
Ecology of adult female Rocky Mountain mule deer (Odocoileus hemionus hemionus) 
following habitat enhancements in north-central New Mexico 

 
 

by 
 

Grant E. Sorensen, B.S., M.Sc. 
 

A Dissertation  
 

In 
 

WILDLIFE SCIENCE 
 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

the Degree of 
 

DOCTOR OF PHILOSOPHY  
 

Approved 
 

Dr. Philip Gipson 
Co-Chair of Committee 

 
Dr. Mark C. Wallace 

Co-Chair of Committee 
 

Dr. Robert Cox 
 

Dr. Richard Strauss 
 

Dr. James Cain, III  
 
 

Dr. Mark Sheridan 
Dean of the Graduate School 

 
 
 

May 2015  



 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright 2015, Grant E. Sorensen 



Texas Tech University, Grant E. Sorensen, May 2015 

ACKNOWLEDGMENTS 
I would first like to express a great deal of gratitude to the NRA Whittington 

Center for making this project possible. This research would not have been feasible 

without the people and facilities at the Whittington Center who so graciously allowed 

me to work on their prized wildlife herd. The Whittington Center welcomed me as one 

of their own and the experiences that I had while working in the “field” will never be 

forgotten. I could not have asked for a greater facility to work on and spend my days. I 

would personally like to thank Wayne Armacost, Mike White, Jessica Fisher, and Erin 

Berry for their continued assistance with everything from field work to paper work. 

They opened the door for me and allowed this project to be the success that it was.  

The Department of Natural Resources Management at Texas Tech is truly the 

lifeblood of this project. In particular, I would like to thank my committee members, 

Dr. Philip Gipson, Dr. Mark Wallace, Dr. Robert Cox, Dr. Richard Strauss, and Dr. 

James Cain III, with whom this project would not have been possible. My Ph.D. 

committee has been graciously tolerant of the challenges we have experienced with 

this project from the start. Dr. Gipson has been a key support for this project from the 

first day and always provided unwavering attention to my research throughout my 

tenure at Texas Tech. Dr. Wallace became by committee co-chair part way through the 

project and has provided invaluable the support which made this project move forward 

in the right direction. Dr. Cox provided the much needed vegetation assistance on this 

project and without his help we would still be identifying plants. Dr. Strauss was 

essential in providing statistical support and not to mention outside ideas that I often 

overlooked. Dr. Cain provided the most thorough analysis of my research and 

dissertation. He provided the in-depth knowledge of big game ecology and attention to 

details in analyses that I would have otherwise missed. I thoroughly enjoyed working 

with every one of my committee members and I truly value the time that we have 

spent together on this project. It was a privilege to be a part of such a great research 

team. I cannot forget to thank the rest of the staff in the Department of NRM. The 

support staff within the department are the true heroes as we would not be able to 

ii 



Texas Tech University, Grant E. Sorensen, May 2015 

function without your help. I thank you for assisting me along with way with all the 

necessary paperwork that I would never figure out on my own. 

I cannot thank my family enough for the support they have provided 

throughout my graduate school career. I would not have made it through this project 

without the love and support of my wife, Kristyn and my main man Ethan. You kept 

me focused and inspired me to be the best that I can be in all aspects of life. I cannot 

express enough, the gratitude that you deserve and as always, thank you and love you! 

It would be selfish, if I did not also extend the biggest thank you to my parents, Sally, 

Jim, Paul, and Sheri and my brother Ryan, for tolerating my adventures thus far and 

remaining supportive no matter what decision I made. My sister Angie deserves a big 

thank you for always being there and taking the brunt of my daily complaints. Your 

undying support has truly made my career thus far a success and I thank you for all 

you have done. I would also like to thank my in-laws, Craig and Nancy Urban for their 

support and willingness to help at home when I had to leave. I sincerely appreciate all 

the care and love from my entire family.  

My comrades and the great times that we have had at Texas Tech will not be 

forgotten. For all the times together whether constructive or destructive, make me 

laugh when I think back to, “remember that one time when…”  Rico Quintana, Jon 

McRoberts, Sean Yancey, Peter Schlichting, Mike Panasci, Thomas Warren, and 

Nicole Quintana, the stories do not leave this group. I thank you for the support and 

cannot wait for the next shenanigan begin. 

I have to extend a huge thanks to the research fellows Dave Kramer and Chase 

Taylor. Both of you were the pieces of the puzzle that made this deer project whole. 

My field crew “chief” and good friend Chris Jewett, I thank you for the hard work and 

dedication to my project. We have had some great times, many of which will not be 

explained, and I look forward to our next adventure. Katie Guntly deserves the biggest 

acknowledgement because without her this project would not have been completed. 

You were willing to take charge, live in Raton, and keep my projecting moving 

forward. I appreciate all that you have done for me and this project. Heather Whitlaw, 

iii 



Texas Tech University, Grant E. Sorensen, May 2015 

it has been a pleasure to work with you as a friend and colleague and I thank you for 

all your support.  

