting for females among reproductive conditions 

could potentially mask important differences in use of roosts.  Non-

reproductive females do not have the same energetic demands as pregnant or 

lactating females and theoretically should behave similar to males.  Indeed, 

non-reproductive females are known to roost solitarily or in small groups 

(Barclay and Kurta 2007), but it is not known whether they actually use roosts 

in cooler or otherwise harsher climatic conditions than reproductive females.  

Waldien et al. (2000) reported that reproductive condition of female long-eared 

myotis did not influence the types of structures as day roosts, but they did not 

compare structural or contextual characteristics of roosts between 

reproductive conditions of sampled bats.  We only radio-tagged 5 non-

reproductive females and did not compare characteristics of their roosts with 

reproductive females due to small sample sizes.  We assume our analyses are 

representative of the sexes of long-eared myotis, but recognize that some 

important differences between reproductive and non-reproductive females, as 

well as variability between years, could have been masked by pooling data 

(Miller et al. 2003, Barclay and Kurta 2007).  By sampling multiple, randomly 

selected landscapes distributed throughout the western Oregon Cascades, our 

findings should reflect patterns of use of roost structures by long-eared myotis 
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occupying coniferous forests in this region, but variation among landscapes 

and small samples sizes (e.g., down logs used by females) may limit our 

inference.  While our statistical inferences are limited to the study area 

sampled, similar patterns of use could be expected by this species in similar 

forest conditions found west of the Cascades in Oregon and Washington.   

Management Implications 

Failure to account for inter-sexual differences in use of habitats and 

structural features could lead to erroneous conclusions and ineffective or 

inappropriate management recommendations (Miller et al. 2003, Broders et al. 

2006, Dietz et al. 2006, Barclay and Kurta 2007).  We found that structural 

characteristics of snags, stumps, and down logs used as day roosts did not 

differ between sexes of long-eared myotis, but that habitat context of roosts 

best differentiated use of these structures between sexes.  Snags retained at 

lower elevations will have the highest probability of use by female long-eared 

myotis, but maintaining a diversity of snags across elevational gradients will be 

important for providing snag roosts for both sexes of long-eared myotis.  

Stumps and down logs provide roosting habitat for both sexes of long-eared 

myotis in a variety of landscape conditions, but especially where snag 

densities are low.  However, these structures are likely to be suitable for only a 

limited period of time due in part to time lags from when a tree is cut and bark 

begins to exfoliate and in relation to vegetation growth that quickly can limit 

access by long-eared myotis (Vonhoff and Barclay 1997, Waldien et al. 2000).  
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Also, Waldien et al. (2000) pointed out that bat use of stumps may be limited 

to dry periods during summer because crevices are exposed to precipitation.  

Logs may offer more suitable roosting conditions during inclement weather 

because crevices in exfoliating bark are less exposed compared to stumps.  

Snags, stumps, and logs retained in close proximity to streams and other 

sources of water will likely increase use by female long-eared myotis.  Roosts 

for male long-eared myotis are not likely limiting in most landscapes, given 

their lower energetic costs and strategies, ability to use snag-rich, high 

elevation environments, and use of diverse types of structures.  Providing 

conifer snags at a variety of elevations may be critical for this species, 

especially on intensively managed lands where snag densities are low and at 

lower elevations where reproductive females are most likely to occur. 
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Figure 4.1.  Location of the study area in the western Oregon Cascade Range, 
USA, where selection of day roosts by female and male long-eared myotis 
was examined from 1999–2001. Shaded area in the insert represents the area 
encompassed by 44 landscapes (4.8 km radius circles centered on ponds and 
bridges selected for study). 
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Figure 4.2.  Predicted probability of a snag being used as a roost by a female 
compared to male long-eared myotis as a function of elevation.  Elevation of 
used roosts for each gender is depicted by points at the top (female) and 
bottom (male) of the graph. 
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Table 4.1.  Mean (SE) values for characteristics of snags used as roosts 
averaged from 9 landscapes for female long-eared myotis and 10 for male 
long-eared myotis in the western Oregon Cascades, 1999–2001.   
 
 
Variable    Females   Males       t      P   
 
 
Structural characteristics 
 
Diameter at breast height (cm) 62.3 (12.7) 42.9 (7.5) 1.35 0.194
  
Height (m) 17.3 (2.3) 14.6 (2.5) 0.80 0.437
  
Percent bark 77.3 (7.3) 82.7 (5.0) -0.61 0.547
 
 
Habitat context  
 
Percent slope 30.7 (6.1) 36.0 (4.2) -0.73 0.475
  
Elevation (m) 581 (49.0) 894 (99) -2.72 0.015
  
Number of small snags 
  within 20 m 

2.1 (0.7) 5.3 (1.5) -1.85 0.082

  
Number of large snags 
  within 20 m 

1.1 (0.5) 1.6 (0.6) -0.74 0.468

  
Total number of snags 
  within 20 m 

3.2 (0.8) 6.9 (1.6) -2.07 0.054

  
Percent canopy 22.3 (4.1) 26.5 (5.9) -0.55 0.587
  
Distance to capture site (m) 713 (135) 1,045 (237) -1.18 0.254
  
Distance to edge of stand (m) 86.6 (38) 53.0 (11) 0.85 0.417
  
Distance to nearest stream (m) 1,130 (312) 2,273 (275) -2.76 0.013
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Table 4.2.  Variables, number of parameters in the model (K), difference in 
Akaike Information Criteria adjusted for small sample size (AICc) score 
between the ith model and that with the lowest AICc value (∆i), AICc weights  
(w i), the sum of AICc weights (∑wi), and Nagelkerke's R-square value (R2 

N) 
for models <2∆ AICc and the null model for differences between snags, 
stumps, and logs used as roosts by female long-eared myotis compared to 
males in the western Oregon Cascades, 1999–2001.  
 
 
Model 
 

 
K 

 
∆i 

 
 wi 

    
    ∑wi 

     
    R2 

N 

      
Snags      
      
elevation 2 0.00 0.97 0.97 0.48 
null 1 18.50 <0.01 0.99 0.00
   
Stumps   
   
distance to capture site 2 0.00 0.99 0.99 0.30 
Null 1 16.42 <0.01 0.99 0.00
   
Logs   
   
distance to stream 2 0.00 0.87 0.87 0.58 
null 1 12.31 <0.01 0.99 0.00
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Table 4.3.  Parameter estimates, standard errors, odds ratios, and 95% 
confidence intervals for best approximating models differentiating between 
snags, stumps, and logs used as roosts by female long-eared myotis relative 
to males in the western Oregon Cascades, 1999–2001. 
 
 
 
Variable 

 
 
Estimate 

 
 
      SE 

        
   Odds  
   Ratio 

 
 
    95% CL 

     
 
Snag 

    

     
     Intercept  4.731 1.426 - -
     elevation -0.656 0.197 0.519 0.353–0.763
  
Stump     
     
    Intercept  2.143 0.688 - -
    distance to capture site -0.303 0.090 0.738 0.619–0.881
  
Log     
     
     Intercept  2.718 1.355 - -
     dbh -0.212 0.076 0.809 0.697–0.939
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Table 4.4.  Mean (SE) values for characteristics of stumps used as roosts 
averaged from 7 landscapes for female long-eared myotis and 11 landscapes 
for male long-eared myotis in the western Oregon Cascades, 1999–2001.   
 
 
Variable    Females   Males       t      P   
 
 
Structural characteristics 
 
Diameter at top (cm)  81.7 (8.8) 73.8 (6.8) 0.72 0.483
  
Uphill height (cm) 48.5 (8.9) 63.2 (7.9) -1.21 0.245
  
Downhill height (cm)  102.4 (14.9) 133.7 (15.7) -1.36 0.194
  
Percent bark 77.1 (3.8) 62.6 (6.8) 1.60 0.130
  
Percent vegetation 
  covering stump 

12.1 (6.5) 11.5 (3.7) 0.09 0.930

 
 
Habitat context  
 
Percent slope 30.6 (5.1) 42.5 (7.0) -1.22 0.239
  
Elevation (m) 647 (40) 775 (62) -1.52 0.148
  
Distance to capture site (m) 556 (81) 1,210 (152) -3.24 0.005
  
Distance to nearest stream (m) 1,890 (471) 1,880 (485) 0.01 0.930
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Table 4.5.  Mean (SE) values for characteristics of down logs used as roosts 
averaged from 3 landscapes for female long-eared myotis and 6 landscapes 
for male long-eared myotis in the western Oregon Cascades, 1999–2001. 
 
 
Variable    Females   Males       t      P   
 
 
Structural characteristics 
 
Diameter at large end (cm) 60.8 (9.4) 63.8 (16.8) -0.12 0.907
  
Length (m) 9.6 (3.9) 10.8 (5.5) -0.14 0.892
  
Percent bark 32.5 (12.6) 37.3 (17.1) -0.18 0.860
  
 
 
Habitat context  
 
Percent slope 44.8 (10.4) 27.2 (3.7) 2.02 0.083
  
Elevation (m) 669 (48) 927 (107) -1.61 0.152
  
Distance to capture site (m) 1,245 (535) 592 (158) 1.56 0.164
  
Distance to nearest stream (m) 815 (267) 1,982 (261) -2.77 0.028
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Table 4.6.  Total number of structures (% of total in each column) used as day roosts by female and male long-eared 
myotis in landscapes with low (L, <2.7 snags/ha), medium (M, 2.8–5.4 snags/ha), and high (H, >5.5 snags/ha) 
estimated density of snags the western Oregon Cascades, 1999–2001. 
 
