
 

 

 

 

EFFECTS OF MOUNTAIN PINE BEETLE ON ELK HABITAT AND NUTRITION IN  

 

THE ELKHORN MOUNTAINS OF MONTANA 

 

 

 

 

by 

 

Brent Morris Cascaddan 

 

 

 

 

 

 

 

A thesis submitted in partial fulfillment 

of the requirements for the degree 

 

 

of 

 

Master of Science 

 

in 

 

Fish and Wildlife Management 

 

 

 

MONTANA STATE UNIVERSITY 

Bozeman, Montana 

 

 

August 2018 

  



 
 

 

 

 

 

 

 

 

©COPYRIGHT 

 

by 

 

Brent Morris Cascaddan 

 

2018  

 

All Rights Reserved 



ii 
 

 
 

ACKNOWLEDGEMENTS 

 

 

This research was supported and funded by the Elkhorn Working Group, Montana 

Fish, Wildlife and Parks, the United States Forest Service, the Montana Department of 

Military Affairs, Rocky Mountain Elk Foundation and Cinnabar Foundation. I thank 

these agencies and groups for making this possible and for providing a great opportunity 

to further understand ungulate ecology in Montana. I thank my committee for their 

assistance with all aspects of the project, big and small: Mike Frisina, Robert Garrott, 

Andrea Litt, and Kelly Proffitt. I thank the 2016 – 2017 field team members and 

volunteers for their help in collecting vegetation survey data; Joe Capella, Blake 

Hoffman, Nicole Mutchler, Thomas Sutton, Jesse DeVoe, Kristin Barker, Stephanie 

Berry, and Emily Oja. I thank all the landowners for their assistance and allowing access 

that made data collection in the field possible. I thank Adam Grove, Fred Jakubowski, 

Corey Lewellen, Scot Franklin, and Denise Pengeroth for all the information about the 

Elkhorns and assistance they provided throughout the project. I thank my fellow Garrott 

Lab members (Blake, Ethan. Elizabeth, and John) for providing humor, lunch outings, 

feedback, and assistance. I owe thanks to my parents for instilling a love of the great 

outdoors in me from the beginning. Thank you to all my family for support and help with 

life’s challenges. I give special thanks to my wife, Casey, and two sons, Boone and 

Tucker, for their enduring support, love, and laughter through this challenging endeavor, 

it has helped to serve as a reminder of the big picture.  

 

 



iii 
 

 
 

TABLE OF CONTENTS 

 

 

1. INTRODUCTION ...........................................................................................................1 

 

2. STUDY AREA ................................................................................................................6 

 

3. METHODS ......................................................................................................................8 

 

    Mapping Mountain Pine Beetle Infestation .....................................................................8 

    Elk Diet ............................................................................................................................9 

    Forest Understory Vegetation Sampling ........................................................................10 

    Canopy Closure Estimation ...........................................................................................12 

    Understory Herbaceous Community Analysis...............................................................13 

    Dominant Phenology per Lodgepole Pine Cover Class .................................................14 

    Estimating Forage Biomass ...........................................................................................16 

    Estimating Herbaceous Vegetation Quality ...................................................................17 

    Elk Collaring and Location Data ...................................................................................18 

 

4. RESULTS ......................................................................................................................19 

 

    Mapping Mountain Pine Beetle Infestation ...................................................................19 

    Elk Diet ..........................................................................................................................19 

    Forest Understory Vegetation Sampling ........................................................................20 

    Canopy Closure Estimation ...........................................................................................21 

    Understory Herbaceous Community Analysis...............................................................21 

    Dominant Phenology per Lodgepole Pine Cover Class .................................................22 

    Comparing Forage Biomass ...........................................................................................24 

    Comparing Herbaceous Vegetation Quality ..................................................................25 

    Elk Use of Lodgepole Pine ............................................................................................26 

 

5. DISCUSSION ................................................................................................................27 

 

REFERENCES CITED ......................................................................................................33 

 

APPENDICES ...................................................................................................................41 

 

APPENDIX A: Study Area Maps ..........................................................................42 

            APPENDIX B: Development and Accuracy Assessment 

 of the Landcover Maps .........................................................................................45 

APPENDIX C: Summer Elk Diet ..........................................................................52 

APPENDIX D: Estimating Herbaceous Vegetation Quality .................................56 

APPENDIX E: Summer Elk Use of Cover Classes ...............................................58 
 



iv 
 

 
 

LIST OF TABLES 

 

 

Table Page 

 

1. Covariates used in linear modeling ....................................................................15 

 

2. Summary of the vegetation sample sites ............................................................20 

 

3. Estimates of canopy closure per cover class ......................................................21 

 

4. Estimates of forage plant dominant phenological stage ....................................24 

 

5. Estimates of forage biomass per cover class......................................................24 

 

6. Model coefficient estimates of forage biomass .................................................25 

 

7. Model coefficient estimates of digestible energy ..............................................26 

 

8. Proportions of lodgepole pine cover classes and elk use ...................................26 

 

 

 

 

 



v 
 

 
 

LIST OF FIGURES 

 

 

Figure Page 

 

1. Vegetation survey transect diagram ...................................................................12 

 
 

 

 

 



vi 
 

 
 

 ABSTRACT 

 
 

Mountain pine beetle (Dendroctonus ponderosae, MPB) outbreaks have become 

increasingly prevalent in western North America, resulting in ecological changes in pine 

forests that have important implications for wildlife populations and habitat. The 

potential effects of MPB-caused tree mortality on ungulate populations and habitat are 

relatively unstudied, and the possibility exists for both beneficial changes to ungulate 

habitat such as increased production of forage (i.e., forage availability) through the 

opening of the forest canopy and negative impacts such as accelerated phenology of 

herbaceous plants that may reduce forage quality. Using data collected during 2015 – 

2017 in MPB-impacted National Forests in west-central Montana, I quantified the effects 

of MPB outbreaks on elk summer forage resources and use. To accomplish this objective, 

I 1) evaluated differences in herbaceous plant communities between mature uninfested 

lodgepole pine stands and two temporal classes of MPB-impacted forest stands (i.e., 

lodgepole pine cover classes: mature uninfested, old infested: ≥10 years old, recent 

infested: <10 years old), 2) evaluated differences in elk summer forage availability and 

herbaceous vegetation quality, and 3) compared current elk use of lodgepole cover 

classes (2015 – 2017) to a previous elk telemetry study conducted during 1980 – 1991 

before the MPB epidemic. I found that herbaceous forage plant communities did not 

differ in plant species composition but did differ in forage abundance in each cover class. 

Forage abundance was significantly different between cover classes and was highest in 

the old-infested cover class, and lowest in the mature uninfested cover class. The 

dominant phenology stage of forage species did not change across cover classes by a 

biologically meaningful amount, but herbaceous quality differed across cover classes, 

however the amount of difference was small. During the 2015 – 2017 study, elk used all 

three lodgepole pine cover classes in proportion to how much of each cover class was 

available. Elk use of lodgepole pine during the 1980 – 1991 study was approximately 

double what was estimated to be available and suggests elk are using the beetle-killed 

forest less than prior to infestation. My results indicate MPB does not negatively affect 

elk nutrition during later summer (July and August), and active management of beetle-

killed forest is not necessary for the benefit of elk during this time period, but may be 

needed for improving elk habitat in other ways during other times of year. 
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EFFECTS OF MOUNTAIN PINE BEETLE ON ELK HABITAT AND NUTRITION IN  

 

THE ELKHORN MOUNTAINS OF MONTANA 

 

 

Introduction 

 

 

Current mountain pine beetle (Dendroctonus ponderosae) (MPB) outbreaks 

prevalent in pine forests of western North America, unprecedented in spatial extent, 

severity, and duration, have resulted in ecological changes that have important 

implications for wildlife populations and habitat (Kayes and Tinker 2012, Saab et al. 

2014). MPB, which attack several Pinus species, have affected almost 17.9 million ha of 

pine forest across western North America (Meddens et al. 2012). Once established, MPB 

population densities can increase rapidly under favorable climatic and stand conditions 

and cause extensive tree mortality (Klutsch et al. 2009). Lodgepole pine stand conditions 

(which may not be natural depending on site-specific wildfire frequency and/or 

suppression) with an average tree age >80 years, average tree diameter at breast height 

>20 cm, and stand stocking between 700–1500 trees per ha (Amman 1977, Pfister et al. 

1977, Gibson et al. 2009, Edwards et al. 2014) in combination with reduced minimum 

winter temperature, increased summer temperatures and reduced summer precipitation 

(Kurz et al. 2008) can facilitate MPB brood development and population increases that 

leads to epidemic outbreaks and large-scale tree mortalities.  

The principal result of a MPB outbreak is widespread defoliation of the tree 

canopy and tree mortality across large contiguous areas, comparable in spatial extent to 

the effects of other landscape-scale disturbances such as wildfire (Chan-McLeod 2006, 
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Saab et al. 2014). After the initial MPB infestation, defoliation of beetle-killed trees 

occurs within 2 – 4 years (Chan-McLeod 2006). Depending on soil moisture content, and 

stand structure (thinned stand versus unthinned stand), fall down of beetle-killed 

lodgepole pine begins 3 – 5 years after tree death, with 25 – 90% of the trees fallen 

within 10 years (Lewis and Hartley 2005, Chan-McLeod 2006, Hahn et al. 2014, Matonis 

et al. 2014).   

