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Lodgepole pine (Pinus contorta) forests of the Intermountain West are currently 

experiencing a widespread epidemic of the mountain pine beetle (Dendroctonus ponderosae), 

due in part to climate change.  A large proportion of mature lodgepole trees have died, with 

largely unknown implications for forest-dwelling species.  A critical question is to determine 

which alternative stand types will best support forest-dependent wildlife species prior to 

mature lodgepole regeneration.  Our objectives were to examine the relative abundance and 

diversity of birds and small mammals across a gradient of patch sizes of spruce-fir and 

previously logged (young) lodgepole stands within a matrix of beetle-killed lodgepole forest.  

During 2010-2011, we conducted point counts in each stand type across available patch sizes.  

Species assemblages differed significantly between stand types and among patch sizes.  Avian 

species that forage and nest in lower forest strata and fly-catching species were more 

abundant in young lodgepole stands.  Aerial flycatcher abundance decreased with increasing 

patch size.  Members of the Piciform family, corvids, secondary cavity nesters, and species 

that forage in upper canopy were more abundant in spruce-fir stands.  The largest patches of 

spruce-fir supported the greatest avian diversity.  Stand types differed greatly in small 

mammal community composition.  Southern red-backed voles (Clethrionomys gapperi) had 

greater likelihood of occurrence in spruce-fir stands, whereas least chipmunks (Tamias 

minimus) and deer mice (Peromyscus maniculatus) had greater likelihood of occurrence in 

young lodgepole stands.  Small mammal densities did not vary with patch size in either stand 

type.  Small mammal diversity was approximately equal between the stand types; however, 
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species assemblages were very different between the stand types.  Most of the rarely 

encountered species were found in spruce-fir patches, whereas generalist species such as deer 

mice and chipmunks were found almost exclusively in young lodgepole.  Our results provide 

a foundation for managers evaluating management actions influencing the size and 

distribution of forest stands in post-bark beetle landscapes. 
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CHAPTER ONE 

 

AN ASSESSMENT OF SPATIOTEMPORAL REFUGIA FOR AVIAN SPECIES 

DURING A MOUNTAIN PINE BEETLE EPIDEMIC 

Abstract

Lodgepole pine (Pinus contorta) forests of the Intermountain West are currently 

experiencing a widespread epidemic of the mountain pine beetle (Dendroctonus ponderosae), 

due in part to climate change.  A large proportion of mature lodgepole trees have died, with 

largely unknown implications for forest wildlife species.  Therefore, a critical question is to 

determine which alternative stand types will best support forest-dependent avian species prior 

to mature lodgepole regeneration.  Our objectives were to examine the relative abundance and 

diversity of Passeriform and Piciform birds across a gradient of patch sizes of spruce-fir and 

previously logged (young) lodgepole stands within a matrix of beetle-killed lodgepole forest.  

During 2010-2011 we conducted point counts in each stand type across available patch sizes.  

Species assemblages differed significantly between stand types and among patch sizes.  

Species that forage and nest in lower forest strata and fly-catching species were more 

abundant in young lodgepole stands.  Aerial flycatcher abundance decreased with increasing 

patch size.  Members of the Piciform family, corvids, secondary cavity nesters, and species 

that forage in upper canopy were more abundant in spruce-fir stands.  Finally, the largest 

patches of spruce-fir supported the greatest avian diversity.  Our results provide a foundation 

for managers evaluating management actions influencing the size and distribution of forest 

stands in post-bark beetle landscapes.
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1. Introduction 

Natural disturbances such as flooding, windstorms, wildfire, disease, and insect 

outbreaks occur across a wide variety of landscapes worldwide, inducing variation in 

ecosystem structure and function (Andren 1994, Drapeau et al. 2000, Koprowski et al. 2005).  

Post-disturbance landscapes are typically composed of remaining habitat patches surrounded 

by a matrix of recently disturbed habitats that vary in suitability (Lomolino et al. 1989, 

McIntyre 1995, Debinski and Holt 2000).  Wildlife species that cannot find adequate 

resources in original habitat may persist in remaining or alternate habitat patches of varying 

size.  Matrix characteristics, such as the extent and severity of habitat loss, or patch 

characteristics, such as structural similarity to primary habitat or patch size and isolation, 

affect the ability of a patch to support wildlife assemblages, depending on species’ natural 

history requirements.  Thus, after disturbance, wildlife species may shift habitat use to 

alternative surrounding habitat types.  Previous studies of mountain pine beetle 

(Dendroctonus ponderosae) outbreak effects on wildlife have focused on how wildlife 

populations fluctuate with phases of an epidemic (Bull 1983, Martin et al. 2006, Drever et al. 

2009).  However, a potentially more pressing and unaddressed question, is determining which 

coniferous stand types will best function as spatiotemporal refugia post epidemic and prior to 

mature lodgepole regeneration.  

Forests dominated by lodgepole pine (Pinus contorta) cover approximately 26 million 

ha and are one of the most ubiquitous habitats for forest-dwelling wildlife in North America 

(Larsen 1930, Lotan 2011).  Lodgepole forests evolved with frequent natural disturbances, 

such as stand-replacing fires, which occur at a fire interval of approximately one hundred to 
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three hundred years (Perry and Lotan 1979, Romme and Knight 1981).  During previous 

centuries, fires created homogenous stands of lodgepole pine, increasing the chances of 

subsequent mountain pine beetle infestations (Knight 1994, Raffa et al. 2008).  In addition, 

during the past 125 years forest management practices such as fire suppression and exclusion 

have helped to facilitate even-aged mature lodgepole pine forests throughout the 

Intermountain West (Berryman 1976, Safranyik 2006, Jenkins et al. 2008, Raffa et al. 2008).  

Combined with drought and on-going climate change in recent decades, lodgepole pine 

forests are especially vulnerable to disease and infestation of native insects. 

The mountain pine beetle is an example of a native insect that can rapidly exploit 

forests in western North America (Safranyik 2006).  The MPB infests conifers of the Genus 

Pinus, and mass attacks new host trees by using pheromone attractants.  The MPB typically 

attacks larger trees,  13 cm diameter at breast height (DBH).  A defense mechanism of the 

tree is to expel the beetles with resin, creating pitch tubes.  The MPB introduces blue stain 

fungi (Grosmannia clavigera) as it bores through the bark, which restricts resin production, 

ultimately leading to  desiccation of the tree (Safranyik 2006).  Defense mechanisms, such as 

the ability to increase resin production, are often ineffective against MPB infestation in 

mature pines, especially during drought-induced stress. 

Changes in climate, such as warming winters and extended drought, have enabled the 

MPB to survive and more readily reproduce (Ayres and Lombardero 2000, Bentz et al. 2010, 

Cudmore et al. 2010).  Without extended cold periods that once maintained beetle populations 

at low endemic levels, MPB populations are now at epidemic levels.  Although MPB 

outbreaks are natural and cyclical within the lodgepole ecosystem, the epidemic at the present 
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scale has exceeded the extent of mountain pine beetle infestations, during at least the last 125 

years (Astrup et al. 2008, Raffa et al. 2008, Cudmore et al. 2010).  Throughout northern 

Colorado and southeastern Wyoming, more than 1.6 million ha of lodgepole forest have been 

impacted since 1996.  Due to the severity of the current MPB infestation, impacts to 

lodgepole habitat will undoubtedly affect wildlife species inhabiting western coniferous 

ecosystems. 

Avian species are useful for examining landscape-level disturbance because they are 

particularly responsive (Schmiegelow et al. 1997, Drapeau et al. 2000, Schieck and Song 

2006, Azeria et al. 2011) and readily observed (McIntyre 1995).  Therefore, birds can be 

considered indicators of ecological condition (Canterbury et al. 2000, O'Connell et al. 2000, 

Weber et al. 2008), and have been used to assess wildlife response to beetle outbreaks (e.g., 

Martin et al. 2006, Matsuoka and Handel 2007, Bonnot et al. 2009, Koch et al. 2011).  Avian 

richness generally declines as MPB epidemics progress, but species’ abundances fluctuate, 

depending upon specific habitat niches (Stone 1995, Drever et al. 2009, Edworthy et al. 

2011).  As mature trees die, foliage and bark gleaning avian species, as well as birds that nest 

and forage in larger trees, such as kinglets (Regulus spp.), chickadees (Poecile spp.) 

nuthatches (Sitta spp.) and brown creepers (Certhia spp.) typically decrease in abundance 

(Bull 1983, Lance and Howell 2000, Matsuoka et al. 2001, Martin et al. 2006, Drever et al. 

2008).  However, as canopy cover decreases and understory growth proliferates, populations 

of other species, such as ground nesting and understory foraging species, increase (Lance and 

Howell 2000, Matsuoka et al. 2001, Wunderle et al. 2006).  Species with general or flexible 

habitat requirements, including members of the Family Corvidae, may not be as affected by 
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the MPB epidemic (Bull 1983).  Woodpecker abundance and diversity increase within beetle-

killed lodgepole pine stands, as forage availability (beetles and larvae) and nesting substrate 

increases, but then subside as beetle populations decline (Yeager 1953, Crockett and Hansley 

1978, Bull 1983, Stone 1995, Lance and Howell 2000, Martin et al. 2006, Drever et al. 2008, 

Edworthy et al. 2011).  While previous and on-going studies document how avian 

assemblages shift in response to loss or alteration of lodgepole habitat during beetle 

epidemics, long-term persistence of these avian species, given the current magnitude of 

mature lodgepole loss, is unclear.   

Coniferous stand types within Western forest matrices could provide interim habitat 

for coniferous-dwelling wildlife prior to mature regeneration, albeit to an unknown extent.  

Stands of live young lodgepole (resulting from previous clear-cuts 20 to 30 years ago) and 

mature spruce-fir stands are patchily distributed within a matrix of dead lodgepole pine.  

These stand types are two of the most common remaining live coniferous habitat in the 

Intermountain West after the death of mature lodgepole pines, and may serve as refugia for 

displaced wildlife.  However, young lodgepole and mature spruce-fir stands likely differ in 

their ability to support the needs of species, depending upon specific natural and life history 

requirements and evolved habitat preferences.  The size of forest patches is also an important 

consideration as species differ in area requirements and sensitivity to habitat edges (Freemark 

and Merriam 1986, Rosenberg et al. 1999, Shifley et al. 2006). 

A better understanding of the types of avian species assemblages supported by 

remaining live coniferous stand types will be important for forest wildlife management in the 

Intermountain West.  Our study objective was to determine which alternative coniferous stand 
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types in a post MPB landscape maintained the highest diversity and abundance of avian 

species (Passeriformes and Piciformes), and the additive and interactive effects of patch size. 

2. Materials and methods 

Our study was conducted in the Medicine Bow National Forest (MBNF) of 

southeastern Wyoming, USA (41°30’N, 106°29’W), an area greatly impacted by the MPB.  

During prior decades, beetle outbreaks above 2500m were atypical, due to harsh winters 

which kept beetle populations at endemic levels (Knight 1994, Logan and Powell 2001).  

However, the MPB has recently expanded its range to higher elevations and more northern 

latitudes (Coops et al. 2012).  The current epidemic, initiated by a decade of drought during 

the late 1990’s to early 2000’s, has impacted virtually all of lodgepole-dominated stands.  

Across more than 1.6 million ha of forest within northern Colorado and southern Wyoming, 

up to 90% mature lodgepole pines have been killed by the MPB (Cole and Amman 1980, 

Romme et al. 1986, Collins et al. 2011).   