 
  Snag          Structure Type     
Sex  Density  Snag  Tree  Stump    Log  Rock   Total___    
 
Female                   
  Low     2 (12) 2 (12)    9 (52)   4 (24) 0 (0)   17 
 
  Medium    5 (18) 0 (0)  17 (63)   4 (15) 1 (4)   27 
 
  High   17 (50) 1 (3)    7 (21)   0 (0)  9 (26)   34 
 
 
Male                    
  Low     5 (16) 1 (3)  19 (62)   5 (16) 1 (3)   31 
 
  Medium    9 (20) 4 (9)  15 (33) 12 (27) 5 (11)   45 
 
  High   10 (37) 2 (7)    5 (19)   3 (11) 7 (26)   27 
  

 
 
 
 

 
 



 

 

CHAPTER 5 – GENERAL CONCLUSIONS 
 

I studied presence, relative abundance, and resource selection of bats 

in managed Douglas-fir (Pseudotsuga menzesii) forests in the western Oregon 

Cascade Range with the goal of understanding the influence of landscape 

diversity on bats and their use of habitat.  A key focus of my study centered on 

evaluating how varying densities of snags in landscapes may influence bats.   

The number of species of bats captured varied considerably and was 

not explained by variables I measured during this study.  I found that species 

richness generally was highest at mid-range elevations, supporting the 

findings from other studies.  My data provide additional evidence for sexual 

segregation among species of bats at both broad and local scales.  At smaller 

scales, such as the landscape area used in this study, bats may segregate 

based on distribution of resources or topographic characteristics such as 

elevation.  Indeed, captures of bats often were positively related to density of 

snags, but there were differences between sexes that were confounded by 

distribution of snag-rich habitats and elevation.  While more bats were 

captured on average in landscapes with moderate to high estimated density of 

snags than landscapes with low densities of snags, I found that male-biased 

sex ratios were particularly strong in snag-rich landscapes at higher



 

 

155

elevations.  I believe that snag density did not explain number of captures of 

females on our study area in part due to the overriding influence of elevation, 

which reflects differences in energetic and thermal needs of male and female 

bats.   

I contend that female bats in our study area choose areas to roost 

based in part on compromises between densities of snags suitable for roosting 

and elevation, and perhaps other factors.  Big brown bats (Eptesicus fuscus) 

and long-legged myotis (Myotis volans) used only snags and trees as roosts 

regardless of density of snags in the landscape, while long-eared myotis 

(Myotis evotis) used a diversity of roost structures and frequency of use of 

different types of roosts differed with varying density of snags estimated in the 

landscape.  These findings provide evidence that sympatric species of bats 

may alter their choices of roosts when co-existing in landscapes with low 

densities of snags.  I contend that at some threshold of snag density, some 

species will no longer continue to roost in certain landscapes, but may travel 

from preferred roosting areas further away to forage or drink in those 

landscapes with low densities of snags.  While stumps and down logs provide 

important roosting habitat for both sexes of long-eared myotis in a variety of 

managed landscape conditions, these structures are likely to be suitable for 

only a limited period of time and managing snags for roosting should be a 

priority for management.  Future research linking roosting and foraging areas 
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for different species and genders among landscapes with varying densities of 

snags would greatly assist landscape-scale planning for bats. 

My results support other regional studies that conclude silvicultural 

practices such as clearcut logging have reduced or eliminated snags in 

plantations and young forests.  Not surprising, I found that snag density was 

higher in stands between 21 and 80 years of age on federal lands compared 

to the same stand age classes on private lands.  Management practices 

coupled with meeting required Occupational Safety and Health Administration 

regulations and industry safety and economic standards make it challenging to 

provide future densities of snags for bats and other cavity-dependent wildlife 

on commercially managed private lands.  I hypothesize that regulations 

requiring the retention of snags on private lands may be inadequate to provide 

densities of snags, particularly those >50.8 cm, similar to those found in the 

same stand age classes on federal lands.  This is particularly important for 

conservation of bats in managed forests because most snag-rich forests 

reside at higher elevations on federal lands, while much of the low-elevation 

forestland in western Oregon is privately owned.   

Accounting for species- and sex-specific differences in distribution, 

relative abundance, and use of habitat along elevational gradients and among 

landscapes with varying density of suitable roosts is important when 

interpreting results from monitoring and developing recommendations for 

conservation and management of bats.  Forest management practices that 
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focus on retaining high densities of snags will benefit forest-dwelling bats and 

may be critical for providing suitable resources for females at lower elevations, 

especially in intensively managed landscapes. 
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Appendix A.  Density and characteristics of conifer snags in managed 
Douglas-fir forests in western Oregon. 

 
Abstract 

Commercial forest management practices are known to influence the 

dynamics of snags in managed forests, yet little empirical data on variation in 

density and characteristics of snags from intensively managed forests exist.  

We compared density and characteristics of conifer snags among forest 

stands of different age and ownership in managed forest landscapes in the 

western Oregon Cascade Range.  We randomly sampled 533 plots among 8 

different age classes across 44 landscapes and measured characteristics of 

997 conifer snags.  Densities of snags increased with age of stand, were 

greater on federal land than on private lands, and highest in old-growth stands 

(>200 years old).  Densities of small and large snags were higher in 21–40- 

and 41–80-year-old stands on federal lands than in stands of these classes on 

private lands.  Mean diameter and height of snags generally increased with 

age of stands, except in stands <10 years old where some large snags had 

been retained during harvest operations.  Our results are consistent with other 

regional studies that conclude silvicultural practices such as clearcut logging 

and salvage cutting have reduced or eliminated snags in plantations and 

young managed forests.  Retention of large remnant snags and trees during 

harvest is critical and must be considered a high priority if commercially 

managed nonfederal lands are to contribute habitat for wildlife that use snags.  
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In young intensively managed forests, creating snags may be necessary to 

compliment green-tree retention intended to provide snags in the future. 

 

Introduction 

In the past decade, land managers have moved toward landscape-

scale, ecosystem-based management that defines management in terms of 

broad spatial scales, long time frames, and communities of multiple species, 

while continuing to sustain focal species and commodity production in the 

short term (Christensen et al. 1996, Gray 2000).  With the advent of landscape 

management planning and habitat conservation planning under the 

Endangered Species Act, private landowners and public land management 

agencies have undertaken efforts to maintain key habitat components, such as 

standing dead trees (snags) in forests over time (Lewis 1998).  Snags are 

critical components of forest structure, as they provide ecological functions 

relating to energy flow, nutrient recycling, hydrological processes, and wildlife 

habitat (Harmon et al. 1986).  In the Pacific Northwest, more than 100 species 

of wildlife use snags, and at least 53 of these (39 birds and 14 mammals) are 

dependent on cavities (Thomas 1979, Neitro et al. 1985, Rose et al. 2001, 

Bunnell et al. 2002).  For example, most species of bats in western coniferous 

forests roost in crevices under exfoliating bark or within cavities in snags 

(Hayes 2003).   
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Variation in abundance of snags in forests of the Pacific Northwest 

reflects variation in biological processes and physical environment that affect 

community composition, disturbance regimes, and rates of snag recruitment 

and decomposition (Cline et al. 1980, Spies and Franklin 1991, Ohmann and 

Waddell 2002).  Abundance, recruitment, and mean size of snags generally 

increase with stand development (Harmon et al. 1986, Spies et al. 1988, 

Ohmann et al. 1994, Ohmann and Waddell 2002).  Conversion of older forests 

to intensively managed plantations on short rotation over the past several 

decades in the Pacific Northwest has altered forest dynamics and processes 

that in ways that have profoundly influenced dead wood dynamics.  Volume of 

dead wood in managed stands is typically lower than unmanaged stands 

(Spies et al. 1988, Ohmann et al. 1994, Spies and Franklin 1991, Ohmann and 

Waddell 2002) and this pattern is more pronounced in areas where forest 

management has been practiced longer (Bunnell et al. 2002).  Abundance of 

dead wood can be reduced by an estimated 90% in Douglas-fir stands that 

have undergone two rotations of harvest compared to natural old-growth 

systems (Rose et al. 2001). 

While the importance of snags and dead wood in forested ecosystems 

is well understood, current understanding of distribution and dynamics (e.g., 

loss and recruitment) of snags is limited, particularly in commercially managed 

forests (Wilhere 2003).  Few studies have estimated snag density across 

broad and diverse landscape scales (e.g., Ohmann and Waddell 2002), and 
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limited empirical data on densities of snags are available from intensively 

managed forests (Wilhere 2003).  Information on density of snags among 

forest age classes with differing management histories are useful to resource 

specialists charged with managing forests at multiple scales, and to provide 

assessments of habitat quality and ecosystem health (Neitro et al. 1985, 

Ohmann and Waddell 2002).   

This study was part of a broader effort to evaluate the influence of 

availability of snags on presence, relative abundance, and use of day-roosts 

by bats in the western Oregon Cascade Range (Chapters 2–4).  A primary 

objective of the broader study was to determine a landscape area considered 

available to and used by bats and to estimate the density of snags within this 

area.  Specific objectives of this study were to determine differences in 

densities, diameters, and heights of conifer snags among different stand 

classes and ownership of forestland in the western Oregon Cascades. 