Most research in western North America investigating the effects of MPB on 

wildlife habitat has been focused on the forest overstory and impacts on avian and small 

mammal communities (Stone 1995, Saab et al. 2014). Although the impact of MPB 

outbreaks on forest canopy and structure is relatively well understood, less is known 

regarding the effects of changes in the herbaceous plant community of the forest 

understory on ungulates. The loss of forest canopy and the associated fall of dead needles 

and downed woody debris derived from fallen trees and dead tree limbs to the forest floor 

result in increased soil nitrogen  (Stone and Wolfe 1996, Page and Jenkins 2007, Jenkins 

et al. 2008, Saab et al. 2014). The reduction in the number of live trees and canopy cover 

also increases the availability of water and sunlight to the forest understory plant 

community (Stone and Wolfe 1996, Saab et al. 2014). Combined, these increases in 

essential abiotic resources, that limit forest understory plant communities (Donahue et al. 

1983), have the potential to increase understory vegetation and alter other characteristics 

of understory communities such as plant species composition or chemical composition of 

the soil that could impact the quality of forage (Jenkins et al. 2008, Saab et al. 2014). 

Increases in understory vegetation may benefit wildlife species associated with early seral 
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vegetation such as elk (Cervus canadensis) and deer (Odocoileus spp.) (Saab et al. 2014, 

Cook et al. 2016), which are important species in many forest management plans 

(Christensen et al. 1993, Canfield et al. 2013).  

Conifer forests are important to elk for varying reasons, such as security cover, 

resting, and foraging (Irwin and Peek 1983a, b, Edge et al. 1987, Ager et al. 2003, 

Proffitt et al. 2013, Cook et al. 2016). Research has shown that elk tend to use conifer 

forests during summer (July – August) and autumn (September – October), as opposed to 

more open habitats used in spring (Irwin and Peek 1983a, b, Edge et al. 1987). This could 

be due to the availability of higher quality forage during summer because of delayed 

phenology under the forest canopy (Van Soest 1982, Cook 2002, Ager et al. 2003). Later-

stage seral conifer forests may be nutritionally deficient for elk, but earlier seral stages 

can provide a greater abundance of higher quality forage (Irwin and Peek 1983a, Edge et 

al. 1987, Unsworth et al. 1998, Anderson et al. 2005, Mao et al. 2005, Cook et al. 2016, 

Proffitt et al. 2016). Thus, the subsequent effects of MPB infestation on understory 

vegetation that result from canopy loss could impact both elk forage and elk distributions.  

The potential effects of MPB-caused tree mortality on ungulate habitat are 

relatively unstudied, and the possibility exists for both beneficial changes to ungulate 

habitat such as increased production of forage (i.e., forage biomass) through the opening 

of the forest canopy and negative impacts such as accelerated phenology of herbaceous 

plants that may reduce forage quality (Parker et al. 1984, Mladenoff 1990, Stone and 

Wolfe 1996, Saab et al. 2014, Cook et al. 2016). With the removal of forest overstory due 

to natural disturbances, such as MPB-killed forest, understory forage production (i.e., 
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forage biomass) may increase within 2 to 4 years post-disturbance, and understory 

vegetation can shift from shade-tolerant to shade-intolerant shrubs and forbs (Edwards et 

al. 2014, Cook et al. 2016). Prior studies demonstrate that species richness can also 

increase following pine beetle infestations among various pine tree species such as 

lodgepole pine, ponderosa pine (Pinus ponderosa) and loblolly pine (Pinus taeda) 

(Leuschner and Maine 1980, Kovacic et al. 1985, Stone and Wolfe 1996). These changes 

to understory production and species richness are expected to dissipate as succession 

gradually results in the development of a new forest canopy and the depletion of soil 

nitrogen as it is increasingly sequestered in the maturing trees (Leuschner and Maine 

1980, Kovacic et al. 1985, Stone and Wolfe 1996, Page and Jenkins 2007, Jenkins et al. 

2008).  

Wildlife and forest managers are challenged to make decisions on how to mitigate 

widespread tree mortality while maintaining habitat and wildlife population objectives; 

however, knowledge gaps concerning the effects of MPB outbreaks on ungulate habitat 

currently exist. The quality and quantity of forage can influence the number of animals 

that breed and successfully reproduce (Cook 2002, Parker et al. 2009, Cook et al. 2013, 

Monteith et al. 2013). In turn, nutrition plays a fundamental role in determining 

population growth rates, carrying capacity, and the number of ungulates that can be 

harvested each year through hunting (Cook 2002, Monteith et al. 2013). With important 

life processes such as lactation, juvenile growth, breeding, and accretion of endogenous 

energy occurring during summer, ungulate habitat plays a pivotal role in nutrition 

(Monteith et al. 2013, Cook et al. 2016). Therefore, summer nutrition can potentially be a 
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limiting factor for ungulate population productivity and fitness (Parker et al. 2009, 

Monteith et al. 2013).  

The primary objective of this study was to quantify the effects of MPB outbreaks 

on understory vegetation communities, elk nutritional resources, and elk use of MPB-

impacted lodgepole pine forests in west-central Montana to provide management 

recommendations that may mitigate any negative effects of MPB on elk and their habitat. 

To accomplish this objective, I 1) evaluate differences in herbaceous plant communities 

between mature uninfested lodgepole pine stands and two temporal classes of MPB-

impacted forest stands (≥10 years old, <10 years old), 2) evaluate differences in elk 

summer forage availability and quality and, 3) evaluate effects of MPB on changes in elk 

use of lodgepole pine stands, by comparing current elk telemetry data and telemetry data 

collected prior to the MPB infestation, from 1981-1990.  

I predicted higher understory species diversity and abundance in MPB-infested 

stands, compared to matured uninfested stands, as a result of the loss of forest canopy cover 

and consequent increase in sunlight, water availability and nutrients (Stone and Wolfe 

1996, Franklin et al. 2002, Dordel et al. 2008). The loss in overstory canopy cover could 

result in changes of which plant species compose the herbaceous understory community 

(Stone and Wolfe 1996, McMillin and Allen 2000, Franklin et al. 2002, Dordel et al. 2008).  

Forage quality in MPB-infested stands could be affected in 2 ways: 1) the quality 

of forage could increase because of a potential increase in available soil moisture and soil 

nutrients derived from dead tree limbs and needles (Stone and Wolfe 1996, Page and 

Jenkins 2007, Jenkins et al. 2008, Saab et al. 2014), or 2) forage quality could be lower 
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because of accelerated plant phenology (i.e., plants would reach a stage of senescence 

earlier in the growing season) associated with a decrease in forest canopy (Van Soest 

1982, Collins and Casler 1990, George and Bell 2001, Rich et al. 2008, Parker et al. 

2009). I predicted that plants sampled inside of MPB-infested stands would be in earlier 

phenological stages (emergent, flowering, fruiting) and have higher DE values, because 

they are likely to have more soil nutrients and water available with the loss of mature 

trees (Jenkins et al. 2008, Saab et al. 2014). I expected that these differences in the 

infested stands of lodgepole pine persist until forest succession creates new forest canopy  

(Runkle 1981, Valverde and Silvertown 1997). I also predicted that elk would use the 

MPB-infested cover classes ≥ proportion available during summer because of the 

increased forage species diversity and abundance associated with these cover classes, as 

compared to other forested cover classes (i.e., Douglas Fir Mix, Spruce-Subalpine Fir 

Mix). 

Study Area 

 

 

My study areas included elk summer range located in the Elkhorn Mountains and 

the Little Belt Mountains of west-central Montana (Appendix A).  The primary study area 

was the Elkhorn study area, but due to the lack of mature uninfested lodgepole stands in 

the Elkhorn study area I also sampled vegetation in the Little Belt study area.  

The Elkhorn study area is located approximately 12 km southeast of Helena, 

Montana, USA in the Elkhorn Mountains (Figure A1; Appendix A). The Elkhorn study 

area was located in part of an island-type mountain range that covered approximately 

1,150 km2, with approximately 648 km2 of USDA Forest Service (USFS) lands 
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administratively designated as a special Wildlife Management Unit (WMU). The USDI 

Bureau of Land Management also manages approximately 300 km2 of land surrounding 

the National Forest. The Little Belt study area is located approximately 95 km northeast 

of the Elkhorn study area in the western half of the Little Belt Mountains (Figure A2; 

Appendix A). The Little Belt study area was 1,339 km2 with approximately 1,100 km2 

administered by the USDA Forest Service (USFS). Other lands in both study areas are 

primarily privately-owned ranchlands, remnant mining claims, and subdivisions. Private 

ranchlands are typically used for crop production, beef cattle production, and raising 

other livestock such as domestic sheep.  

The elk population is estimated to be 2,625 and 1,904 in the Elkhorns and western 

Little Belts, respectively (Montana Department of Fish, Wildlife and Parks 2017). Elk are 

sympatric with moose (Alces alces), mule deer (Odocoileus hemionus), and white-tail 

deer (O. virginianus) and both study areas contain populations of coyotes (Canus 

latrans), mountain lions (Puma concolor), and black bears (Ursus americanus), and the 

occasional grizzly bear (Ursus arctos) (Montana Natural Heritage Program and Montana 

Fish, Wildlife and Parks 2018).  

Elevation ranges from 1158 m – 2865 m in the Elkhorn study area and 1152 m – 

2492 m in the Little Belt study area. In both areas, the foothills are generally comprised 

of low grasslands and shrublands, with dry mixed-conifer forest and mountain meadows 

at higher elevations. Lodgepole pine is the dominate Pinus species for most of the area, 

with lesser amounts of ponderosa pine in the northwest portion of the Elkhorn study area, 

Douglas fir (Pseudotsuga menziesii) is found on lower slopes with subalpine fir or 
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Engelmann spruce (Picea engelmannii) occurring in higher abundances in late seral or 

mesic stands, respectively, in the Little Belts than in the Elkhorns (Grover and Thompson 

1986, Mincemoyer and Birdsall 2006). Vaccinium spp., Common snowberry 

(Symphoricarpos albus), white spirea (Spiraea betulifolia), common bearberry 

(Arctostaphylos uva-ursi), common juniper (Juniperus communis) and Wood’s rose 

(Rosa woodsii) are also found throughout both study areas (Grover and Thompson 1986, 

Mincemoyer and Birdsall 2006). Carex spp. and Calamagrostis rubescens dominate the 

grasses found in the lodgepole pine stands of the Elkhorns and Little Belts areas (Grover 

and Thompson 1986, Mincemoyer and Birdsall 2006). Common forb species found in 

both study areas include Achillea millefolium, Antennaria spp., Arnica spp., Fragaria 

spp., Astragalus spp., Campanula rotundifolia, Chamerion angustifolium, Erigeron spp., 

Galium spp., and Valeriana spp. (Grover and Thompson 1986, United States Forest 

Service et al. 1993, Mincemoyer and Birdsall 2006).  