The MBNF, a temperate coniferous forest, is characterized by forested hillsides, 

rivers, talus slopes, and alpine meadows, ranging from approximately 2,500m in the town of 

Centennial to about 4,000m at the top of Medicine Bow Peak.  The landscape is dominated by 

lodgepole pine (von Ahlefeldt 1996), but also has large stands of Engelmann spruce (Picea 

engelmannii), and subalpine fir (Abies lasiocarpa).  Other common tree species include aspen 

(Populus tremuloides) and Douglas fir (Pseudotsuga menziesii).  Clear-cut patches, 

dominated by young, regenerating lodgepole pines, also exist at varying successional stages 

interspersed with now largely dead stands of lodgepole pine.  Young lodgepole pine stands 

are less susceptible to MPB infestation, due to their smaller DBH (Amman et al. 1977, Shore 
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et al. 2006).  Structurally, young lodgepole stands in the region have heightened coarse woody 

debris (CWD) from recent logging practices (Collins et al. 2011), since silvicultural practices 

did not pile and burn slash at our study sites.  Removal of large trees has created an open 

canopy, and understory growth is composed of grasses and a proliferation of new seedlings 

(Collins et al. 2010).  The forest floor of spruce-fir stands is typically covered with deep litter, 

large downed trees and shrubs, and the canopy is relatively closed.  Spruce-fir stands are not 

vulnerable to the MPB; though they have been impacted by the spruce beetle (Dendroctonus 

rufipennis) in some areas (Kayes and Tinker 2012).  Due to the variety of conifer species and 

age-classes, however, spruce-fir stands have remained largely intact. 

2.1 Site Selection 

Our study area included patches of spruce-fir and young lodgepole at elevations 

ranging from 2,700m to 3,100m, the typical elevation zone for Engelmann spruce, subalpine 

fir, and lodgepole pine.  Using a geographic information system (ArcGIS Desktop 9.3.1, 

Environmental Systems Research Institute, Inc., Redlands, CA), we identified habitat patches 

of young lodgepole and spruce fir a priori using datasets obtained from the USDA Forest 

Service Region 2.  Patches were distributed across the entire Snowy Range of the Medicine 

Bow National Forest.   

Sampling locations were selected across the widest possible gradient of available 

patch sizes for each stand type.  Young lodgepole pine patches (n = 41) were selected based 

on the year of harvest (1980 - 1990), and were limited in size to the extent of harvest practices 

implemented (5-17 ha) during the past 40 years.  Spruce-fir patches (n = 47) spanned a wider 

range of sizes (5-220 ha).  Patches of similar stand type were  1 km apart from each other to 
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ensure spatial independence (McIntyre 1995).  The number of sampling locations within each 

patch was proportional to patch area.  Sampling locations were placed at a consistent distance 

(50 m) from the nearest edge in all patches to control for the potentially confounding effects 

of habitat edges (Fletcher et al. 2007).  Survey points were  250 m apart from each other 

(Bayne and Hobson 2000, Drapeau et al. 2000, Siepielski 2006). 

2.2 Point Count Protocol 

We conducted 50m fixed radius point counts at each sampling location to survey 

songbirds and woodpeckers from mid-June to late-July of 2010 and 2011.  We avoided 

surveying on days with strong wind—(when tops of trees were bent), or on mornings with 

constant or persistent rain (Young 2007).   Each point count location was surveyed twice each 

season.  Time of season, time during morning session, and surveyor were randomized across 

different stand types and patch sizes to avoid temporal or surveyor bias.  Point counts began 

approximately 15 minutes after official sunrise and continued no later than 4 hours past 

sunrise.  Upon arriving at a point count location, solo observers remained stationery and quiet 

for a minimum of one minute to allow animals to settle (Pearson and Manuwal 2001).  During 

a 10-minute interval, we recorded the number of individuals of each species detected by sight 

or sound, distance from observer using laser range-finders, and detection type (visual, song, 

drum, call, or flyover) (Hutto 1994).   

2.3 Habitat sampling 

Habitat structure influences avian occurrence and abundance in fragmented coniferous 

forests (Fahrig 1997, Smith et al. 2008).  We quantified structural differences between stand 
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types during mid-June through early August 2011.  Habitat attributes were measured at 

randomly selected point count locations (Hawth’s Tools extension, Arc GIS Desktop 9.3.1) 

within each patch.  For patches with 1-5 points, one point was selected for habitat assessment, 

and for patches with  6 points, approximately 20% of points were selected. Southern patches 

were snow-free earlier and were sampled first. 

Microhabitat metrics were chosen a priori, based on relevance to focal species’ 

ecology and behavior.  Coarse wood (Shackelford and Conner 1997, Bunnell and Houde 

2010, White et al. 2012) and understory growth (Conner et al. 1983, Wunderle et al. 2006) of 

lower forest strata provide foraging and nesting niches, and protection from predators (Vitz 

and Rodewald 2007, Streby et al. 2009).  We used the line-intercept survey method (Warren 

1964, Toledo et al. 2010) and recorded the width of stumps, logs and shrubs crossing each 

transect.  Each 60 m transect was centered on an avian point count location, and line direction 

(N/S or E/W) was randomly chosen to avoid bias.  Forest floor characteristics, such as ground 

cover, ground-level cover type, and litter depth can provide foraging and nesting substrate for 

birds occupying lower forest layers (Legrand et al. 2007, Brown et al. 2009, Streby et al. 

2011).  Percent cover type (live vegetation and litter) was visually estimated to the nearest 

10% within a 30 cm quadrat placed at ten systematic intervals along the transect.  Conifer 

DBH, snag density, and beetle damage influence bark-foraging species, including red-

breasted nuthatches and brown creepers (Adams and Morrison 1993, Legrand et al. 2007), 

woodpeckers, and other cavity nesting birds (Steeger and Hitchcock 1998, Eklund et al. 2009, 

Liira and Kohv 2010).  We measured these metrics for trees and saplings at least one meter 

tall and 2-3 m on either side of the transect, with the measurement choice dependent upon 
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relative tree density along the transect.  Finally, canopy closure can positively or negatively 

influence bird presence (Conner et al. 1983, Fahrig 1997, Sallabanks et al. 2006).  We 

estimated percent canopy cover using a densiometer (Lemmon 1956, Bayne and Hobson 

2000) at three systematic locations along the transect line.  

2.4 Statistical Analyses  

Detection Probability—We used program DISTANCE (Thomas et al. 2010) to test for 

possible differences in detection probabilities between young lodgepole and spruce-fir stands.  

For species with at least 80 detections in both stand types, we averaged each species’ number 

of detections across visits and year.  We used Conventional Distance Sampling (CDS) to 

model detection probability as a function of observed distances from each survey point.  We 

used Uniform or Half-Normal key functions for each analysis based on the histogram shape of 

distances for each species.  To adjust the key function and improve model fit to the distances, 

we used a cosine series expansion for each.  After visual inspection of the histogram, we 

chose either the commonly used uniform + cosine expression (Crain et al. 1979, Burnham et 

al. 1980) which assumes uniform detectability with distance from survey point, or the half-

normal + model, if the distribution of distance data declined considerably with distance.  We 

used the CDS-uniform function cosine expansion for all species except for pine siskin 

(Carduelis pinus), for which we used the CDS-half normal cosine. 

Relative Abundance— Because of the large number of species present in our system, we 

analyzed avian relative abundance by functional (nesting and foraging) guilds (Table 1), 

which allowed for incorporation of rarer species (Martin 1988, Drever et al. 2009).  Relative 

abundance data were first checked for normality and homogeneity of variances.  We log-
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transformed response variables when the residuals showed poor goodness-of-fit (large stick 

nesters, primary cavity nesters, bark borers, conifer seed foragers, generalist/opportunistic 

foragers, and aerial flycatchers).  Since log-transforming a value of zero is impossible, we 

added 0.05 to each zero count.  We compared the relative abundance of each guild between 

stand types and across patch sizes, using repeated-measures Analysis of Covariance 

(ANCOVA) with year as the repeated measure on each patch.  Included in the model were 

stand type as fixed factor, patch size as covariate, and all possible year by stand type and 

patch size interaction terms.  Several guilds were more abundant in 2010, including open cup 

niche canopy nesters, primary cavity nesters, secondary cavity nesters, and bark borers.  

However, there were no significant year by stand type or year by patch size or 3-way 

interaction effects (all P > 0.212), suggesting treatment effects were consistent across years.  

We therefore used an ANCOVA with the number of detections per guild averaged by visit (n 

= 4) and the number of points within each patch as response variables.   

Abundance Given Presence— Since aerial flycatchers were only detected in approximately 

50% of patches, we performed abundance-given-presence analyses for this guild (Fletcher et 

al. 2005).  First, to estimate presence or absence of aerial flycatchers between stand types and 

among patch size gradients, we used Binary Logistic Regression.  Then, after eliminating the 

zeros from the analysis, we ran an ANCOVA to examine stand type and patch size effects on 

abundance, for only patches where aerial flycatchers were estimated to be present. 

Richness—We used sample-based rarefaction to compute expected species richness, 

accounting for uneven effort across patches.  We used the rarefied richness function Mao Tau 

(EstimateS 8.2.0; Colwell et al. 2012) to compare species richness between stand types.  After 
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species richness data were checked for normality and homogeneity of variances, we analyzed 

richness between stand types and across patch sizes, using an ANCOVA.  Stand type was 

included as a fixed factor, with patch size as a covariate.  The dependent variable was rarefied 

richness by point, averaged by patch. 

Habitat structure—We compared structural differences between stand types using a 

multivariate analysis of covariance (MANCOVA).  Response variables included percent 

canopy cover, dead standing tree density (snags/ ha), percent ground cover (live vegetation, 

dead vegetative “litter”, live shrubs, and logs and stumps), and tree density >10 cm DBH/ ha 

and <10 cm DBH/ ha.  Stand type was included as a fixed factor, and patch size was a 

covariate. 

3. Results 

Detection Probability—Seven species accounted for 72% of detections, and detection 

probabilities of the most common species ranged from 0.47 to 1.0 (Table 2).  Detection 

probabilities did not differ between stand types, with considerable overlap in 95% confidence 

intervals.  The ability of the surveyors to detect species was therefore likely not hindered or 

aided by structural variation between stand types.   

Relative Abundance— We detected 32 Passeriform and 6 Piciform species, including three 

species of particular conservation concern: American three-toed woodpecker (Picoides 

dorsalis; 2010 Wyoming Game and Fish Department Species of Greatest Conservation Need, 

USDA Forest Service Sensitive Species- Region 2), olive-sided flycatcher (Contopus cooperi; 

2012 IUCN Red List of Threatened Species, USDA Forest Service Sensitive Species- Region 
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2), and the golden-crowned kinglet (Regulus satrapa; Wyoming Natural Diversity Database-

Species of Potential Concern).  All species analyzed have been known to inhabit mature 

lodgepole habitat, although to differing extents. 

All avian guilds were more abundant in spruce-fir stands except for ground and 

understory foragers and nesters, and aerial flycatchers (Table 3, Figures 1,2).  Models for 

open cup niche/ canopy nesters and conifer seed foragers had R2 < 5%, suggesting that stand 

type and patch size accounted for almost no variation in their abundance.  Relative abundance 

did not vary with patch size for any guild except aerial flycatchers (see below; Table 3).  No 

significant interaction effects between stand type and patch size were observed (all P  0.09). 

Abundance Given Presence—Aerial flycatcher presence was more likely in young lodgepole 

stands (  = 1.04, SE= ± 0.56, odds= 2.82, Z= 1.86, P= 0.063), and larger patches in both stand 

types (  = 0.04, SE= ± 0.02, odds= 1.04, Z= 2.29, P= 0.022).  However, a significant patch 

size effect in this case may have been an artifact of sample size, since there was greater 

survey effort in larger patches.  The ANCOVA with zeros removed indicated that aerial 

flycatchers had greater relative abundance in young lodgepole stands, but abundance 

decreased with patch size, regardless of stand type (Table 3, Figure 3). 

Richness—Species richness did not differ significantly between stand types (  = 0.34, ± 0.62 

SE, F1,85= 0.31, P= 0.581).  Richness increased significantly with patch size (  = 0.07, ± 0.01 

SE, F1,85= 64.77, P  0.001) irrespective of stand type (stand type x patch size  = 0.09, ± 

0.13 SE, F1,84= 0.57, P= 0.452; Fig. 4). 
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Habitat structure— Canopy cover, snag density, and density of trees with DBH >10 cm were 

all significantly greater in spruce-fir stands than in young lodgepole stands (Table 4).  Spruce-

fir stands had 3 times greater canopy closure, 11 times higher density of snags, and 6 times 

higher density of trees with >10 cm DBH.   