 

Study Area 

We conducted this study along the west slope of the Cascade Mountain 

Range in Lane, Linn, and Douglas Counties, Oregon, USA from the 

Calapooya River north and east of Springfield, Oregon south to the North 

Umpqua River east of Roseburg, Oregon (Figure A.1).  Our study area was 

between 43o25’ and 44o20’ north latitude and 122o25’ and 123o25’ west 

longitude and occurred in the western Cascades physiographic province,  
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characterized by a maritime climate with wet, mild winters and cool, dry 

summers (Franklin and Dyrness 1988).  Elevations ranged from 150 m to over 

1,500 m.   

Our study area was dominated by natural and planted stands of 

Douglas-fir (Pseudotsuga menzesii).  Other conifers in the area include 

western hemlock (Tsuga heterophylla) and western redcedar (Thuja plicata).  

Red alder (Alnus rubra) was the most abundant species of deciduous tree, 

often occurring in and around riparian areas and disturbed sites.  Bigleaf 

maple (Acer macrophyllum) also was a common deciduous tree.  Understory 

vegetation was typically dominated by salmonberry (Rubus spectabilis), 

thimbleberry (R. parviflorus), salal (Gaultheria shallon), huckleberry 

(Vaccinium spp.), red elderberry (Sambucus racemosa), vine maple (Acer 

circinatum), and swordfern (Polystichum munitum).  Our study area was a mix 

of public and private lands with diverse management histories, objectives, and 

habitat conditions.  Public lands encompassed a mix of late successional 

forest reserves within a matrix of younger managed stands.  These forests 

were managed for multiple use objectives that include late-successional 

habitat, recreation, fish and wildlife habitat, and timber production (U.S. Forest 

Service and Bureau of Land Management 1994).  Private, commercial forests 

were managed primarily for production of wood products.  Intensive, high-yield 

timber management has been practiced on these lands since the mid-1960s, 

and usually included planting nursery-grown seedlings, fertilization, control of 
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competing deciduous vegetation, pre-commercial and commercial thinning, 

and clear-cutting on 45–60 year rotations.  This young conifer forest was 

interspersed with riparian reserves, recent clear-cuts, and smaller gaps 

associated with streams, topography, and roads. 

 

Methods 

Snag Sampling and Analysis 

For our measurements of snag density, we defined a landscape as a 

4.8 km radius circle (7,326 ha) centered on ponds and bridges where bats 

were captured because >95% of day roosts used by big brown bats (Eptesicus 

fuscus), long-eared myotis (Myotis evotis), and long-legged myotis (M. volans; 

Chapter 3) occurred within 4.8 km of a capture site.  We quantified snag 

density (snags/ha) within 4.8 km of landscape centers using methods and 

calculations outlined by Bate et al. (1999).  We categorized forest stands into 

eight classes based on age and land ownership: 0–10 years, 11–20 years, 

21–40 years on private ownership, 21–40 years on federal ownership, 41–80 

years on private ownership, 41–80 years on federal ownership, 81–200 years, 

and >200 years.  We created a database using ArcGIS 8 (ESRI, Inc., 

Redlands California) by merging forest stand inventory data provided by 

timber companies and federal agencies; spatial inconsistency associated with 

edge matching between datasets was <1% of the total area encompassed by 

our study area.  We assumed age of stands was correctly classified by each 
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owner.  We used ArcGIS 8 to generate 250 random points in each landscape 

(44 landscapes x 250 points in each landscape yielded 11,000 landscape-

point combinations).  We then randomly selected 522 points from all possible 

points available to ensure equal chance of any point in any landscape being 

sampled.  We located random points in the field with the aid of aerial 

photographs and paced along compass bearings taken from the nearest 

known location to a given random point.   

 At each sample point, we established two adjacent 50-m-long line 

transects oriented in a randomly selected direction (Figure A.2).  If the 

randomly selected direction chosen did not allow for a 100 m transect to be 

established within the stand, we randomly selected new orientations until the 

transect fit within the stand being sampled.  We then walked each transect line 

and recorded the perpendicular distance to each snag >25.4 cm diameter at 

breast height (DBH) and >3 m tall <20 m on either side of the transect line with 

an Impulse LR laser range finder (Laser Technology Inc., Englewood, 

Colorado).  For each of these snags, we recorded tree species (if known), 

DBH, height, percent bark, and decay class.  We measured DBH with a 

diameter tape and height with an Impulse LR laser range finder (Laser 

Technology Inc., Englewood, Colorado).  Decay classes were derived from 

Thomas (1979) and Brown et al. (1984) (Table A.1). 

 Bate et al.’s (1999) method seeks to optimize sampling effort relative to 

plot size and number of samples required to achieve a desired precision of 
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estimates.  Eight plot sizes are possible using this method and include two 

possible lengths (50 or 100 m) and four possible widths (10, 20, 30, and 40 m; 

Figure A.2).  After sampling ten 40 x100 m plots in each stand class, we 

analyzed our data to determine optimal plot size using techniques described 

by Bate et al. (1999).  We examined the number of plots of each possible size 

needed to obtain density estimates within 20% of the true mean 90% of the 

time so as to select the plot size yielding the lowest number of plots required 

to achieve highest precision.  Based on this analysis, we used the maximum 

plot size (40 x 100 m; Figure A.2) for all remaining snag data collection in the 

field and all analyses. 

 We sampled 533 40 x 100 m plots among eight different stand classes 

(44–92 plots in each class) across all landscapes.  We calculated mean snag 

density for each stand class using equations in Bate et al. (1999) for a simple 

random sample; 95% confidence intervals were calculated by using the normal 

approximation (Krebs 1989, Bate et al. 1999).  We tested the hypotheses that 

densities of small (>25.4–50.7 cm DBH), large (>50.8 cm DBH), and all snags 

>25.4 cm DBH in old-growth stands (>200-years-old) did not significantly differ 

from densities in other forest age classes using Poisson regression (PROC 

GENMOD, SAS 2000).  We also tested hypotheses that densities of small, 

large, and all snags did not differ between 21–40-year-old stands on private 

and federal lands, or between 41–80-year-old stands on private and federal 

lands.  We tested the hypotheses that mean DBH and height of snags were 
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equal among age classes with analysis of variance and used 95% confidence 

intervals with a Bonferroni adjustment to determine if there were significant 

differences for mean DBH and height of snags between stand classes (SAS 

2000). 

 

Results 

The percentage of plots with at least one small or large snag generally 

increased with age of stand (Figure A.3).  All plots sampled in stands >200 

years old had at least one snag, whereas only one snag was encountered in 

any of the 11–20-year-old stands.  Twenty-seven percent of plots in 0–10-

year-old stands contained snags and nearly twice as many plots in this stand 

class had large snags than had small snags (Figure A.3). 

Densities of snags increased with age of stand and were highest in 

stands >80 years old (Table A.2).  Old-growth stands (>200 years old) had 

higher densities of large snags than any other stand class and also had higher 

total density of snags than any other class except 81–200-year-old stands; 

total density of snags in 81–200-year-old stands was not significantly different 

than in old growth (Table A.2).  Densities of small snags were not different 

between old-growth stands and 41–80-year-old stands on federal lands or 81–

200-year-old stands (P > 0.05, Table A.2).  Densities of small snags also were 

similar between 0–10-year-old stands and 21–40-year-old stands on private 

land, 21–40- and 41–80-year-old stands on federal lands, and 21–40-year-old 
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stands on federal lands and 41–80-year-old stands on private lands (Table 

A.2).  Twenty-one- to 40-year-old stands on private lands had the lowest 

density of large snags.  Densities of large snags were similar between 0–10-

year-old stands, 21–40-year-old stands on federal land, and 41–80-year-old 

stands on private lands, and increased significantly in 41–80-year-old stands 

on federal lands, 81–200-year-old stands, and stands >200 years old (Table 

A.2). 

Densities of small, large, and all snags were higher in 21–40- and 41–

80-year-old stands on federal lands compared to those stands on private lands 

(Table A.2).  Twenty-one- to 40-year-old stands on federal lands had 3.55 

(95% CI = 1.78–7.09) times more small snags, 6.78 (95% CI = 2.18–21.11) 

times more large snags, and 4.09 (95% CI = 2.15–7.78) times the number of 

all snags than did these stands on private lands.  Similarly, 41–80-year-old 

stands on federal lands had 1.81 (95% CI = 1.07–3.05) times more small 

snags, 4.77 (95% CI = 2.43–9.38) times more large snags, and 2.52 (95% CI 

= 1.60–3.97) times the number of all snags than did these stands on private 

lands. 

We recorded characteristics of 997 conifer snags encountered in 

sample plots.  Mean diameter (F = 13.34, P < 0.0001) and height (F = 6.60, P 

< 0.0001) of snags were not equal among age classes (Table A.3).  Snags in 

stands >200 years old were larger in diameter than those in all other age 

classes except stands <10 years old where some large snags had been 
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retained during harvest operations (Table A.3).  Snags in 81–200-year-old 

stands were significantly larger in diameter than those in 21–40 and 41–80-

year-old stands located on private lands, but not different for those in these 

same age classes located on federal land (Table A.3).  Height of snags 

generally was not different among age classes, but snags in stands >200 

years old were significantly taller than those in most other age classes (Table 

A.3).  Snags in decay class 3 represented the greatest percentage of all snags 

sampled in each stand class (Figure A.4).  Decay class 2 snags were not 

encountered in young open stands, and this class had a higher proportion of 

class 6 snags than other stand classes (Figure A.4). 