 

Methods 

 

 

Mapping Mountain Pine Beetle Infestation 

 

To delineate age classes and infestation status of lodgepole pine stands, I defined 

3 cover classes: 1) mature uninfested being trees that are cone bearing and show little to 

no sign of MPB infestation, 2) recent infested as being infested by MPB < 10 years ago, 

and 3) old infested as being infested ≥ 10 years ago, based on the USDA Forest Service 

product, Northern Region Vegetation Mapping Program (VMap) and Aerial Detection 

Survey (ADS) data (Johnson and Wittwer 2008, Barber and Vanderzanden 2009; 
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Appendix B). I chose these temporal classes of infested lodgepole pine based on 

predictions of when MBP infected trees die, and consequently begin to fall (Lewis and 

Hartley 2005, Chan-McLeod 2006, Matonis et al. 2014). Monitoring for MPB infestation 

started in 2001 and is conducted by the USDA Forest Health Protection Aviation 

Program. 

To assess model accuracy, I compared the model derived cover class to actual 

classes verified on the ground using an error matrix to estimate the overall accuracy, 

producer’s accuracy, and user’s accuracy (Congalton 1991; Appendix B). I then 

estimated the Kappa statistic as a multivariate measure of agreement for discrete data, 

between the model derived landcover classes and the ground-truthed cover classes 

(Landis and Koch 1977, Congalton 1991). 

 

Elk Diet  

 

To determine the forage plant species important in late summer elk diets, I 

collected fresh pellet samples from across the Elkhorn study area during late summer 

(July – September). Each sample included a composite of 20 total individual pellets, 2 

pellets selected at random from 10 pellet groups within a 500 m2 area. I collected a total 

of 6 samples during summer 2015 and 2016 resulting in 12 samples. Sampling occurred 

from the last week of July through the first week of September, with most samples 

collected during mid-August. Sampling effort was distributed across geographically 

distinct elk winter ranges established by the USFS and MTFWP (DeSimone unpublished 

report). I randomly selected 2 pellet collection sites per one-week time period, from the 

most recent 3 days of known elk locations acquired from collars in the study area, with 
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pellet collection sites restricted to within 2 km of roads to reduce travel time. Efforts were 

made to avoid sampling the same location more than once per each season. Freshness of 

pellets was determined by the color and moisture content (Arthur and Alldredge 1980). 

Fecal plant fragment analyses were conducted at the Wildlife Habitat and Nutrition 

Laboratory (Washington State University, Pullman, WA, USA) at level B (>5% 

prevalence in the diet) species composition to identify forage species (Williams 1969). I 

used the mean percentage for each species identified in the diet to sum together for the 

cumulative mean. I defined forage species as all the species that made up 95% of the 

cumulative mean elk late summer diet. I used this list of late summer forage plant species 

for focusing my analyses on understanding changes in abundance and presence of plants 

important to elk nutrition in both the Elkhorn and Little Belt study areas (Appendix C). 

 

Forest Understory Vegetation Sampling 

 

Forest understory vegetation was sampled to characterize and measure differences 

in herbaceous plant communities, herbaceous quality and herbaceous forage abundance 

between the 3 lodgepole pine cover classes. Sampling was conducted in the Elkhorns 

study area during July – August of 2016 and 2017. In 2017, sampling was expanded into 

the Little Belts study area due to the lack of mature uninfested lodgepole stands in the 

Elkhorn study area. I aimed to sample 55 sites in each of the 3 lodgepole pine cover 

classes. To capture any variance between study areas I sampled all 3 cover classes in both 

study areas, but concentrated sampling in the Elkhorn study area on the old and recent 

infested cover classes and focused on the mature uninfested cover class in the Little Belt 

study area.  
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To sample forest understory in each study area, I generated random locations 

within each lodgepole pine cover class and established a 400-m radius circular sampling 

area in each location. To minimize travel times, sampling areas were located within 1.6 

km of open roads. I selected 5 randomly located sampling sites inside each of the sample 

areas, which served as the center points for 40-m vegetation survey transects. I used the 

0, 10, 20, 30, and 40 m mark on the transect as point of placement for a 1 m2 sampling 

plot (Figure 1). At each sampling plot along the transect I recorded the plant species 

present (species composition), the percent cover of each species, and species specific 

phenological stage. I also established a 0.5 m2 clip plot at every other quadrat (0, 20, 40 

m), where I collected the current season’s above-ground biomass of graminoids, forbs 

and shrubs. Percent species cover was ocularly estimated and recorded to the nearest 1 

percent for 1 – 5 percent, and then to the nearest 5 percent thereafter to 100 percent. 

Cover estimates were independent of one another, which allowed total cover to exceed 

100. Phenological stages (i.e., emergent, flowering, fruiting, mature seed, senesced) of 

each forage species was recorded as a percentage to the nearest 5% within each stage 

over the length of the transect, and each species was able to be observed in more than one 

stage. I clipped graminoids and forbs at 1 – 2 cm above the ground to represent the 

available foraging height of elk. Only current season new growth of shrubs was clipped 

(i.e., leaves and non-woody stems). I placed clippings were into individual bags and 

recorded a wet weight to the nearest g in the field. Samples were dried in a convection 

drying oven for 48 hours at 50°C and then weighed to obtain a dry weight. Based on the 

percent cover of lifeform (graminoids, forbs, shrubs) within the clip plot, species-specific 
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dry biomass was allocated proportional to cover across each plant species. Sampling 

methodologies for recording phenological stage, clipping and weighing biomass, and 

estimating percent cover followed those developed by Cook et al. (2016) and Proffitt et 

al. (2016). 

 

Canopy Closure Estimation 

 

I measured percent canopy closure using a spherical densiometer at the 0, 10, 20, 

30, and 40 m mark on each transect (Braun 2005). The mean of the 5 individual 

measurements was used to estimate canopy closure at each sampling site (Jennings et al. 

1999, Braun 2005). I then analyzed the canopy cover data to assess potential differences 

between each of the three lodgepole cover classes. I initially compared side-by-side 

boxplots of the effects of cover class on mean canopy closure to visually assess if data 

met assumptions of normality and even dispersion. I removed 5 outliers from the dataset 

that were not representative of the intended cover class, as these sampling sites spanned 

two cover classes (i.e., mature lodgepole uninfested and grassland). These outliers did not 

give a true estimate of canopy closure for the designated cover class. To test for 

differences in the mean canopy closure between the cover classes, I used a one-way 

analysis of variance (ANOVA) with canopy closure as the independent variable and the 3 

Sampling plot 

Figure 1. Diagram showing the layout of the 40 m transect with the five 1 m2 sample 

plots and location of each of the three 0.5 m2 clip plots.  
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cover classes as dependent variables. I then made pairwise comparisons between cover 

classes to determine whether mean canopy closure differed using a Tukey honestly 

significant difference (TukeyHSD). 

 

Understory Herbaceous Community Analysis  

 

To assess differences in elk forage plant communities between the 3 cover 

classes, I 1) evaluated elk forage species richness of each cover class (i.e., the mean 

number of forage species per sampling site per cover class), and 2) evaluated if percent 

cover of elk herbaceous forage species differed between cover classes. 

I estimated forage species richness based on counts of the number of forage 

species detected at each sampling site (i.e., the mean number of forage species detected 

within sampling quadrats per sampling site). I used side-by-side boxplots to check 

assumptions of normality and homoscedasticity, I then tested for differences in forage 

species richness between cover classes using a one-way ANOVA F-test. I used a 

TukeyHSD test to conduct a post-hoc analysis of which cover classes were most different 

(Haskell et al. 2017). 

I evaluated if composition of the understory forage community differed between 

lodgepole cover classes, and how so (Luff et al. 1992, Morrison et al. 2006). I used 

percent cover of forage species at the genus level as my discriminating variables and 

included 10 genera (Astragalus, Bromus, Calamagrostis, Carex, Festuca, Fragaria, 

Lupinus, Poa, Potentilla, Stipa) because they were detected at ≥2 sample sites. I limited 

the variables to genera detected at ≥2 sample sites to reduce the number of variables to 

meet model requirements; that each group (i.e., cover class) would have a sample size of 
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three times the number of variables (McGarigal et al. 2000). Genera were chosen in place 

of species because diet analysis was performed at the genus level for many diet species 

and identification to species was not always possible in the field. To understand how 

similar or different the understory herbaceous communities in the lodgepole cover classes 

were, I examined the canonical weights of each variable to identify the strength and 

direction of the influence of genera on distinguishing the 3 cover classes (Brown and 

Krausman 2003). 