4. Discussion 

The current MPB epidemic is one of the most extensive disturbances in the 

Intermountain West, and impacts to lodgepole habitat will undoubtedly affect wildlife species 

inhabiting western coniferous forests.  We examined which coniferous stand types may best 

function as spatiotemporal refugia for forest birds post MPB epidemic and prior to mature 

lodgepole regeneration.  Our results demonstrated that young lodgepole and mature spruce-fir 

stands support different avian assemblages, likely due to evolved variation in optimal nesting 

and foraging microhabitats.  Specifically, we found that: 1) All avian guilds were more 

abundant in spruce-fir stands, except birds that forage and nest within ground and/or 

understory forest strata, which were more abundant in young lodgepole; 2) patch size effects 

were only evident for aerial flycatchers which decreased with patch size; 3) species richness 

did not differ between stand types but increased with patch size; and 4) stand types showed 

significant variation in structural attributes.  Spruce-fir stands had significantly greater 

densities of snags, larger diameter trees, deeper litter, and greater canopy cover.   

Spruce-fir stands supported greater numbers of birds that require snags, a closed 

canopy, and greater diameter trees.  Our results corroborate previous studies, which have 

shown positive associations between woodpecker (primary cavity nesters and bark borers) and 

mature forest structure, including greater snag density (Shackelford and Conner 1997, Eklund 
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et al. 2009) and closed canopy (Villard et al. 1999).  Dead and dying trees provide nesting 

substrate for primary cavity nesters and access to insect larvae for bark borers.  While 

woodpecker richness and abundance increases with temporary resource pulses in beetle-

infested lodgepole stands (Berryman 1976, Crockett and Hansley 1978, Drever et al. 2009), 

populations decline approximately one year after initial infestation (Safranyik 1976) as beetle 

populations subside (Conner et al. 2001, Martin et al. 2006, Scherzinger 2006).  Our findings 

suggest that the mature forest structure of spruce-fir stands may provide a habitat buffer for 

woodpeckers, as foraging opportunities in adjacent mature lodgepole forests decline.    

Similarly, secondary cavity nesters were more abundant in spruce-fir stands.  

Secondary cavity nesters use pre-existing cavities excavated by primary cavity nesters, 

naturally-formed cavities, or excavate their own cavities in soft, advanced-decayed wood 

(Steeger and Hitchcock 1998, Sallabanks et al. 2006).  Snags are used by secondary cavity 

nesters and bark and upper foliage gleaning species in ways akin to woodpeckers (Mahon et 

al. 2008), so secondary cavity nesters and bark and upper foliage gleaners tend to parallel 

woodpecker populations as a MPB epidemic progresses (Norris and Martin 2008, 2010).  

Therefore, it was not surprising that species such as the brown creeper, red-breasted nuthatch, 

and chickadees were more abundant in spruce-fir stands in our study.  

Habitat generalists and large-stick nesters, which included members of the family 

Corvidae, were more abundant in spruce-fir stands.  This finding was somewhat unexpected, 

as corvids typically have large home range sizes and often exist in diverse and more 

fragmented environments (Andren 1992, Salek 2004).  However, corvids typically show 

species-specific responses to habitat fragmentation (Andren 1992).  Gray jays dominated our 
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large-stick nester and generalist/opportunistic forager relative abundances (57% of 

detections).  A potential explanation for greater abundances of large stick nesters and habitat 

generalists in spruce-fir stands is therefore that gray jays were associated with larger expanses 

of forest and stands with greater canopy cover, which were more common characteristics for 

spruce-fir (Boulet et al. 2000, Raphael et al. 2002).   

Young lodgepole stands supported greater abundance of birds that require an open 

canopy, such as aerial flycatchers and ground/understory nesting and foraging species.  Aerial 

flycatchers often use the tallest and most conspicuous perches to sally for insects.  In most 

young lodgepole patches, a few tall snags were left behind after logging, which were 

frequently used by aerial flycatchers for this purpose.  Previously logged patches have been 

shown to support Empidonax flycatchers (Sallabanks et al. 2006), possibly due to open 

canopies and understory growth that support greater richness and abundance of flying insects 

(Shure and Phillips 1991, Niemela 1997, Wunderle et al. 2006).  The relative abundance of 

aerial flycatchers also decreased with increasing patch size, which may be explained by aerial 

insect populations.  Arthropod density can decrease with increasing clear-cut patch size 

(Niemela et al. 1988, Jokimaki et al. 1998), while smaller patches have greater abundance of 

saplings, greater understory development, and a higher edge-to-area ratio, creating a warmer 

microclimate favorable to insects (Jokimaki et al. 1998).   

Species that nest and forage in lower forest strata were more abundant in young 

lodgepole pine stands, where open canopies have encouraged understory growth (also see 

Legrand et al. 2007, Sullivan et al. 2007).  Canopy cover is often an important habitat factor 

determining whether an avian species occupies a stand (Horn 1985, Greenberg et al. 2000, 
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Sallabanks et al. 2006).  We observed high abundances of species such as the dark-eyed junco 

and American robin in young lodgepole stands.  These species typically occupy habitats with 

relatively open canopies or patches with high edge-to-area ratio (Horn 1985, Chettri et al. 

2001).   

While clear patterns emerged for the abundance of some guilds, others were less clear.  

One possible explanation is that each species differed in their degree of habitat specificity.  

For example, within each guild, some species may be more limited by habitat structure than 

others.  Grouping species into guilds can therefore conceal species-specific patterns, and 

contrasting directionality of effects could yield overall neutral patterns.  Unfortunately, our 

data were too sparse for rigorous analysis of individual species. 

While our data are suggestive of the types of coniferous forest patches more or less 

suitable for particular avian guilds, we acknowledge that the relative abundance of a guild is 

not necessarily a reliable indicator of habitat quality (Vanhorne 1983).  Crowding of 

individuals into patches may increase intra or interspecific competition (Meadows 2001, 

Gorissen et al. 2006), and greater abundance does not necessarily reflect actual habitat 

preferences or fitness outcomes.  Therefore, an important next step is to examine actual 

habitat preference and quality of individual species across stand types and patch sizes via 

settlement chronology, site fidelity and fitness parameters.    

Species richness did not differ between stand types, likely due to drastic differences in 

patch sizes between spruce-fir and young lodgepole stands.  Richness increased with 

increasing patch size in spruce-fir stands, with an asymptote of approximately 25 species at 

200 ha.  The limited patch size range of young lodgepole stands potentially obfuscated a 
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species-area relationship.  Within the same patch size range (5-17 ha) of spruce-fir, the stand 

types had approximately equal avian richness.  However, it is unlikely that if young lodgepole 

stands had a maximum patch size equal to spruce-fir patches (220 ha) that richness would 

increase commensurately in young lodgepole stands.  In studies of habitat fragmentation and 

biogeography, larger patches typically have greater habitat complexity and support greater 

species richness (Mac Arthur 1967, Hoyle and Harborne 2005).  However, none of the 

microhabitat variables we measured were statistically affected by patch size.     

Due to the extent and magnitude of the mountain pine beetle epidemic in the 

Intermountain West, landscape-wide habitat changes will likely have significant impacts on 

songbird and woodpecker populations.  Avian populations may either become locally 

extirpated, or they may use alternate stand types, such as those we studied, as temporary 

refugia.  Crowding, reduced fitness, and changes in species dynamics may occur in remaining 

habitat areas, as individuals compete for limited resources.  We addressed the first critical step 

in understanding avian-habitat associations in post-bark beetle landscapes.  An important 

follow-up question will be to determine the underlying mechanisms for avian use of alternate 

stand types, which may facilitate management decisions aimed at maintaining coniferous 

wildlife, post-epidemic. 

4.1 Management implications 

Long-term predictions of coniferous forest characteristics in North America are 

uncertain.  Climate change and future beetle populations will likely continue to impact forest 

structure in new and unpredictable ways.  However, contemporary management regimes can 

help maintain coniferous biodiversity in the near future.  We suggest that managing a 
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diversity of coniferous stand types and patch sizes should facilitate avian diversity within 

western landscapes.  Maintaining tracts of the largest spruce-fir and young lodgepole stands 

may conserve the greatest number of avian species, and managing young lodgepole stands of 

a variety of patch sizes can ensure persistence of fly-catching birds and species that forage 

and nest in lower forest strata.  Finally, prioritizing conservation of spruce-fir tracts appears to 

facilitate maintenance of forest specialist species, as mature forest structure becomes scarcer 

in post-bark beetle landscapes. 

Acknowledgements 

This study was funded by a State Wildlife Grant from the Wyoming Game & Fish 

Department.  Special thanks to our cooperators Martin Grenier and Andrea Orabona of the 

Wyoming Game & Fish Department.  We thank the Wyoming Cooperative Fish and Wildlife 

Research Unit, especially M. Larson for her help with logistics.  Thanks to our field 

technicians (e.g. Lindsey Sanders, Holland Youngman, Rose Salonikios, and Mike Sullivan) 

for their dedication and enthusiasm.  T. Wyckoff assisted with creating GIS layers for site 

selection.  Dr. K. Gerow provided advice with statistical analyses.  Thanks to the USDA 

Forest Service of Medicine Bow-Routt National Forest, especially B. Monroe and S. Best for 

their help with logistics in the field. 



20 
 

Literature Cited 

Adams, E. M., and M. L. Morrison. 1993. Effects of Forest Stand Structure and Composition 
on Red-Breasted Nuthatches and Brown Creepers. Journal of Wildlife Management 
57:616-629. 

Amman, G. D., M. D. McGregor, D. B. Cahill, and W. H. Klein. 1977. Guidelines for 
reducing losses of lodgepole pine to the mountain pine beetle in unmanaged stands in 
the Rocky Mountains. United States Dep Agric For Serv gen tech Rep INT No. 36:1-
19,illust. 

Andren, H. 1992. Corvid Density and Nest Predation in Relation to Forest Fragmentation - a 
Landscape Perspective. Ecology 73:794-804. 

_____. 1994. Effects of Habitat Fragmentation on Birds and Mammals in Landscapes with 
Different Proportions of Suitable Habitat - a Review. Oikos 71:355-366. 

Astrup, R., K. D. Coates, and E. Hall. 2008. Recruitment limitation in forests: Lessons from 
an unprecedented mountain pine beetle epidemic. Forest Ecology and Management 
256:1743-1750. 

Ayres, M. P., and M. J. Lombardero. 2000. Assessing the consequences of global change for 
forest disturbance from herbivores and pathogens. Science of the Total Environment 
262:263-286. 

Azeria, E. T., J. Ibarzabal, C. Hebert, J. Boucher, L. Imbeau, and J.-P. L. Savard. 2011. 
Differential response of bird functional traits to post-fire salvage logging in a boreal 
forest ecosystem. Acta Oecologica-International Journal of Ecology 37:220-229. 

Bayne, E., and K. Hobson. 2000. Relative use of contiguous and fragmented boreal forest by 
red squirrels (Tamiasciurus hudsonicus). Canadian Journal of Zoology-Revue 
Canadienne De Zoologie 78:359-365. 

Bentz, B. J., J. Regniere, C. J. Fettig, E. M. Hansen, J. L. Hayes, J. A. Hicke, R. G. Kelsey, J. 
F. Negron, and S. J. Seybold. 2010. Climate Change and Bark Beetles of the Western 
United States and Canada: Direct and Indirect Effects. Bioscience 60:602-613. 

Berryman, A. A. 1976. Theoretical Explanation of Mountain Pine Beetle Dynamics in 
Lodgepole Pine Forests. Environmental Entomology 5:1225-1233. 

Bonnot, T. W., J. J. Millspaugh, and M. Rumble. 2009. Multi-scale nest-site selection by 
black-backed woodpeckers in outbreaks of mountain pine beetles. Forest Ecology and 
Management 259:220-228. 