 

Discussion 

Our findings corroborate previous studies of density and size 

relationships of snags in forests in the Pacific Northwest.  Like most studies 

from this region (e.g., Cline et al. 1980, Spies et al. 1988, Ohmann et al. 1994, 

Ohmann and Waddell 2002), we found that size and densities of snags 

increased with stand age.  Ohmann and Waddell (2002) reported a mean 

density of 7.6 large (>50.0 cm DBH) snags/ha and 20.7 total snags >25.4 cm 

DBH/ha in old growth stands in Oregon and Washington, compared to our 

finding of 11 and 15.3 large and total snags/ha, respectively, in this age class.  

Ohmann et al. (1994) reported 12 snags >28 cm DBH/ha in western Oregon 

and Washington large saw timber and old growth conifer-hardwood forests.  
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Spies et al. (1988) found that density of snags >50 cm DBH and >5 m tall in 

older forests averaged 14/ha.  Our finding of greater mean diameters and 

heights for snags sampled in young-open stands was influenced by a few plots 

that were sampled in stands with large remnant snags and large green trees.  

Ohmann et al. (1994) found that all remaining snags in early stages of stand 

development were remnants (i.e., those that had formed in a previous stand, 

usually from large old-growth trees).  Retaining these large remnant structures 

in harvest units is important for cavity-dependent wildlife that prefer larger 

trees and snags, as replacement trees may take decades or longer to develop 

and provide similar ecological benefits for wildlife (Rose et al. 2001). 

We found greater densities of small and large snags in 21–40 and 41–

80-year-old stands on federal lands than in the same stand classes on private 

lands.  These differences are likely the result of differences in historic and 

current forest management practices on public and private lands in this region.  

Conversion of older forests to younger, managed plantations on shorter 

rotations resulted in a loss of snag habitat on private lands throughout the 

Pacific Northwest (Ohmann et al. 1994, Lewis 1998, Rose et al. 2001, Wilhere 

2003).  In conjunction with this conversion, a shift from “wasteful” to “waste 

reduction” logging practices also reduced the amount of dead wood biomass 

in forests in this region (Harmon 2001).  Under current practices, retaining 

snags can be illegal under OSHA regulations (Lewis 1998, Ohmann and 

Waddell 2002, Wilhere 2003) and snags are almost always removed during 
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harvest operations.  Conversion of forests to intensively managed plantations 

also has altered the prevalence and degree of influence of insects and 

pathogens that are well known to play a key role in creating dead wood and 

contributing to structural complexity in forests (Edmunds et al. 2000, Rose et 

al. 2001, Spies et al. 2006).  Low, endemic-levels of bark beetles 

(Dendroctonus spp.) typically result in widely scattered, large snags in old-

growth forests in the Pacific Northwest (Spies et al. 2006).  Common 

silvicultural practices such as fertilization and commercial thinning that 

enhance tree growth may reduce susceptibility of trees to many insects 

(Belanger et al. 1993, Edmonds et al. 2000, Bleiker et al. 2005) and pathogens 

(Manion 1991), thus reducing snag density in commercially managed 

plantations.  Also, trees that are killed in plantations will likely be smaller in 

diameter than those from unmanaged or less intensively managed stands 

given differences in size of trees available and preference of large trees for 

attack by bark beetles (Belanger et al. 1993, Preisler and Mitchell 1993, 

Edmunds et al. 2000). 

Ohmann et al. (1994) reported that snag abundance was low on 

nonfederal lands and suggested that densities of snags was inadequate to 

support the maximum potential populations of indigenous species of primary 

cavity-nesting birds (Neitro et al. 1985).  Indeed, our findings suggest that 

densities of snags and management prescriptions to improve the density and 

distribution of snags on managed private lands have changed little since 
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Ohmann et al. (1994) conducted their study.  The young, managed stands we 

studied were subject to the Oregon Forest Practices Act, which requires an 

operator to retain, on average, 5 snags or green replacement trees at least 10 

m tall and 27.9 cm DBH/ha of harvest for all units exceeding 10 ha (Oregon 

Department of Forestry 2004, administrative rule ORS 527.676;  

http://egov.oregon.gov/ODF/PRIVATE_FORESTS/docs/fp/guidance/ORSCha

pter527.pdf; accessed 24 December 2006).  Our observation has been that 

most forest operations do not retain snags, but instead retain green trees that 

rarely exceed minimum regulatory requirements.  State regulations requiring 

retention of snags and green trees are relatively recent (e.g., instituted in 1991 

and 1992 in Oregon and Washington, respectively; Wilhere 2003) and trees 

retained under these regulations may take several years or decades to 

develop snags on private forest lands.  Unfortunately, there are no regulations 

requiring that green trees retained during the harvest of a particular unit be 

managed in perpetuity to become large snags.  The effectiveness of these 

regulatory prescriptions for providing snags adequate to meet the needs of 

wildlife remains unknown.  Although not an objective of state regulations, snag 

densities resulting from these regulations are considerably less than those 

found in unmanaged stands of similar age, as demonstrated by our findings. 

Rose et al. (2001) pointed out that numbers of snags in areas selected 

by some species (e.g., Bull and Holthausen 1993, Dixon 1995) are far greater 

than those previously reported to support maximum potential populations of 

http://egov.oregon.gov/ODF/PRIVATE_FORESTS/docs/fp/guidance/ORSChapter527.pdf
http://egov.oregon.gov/ODF/PRIVATE_FORESTS/docs/fp/guidance/ORSChapter527.pdf
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cavity nesting birds (Thomas 1979, Neitro et al. 1985).  At broader landscape 

and regional scales, intensively managed forests, especially when juxtaposed 

with federal lands, can contribute toward snag habitat objectives for wildlife, 

but the challenge will be to coordinate management activities on different land 

ownerships so that a mix of forest conditions are provided to meet multiple 

objectives (Ohmann et al. 1994).  In young intensively managed forests, 

creating snags may be necessary to compliment green-tree retention intended 

to provide snags in the future (e.g., Chambers et al. 1996, Lewis 1998).  A 

shift back to more “wasteful” forest management practices (Harmon 2001) 

combined with retaining remnant structures and implementing silvicultural 

prescriptions to enhance large tree growth (Hayes et al. 1997) would likely 

increase the density and distribution of snags for wildlife in managed forests.  

Empirical studies that link density of snags at different scales to cavity-using 

wildlife populations, evaluate effectiveness snag and green tree retention 

prescriptions, and validate snag models (e.g., Wilhere 2003) are sorely lacking 

and would greatly improve forest management planning for wildlife.  
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Figure A.1.  Location of the study area in the western Oregon Cascades, USA, 
where snag density was measured in 1999–2001.  Shaded area in the map 
inset represents the area encompassed by the 44 landscapes used in our 
study. 
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Figure A.2.  Depiction of eight possible plot sizes (two lengths [50m 
subsegments and 100m segments] and four widths) for estimating snags 
density (modified from Bate et al. 1999:13).   
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Figure A.3.  Percentage of plots sampled in each stand class and ownership 
(F = federal lands, P = private lands; all other classes combined stands on 
federal and private lands) where >1 snag was measured in the western 
Oregon Cascade Range.  Number of plots sampled in each stand class 
appears in parentheses on the x-axis. 
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Figure A.4.  Percentage of snags in each decay class for each stand class in 
the western Oregon Cascade Range.  Twenty-one to forty and 41–80-year-old 
stands were classed separately for federal and private lands; all other classes 
combined stands on federal and private lands. 
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Table A.1.  Description of decay classes used to describe live and dead trees in 
managed and unmanaged Douglas-fir forests in western Oregon Cascade 
Range (modified from Thomas 1979 and Brown 1985). 
  

Class 
 
Description 

 
0 

 
Live; healthy; no obvious structural defects (e.g., dead or 
broken top). 

 
1 

 
Live with structural defects (e.g., dead or broken top, decay in 
bole) and recently dead trees with limited decay and the 
majority of limbs and needles present. 

 
2 

 
Recently dead tree in first stages of decay, usually with all 
limbs, often dead needles, with little or no missing bark. 

 
3 

 
Dead tree in intermediate stages of decay, usually with some 
branches remaining, and >50% bark intact. 

 
4 

 
Dead tree in late intermediate stages of decay, sometimes with 
a broken bole, few branches, and usually 10–50% bark intact. 

 
5 

 
Dead tree in advanced stages of decay, yet still a relatively 
hard snag; usually with a broken bole, no branches, usually 
<20% bark intact. 

 
6 

 
Dead tree, advanced stages of decay remnant structure, 
usually no bark or <10% intact, broken bole, extensive decay 
(“soft” snag). 
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Table A.2.  Mean density (snags/ha) of small (25.4–50.7 cm DBH), large (>50.8 cm DBH), and all snags >25.4 cm 
DBH, decay classes 2–6, and >3 m tall for eight different stand classes in western Oregon Cascade Range (F = federal 
lands, P = private lands; all other classes combined stands on federal and private lands.  P > χ 2 = similar letters 
indicate no significant difference (P > 0.05) between stand classes being compared. 
 