 

Dominant Phenology per Lodgepole Pine Cover Class 

 

I estimated the dominant phenological stage of the herbaceous forage understory 

per lodgepole pine cover class because this affects the nutritional quality of forage (Van 

Soest 1982). I first filtered vegetation data to include only the 3 most common forage 

graminoids and forbs as sample sizes for other species were not large enough to make 

inferences. I then selected the dominant phenological stage (emergent, flowering, 

fruiting, mature seed, senesced) recorded per species at each sample site. If a species was 

split evenly between stages, I used the later developmental stage, as the species would not 

be able to reverse its development and would only be able to progress forward into the 

next stage of development. Thus, phenological stage could be treated as a continuous 

stage of plant development because as plants mature forage quality typically declines 

(Proffitt et al. Unpublished, Van Soest 1982, Albon and Langvatn 1992, Atle Mysterud et 

al. 2001). Linear modeling was used to estimate the dominant phenological stage per 

species as a function of cover class and the environmental covariates aspect, study area, 

and precipitation (Table 1). Aspect, study area and precipitation were chosen as they can 
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all potentially affect plant growth. Aspect was measured at each sampling site then 

transformed into an index, that varies 1 to -1 (NNE to SSW, respectively), by taking the 

negative cosine of the angle in degrees minus 35, and was used to account for variation in 

shade/sun (Cushman and Wallin 2002). Plants growing at sample sites with northerly 

exposure may be less developed (earlier phenological stage) than plants at sample sites 

with southerly exposure (Holland and Steyn 1975). Precipitation was the cumulative 

summer precipitation from April 1 to the date a sample site was surveyed (PRISM 

Climate Group 2018), which allowed for precipitation to vary temporally (within and 

between seasons) and spatially (within and between a study areas). Increased 

precipitation likely reduces the potential for plants to dry and senesce, thus potentially 

prolonging the time a plant can remain in a given phenological stage. Study area was 

included as a covariate to account for study area specific differences in plant phenology. I 

limited data analysis to August only for comparisons between the three cover classes 

because I did not have samples in mature uninfested lodgepole during July.   

Table 1. Covariates used in linear models of phenology, biomass and digestible energy 

estimation in the Elkhorn and Little Mountain study areas, Montana, during 2016 – 2017. 

Covariate 

Name 

Description/Source Reference 

Aspect Measured at each sampling site; aspect 

was transformed into an index, that 

varies 1 to -1 (NNE to SSW, 

respectively), by taking the negative 

cosine of the angle in degrees minus 

35.  

Cushman and Wallin (2002) 

Cover class Derived from Vegetation Map 

Products (VMap) and Aerial Detection 

Survey Data 

Barber and Vanderzanden 

(2009), 

https://www.fs.usda.gov/detail

/r1/forest-grasslandhealth 

Precipitation Daily cumulative precipitation from 

April 1 – August 31.  

http://prism.oregonstate.edu/ 
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Estimating Forage Biomass 

 

To estimate herbaceous forage biomass (g/m2) at each sampling site, I first 

apportioned clipped, dry biomass (g/0.5 m2) for forbs and graminoids to species based on 

rescaled percent cover (species cover proportional to cover within the appropriate 

lifeform). That is, a given species’ biomass was scaled proportional to the cover of its 

designated lifeform (i.e., if Carex sp. had 30% cover in the sample plot and the sample 

plot had 70 % forb cover, then Carex sp. cover (30%) was divided by the forb cover 

(70%) of the sample plot for a rescaled sample plot cover of 42%). Second, I filtered to 

only the forage species and summed biomass per lifeform across forage species. Finally, I 

estimated mean forage biomass at each sampling site by averaging biomass per lifeform 

across clip plots and scaling up to square meters. Graminoid biomass and forb biomass 

were summed together to obtain an estimate of herbaceous forage biomass per sampling 

site.  

I tested for differences in herbaceous forage biomass between lodgepole pine 

cover classes in August for two reasons: 1) I only had samples in mature uninfested 

lodgepole during August, and 2) daily precipitation peaked in the beginning of August 

and plant production (i.e., biomass) should peak shortly after peak precipitation (Van der 

Valk 2009). I used a log-linear model to estimate the mean herbaceous biomass for 

August as a function of cover class, aspect, study area, and precipitation. Herbaceous 

biomass was log transformed to meet model requirements of normal sample distribution 

and homoscedasticity. Again, precipitation was the cumulative summer precipitation 

from April 1 to the date a sample site was surveyed (PRISM Climate Group 2018), which 
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allowed for precipitation at sample sites to vary temporally (within and between seasons) 

and spatially (within and between a study areas). Precipitation effects plant growth and 

therefore effects biomass, a reduction in precipitation would potentially decrease forage 

biomass. Study area was used as a covariate because I noticed differences in the mean 

biomass estimates between the study areas during exploratory data analysis. 

 

Estimating Herbaceous Quality  

 

To estimate herbaceous quality for the three lodgepole cover classes in the 

Elkhorn study area, and for the mature uninfested lodgepole cover class in the Little Belt 

study area, I randomly selected up to 5 sample sites per cover class per study area. Then, 

to estimate mean herbaceous quality per sampling site, I combined the forb and 

graminoid clippings from all three 0.5 m2 clip plots (0 m, 20 m, 40 m) along the transect 

into an herbaceous composite sample per sample site. Next, I estimated DMD of the 

composite sample (Washington State University, Pullman, WA, USA), DMD was then 

converted to digestible energy, measured as kcal/g (Appendix E; Cook et al. 2016). I used 

a linear model to test for differences in DE between cover classes and study areas, as a 

function of the environmental covariates aspect and precipitation.   

 

Elk Collaring and Location Data 

 

An elk relocation data set exists for the Elkhorn study area from 1981 – 1990, 

which was conducted prior to MPB infestation of the lodgepole pine forest (R. M. 

DeSimone, Montana Dept. Fish, Wildlife and Parks, unpublished data). I also conducted 

a new telemetry study of adult elk in the Elkhorn study area to use for comparing current 
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use of the 3 lodgepole pine cover classes (mature uninfested lodgepole, recent infested, 

old infested), and identify the location of fresh fecal pellets for seasonal elk diet analysis.  

Capture teams collared 30 adult female elk in January 2015 and 5 adult female elk 

in March 2017 using chemical immobilization drugs delivered from a helicopter. Elk 

were fitted with satellite-upload global positioning system (GPS) collars (model 

LifeCycle; Lotek, Newmarket, ON, Canada) programmed to record 1 GPS fix every 6 – 

23 hours for 4 years. Collars were distributed throughout the entire study area.  

During the previous elk telemetry study, a total of 149 female elk were captured, 

on wintering areas by chemical immobilization and net gun via helicopter and marked 

with VHF radio collars (R. M. DeSimone, Montana Dept. Fish, Wildlife and Parks, 

unpublished data). Radio-marked elk were relocated at approximately 3-week intervals 

using a Piper Super Cub fixed-wing aircraft equipped with a rotating yagi antenna.  

Elk late summer (July 1 – August 31) range was estimated as the 95% kernel 

utilization distribution (KUD) from the GPS collars in the Elkhorn study area (Worton 

1989). Daytime (defined as civil twilight, which was approximately 5:00AM – 10:00 

PM) locations of current use were selected and used in analysis to mimic the 1980-1991 

VHF location data set. I estimated landcover associated with each location using a study 

area specific landcover model (Appendix B).  

I first estimated mean elk use of all cover classes within the late summer range to 

determine if elk were proportionally using the lodgepole pine cover classes compared to 

all available cover classes (Appendix B). Then, elk use of lodgepole forest was 

summarized, and I estimated the mean elk use of each lodgepole pine cover class per time 
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period. I also compared the cover class of used locations to what proportion of each cover 

class was available within the late summer range. The mature uninfested lodgepole, old 

infested, recent infested, and early seral lodgepole cover classes (elk use and availability) 

were summed under the mature uninfested lodgepole class to represent pre-MPB 

outbreak conditions in the Elkhorn study area for the 1980 – 1991 data set. The early 

seral lodgepole cover class was an area that burned during a wildfire in 1988 and was 

assumed to be mature uninfested lodgepole available to elk during the 1980 – 1991 study. 

 

Results 

 

 

Mapping Mountain Pine Beetle Infestation 

 

Approximately 235 km2 and 937 km2 of the study areas are dominated by 

lodgepole pine in the Elkhorns and Little Belts, respectively. The Elkhorn and Little Belt 

study areas were comprised of 1.26 km2 (0.1%) and 337 km2 (16.5%) of mature 

uninfested lodgepole pine forest, 150 km2 (13.1%) and 590 km2 (29%) of recently 

infested (infested by MPB < 10 years ago), and 38 km2 (3.4%) and 11 km2 (0.5%) of old 

infested (infested ≥ 10 years ago), respectively. Landcover map accuracy assessment 

indicated an overall accuracy of 64% (Appendix B).  

 

Elk Diet 

 

A total of 20 species comprised 95% of the late summer diet (n = 12 composite 

diet samples) for elk in the Elkhorns, and these species were considered forage species 

for both the Elkhorn and Little Belt study areas (Appendix C). Graminoids were most 

common species in the late summer diet (53%), forbs composed 31%, and shrubs 



20 
 

 
 

composed 14%. In 2015 graminoids were the most common species in the late summer 

diet (60%), forbs composed 31%, and shrubs composed 8%. Similarly, in 2016 

graminoids were most common (46%), forbs composed 31%, and shrubs composed 20% 

in the late summer elk diet. The most common late summer diet graminoid forage species 

were Poa spp. (12%), Festuca idahoensis (10%), and Festuca campestris (9%). The most 

common late summer diet forb forage species was Lupinus spp. (17%). The most 

common shrub species were Vaccinium spp. (6%) and Artemesia spp. (3%).  