Boulet, M., M. Darveau, and L. Belanger. 2000. A landscape perspective of bird nest 
predation in a managed boreal black spruce forest. Ecoscience 7:281-289. 



21 
 

Brown, J. D., T. J. Benson, and J. C. Bednarz. 2009. Vegetation Characteristics of Swainson's 
Warbler Habitat at the White River National Wildlife Refuge, Arkansas. Wetlands 
29:586-597. 

Bull, E. L. 1983. Bird response to beetle-killed lodgepole pine. Murrelet 64:94-96. 

Bunnell, F. L., and I. Houde. 2010. Down wood and biodiversity - implications to forest 
practices. Environmental Reviews 18:397-421. 

Burnham, K. P., D. R. Anderson, and J. L. Laake. 1980. Estimation of Density from Line 
Transect Sampling of Biological Populations. Wildlife Monographs:7-202. 

Canterbury, G. E., T. E. Martin, D. R. Petit, L. J. Petit, and D. F. Bradford. 2000. Bird 
communities and habitat as ecological indicators of forest condition in regional 
monitoring. Conservation Biology 14:544-558. 

Chettri, N., E. Sharma, and D. C. Deb. 2001. Bird community structure along a trekking 
corridor of Sikkim Himalaya: a conservation perspective. Biological Conservation 
102:1-16. 

Cole, W. E., and G. D. Amman. 1980. Mountain pine beetle dynamics in lodgepole pine 
forests. Part 1: course of an infestation. U S Forest Service General Technical Report 
INT:1-56. 

Collins, B. J., C. C. Rhoades, R. M. Hubbard, and M. A. Battaglia. 2011. Tree regeneration 
and future stand development after bark beetle infestation and harvesting in Colorado 
lodgepole pine stands. Forest Ecology and Management 261:2168-2175. 

Collins, B. J., C. C. Rhoades, J. Underhill, and R. M. Hubbard. 2010. Post-harvest seedling 
recruitment following mountain pine beetle infestation of Colorado lodgepole pine 
stands: a comparison using historic survey records. Canadian Journal of Forest 
Research-Revue Canadienne De Recherche Forestiere 40:2452-2456. 

Colwell, R. K., A. Chao, N. J. Gotelli, S.-Y. Lin, C. X. Mao, R. L. Chazdon, and J. T. 
Longino. 2012. Models and estimators linking individual-based and sample-based 
rarefaction, extrapolation and comparison of assemblages. Journal of Plant Ecology-
Uk 5:3-21. 

Conner, R. N., J. G. Dickson, B. A. Locke, and C. A. Segelquist. 1983. Vegetation 
Characteristics Important to Common Songbirds in East Texas. Wilson Bulletin 
95:349-361. 

Conner, R. N., D. Saenz, D. C. Rudolph, W. G. Ross, D. L. Kulhavy, and R. N. Coulson. 
2001. Does Red-cockaded Woodpecker excavation of resin wells increase risk of bark 
beetle infestation of cavity trees? Auk 118:219-224. 



22 
 

Coops, N. C., M. A. Wulder, and R. H. Waring. 2012. Modeling lodgepole and jack pine 
vulnerability to mountain pine beetle expansion into the western Canadian boreal 
forest. Forest Ecology and Management 274:161-171. 

Crain, B. R., K. P. Burnham, D. R. Anderson, and J. L. Lake. 1979. Nonparametric 
Estimation of Population Density for Line Transect Sampling Using Fourier Series. 
Biometrical Journal 21:731-748. 

Crockett, A. B., and P. L. Hansley. 1978. Apparent response of Picoides woodpeckers to 
outbreaks of the pine bark beetle. Western Birds 9:67-70. 

Cudmore, T. J., N. Bjorklund, A. L. Carroll, and B. S. Lindgren. 2010. Climate change and 
range expansion of an aggressive bark beetle: evidence of higher beetle reproduction 
in naive host tree populations. Journal of Applied Ecology 47:1036-1043. 

Debinski, D. M., and R. D. Holt. 2000. A survey and overview of habitat fragmentation 
experiments. Conservation Biology 14:342-355. 

Drapeau, P., A. Leduc, J. F. Giroux, J. P. L. Savard, Y. Bergeron, and W. L. Vickery. 2000. 
Landscape-scale disturbances and changes in bird communities of boreal mixed-wood 
forests. Ecological Monographs 70:423-444. 

Drever, M. C., K. E. H. Aitken, A. R. Norris, and K. Martin. 2008. Woodpeckers as reliable 
indicators of bird richness, forest health and harvest. Biological Conservation 
141:624-634. 

Drever, M. C., J. R. Goheen, and K. Martin. 2009. Species-energy theory, pulsed resources, 
and regulation of avian richness during a mountain pine beetle outbreak. Ecology 
90:1095-1105. 

Edworthy, A. B., M. C. Drever, and K. Martin. 2011. Woodpeckers increase in abundance but 
maintain fecundity in response to an outbreak of mountain pine bark beetles. Forest 
Ecology and Management 261:203-210. 

Eklund, A., M. G. Wing, and J. Sessions. 2009. Evaluating Economic and Wildlife Habitat 
Considerations for Snag Retention Policies in Burned Landscapes. Western Journal of 
Applied Forestry 24:67-75. 

Fahrig, L. 1997. Relative effects of habitat loss and fragmentation on population extinction. 
Journal of Wildlife Management 61:603-610. 

Fletcher, D., D. MacKenzie, and E. Villouta. 2005. Modelling skewed data with many zeros: 
A simple approach combining ordinary and logistic regression. Environmental and 
Ecological Statistics 12:45-54. 

Fletcher, R. J., L. Ries, J. Battin, and A. D. Chalfoun. 2007. The role of habitat area and edge 
in fragmented landscapes: definitively distinct or inevitably intertwined? Canadian 
Journal of Zoology-Revue Canadienne De Zoologie 85:1017-1030. 



23 
 

Freemark, K. E., and H. G. Merriam. 1986. Importance of Area and Habitat Heterogeneity to 
Bird Assemblages in Temperate Forest Fragments. Biological Conservation 36:115-
141. 

Gorissen, L., M. Gorissen, and M. Eens. 2006. Heterospecific song matching in two closely 
related songbirds (Parus major and P-caeruleus): great tits match blue tits but not vice 
versa. Behavioral Ecology and Sociobiology 60:260-269. 

Greenberg, R., P. Bichier, and A. C. Angon. 2000. The conservation value for birds of cacao 
plantations with diverse planted shade in Tabasco, Mexico. Animal Conservation 
3:105-112. 

Horn, D. J. 1985. Breeding Birds of a Central Ohio Woodlot in Response to Succession and 
Urbanization. Ohio Journal of Science 85:34-40. 

Hoyle, M., and A. R. Harborne. 2005. Mixed effects of habitat fragmentation on species 
richness and community structure in a microarthropod microecosystem. Ecological 
Entomology 30:684-691. 

Hutto, R. L. 1994. The Composition and Social-Organization of Mixed-Species Flocks in a 
Tropical Deciduous Forest in Western Mexico. Condor 96:105-118. 

Jenkins, M. J., E. Hebertson, W. Page, and C. A. Jorgensen. 2008. Bark beetles, fuels, fires 
and implications for forest management in the Intermountain West. Forest Ecology 
and Management 254:16-34. 

Jokimaki, J., E. Huhta, J. Itamies, and P. Rahko. 1998. Distribution of arthropods in relation 
to forest patch size, edge, and stand characteristics. Canadian Journal of Forest 
Research-Revue Canadienne De Recherche Forestiere 28:1068-1072. 

Kayes, L. J., and D. B. Tinker. 2012. Forest structure and regeneration following a mountain 
pine beetle epidemic in southeastern Wyoming. Forest Ecology and Management 
263:57-66. 

Knight, D. H. 1994. Mountains and plains: the ecology of Wyoming landscapes. Pages i-xi, 1-
338 in  Mountains and plains: the ecology of Wyoming landscapes. 

Koch, A. J., M. C. Drever, and K. Martin. 2011. The efficacy of common species as 
indicators: avian responses to disturbance in British Columbia, Canada. Biodiversity 
and Conservation 20:3555-3575. 

Koprowski, J. L., M. I. Alanen, and A. M. Lynch. 2005. Nowhere to run and nowhere to hide: 
Response of endemic Mt. Graham red squirrels to catastrophic forest damage. 
Biological Conservation 126:491-498. 

Lance, E. W., and S. Howell. 2000. Survey of songbirds during a spruce beetle (Dendroctonus 
rufipennis) outbreak on the Kenai Peninsula, Alaska. Northwestern Naturalist 81:1-10. 



24 
 

Larsen, J. A. 1930. Forest types of the northern Rocky Mountains and their climatic controls. 
Ecology 11:631-672. 

Legrand, H. G., M. J. Chamberlain, and E. B. Moser. 2007. Diversity and abundance of 
breeding birds in a managed loblolly pine forest in Louisiana. American Midland 
Naturalist 157:329-344. 

Lemmon, P. E. 1956. A spherical densiometer for estimating forest overstory density. Forest 
Sci 2:314-320. 

Liira, J., and K. Kohv. 2010. Stand characteristics and biodiversity indicators along the 
productivity gradient in boreal forests: Defining a critical set of indicators for the 
monitoring of habitat nature quality. Plant Biosystems 144:211-220. 

Logan, J. A., and J. A. Powell. 2001. Ghost forest, global warming, and the mountain pine 
beetle (Coleoptera: Scolytidae). American Entomologist 47:160-173. 

Lomolino, M. V., J. H. Brown, and R. Davis. 1989. Island Biogeography of Montane Forest 
Mammals in the American Southwest. Ecology 70:180-194. 

Lotan, J. E., and W. B. Critchfield. 2011. Pinus contorta Dougl. ex. Loud. Lodgepole Pine.  
in. 

Mac Arthur, R. H., and E.O. Wilson. 1967. The Theory of Island Biogeography. Princeton 
University Press. 

Mahon, C. L., J. D. Steventon, and K. Martin. 2008. Cavity and bark nesting bird response to 
partial cutting in Northern conifer forests. Forest Ecology and Management 256:2145-
2153. 

Martin, K., A. Norris, and M. Drever. 2006. Effects of bark beetle outbreaks on avian 
biodiversity in the British Columbia interior: implications for critical habitat 
management. British Columbia Journal of Ecosystems and Management 7:10-25. 

Martin, T. E. 1988. Habitat and Area Effects on Forest Bird Assemblages - Is Nest Predation 
an Influence. Ecology 69:74-84. 

Matsuoka, S. M., and C. M. Handel. 2007. Nesting ecology of boreal forest birds following a 
massive outbreak of spruce beetles. Journal of Wildlife Management 71:51-63. 

Matsuoka, S. M., C. M. Handel, and D. R. Ruthrauff. 2001. Densities of breeding birds and 
changes in vegetation in an Alaskan boreal forest following a massive disturbance by 
spruce beetles. Canadian Journal of Zoology-Revue Canadienne De Zoologie 
79:1678-1690. 

McIntyre, N. E. 1995. Effects of Forest Patch Size on Avian Diversity. Landscape Ecology 
10:85-99. 



25 
 

Meadows, D. W. 2001. Centre-edge differences in behaviour, territory size and fitness in 
clusters of territorial damselfish: Patterns, causes, and consequences. Behaviour 
138:1085-1116. 

Niemela, J. 1997. Invertebrates and boreal forest management. Conservation Biology 11:601-
610. 

Niemela, J., Y. Haila, E. Halme, T. Lahti, T. Pajunen, and P. Punttila. 1988. The Distribution 
of Carabid Beetles in Fragments of Old Coniferous Taiga and Adjacent Managed 
Forest. Annales Zoologici Fennici 25:107-119. 

Norris, A. R., and K. Martin. 2008. Mountain pine beetle presence affects nest patch choice of 
red-breasted nuthatches. Journal of Wildlife Management 72:733-737. 

_____. 2010. The perils of plasticity: dual resource pulses increase facilitation but destabilize 
populations of small-bodied cavity-nesters. Oikos 119:1126-1135. 