 No.  No. plots (%)      Small snags     Large snags   All snags 
Age class  Plots with snags  x /ha SE P > χ 2   x /ha SE P > χ 2   x /ha SE P > χ 2  
              
0–10 82 22 (27)  .31 0.11 a  0.73 0.20 a  1.04 0.24 a 
              
11–20  72 1 (1)  - - -  - - -  - - - 
              
21–40 (P) 92 17 (19)  0.70 0.24 a  0.12 0.06 b  0.82 0.27 a 
              
21–40 (F) 57 29 (51)  2.50 0.73 b, c  0.80 0.19 a  3.30 0.74 b 
              
41–80 (P) 50 28 (56)  2.10 0.41 b  0.70 0.19 a  2.80 0.48 b 
              
41–80 (F) 75 62 (83)  3.70 0.58 c, f  3.10 0.48 c  6.80 0.88 c 
              
81–200 61 58 (95)  6.02 1.24 e  7.71 1.09 d  13.73 1.74 d 
              
>200 44 44 (100)  4.24 1.32 e, f  11.11 0.84 e  15.35 1.55 d 
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Table A.3.  Mean diameter at breast height (DBH) and height for all snags >25.4 cm DBH, decay classes  
2–6, and >3 m tall averaged across plots within different stand classes in the western Oregon Cascade  
Range (F = federal lands, P = private lands; all other classes combined stands on federal and private  
lands).  P > χ 2

  = similar letters indicate no significant difference (P > 0.05) between stand classes  
being compared. 
 

    DBH (cm)  Height (m) 
Age class   No. Plots  Mean  SE P > χ 2

    Mean  SE P > χ 2
   

           
 
0–10  21  69.04 5.0 a, b, d  18.56 2.4 a, b, c 
           
11–20  1  - - -  - - - 
           
21–40 (P)  17  37.23 2.7 c  16.47 1.5 b, c 
           
21–40 (F)  29  51.78 4.0 b, c, d  21.39 1.6 a, b, c 
           
41–80 (P)  27  50.30 4.1 b, c  14.41 1.6 c 
           
41–80 (F)  61  59.49 3.9 b, d  19.02 1.2 b, c 
           
81–200  58  68.19 3.4 d  23.83 1.3 a, b 
           
>200  43  88.03 3.5 a  25.75 1.4 a 
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Appendix B.  Maps depicting habitat types for a sample landscape with low 
(<20,000 snags; 190), medium (20,000–40,000 snags; Dollar), and high 
(>40,000 snags; Mellow Moon) density of snags estimated in the landscape.  
Ages for each stand type are: young open (0–10 years), young closed (11-20 
years), mature (21–80 years), and old growth (>80 years). 
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Appendix B.  Continued.  
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Appendix B.  Continued.  
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Appendix C.  Candidate set of models relating the number of bats captured to 
landscape characteristics within 4.8 km radius landscapes (7,326 ha) centered 
on each pond in the western Oregon Cascades, 1999–2001.   
 
No. Model Statement   No. Model Statement 
 

1 null     9 snags+elevation+interaction 

2 elevation    10 snags+edge+interaction 

3 snags     11 snags+riparian+interaction 

4 riparian    12 elevation+edge 

5 edge     13  elevation+riparian 

6 snags+elevation   14 elevation+edge+interaction 
 
7 snags+edge    15 elevation+riparian+interaction 
 
8 snags+riparian    
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Appendix D.  Number of mist net surveys where at least one individual of each gender (F = female, M = male) and 
species a of bat was captured at each site in western Oregon, 1999–2001. 
 

 

Pond Name 

 
 

No. 
Visits 

E 
P 
F 
U 
F 

E 
P 
F 
U 
M 

L 
A 
C 
I 
M 

L 
A 
N 
O 
F 

L 
A 
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O 
M 

M 
Y 
C 
A 
F 

M 
Y 
C 
A 
M 

M 
Y 
E 
V 
F 

M 
Y 
E 
V 
M 

M
Y 
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U 
F 

M 
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U 
M 

M
Y 
T 
H 
F 

M 
Y 
T 
H 
M 

M 
Y 
V 
O 
F 

M 
Y 
V 
O 
M 

M
Y 
Y 
U 
F 

M 
Y 
Y 
U 
M 

 
T15S-R1E-S2 7 1     3 - - - - - - 2 - 1 - - - - - 1 
T15S-R2E-S11 7 2 4 - - - 1 3 - 3 - - - - - - - - 
T16S-R1E-S1 8 - 2 - - 5 1 1 - 1 - - - - 1 1 - - 
T15S-R3E-S34 8 - 1 - - - 2 3 3 7 1 2 - - 1 2 1 1 
T24S-R3W-S13 8 4 6 - - 1 - 1 1 3 - - - 4 - - - - 
T16S-R1E-S15 6 - 1 - - 1 2 1 1 - - - - - 1 - - - 
T20S-R2W-S16 7 4 1 - 2 4 - - - - - 2 - - 2 - - - 
T17S-R1W-S2 8 2 - - - 2 2 - - 2 - - - - 2 - - - 
T21S-R4W-S15 8 6 4 - - - 1 2 - 2 - - - - - - - - 
T16S-R1E-S23 8 4 2 - - 2 4 1 4 2 1 2 - - 5 1 1 - 
T16S-R1W-S34 8 4 6 - 1 4 2 3 2 - - - - - 2 2 - - 
T22S-R2W-S18 8 - 1 - - 1 2 - - 1 1 1 - - 1 1 1 - 
T23S-R3W-S10 8 - 1 - - 3 1 3 1 2 - - - - - 2 - - 
T22S-R3W-S16 9 2 - - - - 2 2 2 1 - - - - - 2 - - 
T16S-R2W-S7 8 3 2 4 - 7 4 5 2 8 1 3 - 2 8 3 - 2 
T24S-R2W-S28 7 - 4 - - 5 3 2 - 6 1  - - 4 4 - 1 
T22S-R3W-S26 7 3 2 - - 1 - - 2 - - 1 - - - - - 1 
T24S-R3W-S27 8 - 2 - - 1 - - - 3 - - - - - - - - 



  

 

207

Appendix D.  Continued. 
 

 
a – EPFU = big brown bat, LACI = hoary bat, LANO = silver-haired bat, MYCA = California myotis, MYEV = long-eared myotis, MYLU = little 
brown bat, MYTH = fringed myotis, MYVO = long-legged myotis, MYYU = Yuma myotis; F = female, M = male. 

Pond Name 

 
 

No. 
Visits 

E 
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U 
F 

E 
P 
F 
U 
M 
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A 
C 
I 
M 
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O 
F 

L 
A 
N 
O 
M 

M 
Y 
C 
A 
F 

M 
Y 
C 
A 
M 

M 
Y 
E 
V 
F 

M 
Y 
E 
V 
M 

M
Y 
L 
U 
F 

M 
Y 
L 
U 
M 

M
Y 
T 
H 
F 

M 
Y 
T 
H 
M 
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Y 
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M 
Y 
V 
O 
M 

M
Y 
Y 
U 
F 

M 
Y 
Y 
U 
M 

 
T14S-R1W-S17 6 1 1 - - 2 - 3 5 6 - - - - 4 2 - - 
T23S-R1W-S8 7 - 4 - - 3 4 2 - 3 - - - - 1 5 - - 
T15S-R2W-S28 8 3 - 1 - 4 1 4 3 3 - - - - 4 2 - - 
T15S-R2W-S15 8 5 3 - 1 2 3 1 4 3 - - - - 2 4 - - 
T23S-R2W-S36 8 - - - - 4 - - - 1 - 1 - - - - - - 
T17S-R2E-S13 8 6 3 - - 3 1 - 3 4 - - - - 1 1 - 1 
T25S-R2W-S25 6 - 4 - - 5 3 - - 3 - - - - 1 2 - - 
T26S-R2W-S4 6 - 3 - - 4 1 1 1 1 - - - - - - - - 
T16S-R3E-S29 6 2 2 1 - 2 3 - 5 3 - 3 - - 3 - - - 
T25S-R1W-S3 6 - 1 - - 4 - 2 - 3 - - 1 - 2 3 - 1 
T24S-R1W-S29 8 2 4 1 1 7 2 2 2 7 - - - - - 1 - - 
T26S-R2W-S1 6 - 4 - - 3 1 - 1 5 - 2 - - - 1 - - 
T22S-R1E-S5 6 3 5 - - 4 - 1 1 1 - - - - - - - - 
T21S-R1E-S11 6 1 3 - - 3 - 1 - 3 1 1 - - - 2 1 1 
T22S-R1E-S19 6 - - - - 3 1 1 - 2 - - - - - 2 - 1 
T22S-R2E-S17 6 - 2 - - 5 - 2 1 1 - - - - 1 4 - - 
T22S-R2E-S9 6 1 1 - - 5 1 1 - 2 - 2 - - - 1 - - 
T22S-R2E-S4 6 1 2 - - 5 - - - 5 - 2 - - - 1 - 2 
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Appendix E.  Difference in Akaike Information Criteria score between the ith 
model that with the lowest QAICc (∆i), Akaike weights (wi), sum of the Akaike 
weights (∑w i), and proportion of variance explained (R2

N) of all models 
explaining number of species of bats captured in relation to variables 
measured within 4.8 km radius landscapes centered on each of 36 capture 
sites in the western Oregon Cascades, 1999–2001.   
          