 

Forest Understory Vegetation Sampling 

 

I sampled a total of 104 sample sites in the Elkhorns and 64 sample sites in the 

Little Belts (Table 2). The most commonly detected (i.e., number of sample sites a 

species was detected within) forage species were Carex geyeri (n = 79), Calamagrostis 

rubescents (n = 49), Lupinus spp. (n = 21), and Astragalus spp. (n = 19). The most 

common forb species detected was Arnica cordifolia (n = 83), the most common 

graminoid species was Carex geyeri (n = 79), and the most common shrub species was 

Vaccinium scoparium (n = 119).  

 

Table 2. Summary of the number of sample sites in each study area during July and 

August per each year by lodgepole pine cover class. I sampled a total of 168 sample sites 

over the two seasons. 

   Cover Class 

Study Area Year Month 

Mature Uninfested 

Lodgepole 

Old 

Infested 

Recent 

Infested 

Elkhorn 2016 July --- 4 8 

Elkhorn 2016 August 7 8 11 

Elkhorn 2017 July --- 13 16 

Elkhorn 2017 August 5 13 19 

Little Belt 2017 August 36 17 11 
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Table 2 continued    

Total --- --- 48 55 65 

 

Canopy Closure Estimation 

 

I found a significant difference in mean canopy closure between the three 

lodgepole pine cover classes (F = 7.7 on 2 and 160 df, P < 0.001). On average, mature 

uninfested lodgepole stands had 15% more closure than recent infested lodgepole stands 

(P < 0.001, 95% CI = -23.9 – -5.9), and 10% more closure than old infested lodgepole 

stands (P = 0.03, 95% CI = -19.2 – -0.6; Table 3). Old infested and recent infested 

lodgepole stands did not have significantly different (P = 0.35, 95% CI = -13.4– 3.5) 

canopy closure. 

 

Table 3. The number of samples sites (n), mean canopy closure and standard error (SE) 

per each of 3 lodgepole pine cover classes (mature uninfested lodgepole, old infested 

lodgepole, recent infested lodgepole) sampled during July – August of 2016 and 2017 in 

the Elkhorn and Little Belt study areas, Montana. 

Lodgepole Pine Cover Class n Mean SE 

Mature Uninfested Lodgepole 44 81.2 2.8 

Old Infested 55 71.3 2.6 

Recent Infested 65 66.3 2.5 

 

 

Understory Herbaceous Community Analyses 

 

I did not detect significant differences in the herbaceous forage plant community 

among the mature uninfested, recent infested, and old infested lodgepole pine cover 

classes.  Correct classification rates of sample sites to their respective lodgepole classes 

were 40%, 75% and 17% for old infested, recent infested, and mature uninfested, 

respectively.  The overall classification accuracy rate was 47%, indicating the forage 
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composition of the understory herbaceous communities among the three lodgepole cover 

classes were not significantly different. This did not support my hypothesis that 

composition of understory forage species would change among the infested (old, recent) 

and mature uninfested classes.  

My analysis of forage species richness indicated that on average, the old infested 

lodgepole cover class had 3.0 forage species (95% CI = 0.64 – 1.84), the recent infested 

and cover class had 1.9 species on average (95% CI = -0.46 – 0.69), the mature 

uninfested cover class had 1.8 (95% CI = 1.35 – 2.23; F = 10.9 on 2 and 165 df, P < 

0.001). My hypothesis that understory herbaceous forage species diversity would be 

higher in infested stand was moderately supported by the increased species richness of 

the old infested cover class.  

 

Dominant Phenology per Lodgepole Pine Cover Class 

I used the 4 forage genera most commonly detected (Table 4) in the lodgepole 

cover classes to make comparisons of forage plant phenology across the three lodgepole 

cover classes. Of the plants I evaluated, Carex was the only genera to significantly vary 

in dominant phenological stage per cover class. On average, Carex was phenologically 

less advanced (flowering) during late summer in the old infested cover class versus 

fruiting in the mature uninfested cover class (decreasing phenological stage of �̂� = -1.24, 

95% CI = -2.12 – -0.37). Phenological stage of Carex did not significantly differ between 

recent infested and mature uninfested (�̂� = -0.21, 95% CI = -1.18 – 0.74). Cumulative 

precipitation had a negative effect on phenological stage of Carex (decreasing 

phenological stage of �̂� = -0.02 per 1 mm of precipitation, 95% CI = -0.03 – -0.003). 
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Aspect (�̂� = 0.39, 95% CI = -0.12 – 0.91) and study area (�̂� = -1.03, 95% CI = -2.19 – 

0.12) did not have significant effects on the phenology stage of Carex. I did not detect 

differences in dominant phenological stage for Astragalus (F = 2.6 on 5 and 13 df, P = 

0.8) or Calamagrostis (F = 0.5 on 4 and 54 df, P = 0.7) between cover classes. On 

average, Lupinus was phenologically less advanced during late summer in the old 

infested cover class than in the mature uninfested cover class (decreasing phenological 

stage of �̂� = -2.59, 95% CI = -3.57 – -1.61). Aspect (�̂� = 0.11, 95% CI = -0.63 – 0.85) 

and precipitation (�̂� = 0.01, 95% CI = -0.01 – 0.02) did not have an effect on the 

phenological stage of Lupinus. Phenological stage Lupinus was affected by study area 

(increasing phenological stage of �̂� = 2.67, 95% CI = 1.35 – 3.98). My hypothesis that 

phenological stage of herbaceous forage species would be in earlier phenological stages 

(emergent, flowering, fruiting) in the infested lodgepole pine cover classes (old infested, 

recent infested) than in the mature uninfested lodgepole cover class was weakly 

supported as Carex and Lupinus occurred at earlier phenological stages in the old infested 

cover class.  

 

Table 4. The genera included in phenology analysis and number of sample sites each 

plant was detected per cover class for the Elkhorn and Little Belt study areas, Montana, 

during summer 2016 – 2017. 

  Cover Class 

Genus Lifeform 

Mature Uninfested 

Lodgepole 

Old 

Infested 

Recent 

Infested 

Astragalus forb 4 11 4 

Calamagrostis  graminoid 24 26 13 

Carex  graminoid 29 25 26 

Lupinus  forb 10 4 7 
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Comparing Forage Biomass 

 

I found a significant difference in mean herbaceous forage biomass between 

lodgepole pine cover classes. Old infested lodgepole had the highest mean forage 

biomass (�̅� = 11.5 g/m2, SE = 2.3), recent infested had a mean of 9.15 g/m2 (SE = 1.4), 

and mature uninfested lodgepole had a mean of 7.0 g/m2 (SE = 1.4; Table 5). This 

supported my hypothesis that herbaceous biomass would be greater in the MPB-infested 

lodgepole stands than in the mature uninfested lodgepole stands. I found cover class and 

study area were the most important predictors of herbaceous biomass (P < 0.01, Table 6). 

As age of infestation increases, the mean herbaceous biomass increased by 4.5 times after 

controlling for aspect, study area, and precipitation. Precipitation was not a significant 

predictor of forage biomass between cover classes. Forage biomass was 4 times higher in 

the Little Belt study area than in the Elkhorn study area as estimated from my model (P < 

0.001).  

 

Table 5. Mean biomass in g/m2 and standard error for herbaceous biomass per lodgepole 

pine cover class for the Elkhorn and Little Belt study areas, Montana, during August 

2016 – 2017. 

 Study Area 

 Elkhorn Little Belt 

Cover Class n �̅� SE n �̅� SE 

Mature Uninfested Lodgepole 12 3.7 1.6 36 8.1 1.8 

Old Infested 21 9.3 2.7 17 14.3 4.2 

Recent Infested 30 6.9 2.5 11 15.4 3.9 
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Table 6. Log-linear model coefficient estimates of variation in forage biomass with 

standard errors (SE), and associated 95% confidence intervals (CI) in the Elkhorn and 

Little Belt study areas during summer 2015 & 2016, Montana. Intercept was mature 

uninfested.   

      CI 

  Estimate SE Lower Upper 

Intercept -0.01 1.12 -2.23 2.20 

Old Infested 1.50 0.46 0.60 2.40 

Recent Infested 0.76 0.47 -0.16 1.68 

Aspect -0.04 0.27 -0.58 0.50 

Precipitation -0.003 0.005 -0.01 0.01 

Study Area (Little Belt) 1.39 0.41 0.58 2.21 

 

 

Comparing Herbaceous Vegetation Quality 

 

Herbaceous vegetation quality (DE) was higher during August in the old infested 

cover class (increasing DE by β = 0.16 kcal/g, P < 0.01; Table 7), as compared to the 

mature uninfested and recent infested lodgepole cover classes after controlling for aspect, 

precipitation, and study area. Herbaceous DE was higher in the Little Belt study area than 

in the Elkhorn study area (β = 0.23, P < 0.001). Increasing precipitation increased DE, 

but that change was not biologically meaningful (DE increased by β = 0.001 kcal/g 

increase per millimeter of precipitation, P = 0.01).  In summary, herbaceous DE was 

higher in the old infested cover class, and herbaceous DE was higher in the Little Belts 

than in the Elkhorns. My hypothesis that herbaceous quality would be higher in the 

infested stands as compared to the mature uninfested stands was weakly supported as the 

amount of increase in DE was small.  
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Table 7. Linear model coefficient estimates of variation in digestible energy with 

standard errors (SE), and associated 95% confidence intervals (CI) in the Elkhorn and 

Little Belt study areas during summer 2015 & 2016, Montana. Intercept was mature 

uninfested. 