O'Connell, T. J., L. E. Jackson, and R. P. Brooks. 2000. Bird guilds as indicators of ecological 
condition in the central Appalachians. Ecological Applications 10:1706-1721. 

Pearson, S. F., and D. A. Manuwal. 2001. Breeding bird response to riparian buffer width in 
managed Pacific Northwest Douglas-fir forests. Ecological Applications 11:840-853. 

Perry, D. A., and J. E. Lotan. 1979. Model of Fire Selection for Serotiny in Lodgepole Pine. 
Evolution 33:958-968. 

Raffa, K. F., B. H. Aukema, B. J. Bentz, A. L. Carroll, J. A. Hicke, M. G. Turner, and W. H. 
Romme. 2008. Cross-scale drivers of natural disturbances prone to anthropogenic 
amplification: The dynamics of bark beetle eruptions. Bioscience 58:501-517. 

Raphael, M. G., D. E. Mack, J. M. Marzluff, and J. M. Luginbuhl. 2002. Effects of forest 
fragmentation on populations of the marbled murrelet. Studies in Avian Biology 
25:221-235. 

Romme, W. H., and D. H. Knight. 1981. Fire Frequency and Subalpine Forest Succession 
Along a Topographic Gradient in Wyoming. Ecology 62:319-326. 

Romme, W. H., D. H. Knight, and J. B. Yavitt. 1986. Mountain Pine Bettle Outbreaks in the 
Rocky-Mountains - Regulators of Primary Productivity. American Naturalist 127:484-
494. 

Rosenberg, K. V., J. D. Lowe, and A. A. Dhondt. 1999. Effects of forest fragmentation on 
breeding tanagers: A continental perspective. Conservation Biology 13:568-583. 

Safranyik, L. 1976. Size-Related and Sex-Related Emergence, and Survival in Cold Storage, 
of Mountain Pine Beetle Dendroctonus-Ponderosae Hopk (Coleoptera-Scolytidae) 
Adults. Canadian Entomologist 108:209-212. 



26 
 

Safranyik, L., and A. L. Carroll. 2006. The biology and epidemiology of the mountain pine 
beetle in lodgepole pine forests. Pages 1-66 in  The mountain pine beetle: a synthesis 
of biology, management, and impacts on lodgepole pine. 

Salek, M. 2004. The spatial pattern of the black-billed magpie, Pica pica, contribution to 
predation risk on dummy nests. Folia Zoologica 53:57-64. 

Sallabanks, R., J. B. Haufler, and C. A. Mehl. 2006. Influence of forest vegetation structure 
on avian community composition in west-central Idaho. Wildlife Society Bulletin 
34:1079-1093. 

Scherzinger, W. 2006. Response of bird communities to the extensive collapse of tree stands 
in mountainous spruce forests of the Inner Bavarian Forest. Vogelwelt 127:209-263. 

Schieck, J., and S. J. Song. 2006. Changes in bird communities throughout succession 
following fire and harvest in boreal forests of western North America: literature 
review and meta-analyses. Canadian Journal of Forest Research-Revue Canadienne 
De Recherche Forestiere 36:1299-1318. 

Schmiegelow, F. K. A., C. S. Machtans, and S. J. Hannon. 1997. Are boreal birds resilient to 
forest fragmentation? An experimental study of short-term community responses. 
Ecology 78:1914-1932. 

Shackelford, C. E., and R. N. Conner. 1997. Woodpecker abundance and habitat use in three 
forest types in eastern Texas. Wilson Bulletin 109:614-629. 

Shifley, S. R., F. R. Thompson, W. D. Dijak, M. A. Larson, and J. J. Millspaugh. 2006. 
Simulated effects of forest management alternatives on landscape structure and habitat 
suitability in the Midwestern United States. Forest Ecology and Management 229:361-
377. 

Shore, T. L., L. Safranyik, B. C. Hawkes, and S. W. Taylor. 2006. Effects of the mountain 
pine beetle on lodgepole pine stand structure and dynamics. Pages 95-114 in L. 
Safranyik, andB. Wilson, editors. The mountain pine beetle: a synthesis of biology, 
management, and impacts on lodgepole pine. Canadian Forest Service. 

Shure, D. J., and D. L. Phillips. 1991. Patch Size of Forest Openings and Arthropod 
Populations. Oecologia 86:325-334. 

Siepielski, A. M. 2006. A possible role for red squirrels in structuring breeding bird 
communities in lodgepole pine forests. Condor 108:232-238. 

Smith, K. M., W. S. Keeton, T. M. Donovan, and B. Mitchell. 2008. Stand-level forest 
structure and avian habitat: Scale dependencies in predicting occurrence in a 
heterogeneous forest. Forest Science 54:36-46. 

Steeger, C., and C. L. Hitchcock. 1998. Influence of forest structure and diseases on nest-site 
selection by red-breasted nuthatches. Journal of Wildlife Management 62:1349-1358. 



27 
 

Stone, W. 1995. The impact of a mountain pine beetle epidemic on wildlife habitat and 
communities in post-epidemic stands of a lodgepole pine forest in northern Utah Pages 
229 in  [dissertation]. Utah State University,Logan, Utah. 

Streby, H. M., S. M. Peterson, and D. E. Andersen. 2011. Invertebrate availability and 
vegetation characteristics explain use of nonnesting cover types by mature-forest 
songbirds during the postfledging period. Journal of Field Ornithology 82:406-414. 

Streby, H. M., S. M. Peterson, and P. M. Kapfer. 2009. Fledging Success Is a Poor Indicator 
of the Effects of Bird Blow Flies on Ovenbird Survival. Condor 111:193-197. 

Sullivan, T. P., D. S. Sullivan, P. M. F. Lindgren, and D. B. Ransome. 2007. Long-term 
responses of ecosystem components to stand thinning in young lodgepole pine forest 
IV. Relative habitat use by mammalian herbivores. Forest Ecology and Management 
240:32-41. 

Thomas, L., S. T. Buckland, E. A. Rexstad, J. L. Laake, S. Strindberg, S. L. Hedley, J. R. B. 
Bishop, T. A. Marques, and K. P. Burnham. 2010. Distance software: design and 
analysis of distance sampling surveys for estimating population size. Journal of 
Applied Ecology 47:5-14. 

Toledo, D. P., J. E. Herrick, and L. B. Abbott. 2010. A Comparison of Cover Pole With 
Standard Vegetation Monitoring Methods. Journal of Wildlife Management 74:600-
604. 

Vanhorne, B. 1983. Density as a Misleading Indicator of Habitat Quality. Journal of Wildlife 
Management 47:893-901. 

Villard, M. A., M. K. Trzcinski, and G. Merriam. 1999. Fragmentation effects on forest birds: 
Relative influence of woodland cover and configuration on landscape occupancy. 
Conservation Biology 13:774-783. 

Vitz, A. C., and A. D. Rodewald. 2007. Vegetative and fruit resources as determinants of 
habitat use by mature-forest birds during the postbreeding period. Auk 124:494-507. 

von Ahlefeldt, J., and C. Speas. 1996. Biophysical and historical aspects of species and 
ecosystems. Unpublished report of the Medicine Bow National Forest. 

Warren, W. G., and P.F. Olsen. 1964. A line intersect technique for assessing logging waste. 
Forest Science 10:267-276. 

Weber, T. C., P. J. Blank, and A. Sloan. 2008. Field validation of a conservation network on 
the Eastern Shore of Maryland, USA, using breeding birds as bio-indicators. 
Environmental Management 41:538-550. 

White, P. J. T., B. J. McGill, and M. J. Lechowicz. 2012. Detecting changes in forest floor 
habitat after canopy disturbance. Ecological Research 27:397-406. 



28 
 

Wunderle, J. M., L. M. P. Henriques, and M. R. Willig. 2006. Short-term responses of birds to 
forest gaps and understory: An assessment of reduced-impact logging in a lowland 
Amazon forest. Biotropica 38:235-255. 

Yeager, L. E., and L. E. Riordan. 1953. Effects of beetle-killed timber on range and wildlife 
in Colorado. The Colorado A & M College, the Colorado Game and Fish Department, 
the Wildlife Management Institute, and the Fish and Wildlife Service, Department of 
the Interior. 

Young, J. S., Amy Climburg, Kristina Smucker, and Richard L. Hutto. 2007. Point Count 
Protocol, Northern Region Landbird Monitoring Program. Avian Science Center, 
Division of Biological Sciences, University of Montana  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



29 
 

Table 1.  Species grouped by similar habitat requirements into nesting and foraging guilds.   

Nesting guilds 

 

 

Large stick  American crow (Corvus brachyrhynchos), 
Clark’s nutcracker (Nucifraga columbiana), gray 
jay (Perisoreus canadensis), Steller’s jay 
(Cyanocitta stelleri), common raven (Corvus 
corax) 

Open cup ground/understory  American robin (Turdus migratorius), dark-eyed 
junco (Junco hyemalis), hermit thrush (Catharus 
guttatus), Swainson’s thrush (Catharus 
ustulatus), chipping sparrow (Spizella passerina), 
Townsend’s solitaire (Myadestes townsendi), fox 
sparrow (Passerella iliaca), white-crowned 
sparrow (Zonotrichia leucophrys), dusky 
flycatcher (Empidonax oberholseri) 

Open cup niche/canopy  brown creeper (Certhia americana), olive-sided 
flycatcher (Contopus cooperi), Western wood 
pewee (Contopus sordidulus), yellow-rumped 
warbler (Dendroica coronata), Western tanager 
(Piranga ludoviciana), pine grosbeak (Pinicola 
enucleator), ruby-crowned kinglet (Regulus 
calendula), golden-crowned kinglet (Regulus 
satrapa), pine siskin (Carduelis pinus), Cassin’s 
finch (Carpodacus cassinii), red crossbill (Loxia 
curvirostra), Hammond’s flycatcher (Empidonax 
hammondii) 

Primary cavity American three-toed woodpecker (Picoides 
dorsalis), downy woodpecker (Picoides 
pubescens), hairy woodpecker (Picoides 
villosus), Northern flicker (Colaptes auratus), 
red-naped sapsucker (Sphyrapicus nuchalis), 
Williamson’s sapsucker (Sphyrapicus thyroideus) 

Secondary cavity  tree swallow (Tachycineta bicolor), mountain 
chickadee (Poecile gambeli), red-breasted 
nuthatch (Sitta canadensis), black-capped 
chickadee (Poecile atricapilla), Cordilleran 
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flycatcher (Empidonax occidentalis), mountain 
bluebird (Sialia currucoides) 

Foraging guilds 

 

 

Bark/upper foliage glean red-breasted nuthatch (Sitta canadensis), brown 
creeper (Certhia americana), ruby-crowned 
kinglet (Regulus calendula), golden-crowned 
kinglet (Regulus satrapa), mountain chickadee 
(Poecile gambeli), black-capped chickadee 
(Poecile atricapilla), Western tanager (Piranga 
ludoviciana), yellow-rumped warbler (Dendroica 
coronata) 

Bark borer  American three-toed woodpecker (Picoides 
dorsalis), downy woodpecker (Picoides 
pubescens), hairy woodpecker (Picoides 
villosus), red-naped sapsucker (Sphyrapicus 
nuchalis), Williamson’s sapsucker (Sphyrapicus 
thyroideus) 

Conifer seed  Clark’s nutcracker (Nucifraga columbiana), pine 
grosbeak (Pinicola enucleator), red crossbill 
(Loxia curvirostra), pine siskin (Carduelis pinus) 

Generalistic/opportunistic American crow (Corvus brachyrhynchos), 
common raven (Corvus corax), gray jay 
(Perisoreus canadensis), Steller’s jay (Cyanocitta 
stelleri) 

Ground/understory  Northern flicker (Colaptes auratus), American 
robin (Turdus migratorius), dark-eyed junco 
(Junco hyemalis), chipping sparrow (Spizella 
passerina), hermit thrush (Catharus guttatus), 
Swainson’s thrush (Catharus ustulatus), fox 
sparrow (Passerella iliaca), white-crowned 
sparrow (Zonotrichia leucophrys), Cassin’s finch 
(Carpodacus cassinii), mountain bluebird (Sialia 
currucoides) 

Aerial flycatcher  dusky flycatcher (Empidonax oberholseri), 
Hammond’s flycatcher (Empidonax hammondii), 
olive-sided flycatcher (Contopus cooperi), 
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Western wood pewee (Contopus sordidulus), tree 
swallow (Tachycineta bicolor), Townsend’s 
solitaire (Myadestes townsendi), Cordilleran 
flycatcher (Empidonax occidentalis) 
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Table 2. Comparison of detection probabilities ‘p’ and 95% confidence intervals of avian 
species with  80 total detections in young lodgepole versus spruce-fir stands in the Medicine 
Bow National Forest, WY, 2010-2011, from program DISTANCE. 

 p (95% CI) p (95% CI) 

Species Lodgepole Spruce-fir 

Dark-eyed junco (Junco hyemalis)  0.69 (0.57, 0.82) 0.80 (0.69, 0.92) 

Yellow-rumped warbler (Dendroica coronata) 0.70 (0.44, 1.0) 0.76 (0.49, 1.0) 

Hermit thrush (Catharus guttatus) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 

Mountain chickadee (Poecile gambeli) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 

Ruby-crowned kinglet (Regulus calendula) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 

American robin (Turdus migratorius) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 

Pine siskin (Carduelis pinus) 0.64 (0.24, 1.0) 0.47 (0.22, 0.97) 
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Table 3.  Summary statistics from ANCOVA of each avian nesting and foraging guild by 
stand type (ST) and patch size effects (PS) in the Medicine Bow National Forest, WY, 2010-
2011.  Positive  indicates greater relative abundance in young lodgepole; negative  indicates 
greater relative abundance in spruce-fir. 