Lastly, I want to extend my biggest thank you and deepest acknowledgement 

to Dr. Warren Ballard. I cannot explain the appreciation that I have for him as he saw 

through the muddy waters and gave me the opportunity of lifetime. Warren was an 

excellent advisor but more importantly, a true friend. This deer project was the vision 

of Dr. Ballard and ultimately would not have materialized without him. I will be 

forever grateful to Warren as he entrusted in me to jump feet first into the doctoral 

program and the deer world. The mannerisms, knowledge, professionalism, and 

generosity of Warren Ballard will truly be missed. 

Again, thank you everyone for the support and camaraderie throughout this 

project and here is a big cheers to the next step!            

 

 

  

iv 



Texas Tech University, Grant E. Sorensen, May 2015 

TABLE OF CONTENTS 
 

ACKNOWLEDGMENTS .................................................................................... ii 

ABSTRACT ........................................................................................................ viii 

LIST OF TABLES ............................................................................................... xi 

LIST OF FIGURES ............................................................................................ xv 

I. INTRODUCTION ............................................................................................. 1 

Study Area ......................................................................................................... 6 

Habitat Enhancements ....................................................................................... 7 

Literature Cited ................................................................................................. 9 

 

II. STATE OF OUR KNOWLEDGE ABOUT FEMALE ROCKY MOUNTAIN 
MULE DEER AND THE RELATIONSHIP TO NEW MEXICO DEER 
POPULATIONS .................................................................................................. 16 

Abstract ........................................................................................................... 16 

Introduction ..................................................................................................... 16 

Herbivore Competition.............................................................................. 20 
Habitat Restoration.................................................................................... 21 
Climate ...................................................................................................... 22 
Supplementation ........................................................................................ 24 

Rocky Mountain Mule Deer in New Mexcio .................................................. 25 

Literature Cited ............................................................................................... 30 

 

III.  HABITAT USE, SURVIVAL, AND CAUSE-SPECIFIC MORTALITY OF 
ADULT FEMALE ROCKY MOUNTAIN DEER FOLLOWING HABITAT 
ENHANCEMENTS IN NORTH-CENTRAL NEW MEXICO ...................... 37 

Abstract ........................................................................................................... 37 

Introduction ..................................................................................................... 38 

Methods ........................................................................................................... 41 

Study Area ................................................................................................. 41 
Habitat Enhancements ............................................................................... 42 

v 



Texas Tech University, Grant E. Sorensen, May 2015 

Deer Capture ............................................................................................. 43 
Deer Monitoring ........................................................................................ 44 
Habitat Selection ....................................................................................... 45 
Habitat Use Probability ............................................................................. 48 
Survival and Cause-Specific Mortality ..................................................... 50 
Fat Extraction ............................................................................................ 52 

Results ............................................................................................................. 53 

Home Range and Habitat Resource Selection .......................................... 53 
Habitat Use Probability ............................................................................. 55 
Survival and Cause-Specific Mortality ..................................................... 57 

Discussion ....................................................................................................... 58 

Home Range and Habitat Selection .......................................................... 59 
Habitat Resource Use Probability ............................................................. 62 
Survival and Cause-Specific Mortality ..................................................... 65 
Summary ................................................................................................... 68 

Management Implications ............................................................................... 68 

Literature Cited ............................................................................................... 70 

 

IV. FORAGE DYNAMICS, DIET QUALITY, AND FEMALE ROCKY 
MOUNTAIN MULE DEER CONDITION IN MULCHED AND OLD GROWTH 
HABITATS OF NORTH-CENTRAL NEW MEXICO .................................. 98 

Abstract ........................................................................................................... 98 

Introduction ..................................................................................................... 99 

Methods ......................................................................................................... 102 

Study Area ............................................................................................... 102 
Habitat Enhancements ............................................................................. 104 
Forage Quality and Analysis ................................................................... 105 
Deer Condition and Diet Quality ............................................................ 106 
Statistical Analysis .................................................................................. 107 

Results ........................................................................................................... 108 

Forage Quality ......................................................................................... 108 
Deer Performance and Diet Quality ........................................................ 111 

Discussion ..................................................................................................... 112 

Deer Performance and Diet Quality ........................................................ 119 
Summary ................................................................................................. 121 

Management Recommendations ................................................................... 122 

vi 



Texas Tech University, Grant E. Sorensen, May 2015 

Literature Cited ............................................................................................. 123 

 

V. POPULATION ABUNDANCE, DYNAMICS, AND RATE-OF-CHANGE 
FOR A DEER HERD IN NORTH-CENTRAL NEW MEXICO FOLLOWING 
HABITAT ENHANCEMENTS ....................................................................... 139 

Abstract ......................................................................................................... 139 

Introduction ................................................................................................... 140 

Methods ......................................................................................................... 142 

Study Area ............................................................................................... 142 
Habitat Enhacements ............................................................................... 144 
Deer Surveys ........................................................................................... 145 
Abundance Analysis................................................................................ 146 
Population Dynamics and Rate-of-Increase ............................................ 147 

Results ........................................................................................................... 148 