   CI 

 Estimate SE Lower Upper 

Intercept 2.87 0.10 2.67 3.08 

Old Infested 0.16 0.06 0.04 0.27 

Recent Infested 0.00 0.05 -0.11 0.10 

Aspect -0.07 0.03 -0.13 0.00 

Precipitation 0.00 0.00 0.00 0.00 

Area (Little Belt) 0.23 0.06 0.11 0.35 

 

 

Table 8. Lodgepole pine cover classes with percent available, and percent of total number 

of elk locations in each cover class (elk use; n = 2156 this study, n = 1287 1980 – 1991 

study) in the Elkhorn study area, Montana, summers (July 1 – August 31) 2015 – 2017. 
 

aThis cover class was assumed to be mature uninfested lodgepole forest during the 

1980 – 1991 elk study and was summed to estimate availability and elk use. 
bThe early seral lodgepole cover class lodgepole pine forest assumed to be mature 

lodgepole during the 1980 – 1991 elk study that burned during a 1988 wildfire and 

became early successional lodgepole pine forest prior to the 2015 – 2017 elk study.  

 

 

Elk Use of Lodgepole Pine 

 

The current dataset for female summer elk use consisted of 32 individuals and 

2,168 locations from 2015, 2016, and 2017, and the 1980-1991 dataset consisted of 128 

individuals and 1,287 locations. Availability of 13 cover classes (Appendix B) was 

estimated for elk late summer range of the Elkhorn. In this study, elk locations occurred 

in the low elevation conifer cover class 42.6% of the time (32.1% available), upland 

  This study 

1980 - 1991 

Study 

Cover Class Available Use Available Use 

Recent Infesteda 13.1% 12.2% --- --- 

Old Infesteda 3.4% 4.6% --- --- 

Early Seral Lodgepolea, b 4.0% 2.8% --- --- 

Mature Uninfested Lodgepole 0.1% 0.2% 20.6% 46.2% 
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wetland riparian 3.4% of the time (1.2% available), valley wetland riparian 1.7% of the 

time (0.9% available), recent infested stands 12% of the time (13% available), old 

infested stands 4.6% (3.4% available), and mature uninfested stands 0.2% (0.1% 

available; Table 8). Elk use of low elevation conifer (dominated by Pseudotsuga 

menziesii), upland and valley wetland riparian occurred in greater proportion to what was 

estimated to be available. During the 1980 – 1991 study elk locations occurred in the 

mature uninfested lodgepole cover class 46% of the time, which was more than double 

what was available (21%), and elk locations occurred in the low elevation conifer cover 

class 25.6% of the time (32.1% available), and occurred in upland wetland riparian 1.9% 

of the time (1.2% available). Elk appear to be using low elevation conifer more, and 

using lodgepole pine forest less than during the 1980 – 1991 study. A full elk use (all 13 

cover classes) summary table is in Appendix F. 

 

Discussion 

 

 

I found that there are differences in canopy cover, forage biomass and herbaceous 

vegetation quality between mature uninfested lodgepole pine stands and stands infested 

with MPB. Canopy closure is 5% greater in old infested stands than in recent infested 

stands and 10% lower than in uninfested stands, which did not directly match my 

prediction that old infested lodgepole stands would have the most open canopy due to 

loss of tree limbs and fallen trees as indicated by other studies (Lewis and Hartley 2005, 

Chan-McLeod 2006, Matonis et al. 2014). This likely because natural forest succession 

had started to close the forest canopy, and my results concur with estimates of post-
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disturbance canopy closure in the literature (Runkle 1981, Valverde and Silvertown 

1997). The forest overstory was filling itself back in with lodgepole pine that was not 

affected by mountain pine beetle (MPB), or with other species such as Abies lasiocarpa, 

Picea engelmannii, or Pseudotsuga menziesii, depending on the other tree species present 

pre-MPB outbreak.  

I found no differences in the composition of the herbaceous forage species 

community between the three lodgepole cover classes. This did not support my prediction 

that the loss in overstory canopy cover would result in changes of which plant species 

compose the herbaceous understory community. There are likely multiple reasons why I 

did not detect a change in the understory composition, such as 1) grasses (Calamagrostis) 

may be suppressing other plant species (Stone and Wolfe 1996), 2) canopy closure has 

not changed enough to cause a shift from shade-tolerant to shade-intolerant plant species 

(Franklin et al. 2002), and 3) soils may be limiting which plant species are present 

(Pfister et al. 1977, Donahue et al. 1983, Stone and Wolfe 1996).  

I did detect differences in the abundance of the forage species available to elk 

during late summer in the three lodgepole cover classes. My estimates and comparisons 

of forage biomass per cover class indicated that forage biomass was highest in the old 

infested cover class and lowest in the mature uninfested cover class. This supports my 

prediction that biomass would be higher in the infested cover classes than in the 

uninfested lodgepole cover class, which also corresponds with findings from Stone and 

Wolfe (1996) that herbaceous biomass did increase in post-MPB infested lodgepole pine 

forest previous study. On average, an adult female elk can consume approximately 8.2 kg 
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of forage per day, and my results indicate an increase (in the Elkhorn study area) of 4500 

kg/km2 of forage biomass in the old infested stands, and an increase of 2150 kg/km2 in 

the recent infested stands as compared to mature uninfested lodgepole pine stands 

(Toweill et al. 2002).  

This increase in forage biomass was likely due to higher availability of soil 

moisture, soil nutrients, and sunlight to understory plants as there were fewer live trees 

competing for these resources in the old infested cover class as compared to the recent 

and mature uninfested cover classes (Stone and Wolfe 1996, Dordel et al. 2008, Edwards 

et al. 2014, Saab et al. 2014, Cook et al. 2016). Forage biomass was higher on average in 

the Little Belt study area than in the Elkhorn study area. Greater biomass in all three 

lodgepole pine cover classes in the Little Belt study was likely due to greater 

precipitation there than in the Elkhorn study area. The mean cumulative precipitation for 

the Little Belts was 173 mm (from April 1 – August 31, 2017) and was 156 mm in the 

Elkhorns for the same time.  

I predicted that phenology would be skewed toward more advanced stages of the 

plants in the recent MPB-infested stands resulting in lower quality because of the greater 

loss of canopy cover in these stands would allow for more sunlight to reach the 

understory in turn allowing plants to develop and senesce more quickly (Collins and 

Casler 1990, Stone and Wolfe 1996, George and Bell 2001, Jenkins et al. 2008). 

However, this prediction did not hold true across the common forage species I compared. 

On average, Carex spp. was phenologically less advanced in MPB-infested stands than in 

mature uninfested lodgepole stands. Carex spp. is fairly shade-tolerant and may actually 
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grow more vigorously under a moderate canopy cover, so it is likely the reduced canopy 

closure actually reduced the rate of growth (Pfister et al. 1977, U.S. Department of 

Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 

2018). Vaccinium spp. was more advanced in the recent infested cover class than in the 

old infested or mature uninfested cover classes. Recent infested stands had the lowest 

canopy closure, and this reduction in canopy cover likely allowed for more sunlight to 

reach this understory shrub to increase the rate of plant tissue development, which did 

follow my prediction. It is also possible that the other species I compared did not 

experience phenological development changes as reduction in canopy closure may not 

have been substantial enough to make a difference. As for my model indicating increased 

cumulative precipitation reducing the phenological stage of Carex, I believe this to be 

correlated with precipitation decreasing throughout August while sampling efforts 

occurred. Forage plants were likely at an earlier phenological stage when precipitation 

was higher in the beginning of August and continued to develop into more advanced 

phenological stages throughout the entire month as mean daily precipitation (mean 

calculated from 2016 and 2017 values combined) declined throughout the month.  

My hypothesis that the quality of herbaceous vegetation would increase with the 

potential increase in available soil moisture and soil nutrients in the infested lodgepole 

classes (old, recent) was supported. The old infested cover class had the highest DE 

values compared to recent infested and mature uninfested lodgepole. This result 

suggested the increased availability of soil moisture and soil nutrients may increase 

nutritional quality because as an infested stand ages, the quantity of trees that are dying 
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from MPB-infestation increase, thus most infested trees in the old infested cover class 

have succumbed to MPB-induced mortality and are no longer sequestering soil moisture 

and soil nutrients (Stone and Wolfe 1996, Page and Jenkins 2007, Jenkins et al. 2008, 

Saab et al. 2014). The threshold for which forage quality is considered excellent is 2.75 

kcal/g, and DE in the Elkhorn study area averaged 2.87 kcal/g. Therefore the increase of 

0.16 kcal/g in the old infested lodgepole stands would not make a positive impact on 

female elk as forage quality is above the threshold for excellent forage (Cook et al. 2016). 

However, if DE were at the lower limit of 2.4 kcal/g (poor forage quality) an increase of 

0.16 kcal/g could have a positive influence on female elk (Cook et al. 2016).  

In summary, my results show that old infested cover class has higher abundance 

(i.e. biomass) of forage species and that these species are more nutritious (i.e., higher DE 

values) than the recent infested and mature uninfested lodgepole cover classes. My 

results from the forage biomass, phenology, and DE analyses also align with each other 

in that plants in the old infested cover class occur in earlier phenological stages and have 

higher values of DE, and increased biomass. My results indicate that elk may benefit 

nutritionally from mountain pine beetle infestation to a degree, through increased forage 

abundance and herbaceous quality, in the old infested cover class more than the recent or 

mature uninfested cover classes.  However, my elk use summary indicates that female elk 

are using infested lodgepole pine cover classes in proportion to what is available, and 

current elk use of lodgepole forests is less then elk use of these same forests prior to MPB 

infestation. This would indicate that female elk are not selecting for infested lodgepole 

pine forest. A more formal habitat selection model will be needed to better assess elk use 
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of lodgepole pine and what other factors may be contributing to use/avoidance of this 

cover class in the Elkhorn study area.  