Nesting guilds                         (± SE)           F          P 

Large stick  ST: -0.24 

PS: <0.01

(0.10) 

(<0.01)

6.24 

1.07 

0.014 

0.303

Open cup ground/understory ST: 0.94 

PS: <0.01

(0.19) 

(<0.01)

23.88 

0.03 

<0.001  

0.871

Open cup niche/canopy ST: 0.19 

PS: <0.01

(0.18) 

(<0.01)

1.11 

0.18 

0.295 

0.672

Primary cavity ST: -0.37 

PS: <0.01

(0.09) 

(<0.01)

15.28 

1.61 

<0.001  

0.209

Secondary cavity ST: -0.40 

PS: <-0.01

(0.10) 

(<0.01)

16.16 

0.35 

<0.001  

0.554

Foraging guilds  

Bark/upper foliage glean ST: -0.52 

PS: <-0.01

(0.21) 

(<0.01)

6.40 

0.06 

0.013 

0.806

Bark borer ST: -0.36 

PS: <0.01

(0.09) 

(<0.01)

15.69 

1.82 

<0.001  

0.181

Conifer seed ST: <-0.01 

PS: <0.01

(0.11) 

(<0.01)

<0.01 

1.56 

0.973 

0.215

Generalist/opportunistic ST: -0.21 

PS: <0.01

(0.10) 

(<0.01)

4.99 

0.84 

0.028 

0.363

Ground/understory  ST: 0.92 

PS: <0.01

(0.20) 

(<0.01)

22.01 

0.02 

<0.001  

0.882
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Aerial flycatcher ST: 0.46 

PS: <-0.01

(0.10) 

(<0.01)

20.43 

9.48 

<0.001  

0.004

Note: For all F statistics, df =  1, 85, except Aerial flycatchers df = 1, 43 
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Table 4.  Summary statistics and results of MANCOVA tests comparing structural 
characteristics in spruce-fir and young lodgepole stands. 

Habitat structure       Spruce-fir Young 
lodgepole 

     F1,85       P 

 Mean          SE Mean          SE  

Shrub cover (%) 0.007   0.0004 0.006    0.0005 0.47 0.494

Log & stump cover (%) 0.0009 0.00009 0.0008  0.00008 0.57 0.450

Canopy cover (%) 62.71       2.64 20.08        2.39 111.36 0.001

Live vegetation (%) 33.18       2.03 28.63        2.06 1.21 0.275

Litter cover (%) 62.7       2.06  59.39          2.3 1.60 0.209

Snags (no./ha) 436.7       51.3 40.7        17.7 41.98 0.001

Trees >10 cm DBH (no./ha)   1138.3       77.5  180.2        30.3 111.04 0.001

Trees <10 cm DBH (no./ha) 2171        213 3487         634 3.33 0.072

Litter depth (cm) 1.83       0.14 0.87        0.08 21.15 0.001
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CHAPTER TWO 

 

AN ASSESSMENT OF SPATIOTEMPORAL REFUGIA FOR SMALL MAMMALS 

DURING A MOUNTAIN PINE BEETLE EPIDEMIC 

Abstract

Vast expanses of lodgepole pine (Pinus contorta) forest from Arizona to British Columbia 

have been infested with the mountain pine beetle (Dendroctonus ponderosae).  Major loss of 

mature lodgepole will undoubtedly affect wildlife populations, although ultimate 

consequences to wildlife communities are largely unknown.  Small mammals are critical to 

ecosystem function, serving as a prey base to many other mammals and birds of prey, 

controlling insect populations, aiding in soil and nutrient turnover, influencing systems by 

granivory and herbivory, and restoring vegetation.  We addressed which alternative stand 

types may provide habitat for small mammals prior to mature lodgepole regeneration.  Our 

specific objectives were to examine the occurrence, abundance, and diversity of small 

mammal species in two alternative coniferous stand types and across a range of patch sizes, 

within a matrix of beetle-killed lodgepole.  During 2010 – 2011, we live-trapped small 

mammals in each stand type across a gradient of patch sizes in the Medicine Bow National 

Forest, Wyoming.  Small mammal densities did not vary with patch size in either stand type.  

Small mammal diversity was approximately equal between the stand types; however, species 

assemblages were very different between the stand types.  Most of the rarely encountered 
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species were in spruce-fir patches, whereas generalist species such as deer mice (Peromyscus 

maniculatus) and chipmunks (Tamias minimus) were almost exclusively found in young 

lodgepole.  Southern red-backed voles (Clethrionomys gapperi) had greater likelihood of 

occurrence in spruce-fir stands.  Our results provide a foundation for wildlife managers 

evaluating the size and distribution of forest stands in post-bark beetle landscapes.  Patches of 

alternative coniferous stand types, such as young lodgepole and spruce-fir, supported very 

different assemblages of small mammals, and may sustain small mammal populations during 

mature lodgepole regeneration. 

1. Introduction 

Natural disturbances are an integral part of landscapes, creating habitat heterogeneity 

and variation in habitat structure and species distributions (Eggleton et al. 2005, Munguia et 

al. 2011).  Terrestrial landscapes are naturally patchy, with habitats of various stages of 

regeneration creating a mosaic of islands within a matrix (Lomolino et al. 1989, McIntyre 

1995, Debinski and Holt 2000).  Following major disturbance or during the course of 

vegetation development, wildlife populations may respond to habitat loss or alteration by 

becoming locally extirpated, emigrating, or persisting in remaining patches of alternative 

habitat.  Previous studies researching the impacts of insect outbreaks on wildlife have focused 

on how wildlife populations fluctuate with resulting habitat structural changes (Tripet et al. 

2002, Koprowski et al. 2005, Lance et al. 2006, Sullivan et al. 2010).  However, given the 

increasing magnitude of recent insect infestations, a previously unaddressed and timely 

question is which alternative habitat types may sustain wildlife species prior to the 

regeneration of focal habitat types.    
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Lodgepole dominated-forests are one of the most common coniferous stand types in 

North America, providing 26 million ha of habitat for forest-dwelling wildlife (Larsen 1930, 

Lotan 2011).  Lodgepole pine forests are disturbance-adapted, and have evolved with 

wildfires and native insect infestations.  The fire return interval of lodgepole pine forests in 

the Intermountain West is approximately every one to three hundred years (Perry and Lotan 

1979, Romme and Knight 1981).  On a stand level, lodgepole forests are often naturally 

homogenous (Knight 1994).  However, during the past century, a combination of factors 

including fire suppression, drought, and warming winters has caused lodgepole forests to 

become more vulnerable to disease and infestation of insects (Raffa et al. 2008, Cudmore et 

al. 2010, Safranyik et al. 2010). 

The mountain pine beetle (Dendroctonus ponderosae Hopkins; MPB) is a native 

insect that infests conifers of the Genus Pinus (Safranyik 2006).  The MPB typically colonizes 

lodgepole pines  13cm diameter at breast height (DBH).  Mature, infested trees typically 

expel beetles with resin, creating pitch tubes.  However, the tree’s ability to increase resin 

production is often ineffective against MPB infestation, especially under drought stress.  

Lodgepole forest ecosystems evolved with local, small-scale MPB outbreaks, where the MPB 

typically eliminated aged, diseased individual trees.  However, the epidemic at present scale 

has infested mature pines regardless of vigor (Safranyik et al. 2010).  Since 1996, the MPB 

has included more than 1.6 million ha of lodgepole forests in northern Colorado and southern 

Wyoming, reducing lodgepole pine basal area up to 70% and reducing overstory by more than 

90% (Klutsch et al. 2009, Collins et al. 2011). 
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Widespread structural changes to lodgepole forest habitat will undoubtedly influence 

mammalian populations and distributions.  Caribou (Cichowski and Williston 2005), fisher, 

moose (Ritchie 2008), and marten (Steventon and Daust 2009) have been used to demonstrate 

the effects of mountain pine beetle epidemic on mammal populations.  While larger mammals 

are more mobile and able to emigrate out of disturbed areas, small mammal species are less 

mobile with more localized home ranges.  Therefore, small mammals may be more vulnerable 

to local population declines after large-scale disturbance (Forbes and Theberge 1993, 

Koprowski et al. 2005).  Impacts of beetle outbreaks on small mammal populations vary 

widely by species, local habitat attributes, and region (i.e., Stone 1995, Koprowski et al. 2005, 

Lance et al. 2006).  Following a beetle outbreak, understory growth is released from 

competition for water, nutrients, and sunlight, which may create favorable habitat for 

herbivorous species like voles, and for generalist species like deer mice and chipmunks 

(Eutamias minimus and E. umbrinus) (Stone 1995, Carey and Wilson 2001, Zollner and Crane 

2003).  However, loss of canopy cover has been associated with declines in red-backed vole 

(Clethrionomys gapperi) abundance (Lance and Howell 2000, Keinath and Hayward 2003, 

McDonough and Rexstad 2005, Lance et al. 2006) and subsequent loss of pine seed forage 

could cause declines in arboreal squirrels and chipmunks (Koprowski et al. 2005, Lewis 2009, 

Zugmeyer and Koprowski 2009, Noakes In preparation).  While previous studies have 

documented the temporal changes in small mammal populations following a beetle outbreak, 

it’s unclear how small mammal populations will be influenced by the magnitude of the 

current MPB epidemic.   
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Small mammal species are an integral component of forest ecosystems, and may 

ultimately influence floral and faunal biodiversity in post-MPB landscapes.  Small mammals 

influence plant species distribution by dispersing seeds to areas with less vegetative cover, 

and by preventing regeneration of some plants, via seed consumption (Terwilliger and Pastor 

1999, Norghauer and Newbery 2011, Heroldova 2012).  Burrowing small mammal species 

facilitate dispersal of mycorrhizal fungi to roots of regenerating seedlings (Maser et al. 1978, 

Frank et al. 2008).  Small mammal species influence populations of other wildlife species by 

providing a prey base to a variety of avian and mammalian predators (Buskirk and Macdonald 

1984, Martin et al. 1996).  In turn, small mammal species are important predators of songbird 

eggs and nestlings (Bradley and Marzluff 2003, Cain et al. 2003) and insects (Holling 1959, 

Vandegrift and Hudson 2009).  Therefore, knowledge of small mammal abundance and 

diversity can provide baseline evidence of ecosystem function, and help to predict future 

forest dynamics in post-bark beetle forests.   