Deer Abundance ...................................................................................... 148 
Population Dynamics and Rate-of-Increase ............................................ 149 

Discussion ..................................................................................................... 150 

Deer Abundace ........................................................................................ 150 
Population Dynmaics and Rate-of-Increase ............................................ 151 

Management Implications ............................................................................. 152 

Literature Cited ............................................................................................. 154 

 

VI. SUMMARY AND CONCLUSIONS ......................................................... 164 

Summary ....................................................................................................... 164 

Literature Cited ............................................................................................. 169 

 
APPENDICES 
A.1 APPROVED ANIMAL CARE AND USE FORM .................................. 171 

A.2 CRUDE PROTEIN CONTENTS OF ALTERNATIVE FORAGES .... 178  

A.3 CHLOROFORM-METHANOL METHOD FOR LIPID EXTRACTION 
(SIMPLIFIED BY TTU)................................................................................... 179 

 

vii 



Texas Tech University, Grant E. Sorensen, May 2015 

ABSTRACT 
Populations of Rocky Mountain mule deer (Odocoileus hemionus hemionus) 

are currently declining across the West and throughout New Mexico. Specific reasons 

for the decline of mule deer are unclear but hypotheses which have been developed 

include predation, overhunting, competition with other large herbivores, habitat loss 

and deterioration, fire exclusion, extreme weather, and declining nutrition. Multiple 

factors may be interacting to limit mule deer populations throughout their range. Some 

recent research identified poor habitat quality and loss due to overgrazing, invasive 

plants, fire exclusion, and poor management as the primary factors in the decline of 

mule deer populations. Specifically, habitat degradation and loss of quality forage has 

resulted in malnutrition, over-winter starvation of adult female mule deer, and poor 

recruitment of fawns ultimately causing considerable population declines. Habitat 

enhancements were, therefore, needed to improve the forage quality and maintain 

adequate cover to help mule deer populations recover.  

I initiated this study on mule deer in north-central New Mexico starting in 

2010 on the National Rifle Association Whittington Center (WC) located in Colfax 

County, New Mexico. The WC began a series habitat enhancements in 2008 aimed at 

improving deer browse quality which included: thinning by mulching of pinyon 

(Pinus spp.)-juniper (Juniperus spp.) and brush (Quercus gambelii, Cercocarpus 

montanus) stands at lower elevations and selective thinning of ponderosa pine at 

higher elevations. A total of 280 hectares were mulched by November 2011. My 

specific objectives were to determine mule deer body condition, habitat utilization, 

survival, and cause-specific mortality factors. In addition, I assessed forage nutrition 

by determining seasonal forage protein and tannin content in treated and untreated 

areas and assessed fecal nitrogen levels to determine diet quality for adult female mule 

deer.  

Adult female mule deer (n = 48) were captured in March 2011 (n=36), 2012 

(n=9), and 2013 (n=3) respectively and fitted with telemetry collars.  Adult female 

mule deer selected for oak shrubland savanna (wi = 4.915 (±1.218) to 1.87 (±0.430)) 
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and pinyon-juniper savanna (wi = 1.986 (±0.306) to 1.122 (±0.207)) throughout all 

years and seasons. Deer selected against pinyon-juniper woodlands and open grassland 

throughout all seasons. Deer whose home ranges overlapped treated areas selected for 

treated brush stands during the first two years (wi: 2011 = 2.364, ±0.735; 2012 = 

2.291, ±0.507) of the study but exhibited no selection after the second summer. 

Probability of deer use was best explained by aspect, ponderosa pine forest, oak 

savanna, and pinyon-juniper forest as well as distance to water, developed arears, and 

oak savanna habitat edge. Total survival for the duration of the study from March 

2011 to February 2014 was 0.83 (SE = 0.029) and was best explained by total 

precipitation and age as well as body mass and ingesta-free body fat at time of capture. 

Selection for treated brush had a minimal effect on deer survival (β = 4.72E-5 

SE=0.445E-4). Mountain lion predation accounted for 60% of all known mortalities (n 

= 22/27). Femur marrow fat levels indicated that only one deer was below the 12% 

threshold for acute starvation at the time of death and three deer below the 25% 

threshold for compromised health (marrow fat range 11.5% to 45.9%). Mulching 

increased the crude protein content by 7.7%, 10.9%, and 17.2% for Gambel oak 

(Quercus gambelii), mountain mahogany (Cercocarpus montanus), and skunkbush 

sumac (Rhus trilobata) respectively, over non-mulched browse two years post mulch 

but this effect was not detected after 2.5 years by 2013. Deer that selected for treated 

areas did not have diets with significantly greater fecal nitrogen across all seasons and 

years. This suggests equality in deer diets regardless of selection for mulched areas 

known to initially have improved browse quality. Deer body condition (IFBF average 

= 7.3%) was similar to values previously reported on the study site. Deer densities 

averaged of 2.6 deer per km2 during the summer season and 2.1 deer per km2 during 

the winter season. Study period recruitment was an average of 38 fawns:100 does. 