           
Model     K ∆QAICc  wi  R2 

N  
  
 
 
Species richness 
 
null     2 0.00  0.28  0.000 
snags     3 1.23  0.15  0.046 
riparian     3 1.70  0.12  0.027 
edge     3 2.36  0.09  0.001 
elevation    3 2.39  0.09  0.001 
elevation + snags   4 3.17  0.06  0.069 
snags + riparian    4 3.50  0.05  0.056 
snags + edge    4 3.76  0.05  0.046 
elevation + riparian   4 4.21  0.04  0.029 
elevation + edge   4 4.90  0.03  0.001 
elevation + snags + interaction  5 5.05  0.02  0.100 
snags + riparian + interaction  5 5.47  0.02  0.084 
elevation + riparian + interaction  5 6.15  0.01  0.059 
snags + edge + interaction  5 6.23  0.01  0.056 
elevation + edge + interaction  5 7.60  0.01  0.001 
 
 
 
All Males 
 
elevation + snags   4 0.00  0.33  0.418 
snags     3 1.24  0.18  0.342 
elev + snags + interaction  5 2.01  0.12  0.431 
elevation    3 2.27  0.11  0.320 
snags + edge    4 2.80  0.08  0.362 
snags + riparian    4 3.77  0.05  0.342 
elevation + riparian   4 4.58  0.03  0.326 
elevation + edge    4 4.81  0.03  0.320 
snags + edge + interaction  5 4.86  0.03  0.376 
snags + riparian + interaction  5 5.62  0.02  0.361 
elevation + riparian + interaction  5 6.78  0.01  0.336 
elevation + edge + interaction  5 7.29  0.01  0.325 
null     2 12.30  <0.001  0.000 
riparian     3 13.32  <0.001  0.039 
edge     3 14.16     <0.001  0.015 
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Appendix E.  Continued. 
          
           
Model     K ∆QAICc  wi  R2 

N  
  
 
 
All females 
 
elevation + edge   4 0.00  0.27  0.205 
elevation    3 0.73  0.19  0.123  
elevation + riparian    4 2.17  0.09  0.152 
elevation + edge + interaction  5 2.64  0.07  0.207  
null     2 2.78  0.07  0.000 
riparian     3 3.09  0.06  0.059 
elevation + snags   4 3.27  0.05  0.123 
snags     3 3.59  0.04  0.045 
edge     3 3.72  0.04  0.041 
snags + edge    4 4.73  0.03  0.084 
elevation + riparian + interaction  5  4.87  0.02  0.152 
snags + riparian    4 4.88  0.02  0.080 
elevation + snags + interaction   5 4.94  0.02  0.150 
snags + edge + interaction   5 7.28  <0.001  0.088 
snags + riparian + interaction  5 7.34  <0.001  0.087 
 
 
 
Pregnant/lactating females 
 
elevation + riparian   4 0.00  0.40  0.348 
elevation + edge   4 1.97  0.15  0.307 
elevation    3 2.00  0.15  0.250 
elevation + riparian + interaction  5 2.70  0.11  0.348 
elevation + snags   4 4.26  0.05  0.256 
elevation + edge + interaction  5 4.68  0.04  0.307 
riparian     3 5.16  0.03  0.175 
snags + riparian    4 5.35  0.03   0.232 
elevation + snags + interaction  5 6.38  0.02  0.269 
snags     3 6.98  0.01  0.128 
snags + riparian + snags  5 7.89  0.01  0.235 
snags + edge     4 9.03  <0.001  0.141 
null     2 9.19  <0.001  0.000 
edge     3 11.04  <0.001  0.016 
snags + edge + interaction   5 11.59  <0.001  0.145 
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Appendix E.  Continued. 
          
           
Model     K ∆QAICc  wi  R2 

N  
  
 
 
Non-reproductive/post-lactating  
 
null     2 0.00  0.31  0.000 
edge     3 1.44  0.15  0.028  
riparian     3 2.17  0.10  0.007 
elevation    3 2.25  0.10  0.004 
snags     3 2.37  0.09  0.001 
elevation + edge   4 3.62  0.05  0.039 
snags + edge    4 3.97  0.04  0.028 
elevation + riparian   4 4.64  0.03  0.009 
snags + riparian    4 4.71  0.03  0.007 
elevation + snags   4 4.78  0.03  0.005 
snags + riparian + interaction  5 5.34  0.02  0.068 
elevation + edge + interaction  5 5.73  0.02  0.056 
snags + edge + interaction  5 6.55  0.01  0.032 
elevation + snags + interaction   5 6.89  0.01  0.022 
elevation + riparian + interaction  5 7.11  0.01  0.016 
 
 
Big brown bat 
 
Males  
null            2 0.00  0.29  0.000 
snags     3 1.65  0.13  0.022 
elevation    3 2.19  0.10  0.006 
riparian     3 2.27  0.10  0.004 
edge     3 2.28  0.09  0.003 
elevation + snags   4 2.78  0.07  0.063 
snags + riparian    4 3.76  0.05  0.035 
snags + edge    4 4.06  0.04  0.026 
elevation + edge   4 4.55  0.03  0.011 
elevation + riparian   4 4.67  0.03  0.008 
elevation + snags + interaction  5 4.84  0.03  0.081 
snags + riparian + interaction   5 6.07  0.01  0.046 
elevation + edge + interaction  5 6.30  0.01  0.040 
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Appendix E.  Continued. 
          
           
Model     K ∆QAICc  wi  R2 

N  
  
 
Big brown bat 
 
Females 
elevation + riparian   4 0.00  0.35  0.274 
riparian     3 0.36  0.29  0.208 
elevation + riparian + interaction  5 2.55  0.10  0.278 
snags + riparian    4 2.87  0.08  0.209 
elevation    3 3.64  0.06  0.126 
snags + riparian + interaction  5 5.25  0.03  0.217  
elevation + snags    4 5.73  0.02  0.138 
null     2 5.79  0.02  0.000 
elevation + edge   4 5.95  0.02  0.132 
elevation + edge + interaction  5 6.97  0.01  0.175 
snags     3 7.68  0.01  0.015 
elevation + snags + interaction  5 8.06  0.01  0.147 
edge     3 8.17   0.01  0.001 
snags + edge    4 10.22  <0.001  0.015 
snags + edge + interaction  5 11.79  <0.001  0.047 
 
 
California myotis 
 
Males 
null     2 0.00  0.25  0.000 
riparian     3 0.32  0.22  0.064 
edge     3     2.07  0.09  0.010 
elevation    3 2.21  0.08  0.006 
snags     3     2.34  0.08  0.001 
snags + riparian    4 2.72  0.07  0.068 
elevation + riparian    4 2.88  0.06  0.064 
snags + riparian + interaction  5 4.10  0.03  0.107 
elevation edge    4 4.51  0.03  0.013 
snags + edge    4 4.59  0.03  0.011 
elevation + snags    4 4.72  0.03  0.007 
elevation + riparian + interaction  5 5.01  0.02  0.081 
snags + edge + interaction  5 6.72  0.01  0.029 
elevation + snags + interaction  5 6.91  0.01  0.023 
elevation + edge + interaction   5 7.22  0.01  0.013 
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Appendix E.  Continued. 
          
           
Model     K ∆QAICc  wi  R2 

N  
  
 
California myotis 
 
Females 
null     1 0.00  0.22  0.000 
riparian     2 0.91  0.14  0.108 
edge     2 1.03  0.13  0.099 
snags     2 1.80  0.09  0.036 
snags + riparian    3 2.12  0.08  0.201 
elevation    2 2.23  0.07  0.002 
snags + edge    3 3.06  0.05  0.127 
snags + riparian + interaction  4 3.13  0.05  0.316 
elevation + riparian    3 3.28  0.04  0.109 
elevation + edge   3 3.40  0.04  0.099 
elevation + snags   3 3.82  0.03  0.066 
elevation + snags + interaction  4 5.14  0.02  0.164 
snags + edge + interaction  4 5.57  0.01  0.129 
elevation + riparian + interaction  4 5.82  0.01  0.110 
elevation + edge + interaction  4 5.93  0.01  0.101 
 
 
Long-eared myotis 
 
Males 
elevation    3 0.00  0.20  0.092 
null      2 0.82  0.14  0.000 
elevation + riparian + interaction  5 1.25  0.11  0.197  
snags              3 1.64  0.09  0.046 
elevation + riparian    4      2.13  0.07  0.104 
riparian     3 2.21  0.07  0.030 
elevation + snags   4 2.46  0.06  0.094 
elevation + edge   4 2.46  0.06  0.094 
edge     3 2.81  0.05  0.012 
elevation + snags + interaction  5 2.96  0.05  0.153 
snags + edge    4      3.69  0.03  0.060 
snags + riparian    4 3.75  0.03  0.058 
snags + riparian + interaction  5 4.65  0.02  0.109 
elevation + edge + interaction  5 5.04  0.02  0.098 
snags + edge + interaction   5 6.33  0.01  0.062 
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Appendix E.  Continued. 
          
           
Model     K ∆QAICc  wi  R2 

N  
  
 
Long-eared myotis 
 
Females 
elevation + edge   3 0.00  0.30  0.551 
elevation + snags + interaction  4 0.19  0.27  0.662  
elevation + edge + interaction  4 0.89  0.19  0.629 
elevation + snags   3 3.13  0.06  0.392 
elevation    2 3.15  0.06  0.260 
edge     2 4.70  0.03  0.170 
null     1 5.22  0.02  0.000 
elevation + riparian    3 5.52  0.02  0.261 
elevation + riparian + interaction  4 6.40  0.01  0.353 
riparian     2 6.94  0.01  0.033 
snags + edge    3 7.01  0.01  0.175 
snags     2 7.45  0.01  0.001 
snags + riparian    3 9.21  <0.001  0.041 
snags + edge + interaction   4 9.28  <0.001  0.191 
snags + riparian + interaction  4 11.43  <0.001  0.061 
 
 
Long-legged myotis 
 
Males 
null            2 0.00  0.17  0.000 
elevation    3 0.28  0.14  0.062 
snags     3 0.35  0.14  0.060 
riparian     3 1.42  0.08  0.029 
edge     3 1.43  0.08  0.029 
snags + edge    4 1.76  0.07  0.092 
elevation + snags   4 2.29  0.05  0.077 
elevation + edge   4 2.32  0.05  0.077 
elevation + riparian    4 2.35  0.05  0.077 
snags + riparian + interaction   5 2.54  0.05  0.145 
snags + riparian    4 2.56  0.05  0.070 
elevation + edge + interaction  5 4.02  0.02  0.105 
snags + edge + interaction  5 4.15  0.02  0.101 
elevation + snags + interaction  5 4.86  0.02  0.081 
elevation + riparian + interaction  5 4.93  0.01  0.080 
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Appendix E.  Continued. 
         