Remaining live stand types interspersed throughout matrices of mostly dead, mature 

lodgepole likely differ in their ability to sustain wildlife communities, although to an 

unknown extent.  A critical next step for managing post-MPB forests in the Intermountain 

West is to better understand the types of wildlife assemblages supported by remaining live 

coniferous stand types.  Our objectives were to assess small mammal (Rodentia and 

Soricomorpha) abundance and diversity in previously logged (young lodgepole) and spruce-

fir stand types after a MPB epidemic, and to determine the additive or interactive effects of 

patch size (Kruess and Tscharntke 2000, Pardini et al. 2009). 



45 
 

2. Materials and methods 

2.1 Study area 

Our study was conducted during 2010- 2011 in the Medicine Bow National Forest 

(MBNF) of southeastern Wyoming, USA (41°30’N, 106°29’W).  The MBNF is the northern 

portion of a lodgepole-dominated forest region that extends from southern Wyoming through 

the entire state of Colorado and into New Mexico (von Ahlefeldt 1996).  The current MPB 

epidemic began in 1996 in northern Colorado, and reached southern Wyoming in 2003 

(www.fs.usda.gov).  The elevation of the MBNF ranges from approximately 2,500m to 

4,000m, and prior to the 1990’s, beetle outbreaks above 2,500m were rare (Knight 1994).  

However, the MPB reduced nearly 90% of mature lodgepole overstory in the general region 

from 1996 to 2009 (Collins et al. 2011) due to increased tree vulnerability from aging forests 

and warming winter temperatures (Logan et al. 2010, Shuman 2012).   

Throughout beetle-killed forests of the MBNF, there are patches of Engelmann spruce 

(Picea engelmannii) and subalpine fir (Abies lasiocarpa), mixed to varying degrees with 

aspen (Populus tremuloides) and Douglas fir (Pseudotsuga menziesii).  The MBNF is 

intensively managed, and there are many regenerating clear-cut tracts, dominated by young 

lodgepole pines.  These stands appear conspicuous on the landscape as green patches with 

abrupt edges, surrounded by dead lodgepole matrix.  Young lodgepole pines are less 

susceptible to MPB infestation, due to their smaller diameter at breast height (DBH) (Amman 

et al. 1977, Shore et al. 2006).  Young lodgepole pine stands may provide resources for small 

mammals, where an open canopy has encouraged growth of grass and seedlings, and logging 

debris provides ground cover (Carey and Johnson 1995, Sullivan et al. 2000, McComb 2003, 
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Bunnell and Houde 2010, White et al. 2012).  Spruce-fir stands, with deep litter and a 

relatively closed canopy (Heyward et al., in preparation), may provide shelter and protection 

for burrowing small mammals.  Mature spruce-fir stands have intrinsically diverse structure, 

with a variety of dead, dying, and live trees.  The spruce beetle (Dendroctonus rufipennis) has 

killed 35% of mature spruce trees in the MBNF since 2008 (Frank In preparation), and other 

bark beetles besides the MPB have impacted coniferous habitat structure in the MBNF (Kayes 

and Tinker 2012), but spruce-fir stands have largely retained heterogeneity of tree species and 

age classes.  

2.2 Site Selection 

We identified patches of young lodgepole and spruce-fir a priori using a geographic 

information system (ArcGIS Desktop 9.3, Environmental Systems Research Institute, Inc.).  

Queries of GIS layers from the USDA Forest Service Region 2 were used to select sites, and 

aerial images were used for verification of site attributes (National Agriculture Imagery 

Program 2009).  Patches spanned the entire MBNF within the typical elevation range of 

Engelmann spruce, subalpine fir, and lodgepole pine, (2,700m to 3,100m).  The widest 

available range of patch sizes was selected within each stand type.  We selected young 

lodgepole pine patches (n = 24) based on their year of harvest (1980 - 1990).  The size of 

young lodgepole patches were limited to silvicultural practices (5-17 ha), whereas spruce-fir 

patches (n = 38) covered a much broader size range (5-220 ha).  Patches of similar stand type 

were located 1km apart to ensure spatial independence. 
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2.3 Live-trapping Protocol 

We live-trapped rodents and shrews during August 2010, and August – September 

2011.  We operated a single trapping grid in each patch; each consisted of 60 traps with 10m 

spacing.  A small subset of patches (15 of 62) was surveyed both years to examine temporal 

consistency of patterns.  Grids were consistently placed 50m from the patch edge to control 

for edge effects (Fletcher et al. 2007) and at least 100m from maintained roads.  One 

aluminum Sherman trap (Large, 3” x 3-1/2” x 9”) was placed at each station.  We baited traps 

with a mixture of peanut butter, bird seed, and oatmeal.  Each trap was supplied with a small 

ball of polyester bedding for insulation, a piece of green apple for hydration, and was shaded 

with bark or brush.  Grids were set by 1800h and checked by 1100h the next morning.  Each 

captured animal was injected with a passive integrated transponder (PIT) tag, to document 

recaptures of individuals, and released at its captured location.  Each grid was trapped for 4 

consecutive nights.  On the fifth day, traps were checked, retrieved, and cleaned with a weak 

bleach solution.  Research on live animals followed ASM guidelines (Sikes and Gannon 

2011), and was approved by the institutional animal care and use committee of the University 

of Wyoming. 

2.4 Statistical Analyses  

Abundance—We generated population estimates ( ) using Program MARK (Version 

6.2., White and Burnham 1999).  Parameters were estimable for species with  7 individuals 

captured at each patch (Ben-David, M., personal communication; Table A1).  Using the 

closed captures model, we calculated population estimates for southern red-backed voles 

(Clethrionomys gapperi) and deer mice (Peromyscus maniculatus) in 2010 and 2011, and the 
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least chipmunk (Tamias minimus) in 2010.  No individuals were recaptured across years, so 

independent population estimates were computed for patches surveyed in both years.  

Encounter histories consisted of four occasions for each individual grouped by patch.  

Parameters for models comparing behavior (where capture and recapture probabilities 

differed from each other), temporal (where the rates between capture and recapture 

probabilities varied during the trapping session), and null models (where capture and 

recapture probabilities did not differ) were estimated.  These models also included the 

possibility of  differing between patches.  Models were compared using Akaike’s 

Information Criterion, corrected for small sample size (AICc) (Anderson et al. 1994).  We 

selected the model with the lowest AICc value, or the model with the fewest parameters if 

AICc values were within 2 units apart from each other.  For southern red-backed voles, we 

selected the temporal model with populations also differing by patch.  We selected the null 

model for least chipmunks, and for deer mice we selected the model where capture and 

recapture probabilities differed, and   differed by patch.  Masked shrews (Sorex cinereus), 

the most commonly encountered shrew species, were not captured or recaptured in sufficient 

numbers for populations to be estimable in Program MARK.  

We used the minimum number known alive (MNKA), or a count of the number of 

unique individuals captured at each grid, to calculate a naïve abundance estimate for each 

species.  Deer mouse sample sizes allowed us to estimate  in Program MARK for only three 

patches (Table A1), which did not allow for further estimation of deer mouse populations in 

Program MARK.  For red-backed voles and least chipmunks, we regressed each species’ 

MNKA against the corresponding  estimates.  Due to insufficient sample sizes, least 
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chipmunk  estimates were computed for only four patches in Program MARK.  The 

regression for least chipmunks was derived with supplemental MNKA and  values from a 

similar project with least chipmunks in the MBNF (Ben-David et al. unpublished data).  We 

then used the coefficients from each regression equation to calculate population estimates for 

MNKA with  7 unique captures.  Supplemental data were only used to derive the least 

chipmunk regression equation, and were not included in subsequent analyses. 

We calculated effective trapping areas to estimate densities of each species (ETA; 

Bondrup-Nielsen 1983).  A buffer around each grid was estimated to account for the area 

around the grid edges where animals could have been attracted to bait.  First, we calculated 

the mean of the maximum distance moved by recaptured individuals (Brant 1962, Tioli et al. 

2009) for each species, and added each mean distance moved to the grid area (red-backed 

vole: 1.82ha, least chipmunk: 2.16ha, deer mouse: 1.88ha).  Finally, the ETA and were 

used to calculate red-backed vole and least chipmunk density, and the ETA and MNKA were 

used to calculate deer mouse density.  Live shrew recaptures were rare; thus shrew ETA was 

not estimable. 

For patches that were trapped both years, we compared small mammal density 

estimates between stand types and across patch sizes, using repeated-measures Analysis of 

Covariance (ANCOVA) with year as the repeated measure on each patch.  Included in the 

model were stand type as fixed factor, patch size as covariate, and all possible year by stand 

type and year by patch size interaction terms.  We found no significant year by stand type or 

year by patch size or 3-way interactions, suggesting treatment effects were consistent across 

years.  Therefore, year was not included as a factor in subsequent ANCOVA models.  Red-
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backed vole, deer mouse, and shrew estimates for patches that were trapped both years were 

averaged.   

Of the 62 total patches surveyed, red-backed voles were captured in 26 patches (23 

spruce-fir, 3 young lodgepole), deer mice in 26 (9 spruce-fir, 17 young lodgepole), and 

masked shrews in 19 (13 spruce-fir, 6 young lodgepole).  Of the 55 patches trapped in 2011, 

least chipmunks were captured in 19 patches (4 spruce-fir and 15 young lodgepole).  Since 

many patches had zero captures of a given species, we used abundance given presence 

analyses (Fletcher et al. 2005).  First, using binary logistic regression, we estimated the 

presence or absence of each species using stand types and patch sizes as independent 

variables.  Second, after eliminating zeros from the analysis, we ran general linear models to 

examine stand type and patch size effects on density, for only patches where each species was 

estimated to be present.  We log transformed least chipmunk and southern red-backed vole 

densities, based on goodness of fit tests.  No stand type by patch size interactions were found, 

so we used ANCOVA models without interaction terms.  Small mammal density was the 

response variable, stand type was the main effect, and patch size was a covariate.   

Diversity—We calculated small mammal diversity of each patch using the Shannon-

Wiener index (Shannon 1948).  The Shannon-Wiener index is useful when comparing relative 

abundances in different habitats, because it distributes heavier weight to less common species 

(Sekgororoane and Dilworth 1995).  To evaluate diversity between patch sizes and stand 

types, we used ANCOVA with small mammal diversity as the response variable, stand type as 

a main effect, and patch size as a covariate.   
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3. Results 

We captured 849 individual small mammals (Rodentia and Soricomorpha) across both 

years via 17, 970 trap nights.  The most commonly captured species were southern red-backed 

voles (60% of all captures), followed by least chipmunks (16%), deer mice (9%), and masked 

shrews (6%).  All species analyzed have been known to inhabit mature lodgepole habitat, 

although to differing extents.

Population estimates—Standard error and confidence intervals provided evidence for 

the ability of Program MARK models to predict population estimates for each small mammal 

species (Table A1).  Average least chipmunk  was 16 (95% CI 13 – 25), southern red-

backed voles  was 27 (95% CI 20 – 44), and deer mouse  was 9 (95% CI 9 – 19).

Abundance Given Presence—The likelihood of each species’ presence differed 

between stand types but not with patch size, except for masked shrews, which were captured 

with equal probability across stand types and patch sizes (Table 1).  The odds of capturing a 

least chipmunk in young lodgepole pine stands were approximately 15 times greater than in 

spruce-fir stands.  Similarly, the odds of capturing a deer mouse were 12 times greater in 

young lodgepole.  Conversely, the odds of capturing a southern red-backed vole in spruce-fir 

were approximately 8 times greater than in young lodgepole stands.  Given the presence of 

each species, abundance did not differ significantly between stand types or patch sizes (Table 

2).  However, least chipmunks showed a weak stand type effect, and were 4 times more 

abundant in young lodgepole stands.  Comparison of each species’ mean abundance (with 

zeros included) between stand types agreed with our occurrence results, demonstrating that 
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deer mice and least chipmunks were more abundant in young lodgepole stands, and southern 

red-backed voles were more abundant in spruce-fir (Figure 1).   