 

Management Implications 

 

 My results do not indicate negative consequences of MPB infestation for elk 

nutrition during July and August. Thus, active management is not necessary for 

improving late summer nutritional resources for elk. However, more information is 

necessary to understand why elk use of lodgepole pine forest has appeared to decrease 

post-MPB, and perhaps active forest management may be useful to improve beetle-killed 

lodgepole forest to recover elk use to previous estimates of use of lodgepole pine forest.  
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Figure A1. Map illustrating the extent of mature uninfested, old infested, and recent 

infested lodgepole pine forest in the Elkhorn Mountains study area Montana. 
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Figure A2. Map illustrating the extent of mature uninfested, old infested, and recent 

infested lodgepole pine forest in the Little Belt Mountains study area Montana 
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Landcover Development 

 

The USDA Forest Service product, Northern Region Vegetation Mapping 

Program (VMap) and Aerial Detection Survey (ADS) data (Johnson and Wittwer 2008, 

Barber and Vanderzanden 2009) were integrated and used to locate lodgepole pine forest 

that was infested by mountain pine beetle (MPB).  

To locate lodgepole pine forest and distinguish between old and recent infested 

stands I first filtered VMap to include only the PICO and PICO-IMIX classes (Pinus 

contorta and Pinus contorta-shade intolerant mix, respectively) from the tree dominance 

group 6040 classification. This dominance group is based on two thresholds; the 

dominant tree species comprising at least 60% of the total abundance designates the class 

as just the dominant species plant code; if the most abundant species comprises <60% but 

at least 40%, the class assigned is the species plant code with a suffix of the tree lifeform 

subclass such as -IMIX (i.e., shade intolerant mix) (Barber and Vanderzanden 2009). I 

then integrated insect disease data collected by the USDA Forest Service Forest Health 

Protection Aerial Detection Surveys (ADS) to outline areas of MPB-caused tree mortality 

(Johnson and Wittwer 2008). This was done by erasing the first year of detection from all 

subsequent overlapping survey years (e.g., survey year 2001 was erased from all 

subsequent survey years where overlap occurred.) This was done to retain the first year of 

infestation of lodgepole pine by MPB for accurate assignment into one of the two 

temporal infestation classes. USDA Forest Service fire history data was used to remove 

lodgepole pine forest that was affected by wildfire within 30 years. This was done to 

avoid sampling early seral lodgepole pine forest that MPB does not select for.  

To create a complete landcover model for generating elk use summaries I further 

reclassified VMap classes into new classes. I reclassified 25 VMap classes into 13 new 

landcover classes. Some VMap classes were split into more than one new class, and I 

used aerial imagery to make the distinction into new classes (i.e., for reclassifying 

GRASS-WET into a new class, aerial imagery was used to distinguish if the polygon was 

Valley Wetland Riparian or Cultivated Ag; Table B1). My 13 classes included grassland, 

upland wetland riparian, other agriculture, shrubland, low elevation conifer, high 

elevation conifer, mature uninfested lodgepole, nonhabitat, valley wetland riparian, old 

infested, recent infested, cultivated agriculture, and early seral lodgepole. High elevation 

conifer included Pinus albicaulis, Abies lasiocarpa, Picea engelmannii. Low elevation 

conifer included Pseudotsuga menziesii, Pinus ponderosa, and Pinus flexilis.  

 

Accuracy assessment of landcover model 

 

To assess model accuracy, I compared the model derived cover class to actual 

classes verified on the ground. I sampled a total of 290 independent sites that were 

randomly generated across the study areas from within the landcover classes. Trained 

personnel recorded the actual cover class at each site. I first used an error matrix (Table 

B2) to estimate the overall accuracy, producer’s accuracy, and user’s accuracy 

(Congalton 1991; Table B3). I then estimated the Kappa statistic as a multivariate 

measure of agreement for discrete data, between the model derived landcover classes and 
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the ground-truthed cover classes (Landis and Koch 1977, Congalton 1991). In the error 

matrix and accuracy assessment statistics I evaluated the accuracy of 11 of the landcover 

classes (grassland, upland wetland riparian, other agriculture, shrubland, low elevation 

conifer, high elevation conifer, mature uninfested lodgepole, valley wetland riparian, 

beetle-killed forest, cultivated agriculture, and early seral lodgepole). It was impossible 

for personnel to distinguish between old and recent infested lodgepole pine forest, so 

these two classes were combined into the beetle-killed forest class for the accuracy 

assessment.  

The overall accuracy was 0.64 (Table B3). The producer’s accuracy rates 

averaged 0.64, ranging from a low of 0 in the other agriculture class to 100 in the valley 

wetland riparian and cultivated agriculture classes. The user’s accuracy rates averaged 

0.56, ranging from 0 in the other agriculture class to 100 in the mature uninfested 

lodgepole class. Based on these accuracy assessments, the landcover model performed 

moderately well for discriminating most landcover classes but was least accurate in 

predicting the other agriculture class. The Kappa statistic was estimated to be 0.54 (p < 

0.001; 95% CI = 0.47, 0.61) indicating moderate agreement.  
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Table B1. The original Vegetation Mapping Program (VMap) landcover class code, class name, description and the 

reclassification code and name for the 13 landcover classes in the Elkhorn Study Area, Montana. 

VMap Code VMap Name Description Reclassification Code Reclassification name 

3160 GRASS-DRY Dry grass 1, 3, or 12 Grass, Other Agriculture, or Cultivated Ag 

8170 POTR5 Aspen 2 or 9 Upland or Valley Wetland Riparian 

3190 GRASS-WET Wet grass 1, 3, 12, 2, or 9 
Grass, Other Agriculture, Cultivated Ag, Upland or Valley 

Wetland Riparian 

3330 SHRUB-MESIC Mesic shrub species 2 or 9 Upland or Valley Wetland Riparian 

8160 POPUL Cottonwood and poplar 2 or 9 Upland or Valley Wetland Riparian 

3320 SHRUB-XERIC Xeric shrub species 4 Shrubland 

8180 JUNIP Juniper 4 Shrubland 

8183 JUNIP-IMIX Juniper shade-intolerant mix 4 Shrubland 

8010 PIPO Ponderosa pine 5 Low Elevation Conifer 

8013 PIPO-IMIX Ponderosa pine shade-intolerant mix 5 Low Elevation Conifer 

8020 PSME Douglas fir 5 Low Elevation Conifer 

8023 PSME-IMIX Douglas fir shade-intolerant mix 5 Low Elevation Conifer 

8153 PIFL2-IMIX Limber pine shade-intolerant mix 5 Low Elevation Conifer 

8400 IMIX shade-intolerant mix 5 Low Elevation Conifer 

8123 PIAL-IMIX Whitebark pine shade-intolerant mix 6 High Elevation Conifer 

8060 ABLA Subalpine fir 6 High Elevation Conifer 

8064 ABLA-TMIX Subalpine fir shade-tolerant mix 6 High Elevation Conifer 

8074 PIEN-TMIX Englemann spruce shade-tolerant mix 6 High Elevation Conifer 

8070 PIEN Englemann spruce 6 High Elevation Conifer 

8050 PICO Lodgepole pine 7, 10, 11, or 13 
Mature Uninfested Lodgepole, Old Infested, Recent Infested, or 

Early Seral Lodgepole 

8053 PICO-IMIX Lodgepole pine shade-intolerant mix 7, 10, 11, or 13 
Mature Uninfested Lodgepole, Old Infested, Recent Infested, or 

Early Seral Lodgepole 

5000 WATER Open water 8 Nonhabitat 

7000 SPVEG Sparsely vegetated 8 Nonhabitat 
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      Table B1 continued 

7100 URBAN Urban 8 Nonhabitat 

8900 TRANS Transportation 8 Nonhabitat 
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Table B2. The error matrix showing the number of sample locations assigned to each landcover class and the actual category 

that was verified on the ground. Because age of infestation could not be determined in ground assessments, old infested and 

recent infested categories were combined into the beetle-killed forest category. Columns represent the ground verified class, 

and rows represent the assigned class from the landcover map.

  

Grass 

Upland 

Wetland 
Riparian 

Other 

Agriculture 
Shrubland 

Low 

Elevation 
Conifer 

High 

Elevation 
Conifer 

Mature 

Uninfested 
Lodgepole 

Valley 

Wetland 
Riparian 

Cultivated 

Ag 

Early Seral 

Lodgepole 

Beetle-

killed 
Forest 

Total 

Grass 19 1 0 10 4 0 1 0 0 1 1 37 

Upland Wetland 

Riparian 
0 9 0 0 0 0 0 0 0 1 0 10 

Other Agriculture 0 0 0 0 0 0 0 0 0 0 1 1 

Shrubland 2 0 0 23 5 0 0 0 0 0 0 30 

Low Elevation 

Conifer 
0 0 0 0 25 0 0 0 0 1 10 36 

High Elevation 

Conifer 
0 0 0 0 1 7 0 0 0 0 11 19 

Mature Uninfested 

Lodgepole 
0 0 0 0 0 0 3 0 0 0 0 3 

Valley Wetland 
Riparian 

0 0 5 0 0 0 0 2 0 0 0 7 

Cultivated Ag 0 0 2 0 0 0 0 0 10 0 0 12 

Early Seral 

Lodgepole 
0 0 0 0 0 0 5 0 0 1 1 7 

Beetle-killed 

Forest 
1 0 0 0 3 1 35 0 0 2 86 128 

Total 22 10 7 33 38 8 44 2 10 6 110 290 
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Table B3. Producer’s, user’s, and overall accuracies (measured in proportions) for each 

landcover class comparing the landcover model class and the actual class as verified on 

the ground. Because the age class of infestation could not be distinguished on the ground, 

both the old and recent infested classes are combined into the beetle-killed forest class.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  
Producer's 
Accuracy 

User's 
Accuracy   

Grass 0.86 0.51  
Upland Wetland Riparian 0.90 0.90  
Other Agriculture 0.00 0.00  
Shrubland 0.70 0.77  
Low Elevation Conifer 0.66 0.69  
High Elevation Conifer 0.88 0.37  
Mature Uninfested Lodgepole 0.07 1.00  
Valley Wetland Riparian 1.00 0.29  
Cultivated Ag 1.00 0.83  
Early Seral Lodgepole 0.17 0.14  
Beetle-killed Forest 0.78 0.67  
Average 0.64 0.56  

Overall   0.64 

Kappa   0.54 

Kappa 95% C.I.    0.47-0.61 

Kappa p-value   <0.001 
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Table C1. Forage species in the Elkhorn elk population summer diet. The species, 

lifeform, mean percent composition, and cumulative mean percent of the total late 

summer diet are reported. Rank indicates that the species was detected most often in the 

diet, not importance. I considered the species comprising 95% of the cumulative diet as 

late summer forage species.  