           
Model     K ∆QAICc  wi  R2 

N  
  
 
Long-legged myotis 
 
Females 
null     2 0.00  0.29  0.000 
snags     3 1.74  0.12  0.019 
elevation    3 1.89  0.11  0.015 
riparian     3 1.95      0.11  0.013 
edge     3 2.11  0.10  0.008 
elevation + edge   4 3.95  0.04  0.029 
snags + edge    4 4.04  0.04  0.026 
snags + riparian    4 4.11  0.04  0.024 
elevation + riparian    4 4.17  0.04  0.022 
elevation + snags   4 4.20  0.04  0.021 
elevation + edge + interaction   5 5.16  0.02  0.071 
elevation + snags + interaction   5 6.03  0.01  0.047 
snags + riparian + interaction  5 6.57  0.01  0.031 
snags + edge + interaction  5 6.67  0.01  0.028 
elevation + riparian + interaction  5 6.88  0.01  0.022 
 
 
Silver-haired bat  
 
Males 
snags + elevation   4 0.00  0.43  0.640 
snags     3 1.18  0.24  0.596 
elevation + snags + interaction   5 2.63     0.12  0.641 
snags + edge + interaction   5 3.67  0.07  0.629 
snags + edge    4 3.67  0.07  0.596 
snags + riparian    4 3.72  0.07  0.595 
snags + riparian + interaction  5 6.36  0.02  0.597 
elevation    3 14.92  <0.001  0.387 
elevation + edge   4 16.38  <0.001  0.407 
elevation + riparian    4 16.73  <0.001  0.401 
elevation + edge + interaction  5 17.85  <0.001  0.428 
elevation + riparian + interaction  5 18.89  <0.001  0.410 
null     2 29.20  <0.001  0.000 
riparian     3 29.31  <0.001  0.065 
edge     3 31.62  <0.001  0.001 
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Appendix F.  Candidate model set (n = 27) for differentiating between roost 
and random snags for female big brown bats, long-legged myotis, and long-
eared myotis in forests in the western Oregon Cascades, 1999–2001.   
 
No. Model Statement  No. Model Statement 
 

1 null    15 dbh + lsnags 

2 dbh    16 dbh + cosasp 

3 ht    17 dbh + distedge 

4 bark    18 dbh + elev 

5 ssnags   19  dbh + distcap 

6 lsnags    20 dbh + diststr 

7 canopy   21 dbh + ssnags + dbh*ssnags 

8 cosasp   22 dbh + lsnags + dbh*lsnags 

9  elev    23 dbh + cosasp + dbh*cosasp 

10 distedge   24 dbh + distedge + dbh*distedge 

11 solar    25 dbh + elev + dbh*elev 

12 distcap    26 dbh + distcap + dbh*distcap 

13 diststr    27 dbh + diststr + dbh*diststr 

14 dbh + ssnags    
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Appendix G.  Candidate model set (n = 26) for differentiating between roost 
and random live trees for female big brown bats and long-legged myotis in 
forests in the western Oregon Cascades, 1999–2001.   
 
No. Model Statement  No. Model Statement 
 

1 null    14 dbh + lsnags 

2 dbh    15 dbh + cosasp 

3 ht    16 dbh + distedge 

4 ssnags   17 dbh + elev 

5 lsnags    18   dbh + distcap 

6 cosasp   19 dbh + diststr 

7 elev    20 dbh + ssnags + dbh*ssnags 

8 canopy   21 dbh + lsnags + dbh*lsnags 

9  solar    22 dbh + cosasp + dbh*cosasp 

10 distedge   23 dbh + elev + dbh*elev 

11 distcap   24 dbh + distedge + dbh*distedge 

12 diststr    25 dbh + distcap + dbh*distcap 

13 dbh + ssnags   26 dbh + diststr + dbh*diststr 
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Appendix H.  Variables, number of parameters in the model (K), Akaike 
Information Criteria adjusted for small sample size (AICc), difference in score 
between the ith and top-ranked model with the lowest AICc value (∆i), AICc 
weights (wi), and proportion of variance explained (R2

N) for all models used to 
determine differences between roost and random snags for female big brown 
bats, long-legged myotis, and long-eared myotis in the western Oregon 
Cascades, 1999–2001.   
           
Model    K AICc         ∆i  wi           R2

N 
  
Big brown bat 
 
dbh distcap              3     127.411     0.0000    0.43000    0.44223 
dbh lsnags dbh*lsnag     4     128.207     0.7958    0.28884    0.45112 
dbh distcap dbh*dcap    4     128.880     1.4688    0.20631    0.44659 
dbh ssnags dbh*ssnag     4     132.400     4.9893    0.03548    0.42257 
dbh ssnags               3     133.848     6.4368    0.01721    0.39766 
dbh lsnags                3     135.368     7.9576    0.00804    0.38684 
dbh elev                 3     135.631     8.2199    0.00706    0.38497 
dbh elev dbh*elev      4     136.223     8.8122    0.00525    0.39582 
dbh diststr               3     139.151    11.7399   0.00121    0.35944 
dbh diststr dbh*diststr     4     140.752    13.3412   0.00055    0.36320 
dbh distedge             3     146.672    19.2616   0.00003    0.30279 
dbh distedge dbh*dedge    4     148.136    20.7254   0.00001    0.30781 
dbh                       2     150.128    22.7169   0.00001    0.25916 
distcap                  2     152.010    24.5991   0.00000    0.24396 
dbh cosasp               3     152.175    24.7639   0.00000    0.25947 
dbh cosasp dbh*cosasp     4     152.565    25.1539   0.00000    0.27322 
solar                     2     153.617    26.2062   0.00000    0.23082 
lsnags                    2     153.747    26.3365   0.00000    0.22975 
elev                     2     157.474    30.0628   0.00000    0.19869 
ssnags                    2     160.319    32.9085   0.00000    0.17444 
diststr                   2     163.973    36.5623   0.00000    0.14260 
canopy                    2     166.853    39.4423   0.00000    0.11693 
distedge                 2     171.065    43.6543   0.00000    0.07847 
bark                      2     174.740    47.3293   0.00000    0.04400 
null                            1     177.243    49.8325   0.00000    0.00000 
ht                        2     178.208    50.7969   0.00000    0.01066 
cosasp                    2     179.247    51.8361   0.00000    0.00052 
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Appendix H.  Continued 
           
Model    K AICc         ∆i  wi           R2

N 
  
Long-legged myotis 
 
dbh ssnags               3    247.626     0.0000    0.58617    0.35016 
dbh ssnags dbh*ssnag     4    248.784     1.1580    0.32853    0.35418 
dbh distcap dbh*dcap    4    251.754     4.1275    0.07443    0.34108 
dbh distcap              3    255.612     7.9863    0.01081    0.31441 
distcap                  2    266.967    19.3410   0.00004    0.25144 
ssnags                    2    268.774    21.1476   0.00001    0.24267 
dbh lsnags                3    270.362    22.7361   0.00001    0.24494 
lsnags                    2    270.964    23.3375   0.00001    0.23193 
dbh lsnags dbh*lsnag     4    271.357    23.7309   0.00000    0.25018 
canopy                    2    279.899    32.2726   0.00000    0.18704 
solar                     2    286.745    39.1188   0.00000    0.15141 
dbh cosasp               3    298.449    50.8224   0.00000    0.09931 
dbh cosasp dbh*cosasp     4    300.410    52.7834   0.00000    0.09993 
dbh distedge             3    301.379    53.7530   0.00000    0.08304 
dbh distedge dbh*dedge 4    301.576    53.9502   0.00000    0.09348 
dbh diststr               3    301.578    53.9517   0.00000    0.08193 
dbh                       2    303.558    55.9316   0.00000    0.05915 
dbh diststr dbh*dist     4    303.577    55.9513   0.00000    0.08234 
dbh elev                 3    304.247    56.6207   0.00000    0.06691 
dbh elev dbh*elev      4    306.211    58.5845   0.00000    0.06753 
cosasp                    2    307.533    59.9071   0.00000    0.03630 
diststr                   2    308.338    60.7118   0.00000    0.03163 
distedge                 2    308.347    60.7207   0.00000    0.03158 
bark                      2    310.304    62.6783   0.00000    0.02014 
elev                     2    311.462    63.8356   0.00000    0.01333 
null                                1    311.672    64.0463   0.00000    0.00000 
ht                        2    313.681    66.0545   0.00000    0.00017 
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Appendix H.  Continued 
           