Diversity— Small mammal diversity increased with patch size only in young 

lodgepole stands (stand type x patch size: F1,58= 6.28, P= 0.015, = 0.05 ±0.02 SE; Figure 2).  

Although diversity was very low overall (range: 0.36 to 1.73), the two stand types clearly 

supported distinct species assemblages.  Approximately 85% of captures in young lodgepole 

stands were of least chipmunks (38%), deer mice (28%), and southern red backed voles 

(19%), whereas 85% of captures in spruce-fir were of southern-red backed voles.  However, 

spruce-fir stands had more captures of rare species (  10 unique captures; Table 3).   

4. Discussion 

Lodgepole pine forests of the Intermountain West are currently experiencing a 

widespread mountain pine beetle epidemic.  Extensive and perhaps irreversible changes to 

lodgepole habitat will undoubtedly alter forest landscape composition and associated 

mammalian distributions (Atmar and Patterson 1993, With and Crist 1995, Ewers and 

Didham 2006).  We investigated how small mammal species presence, abundance, and 

diversity were partitioned in alternative coniferous stand types within a beetle-killed 

lodgepole forest matrix.  Our results suggested that: 1) the likelihood of least chipmunk and 

deer mouse presence was significantly greater in young lodgepole stands, whereas southern 

red-backed vole presence was greater in spruce-fir; 2) small mammal species abundance did 

not vary with patch size, 3) small mammal diversity increased with patch size in young 

lodgepole stands only, and 2) spruce-fir stands had more uncommon species.   
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Our results demonstrated that within a dead lodgepole forest matrix, young lodgepole 

and mature spruce-fir stands supported very distinct small mammal assemblages, likely due to 

evolved resource requirements and microhabitat associations.  Young lodgepole stands 

supported greater numbers of least chipmunks, deer mice, and ground squirrels.  These 

species typically occupy a range of habitat types including disturbed forests, and are often 

referred to as forest generalists (Sullivan and Klenner 2000).  In contrast, spruce-fir stands 

supported greater abundances of southern red-backed voles and more uncommon or rare 

species, including the pygmy shrew (Sorex hoyi) and dwarf shrew (Sorex nanus), both listed 

on the 2010 Wyoming Game and Fish Department’s Species of Greatest Conservation Need.  

Differences in stand structure characteristics likely influenced the clear contrast in 

assemblages we observed between stand types.  Spruce-fir stands have greater density of 

snags, larger diameter trees, canopy cover, and depth of litter (Heyward et al., in preparation), 

which typically support forest specialist species, including southern red-backed voles and 

shrews (Clark and Stromberg1987, Sullivan et al. 2000, Keinath and Hayward 2003).   

Spruce-fir stands had low evenness but greater total number of species (spruce-fir: 13 

spp versus young lodgepole: 8 spp).  Small mammal diversity was greatest in large patches of 

young lodgepole (Figure 1).  However, increased diversity was not likely influenced by varied 

complexity of habitat structure, as we did not observe structural differences between patch 

sizes (Heyward et al., in preparation).  A possible explanation is that more aggressive or 

dominant small mammal species (i.e. deer mice, which were more abundant in young 

lodgepole) may out-compete less territorial species in limited areas, while larger patches may 

allow for larger populations of additional species (Danielson and Gaines 1987, Eccard et al. 
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2011).  However, increased diversity in larger patches may have been mostly due to chance, 

since differences in diversity between young lodgepole patch sizes were quite small (range: 

0.59 – 1.43).    

In a post-MPB forest, distributions of small mammals may be limited to differing 

extents by forest patch boundaries.  Generalist species like deer mice, that occupy young 

lodgepole stands, likely expand their home range size to compensate for habitat loss (Andren 

1994, Verbeylen et al. 2009) by overlapping young lodgepole stands with pre-existing home 

range areas in dead lodgepole matrix.  Forest specialist species are likely confined to habitat 

boundaries to a greater extent than forest generalists (Hansson 1998, Wijesinghe 2012).  

However, red-backed voles composed 19% of species in young lodgepole stands, which could 

suggest high densities of red-backed voles in spruce-fir stands may cause a spill-over into 

sub-optimal habitat (Songer et al. 1997).     

Species dynamics may influence small mammal recolonization and subsequent 

persistence in regenerating forests (Brown and Kodric-brown 1977).  Species habitat 

specificity and overlap of interspecific resource requirements will lead to coexistence between 

species, or exclusion of less dominant species.  In regenerating forests, specialist species often 

fail to recolonize, or become locally extinct, as generalists or species better adapted to current 

conditions expand their range area (Songer et al. 1997, Horvath et al. 2012).  In our study 

system, interspecific competition may have already led to spatial separation, which may 

explain why assemblages were partitioned so disparately between stand types.  While forest 

specialist species such as red-backed voles and shrews may be sensitive to direct and indirect 

effects of forest fragmentation (Witt and Huntly 2001), they also may experience competitive 
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release in spruce-fir stands, where there are few generalist heterospecifics (Songer et al. 

1997).   

Furthermore, small mammal species dynamics and the proximity of alternative 

coniferous stand types to dead lodgepole matrix may ultimately influence vegetative 

composition and structure of regenerating stands.  As small mammals disperse seeds and 

mycorrhizal fungi, or alternatively consume seeds, conifer and understory regeneration may 

both be facilitated and limited by small mammal distributions.     

Changes to mature lodgepole habitat across the Intermountain West will undoubtedly 

cause major shifts in species distributions and persistence.  As mature lodgepole forests die, 

alternative coniferous stand types may be the only habitat types suitable for maintaining 

wildlife populations, especially those with specialized niches in mature forest stands.  Within 

landscapes of dead lodgepole matrix, alternate coniferous stand types may support small 

mammal assemblages during the interim of forest death and regeneration.  Small mammals, 

with relatively specific habitat requirements and limited home ranges, may be especially 

vulnerable to extirpation due to landscape-level habitat alteration.  We addressed the first 

critical step in understanding how small mammal communities are partitioned across 

alternative forest stand types in post-bark beetle landscapes.  Although future forest structure 

and species dynamics in post-MPB landscapes are still largely unknown, we determined that 

young lodgepole and spruce-fir may maintain different small mammal assemblages during 

landscape-wide forest changes.   

Management strategies prioritizing small mammal populations in post-beetle 

landscapes should be shaped by whether the goal is to protect a species of concern, or to 
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maintain the greatest small mammal diversity.  Maintenance of young lodgepole patches may 

sustain generalist species, or species requiring pine and grass seed, and the largest young 

lodgepole patches may conserve the greatest number of small mammal species.  Finally, 

prioritizing conservation of spruce-fir tracts appears to facilitate maintenance of forest 

specialist species, as mature forest structure becomes scarcer in post-bark beetle landscapes. 
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Table 1.  Binary logistic regression summary statistics of least chipmunk (LCHI), southern 
red-backed vole (SRBV), deer mouse (DEMO), and masked shrew (MASH) occurrence in 
two stand types (young lodgepole and spruce-fir) and across patch sizes in the Medicine Bow 
National Forest, WY, during 2010 and 2011. 

  Stand type   

Species  (±SE) Z P Odds ratio 

Log 10 (LCHI) 2.68 (±0.82)       3.29   0.001   14.58    

Log 10 (SRBV) -2.04 (±0.75)    -2.74   0.006    0.13    

DEMO 2.45 (±0.67)       3.64 0.001 11.62 

MASH -0.35 (±0.63) -0.56 0.575 0.70 

 Patch size   

Log 10 (LCHI) -0.01 (±0.02) -0.54   0.591    0.99    

Log 10 (SRBV) 0.01 (±0.01)   1.15   0.249    1.01    

DEMO 0.01 (±0.01)      0.88   0.380    1.01    

MASH 0.003 (±0.007) 0.38 0.706 1.00             
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Table 2.  Summary statistics from general linear models, comparing abundance (given 
presence) of least chipmunks (LCHI), southern red-backed voles (SRBV), deer mice 
(DEMO), and masked shrews (MASH) between stand types (young lodgepole and spruce-fir) 
and patch sizes in forested patches of the Medicine Bow National Forest, WY, during 2010 
and 2011.  

 Stand type 

Species  (±SE) F P

Log 10 (LCHI) 0.64 (±0.32)  F1,16 = 3.95           0.064

Log 10 (SRBV) -0.23 (±0.16)  F1,23 = 2.19           0.152

DEMO 0.82 (±0.53)   F1,22 = 2.37           0.138  

MASH -0.39 (±0.93) F1,16 = 0.17           0.682  

 Patch size 

Log 10 (LCHI) 0.01 (±0.01)   F1,16 = 0.21  0.647

Log 10 (SRBV) 0.001 (±0.001)  F1,23 = 0.45  0.507

DEMO -0.002 (±0.01)  F1,22 = 0.06  0.815

MASH -0.01 (±0.01) F1,16 = 0.38  0.548
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Table 3.  Uncommon small mammal species (  15 unique captures) in young lodgepole and 
spruce-fir stands of the Medicine Bow National Forest, WY, during 2010 and 2011.  

Species Young Lodgepole Spruce-fir 

Montane shrew (Sorex monticolus) 2 15 

Dwarf shrew (Sorex nanus)  6 

Merriam’s shrew (Sorex merriami)  4 

Long-tailed vole (Microtus longicaudus)  4 

Western heather vole (Phenacomys intermedius) 4  

Montane vole (Microtus montanus) 1 3 

Bushy-tailed wood rat (Neotoma cinerea)  1 

Pygmy shrew (Sorex hoyi)  1 

Western jumping mouse (Zapus princeps)  1 
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APPENDIX 

Table A1.  Least chipmunk, southern red-backed vole, and deer mouse population estimates 
and summary statistics generated in Program MARK.  Model precision is indicated by 95% 
CI.  Data were collected in young lodgepole pine (LP) and spruce-fir (SF) patches in the 
Medicine Bow National Forest, WY, during 2010 - 2011.   

Species Stand type  (±SE) 95% CI

Least chipmunk    

 LP 34.20 (±4.03)  29.60, 47.02

 LP 9.76 (±1.88)  8.32, 17.71  

 LP 9.76 (±1.88)  8.32, 17.71  

 LP 8.47 (±1.74) 7.24, 16.20  

Southern red-backed vole  

 LP 16.54 (±3.79)  12.28, 28.77

 LP 14.83 (±3.57)  10.93, 26.60  

 LP 13.13 (±3.33)  9.60, 24.42  

 SF 52.21 (±8.86)  40.27, 76.81  

 SF                51.61(±10.15)  37.74, 79.48  

 SF 50.64 (±7.55)  40.30, 71.35

 SF 50.39 (±8.64)  38.79, 74.46  

 SF 49.44 (±9.85)  36.04, 76.60  

 SF 44.94 (±7.96) 34.38, 67.39  

 SF 40.75 (±8.64)  29.27, 65.06

 SF 34.24 (±7.70)  24.24, 56.36  

 SF 32.07 (±7.39)  22.58, 53.45  

 SF 32.07 (±7.39)  22.58, 53.45  
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 SF 23.36 (±4.63) 17.74, 37.40  

 SF 23.36 (±4.63)  17.74, 37.40  

 SF 21.65 (±4.42)  16.37, 35.25  

 SF 19.95 (±4.22)  14.99, 33.10

 SF 19.49 (±4.63)  14.12, 34.09  

 SF 19.04 (±5.37) 12.76, 35.82

 SF 16.86 (±5.00)  11.16, 32.85  

 SF 16.86 (±5.00)  11.16, 32.85  

 SF 16.54 (±3.79)  12.28, 28.77

 SF 12.21 (±3.53) 8.56, 24.40  

 SF 12.21 (±3.53) 8.56, 24.40

 SF 11.42 (±3.09) 8.28, 22.24  

 SF 11.42 (±3.09)  8.28, 22.24  

Deer mouse  

 LP 7.51 (±1.50) 7.03, 16.76

 LP 8.67 (±1.65) 8.04, 18.38

 LP 12.12 (±2.08) 11.10, 23.27

 