Species Name Lifeform Mean % Cumave % 

Lupinus spp forb 17.4 17.4 

Poa spp graminoid 12.4 29.9 

Festuca idahoensis graminoid 9.6 39.5 

Festuca campestris graminoid 8.9 48.4 

Forb sppa forb 7.9 56.2 

Grass sppa graminoid 6.3 62.5 

Vaccinium spp shrub 6.1 68.6 

Carex spp graminoid 5.8 74.4 

Artemisia frigida shrub 3.3 77.7 

Pseudoroegneria spicatum graminoid 2.7 80.4 

Agropyron spp graminoid 2.3 82.7 

Calamagrostis spp graminoid 1.9 84.7 

Shepherdia spp shrub 1.9 86.6 

Dactylis glomerata graminoid 1.9 88.5 

Shrub sppa shrub 1.8 90.2 

Astragalus spp forb 1.6 91.8 

Lithospermum spp forb 1.3 93.1 

Equisetum spp forb 0.7 94.6 

Berberis repens shrub 0.6 95.2 
aGeneral grouping category of species that were not identifiable in diet analysis; not 

included in screening data.  

 

Table C2. Summary of late summer elk diet composition of life form by year (2015 – 

2016) in the Elkhorn study area, Montana.  

 Year 

Life form 2015 2016 

graminoid 59.6 46.3 

forb 31.1 30.9 

shrub 7.7 20.8 
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Table C3. The percent composition of genera detected in the late summer elk diet samples in the Elkhorn study area during 

2015 and 2016.  
 

aGeneral grouping category of species that were not identifiable in diet analysis; not included in screening data. 

  

  2015 Late Summer Diet Samples 2016 Late Summer Diet Samples 

  Sample ID Sample ID 

Genus Life form 1 2 3 4 5 6 7 8 9 10 11 12 

Agropyron graminoid --- --- --- --- --- --- --- 5.2 8.7 4.6 --- 9 

Artemisia shrub 38.4 --- --- --- --- --- --- --- --- --- --- 4 

Astragalus forb --- 3.9 --- --- 6.8 3.8 --- --- --- 4.3 --- --- 

Berberis shrub --- --- --- 7.2 --- --- --- --- --- --- --- --- 

Calamagrostis graminoid --- --- --- --- --- --- --- --- --- --- 23.2 --- 

Carex graminoid 0.6 16 6.5 9.5 --- --- 1.3 3.5 5.3 3.9 23.2 --- 

Dactylis graminoid --- --- --- 3.3 3.9 --- 3.9 --- --- --- --- 11.4 

Equisetum forb --- 1.4 2.6 --- --- --- 1.3 --- --- --- 3.3 --- 

Festuca graminoid 4.5 12.3 5.6 9.1 9.7 29.6 16.8 21.3 35.1 31.6 10.6 35.7 

Forba forb 5.1 3 8.5 10.8 10.2 6.6 9.8 8.6 9.4 13.4 4.6 4.5 

Grassa graminoid 5.6 5.5 2.2 8.6 6.4 5.8 7.7 3.4 8.1 2 10.5 9.5 

Lithospermum forb 16.1 --- --- --- --- --- --- --- --- --- --- --- 

Lupinus forb 7.9 3.6 11.6 7.4 19.8 47 35.3 32 20.2 16.5 3.9 4 

Medicago forb --- --- --- --- --- --- --- --- --- --- --- 6.7 

Poa graminoid 9.5 22.4 17.6 23.6 17.9 --- 4.5 17.3 5.8 13.2 6.1 11.4 

Pseudoroegneria graminoid --- 8.2 --- 8.6 15.6 --- --- --- --- --- --- --- 

Shepherdia shrub 10.7 --- --- --- --- --- --- 8.4 4.1 --- --- --- 

Shruba shrub --- 2.3 3.9 1.5 0.7 --- 3.9 --- 1.4 6.6 0.8 --- 

Vaccinium shrub --- 21 31.8 7.1 --- --- --- --- --- --- 13 --- 
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Table C4. Late summer elk diet summary by percent of genus and sample year (2015 – 

2016) in the Elkhorn study area, Montana.  

 

aGeneral grouping category of species that were not identifiable in diet analysis; not 

included in screening data. 

  

  Year 

Genus Life form 2015 2016 

Achillea forb 0.5 --- 

Agropyron graminoid 4.6 --- 

Artemisia shrub 0.7 6.4 

Astragalus forb 0.7 2.4 

Bromus graminoid 0.6 --- 

Calamagrostis graminoid 3.9 --- 

Carex graminoid 6.2 5.4 

Castilleja forb 1.0 --- 

Dactylis graminoid 2.6 1.2 

Equisetum forb 0.8 0.7 

Festuca graminoid 25.2 11.8 

Forba forb 8.4 7.4 

Grassa graminoid 6.9 5.7 

Lupinus forb 18.7 16.2 

Medicago forb 1.1 --- 

Poa graminoid 9.7 15.2 

Salix shrub 0.7 --- 

Shepherdia shrub 2.1 1.8 

Shruba shrub 2.1 1.4 

Vaccinium shrub 2.2 10.0 

Berberis shrub --- 1.2 

Erigeron forb --- 0.9 

Geranium forb --- 0.7 

Juncus graminoid --- 0.6 

Lithospermum forb --- 2.7 

Pseudoroegneria graminoid --- 5.4 

Pseudotsuga tree --- 0.2 

Stipa graminoid --- 1.1 
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APPENDIX D 

 

 

ESTIMATING HERBACEOUS VEGETAION QUALITY  
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For each forage plant species in each phenological stage, I estimated dry matter 

digestibility (DMD) from sequential fiber analysis (Van Soest 1982) and using predictive 

models, based on feeding trials of wild ungulates, that account for the inhibiting effects of 

tannins on digestion (Robbins et al. 1987a, b, Hanley et al. 1992). DMD (%, or grams per 

100 grams of forage) was calculated using the following equation from Robbins et al. 

(1987a, b): 

 

DMD = [(0.9231 e -0.0451*((ADL/NDF)*100)–0.03*AIA)(NDF)]  

+ [(-16.03 + 1.02 NDS)–2.8 *P] 

 

where ADL is the acid detergent lignin (%), AIA is the acid insoluble ash (or biogenic 

silica content; %) of monocots, NDF is the neutral detergent fiber (%), NDS is the neutral 

detergent soluble (%), and P is the reduction in protein digestion (%). P is estimated as 

11.82*BSA, where BSA is the level of bovine serum albumin (Robbins et al. 1987b). 

BSA is an index of the inhibiting effect of increasing tannins measured in milligrams of 

BSA precipitated per milligram of dry matter forage. BSA values for shrubs containing 

tannins were obtained from the literature and were assumed to be 0 for forbs and 

graminoids that typically do not contain tannins.  

Next, I estimated digestible energy (DE, kcal/g) using an equation developed by Cook et 

al (2016):  

DE = (DMD/100) * GE 

 

where GE is the gross energy content and estimated as 4.53 kcal/g for forbs, graminoids, 

and deciduous shrubs and 4.8 kcal/g for evergreen shrubs (Cook et al. 2016). 
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SUMMER ELK USE OF COVER CLASSES   
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Table F1. Table of all 13 cover classes with percent available, and percent of total 

number of elk locations in each cover class (elk use; n = 2156 this study, n = 1287 1980 – 

1991 study) in the Elkhorn study area, Montana, during daytime for summers (July 1 – 

August 31) during this study (2015 – 2017) and summers for the 1981 – 1991 study. 

  This study 1980 - 1991 Study 

Class Name Available n Use Available n Use 

Douglas Fir Mix 32.1% 919 42.6% 32.1% 329 25.6% 

Grass 23.0% 494 22.9% 23.0% 144 11.2% 

Recent Infesteda 13.1% 262 12.2% --- --- --- 

Shrubland 9.0% 105 4.9% 9.0% 24 1.9% 

Old Infesteda 3.4% 100 4.6% --- --- --- 

Upland Wetland Riparian 1.2% 74 3.4% 1.2% 25 1.9% 

Spruce/Fir Mix 6.6% 73 3.4% 6.6% 137 10.6% 

Early Seral Lodgepolea, b 4.0% 60 2.8% --- --- --- 

Valley Wetland Riparian 0.9% 36 1.7% 0.9% 0 0 

Cultivated Agriculture 2.3% 20 0.9% 2.3% 0 0 

Nonhabitat 3.9% 7 0.3% 3.9% 33 2.6% 

Mature Uninfested Lodgepole 0.1% 5 0.2% 20.6% 595 46.2% 

Other Agriculture 0.4% 1 0.0% 0.4% 0 0 
 aThis cover class was assumed to be mature uninfested lodgepole forest during 

the 1980 – 1991 elk study and was summed to estimate availability and elk use. 
bThe early seral lodgepole cover class lodgepole pine forest assumed to be mature 

lodgepole during the 1980 – 1991 elk study that burned during a 1988 wildfire and 

became early successional lodgepole pine forest prior to the 2015 – 2017 elk study. 
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