Maximum rate-of-increase indicated a 7% annual increase in the deer population 

during this study. The results of my study provide little support for the hypothesis that 

malnutrition is currently the primary limiting for this mule deer population on the WC. 

Year round forage quality in key browse species is above maintenance requirements 
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for deer, comparable body fat levels to other studies, high survival rates, few 

individuals below 25% marrow fat, and cause-specific mortality factors suggest that 

the role of starvation on this population of deer was minimal. Rather my results 

suggest that predation was a greater factor than nutrition on limiting adult female mule 

deer survival and population growth rates via fawn recruitment. Habitat enhancements 

had increased forage quality, but these increases were short lived and highly 

dependent on precipitation. As adult female mule deer body condition and survival did 

not appear to improve from those reported prior to habitat management, the area 

coverage of habitat manipulations in this study were small compared to the landscape. 

Habitat management can have positive impacts on a mule deer population in the 

pinyon-juniper range of the southern Rocky Mountains, however more extensive 

vegetation treatments and deeper focus on animal fitness coupled with predation 

factors needs to be addressed to determine the intricate role of habitat manipulation on 

mule deer population dynamics of north-central New Mexico.  
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CHAPTER I 

INTRODUCTION  
Rocky mountain mule deer (Odocoileus hemionus hemionus) (hereafter mule 

deer) are an important species in the western United States and are part of the natural 

and cultural heritage. Mule deer are aesthetically and economically important in the 

West and in particular New Mexico. Populations of mule deer are currently declining 

across the West (Carpenter 1998; Gill et al. 2001; Bender 2006; Hornecastle et al. 

2013; Mule Deer Working Group 2013; Bergman et al. 2015). Specific causes for the 

decline of mule deer are unclear but predation, competition with other large 

herbivores, habitat loss and deterioration, extreme weather, and declining nutrition 

have all be hypothesized to be contributing to declines (Johnson et al. 2000; Gill et al. 

2001; Peek et al. 2002; Bender 2006; Cook et al. 2007). Some of these factors are not 

mutually exclusive (i.e. habitat degradation and nutrition) as one or many of these 

factors can interact to limit the growth of mule deer populations (Bishop et al. 2009). 

Research has identified habitat quality and loss due to overgrazing, invasive plants, 

fire exclusion, and poor management as factors contributing to the decline of mule 

deer populations in the expanding pinyon-juniper (Pinus edulis – Juniperus spp.) 

woodlands of the southwestern United States (Bender 2006; Bergman et al. 2014a). 

Therefore, habitat enhancements are needed to improve the forage quality as well as 

maintain adequate cover to help mule deer populations recover (Short et al. 1977; 

Lomas and Bender 2007; Bender et al. 2007a,b; Bishop et al. 2009; Bergman et al. 

2014a). Restoration of critical vegetation types through chaining/cabling, logging and 

prescribed burning has had positive responses in deer habitat selection and population 

dynamics (Hobbs and Spowart 1984; Howard et al. 1987; Long et al. 2008; Short et al. 

1977). Increasing forage quality and nutrition can improve deer body condition, 

pregnancy rates, fecundity, and along with improved cover, has the potential to 

enhance overall survival (Robinette et al. 1952; Dietz and Nagy 1976; Cook et al. 

2004; Cook et al. 2007; Bender et al. 2007a; Bergman et al. 2014b).  
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Recent research in the pinyon-juniper region of southwestern Colorado has 

shown that habitat manipulations through mechanical hydro-axing and roller-chopping 

have the ability to improve adult doe body condition and improve fawn survival 

(Bergman et al. 2014a,b). Furthermore, fawn survival was the greatest in areas that 

received a follow up advanced habitat treatment consisting of chemical removal of 

cheatgrass (Bromus tectorum) and jointed goatgrass (Aegilops cylindrical) along with 

reseeding  of key deer browse species (Bergman et al. 2014a). However, there was no 

observed increase in deer density in advanced treated areas over references areas, 

indicating that deer density may not be an effective method to determining population 

response to landscape habitat manipulations (Bergman et al 2015). Alternative 

assessments of population fitness such as survival rate of neonates, body condition of 

adult female deer and survival of adult female deer may prove to be more useful in 

determining subtle effects of restoration treatments.    

Studies along the upper Santa Fe Trail area of north-central New Mexico 

(Bender et al. 2006; 2007a; 2007b; Lomas and Bender 2007) suggested that 

malnutrition and over-winter starvation were the primary limiting factors for adult 

mule deer survival and reproductive performance in New Mexico. Bender (2006) 

suggested that habitat degradation and loss of high quality forage was causing lower 

body condition of females, compromising their ability to successfully reproduce and 

survive over winter.  

Habitat degradation has resulted, in part, from expansion of pinyon-juniper 

(Pinus edulis – Juniperus spp.) woodlands in the southwestern United States (Allen et 

al. 2002, Ansley et al. 2006, Jacobs and Gatewood 1999, Stoddard et al. 2008, 

Swetnam et al. 1999). This woody encroachment into grasslands appeared to reduce 

plant productivity and diversity, increase soil erosion and decrease forage quality and 

availability (Allen et al. 2002, Bender 2006, Jacobs and Gatewood 1999, Stoddard et 

al. 2008).   