Model    K AICc         ∆i  wi           R2

N 
  
 
Long-eared myotis 
 
distcap                  2     51.0338     0.0000    0.59925    0.43149 
dbh distcap              3     52.5915     1.5577    0.27501    0.44535 
dbh distcap dbh*dcap 4     54.3652     3.3314    0.11329    0.45700 
solar                     2     59.2660     8.2322    0.00977    0.25881 
dbh elev dbh*elev      4     65.9764    14.9426   0.00034    0.21136 
canopy                    2    66.3045    15.2708   0.00029    0.08519 
dbh diststr dbh*diststr 4     66.5550    15.5212   0.00026    0.19746 
lsnags                    2     66.5811    15.5474   0.00025    0.07782 
ssnags                    2     67.1913    16.1576   0.00019    0.06141 
null                                1     67.2234    16.1897   0.00018    0.00000 
distedge                 2     67.2604    16.2266   0.00018    0.05954 
ht                        2     67.8258    16.7920   0.00014    0.04413 
dbh lsnags                3     68.1014    17.0676   0.00012    0.09810 
dbh distedge             3     68.2350    17.2012   0.00011    0.09458 
diststr                   2     68.7670    17.7333   0.00008    0.01804 
dbh                       2     68.9899    17.9561   0.00008    0.01179 
elev                     2     69.0718    18.0380   0.00007    0.00948 
cosasp                    2     69.3175    18.2838   0.00006    0.00254 
dbh ssnags               3     69.3733    18.3395   0.00006    0.06421 
bark                      2     69.3842    18.3505   0.00006    0.00065 
dbh distedge dbh*dedge    4     70.1551    19.1213   0.00004    0.10702 
dbh lsnags dbh*lsnag     4     70.3378    19.3040   0.00004    0.10224 
dbh diststr               3     70.7792    19.7454   0.00003    0.02567 
dbh cosasp               3     70.8988    19.8651   0.00003    0.02233 
dbh elev                 3     70.9634    19.9296   0.00003    0.02053 
dbh ssnags dbh*ssnag     4     71.1294    20.0956   0.00003    0.08133 
dbh cosasp dbh*cosasp     4     72.4292    21.3954   0.00001    0.04622 
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Appendix I.  Variables, number of parameters in the model (K), difference in 
Akaike Information Criteria adjusted for small sample size (AICc) score 
between the ith and top-ranked model with the lowest AICc value (∆i), AICc 
weights (wi), sum of AICc weights (∑w i), and proportion of variance explained 
(R2

N) for all models used to determine differences between roost and random 
trees for female big brown bats and long-legged myotis in the western Oregon 
Cascades, 1999–2001.   
           
Model    K AICc         ∆i  wi           R2

N 
  
Big brown bats 
 
dbh distcap              3     71.4567     0.0000    0.49638    0.46469 
dbh distcap dbh*dcap 4     71.5186     0.0619    0.48124    0.49233 
dbh diststr dbh*diststr     4     80.0991     8.6424    0.00659    0.37917 
distcap                  2     80.6337     9.1770    0.00505    0.30656 
dbh elev                 3     80.8782     9.4215    0.00447    0.33554 
dbh elev dbh*elev      4     83.1379    11.6812   0.00144    0.33554 
dbh lsnags                3     83.7603    12.3036   0.00106    0.29232 
dbh ssnags dbh*ssnag     4     84.6464    13.1898   0.00068    0.31315 
dbh                       2     85.0575    13.6008   0.00055    0.23752 
dbh distedge             3     85.1809    13.7243   0.00052    0.27034 
dbh ssnags               3    85.3594    13.9028   0.00048    0.26754 
dbh lsnags dbh*lsnag     4     85.9864    14.5297   0.00035    0.29284 
dbh diststr               3     86.3266    14.8699   0.00029    0.25227 
dbh distedge dbh*dedge    4    86.3578    14.9011   0.00029    0.28714 
dbh cosasp               3    86.5795    15.1229   0.00026    0.24824 
dbh cosasp dbh*cosasp     4     86.9161    15.4594   0.00022    0.27851 
elev                     2     87.9588    16.5022   0.00013    0.18974 
lsnags                    2     95.1192    23.6625   0.00000    0.06270 
distedge                 2     95.1513    23.6947   0.00000    0.06210 
null                               1     96.2698    24.8131   0.00000    0.00000 
ssnags                    2     96.6468    25.1901   0.00000    0.03383 
solar                     2     96.8952    25.4386   0.00000    0.02907 
ht                        2     97.2780    25.8213   0.00000    0.02171 
cosasp                    2     98.0468    26.5901   0.00000    0.00679 
canopy                    2     98.1657    26.7091   0.00000    0.00447 
diststr                   2     98.3875    26.9309   0.00000    0.00012 
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Appendix I.  Continued. 
 
Model    K AICc         ∆i  wi           R2

N 
  
Long-legged myotis 
 
distcap                  2     61.1263     0.0000    0.37788    0.23651 
elev                     2     62.6432     1.5169    0.17700    0.20120 
dbh distcap              3     62.9454     1.8191    0.15218    0.24700 
dbh elev                 3     64.7522     3.6259    0.06166    0.20521 
dbh distcap dbh*dcap 4     64.7605     3.6342    0.06140    0.25985 
ssnags                    2    65.6725     4.5461    0.03892    0.12724 
dbh elev dbh*elev      4     66.3709     5.2445    0.02745    0.22312 
dbh diststr dbh*dist     4     66.4884     5.3620    0.02588    0.22039 
dbh ssnags               3     67.8563     6.7300    0.01306    0.12963 
null                                1     68.2954     7.1690    0.01049    0.00000 
canopy                    2     69.1647     8.0383    0.00679    0.03599 
distedge                 2     69.2873     8.1610    0.00639    0.03266 
lsnags                    2     69.3649     8.2385    0.00614    0.03056 
solar                     2     69.9124     8.7861    0.00467    0.01557 
diststr                   2     69.9295     8.8032    0.00463    0.01510 
dbh ssnags dbh*ssnag     4     69.9715     8.8452    0.00454    0.13639 
ht                        2     70.1081     8.9817    0.00424    0.01018 
dbh                       2     70.4290     9.3027    0.00361    0.00128 
cosasp                    2     70.4538     9.3275    0.00356    0.00059 
dbh lsnags                3     71.3642    10.2379   0.00226    0.03814 
dbh distedge             3     71.5566    10.4303   0.00205    0.03292 
dbh diststr               3     71.9217    10.7954   0.00171    0.02297 
dbh cosasp               3     72.6617    11.5354   0.00118    0.00256 
dbh lsnags dbh*lsnag     4     73.1295    12.0032   0.00094    0.05478 
dbh distedge dbh*dedge    4     73.3960    12.2697   0.00082    0.04765 
dbh cosasp dbh*cosasp     4     74.1645    13.0382   0.00056    0.02685 

______________________________________________________________ 
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Appendix J.  Mean (SE) values for roost and random snags for female big brown bats, long-eared myotis, and long-
eared myotis in the western Oregon Cascades, 1999–2001.  Sample sizes [n] are presented next to each category. 
 
 Big brown bat Long-eared myotis Long-legged myotis 
Variable 
 

Roost [42] Random [104] Roost [24] Random [23] Roost [105] Random [119]

 
diameter at breast 
height 121.6 (6.6) 76.1 (4.1) 62.4 (7.6) 69.2 (7.4) 91.1 (4.8) 72.1 (3.6)
 
height 24.3 (1.4) 21.9 (1.3) 17.7 (2.2) 21.9 (2.6) 22.8 (0.9) 23.1 (1.2)
 
slope 35.6 (3.5) 33.8 (2.0) 36.4 (4.8) 42.8 (4.9) 32.4 (2.0) 36.8 (2.3)
 
elevation 508 (30) 737 (30) 554 (31) 578 (29) 624 (19) 665 (21)
 
% canopy 30.7 (2.5) 45.4 (2.3) 24.8 (3.6) 34.6 (5.1) 27.5 (1.6) 43.6 (2.2)
 
no. small snags 2.9 (0.6) 0.9 (0.2) 2.1 (0.6) 1.1 (0.3) 4.2 (0.5) 1.2 (0.2)
 
no. large snags 2.3 (0.3) 0.7 (0.2) 1.5 (0.5) 0.6 (0.2) 2.3 (0.3) 0.5 (0.1)
 
distance to edge 80 (13) 180 (27) 148 (44) 205 (45) 102 (11) 199 (27)
 
distance to capsite  1870 (165) 3019 (113) 698 (96) 1424 (120) 1711 (119) 2896 (110)
 
distance to stream 967 (163) 1883 (140) 1205 (189) 1470 (282) 1407 (130) 1829 (127)
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Appendix K.  Mean (SE) values for roost and random trees for female big 
brown bats and long-legged myotis in the western Oregon Cascades, 1999–
2001.  Sample sizes [n] are presented next to each category. 
 
 Big brown bat Long-legged myotis 
Variable Roost [35] Random [33] Roost [22] Random [26]
 
diameter at 
breast height 138.7 (8.1) 96.8 (7.2) 95.5 (10.8) 98.7 (10.7)
  
height 34.9 (1.5) 32.3 (2.0) 34.2 (2.4) 36.8 (3.4)
  
slope 42.3 (4.8) 35.6 (3.5) 34.1 (4.0) 40.0 (6.6)
  
elevation 562 (28) 771 (59) 480 (32) 613 (32)
  
percent canopy 37.9 (2.9) 35.6 (3.8) 33.9 (2.4) 39.4 (4.5)
  
no. small snags 2.1 (0.4) 1.4 (0.4) 3.2 (1.4) 1.0 (0.3)
  
no. large snags 1.8 (0.3) 1.0 (0.3) 1.4 (0.4) 0.9 (0.3)
  
distance to edge 87 (14) 117 (35) 261 (60) 324 (105)
  
distance to 
capsite  1631 (193) 2912 (202) 1452 (196) 2418 (228)
  
distance to 
stream 1582 (327) 1551 (233) 1480 (341) 1766 (221)
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