To address concerns about possible habitat loss and malnutrition, the National 

Rifle Association Whittington Center located near Raton, New Mexico has 
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implemented multiple habitat enhancement strategies (Figure 1.1) suggested by 

Hoenes and Bender (2007). These techniques include mulching of senescent Gambel 

oak (Quercus gambelii) and mountain mahogany (Cercocarpus montanus) in lower 

elevation shrub-grassland communities, applying hydro-ax treatments to reduce tree 

density in pinyon-juniper stands at mid-elevations, and selective timber harvest in 

higher elevation ponderosa pine forests (Figure 1.2). The goal of these habitat 

restoration treatments was to improve nutritional quality of browse and increase 

abundance of preferred forage plants for mule deer. This study began in 2010 which 

involved monitoring the same deer population as Bender (2006) for habitat selection, 

diet quality, survival, and cause-specific mortality. I also monitored quality of key 

forage species for mule deer and deer performance after the habitat restoration 

techniques were applied.  

A multifaceted approach was taken to address the hypothesis of malnutrition as 

the primary limiting factor among mule deer populations in north-central New 

Mexico. If mule deer were malnourished, we would expect to see: deer with poor body 

condition, low diet quality, low survival, poor reproductive performance, evidence of 

starvation in deer mortalities and browse quality below the threshold needed for 

maintenance of body condition (i.e. <8% crude protein; French et al. 1956; Fulbright 

and Ortega-S 2006; Holter et al. 1979; Magruder et al. 1957; Vandeloecht et al. 2012). 

Furthermore, habitat enhancements should elucidate a strong selection for treated 

browse, increase diet quality, improve deer body condition and performance, increase 

survival, however, malnutrition should still be evident in those individuals that did not 

select treated areas. My specific objectives were to determine deer body condition, 

habitat utilization, survival, and cause-specific mortality factors and to assess forage 

protein and tannin content in treated and untreated areas, fecal N levels, and deer 

performance. Results from this study will provide information on the factors 

contributing to the decrease in mule deer densities of north-central New Mexico and 

ultimately provide insight into managing mule deer in the eastern pinyon-juniper range 

of the Rocky Mountains.  
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In chapter II, I briefly review Rocky Mountain mule deer literature on habitat 

selection, competition with other herbivores, habitat restoration potential, climate 

effects, and supplementation to increase deer survival. This brief overview provides a 

quick summary of the state of the ecological knowledge on mule deer throughout their 

range in western North America. More importantly, I discuss the knowledge of female 

Rocky Mountain mule deer in their southern and eastern range and in particular the 

literature in New Mexico. There is a void of literature documenting the decline of 

mule deer in New Mexico. Available literature suggested that habitat degradation as a 

result of pinyon-juniper woodland expansion has prohibited deer from building 

sufficient nutritional reserves to enhance survival and reproduction. Female mule deer 

declines have been attributed to starvation and mortality from malnutrition (Bender et 

al. 2007a, 2007b). The main premise of this study was to investigate the malnutrition 

hypothesis after implementation of habitat enhancements aimed at improving deer 

browse quality and deer survival were completed in north-central New Mexico.   

In chapter III, I evaluate the seasonal distribution and habitat use patterns of 

female mule deer in relation to vegetation type and treatment areas. If treatments 

improved habitat quality for deer, I would expect to observe a large home range 

overlap with treated areas and strong selection for treated areas with increased browse 

quality. Habitat selection and probability of use can help determine the impacts of 

habitat manipulations on animal habitat utilization as well as the potential effects on 

improving deer body condition. Selection probability can help formulate a 

management strategy by targeting those areas with a greater chance of being utilized. 

Additionally, I asses the survival rate of female mule deer across seasons and 

determine cause-specific mortality sources.  

In chapter IV, I test the effectiveness of habitat manipulations to increase 

forage protein content. If deer malnutrition was indeed limiting this deer population, 

senescent forage should lack the required level of nutrients required for deer 

maintenance. Setting plant growth back in succession has been known to increase the 

nutritional quality. Manipulating deer habitat through mulching can be an effective 
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method to improve deer nutrition if this premise holds true. Dynamics associated with 

habitat manipulation and ungulate response in pinyon-juniper woodlands has recently 

been studied in southwest Colorado (Bishop et al. 2009; Bergman et al. 2014a,b; 

Bergman et al. 2015) but has yet to be tested on browse stands of northern New 

Mexico. By comparing the regrowth of mulched browse to its old growth counter-part, 

I can describe the nutritional quality benefits associated with mulching. I also 

established the base line health of female mule deer at the time of capture and 

examined diet quality across two critical gestational periods. I expected that 

malnourished deer would have lower diet quality and deer performance (i.e. 

recruitment, pregnancy) would extremely low. Diet quality was compared with habitat 

use during the late winter period and late gestation/lactation period. If habitat 

manipulations improved deer habitat quality above senescent brush stands, deer that 

selected treated brush would have better diet quality along with increased performance 

over those individuals who did not utilize treated areas. I evaluate potential positive 

habitat enhancement effect through improved diet quality and body condition. 

In chapter V, I examine the population status and dynamics on the study site as 

well as determine the maximum population rate-of-growth. Determining the overall 

population status and growth can elucidate herd performance. By addressing the 

survival and cause-specific mortality factors from other parts of the study that could 

limit population growth, management goals to increase the rate-of-increase can be 

implemented. These rates will be compared to those values found previously in the 

area prior to habitat treatments and to historic data from northern New Mexico. 

Understanding the population status and population dynamics that potentially limit 

population growth will help managers fully determine the role of malnutrition or other 

limiting factors on the mule deer population in north-central New Mexico.  

In chapter VI, I summarize my entire research study across all chapters and 

propose ideas for future research and improved management. A compilation of all the 

information from this research project can be used for future management plans on the 
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NRA Whittington Center, and in general, the eastern foothills of the Rocky 

Mountains.    

Study Area 
The study area was located in Colfax County (approximately 36o 44’ N, 104o 

30’ W), New Mexico in north-central New Mexico (Figure 1.1) approximately 19 km 

south of Raton. This area is characteristic of the transition zone between the shortgrass 

high-plains and the Rocky Mountains. The research was conducted on a 13,400 ha 

property owned by the National Rifle Association Whittington Center (WC) This 

property was developed in 1973 as an outdoor recreation facility focused on shooting 

sports but also includes the hunting of elk (Cervus elaphus), pronghorn (Antilocapra 

americana), turkey (Meleagris gallopavo), black bear (Ursus americanus), and mule 

deer. Prior to development in 1973, domestic livestock had grazed the area but have 

since been excluded (Hild and Wester 1998). 

Vegetation within WC varies from semi-arid lower elevation grasslands to 

semi-mesic pinyon-juniper woodlands and ponderosa pine-fir forests (Pinus 

ponderosa - Pseudotsuga menziesii) at higher elevations. Elevation ranges east to west 

from 1900 m on the grasslands to above 2400 m in ponderosa pine forests. Common 

species found on the grasslands include blue grama (Boutelous gracilis), sideoats 

grama (Bouteloua curtipendula), alkali sacaton (Sporobolus airoides), little bluestem 

(Schizachyrium scoparium), sand dropseed (Sporobolus cryptandrus), and Canada 

wildrye (Elymus canadensis). Gambel oak (Quercus gambelii) and mountain 

mahogany (Cercocarpus montanus) dominate large dense brush communities located 

throughout the WC and are intermixed with skunkbush sumac (Rhus trilobata), big 

sagebrush (Artemisia tridentata), fringed sage (Atremisia frigida), winterfat 

(Krascheninnikovia lanata), and fourwing saltbush (Atriplex canescens). Mid- to high-

elevations are characterized by Rocky Mountain juniper (Juniperus scopulorum), one-

seeded juniper (Juniperus monosperma), pinyon pine (Pinus edulis), ponderosa pine 

and Douglas fir.   
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Climate data were collected by the National Oceanic and Atmospheric 

Administration (NOAA), National Climate Data Center weather station on the Raton 

Crews Municipal Airport (Station ID:GHCND:USW00023052, approximately 4.5km 

south of study site). The climatic conditions vary spatially and temporally. The mean 

daily high and low temperatures varies from 28.9o C (SD = 1.5 o C) and 10.7o C (SD = 

0.8 o C) in July to 7.5o C (SD = 2.4 o C) and -10.0o C (SD = 1.7 o C) in January, 

respectively (NOAA 2014). The 34 year average annual precipitation in the lower 

elevations is 40.1cm (SD = 12.1 cm) (NOAA 2014); 62% of which occurs during the 

monsoons between May and September. The greatest snowfall occurs at the higher 

elevations (1.5-2.3 m) while the lower zones receive approximately 50-65 cm of 

snowfall a year (Hild 1995). Snowfall accumulation on the lower transition during this 

study was minimal (i.e., 35 cm study period total; personal observation).  The growing 

season is an average of 154 days (Hild 1995). The study area received 27.96 cm, 24.19 

cm and 40.19 cm of total precipitation from 2011 to 2013 respectively (NOAA 2014).  

In 2011 and 2012, total precipitation was only 70% and 60% of the 34-year historic 

average (40.1 cm; Figure 1.2) exemplifying the long-term drought conditions that 

existed through the majority of this study.  

Habitat Enhancements 
As recommended by Hoenes and Bender (2007), in 2008-2009 130 hectares of 

pinyon-juniper and Gambel oak were hydro-axed with the goal over two years for 

80% reduction in the cover of woody vegetation. The treatments consisted of removal 

of large pinyon-juniper (>15cm DBH) trees and dense brush (Gambel oak, mountain 

mahogany) stands. The mastication occurred primarily on the south facing slopes in 

the southern pinyon-juniper transition zone of the WC (Figure 1.3). Another 29 

hectares of pinyon-juniper were hydro-axed using the same criteria on the north east 

boundary of the WC in the spring of 2010. Additional habitat enhancements were 

conducted in the fall of 2010 and summer of 2011, using a hydraulic rotary mulching 

attachment on an excavator  to cut and mulch brush and small trees (<10cm DBH/ 

<2m height) to ground level in the lower shrubland/grassland communities on the 
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southern zone of the WC (Figure 1.3). Hydro-axing differed from rotary mulching by 

the size of pinyon-juniper trees that could be masticated. Hydro-ax treatments were 

able to remove larger trees in denser stands. Mulching of brush was similar between 

both treatment methods. A total of 281 hectares had been mulched in the southern 

pinyon-juniper/shrub/grassland communities as of November 2011 at which time 

vegetation treatments were halted (Figure 1.3). 

 No deer were found or captured above ~2150m in elevation; therefore the 

focus of this study occurred on the low- to mid-elevation mulched areas. These 

mulching treatments were initiated with the goal of reversing pinyon-juniper 

expansion, increase forage quality and to provide preferred habitat characteristics for 

mule deer. Our results pertain to mule deer residing in the study area at less than 2,200 

m in elevation characterized predominantly by pinyon-juniper and oak shrubland plant 

communities.  
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Figure 1.1. The National Rifle Association Whittington Center located 19 kilometers 
south of Raton, Colfax County, New Mexico, USA. The boundary outlined in black 
encompassed over 13,000 hectares and occupied the transition zone between xeric 
shortgrass prairie in the east and semi-mesic ponderosa pine forest in the west.  
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Figure 1.2.  The total monthly precipitation (mm) from 2011 to 2013 compared to the 
34-year monthly average on the NRA Whittington Center, Raton, New Mexico, USA. 
Current precipitation data collected from the NOAA weather station located 4.5km of 
the study site on the Ration Crews Municipal Airport (NOAA 2014, Station ID: 
GHCND:USW00023052) and historic data collected from Raton KRTN station 
located 19km north of study site (Station ID: GHCND:USC00297280). 
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Figure 1.3. The lower elevation grassland and oak shrubland savanna transition zone 
on the NRA Whittington Center, Raton, New Mexico, USA.  A total of 281.08 
hectares were treated as of November 2011 of which 149.96 hectares was hydro-axed 
and 131.12 hectares were rotary mulched. The focus of the research was conducted in 
this lower elevation zone in and around the mulched brush areas.   
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CHAPTER II 
STATE OF OUR KNOWLEDGE ABOUT FEMALE ROCKY 
MOUNTAIN MULE DEER AND THEIR RELATIONSHIP TO 
NEW MEXICO DEER POPULATIONS  

Abstract 
Studies on Rocky Mountain mule deer occurred across a broad range of 

vegetation types ranging from semi-arid grasslands in the southern region to mesic 

forests in the northern deer ranges. These studies addressed a variety of factors 

including habitat selection, habitat quality, habitat disturbances/manipulations, 

competition other large herbivores, and predators. Many of these studies investigated 

these factors influence on deer health, reproduction, survival, and population growth. 

Competition with other large herbivores has shown to influence deer habitat use and 

diet selection. Restoration techniques have the ability to improve the desired cover 

types and increase deer survival but the effects on mule deer can be highly variable 

depending on extrinsic factors such as climate or predation. Supplementation has been 

shown to improve the nutritional status of mule deer and enhance overwinter survival 

but its applicability to landscape level maybe limited. Many of these factors 

influencing deer survival are known throughout their northern range. Knowledge of 

limiting factors for mule deer in their southeast range, in particular New Mexico, is 

minimal. Current literature suggests that malnutrition is the primary limiting factor for 

mule deer in New Mexico. Habitat degradation and loss of high quality browse 

appears to contribute to poor body condition, poor survival, depressed pregnancy 

rates, and low recruitment in adult female mule deer. Population growth in mule deer 

is reportedly negligible and has steadily declined since the 1980’s. However, little 

research has been conducted to evaluate the malnutrition hypothesis and monitor mule 

deer after restoration efforts have been conducted to reverse habitat degradation.  

Introduction 
Proper management of mule deer involves understanding their interactions 

with variable environmental factors that appear critical to their survival. This is ever 
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more crucial as mule deer have been on a steady decline since the 1980s (Carpenter 

1998). Habitat selection and movements by mule deer can vary spatially and 

temporally, which can make management of this declining species difficult (Kufeld et 

al. 1989; Nicholson et al. 1997; Johnson et al. 2000; Ager et al. 2003; Long et al. 

2009). Proper mule deer management can further be complicated in diminishing 

habitats as a result of urbanization/development and landscape-level habitat 

deterioration (Carson and Peek 1987; Kufeld et al. 1988; Sawyer et al. 2006; Bender et 

al. 2007a). Mule deer select a variety of habitats depending on competition with other 

herbivores, season, climate, vegetation, and current disturbances. Keufeld et al. (1988) 

reported that along the Colorado Front Range, mule deer preferred grasslands for 

feeding and resting at night and mountain mahogany (Cercocarpus montanus) 

communities for both activities during all other periods of the day. In addition, they 

indicated that feeding activity in ponderosa pine forest (Pinus ponderosa) decreased 

with increasing canopy cover. Furthermore, deer in Colorado showed a preference for 

grasslands that offered escape cover during periods of daylight (Kufeld et al. 1988). 

Similarly, Bodurtha et al. (1989) established that mule deer in eastern Oregon 

preferred feeding areas with the highest species richness, high forb coverage, greater 

perennial bunchgrass coverage and lower coverage of annual grasses across all 

seasons. They also indicated that areas dominated by rough medusahead 

(Taeniatherum asperum) were of little value to mule deer and were often avoided.  

In shrub-dominated communities, deer responded favorably to areas with 

different seral stages and manipulation of secondary succession had the potential to be 

a critical component of mule deer management (Griffith and Peek 1989). In 

bitterbrush (Purshia tridentate) communities of north-central Washington, increased 

cover of herbaceous forage in the understory of late seral communities increased the 

value of these communities to mule deer (Griffith and Peek 1989). Manipulating mid- 

and late seral stages to improve herbaceous forage and maintain cover effectively 

improved deer survival and reproduction. Carson and Peek (1987) indicated that deer 

prefer conifer, riparian and bitterbrush communities in north-central Washington that 
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provided the best security cover and high forage availability throughout the year. They 

concluded that enhancement of productivity in bitterbrush and riparian cover types 

would significantly benefit mule deer in Washington.  

Serrouya and D’Eon (2008) working in Douglas-fir (Pseudotsuga menziesii) 

forests of British Columbia reported that deer consumed fewer understory browse 

species in a coniferous-dominated forest and they derived a greater nutritional benefit 

in landscapes that contained higher proportions of open deciduous canopies. However, 

deer will consume Douglas-fir stems and consistently select foliage from trees that are 

>40 cm dbh on winter ranges in British Columbia. Management strategies aimed to 

maintain forests with a component of trees >40 cm dbh can improve deer forage on 

wintering sites (Dawson et al. 1990). In lodgepole pine (Pinus contorta) and quaking 

aspen (Populus tremuloides) forest of northern Utah, mule deer and elk both showed a 

strong grazing preference for open areas. Clear cutting in these areas increased deer 

and elk grazing use, but deer mostly preferred less productive clear-cut lodgepole pine 

and aspen forest compared to open meadows (Collins and Urness 1983). Similarly, in 

Colorado clear-cut narrow strips increased deer forage by 47% more than uncut forest 

and deer obtained 63% of their forage from these cut strips while only 27% of their 

forage came from uncut strips (Wallmo et al. 1972). Thinning ponderosa pine forests 

in South Dakota increased the diversity, biomass, and availability of forages for deer 

and elk. The heavily thinned areas however, removed too much cover that was needed 

by mule deer (Gibbs et al. 2004). Ponderosa pine forests that became too dense limited 

forage production and selection by mule deer. These studies show that clearing and 

thinning pine forests can enhance available forage and alter habitat selection in mule 

deer. Similar results are seen when thinning pinyon pine (Pinus edulis)-juniper 

(Juniperus spp.) woodlands. Short et al. (1977) found that small patch cutting within 

the pinyon-juniper woodlands increased deer and elk use but large cuttings removed 

too much escape cover. Kramer et al. (2015) found that conifer thinning had the ability 

to increase the abundance of preferred forages for deer but results are highly 

dependent upon precipitation. The consensus in the literature is to moderately thin 
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pine forests to improve understory browse and forb production while maintaining 

adequate cover.  

Deer also exhibit seasonal movements, most notably migrating to lower 

elevation areas during winter. Mule deer show a high fidelity to particular seasonal 

ranges (Brown 1992; Sawyer et al. 2005; Sawyer et al. 2009; Lendrum et al. 2013). 

Migration may have evolved to take advantage of variation in the environment across 

time and space by moving to areas where resources were more available therefore 

increasing reproductive success (Garrott et al. 1987; Nicholson et al. 1997; Monteith 

et al. 2011; Monteith et al. 2014). Kufeld et al. (1989) reported that during winter, deer 

home ranges were comprised of vegetation types with higher nutrient quality and 

species richness. In addition, 62% of the area within their home ranges consisted of 

vegetation that provided adequate security cover. However, a majority of the deer 

studied were year-round residents, occupying small home ranges due to high quality 

habitat being able to support year-round use by deer (Kufeld et al. 1989). Nicholson et 

al. (1997) pointed out that migratory females selected meadows, riparian habitats, and 

pine forests while the resident females avoided riparian habitats. Migratory female 

deer had higher rates of mortality due to predation during years of low precipitation. 

Migrating deer can increase their survival during winter by moving to areas with more 

available forage; however there are tradeoffs associated with migration because 

resident deer maybe subjected to lower energy expenditures (Sawyer et al. 2002).  

Monteith et al. (2014) studying migratory mule deer in the Sierra Nevada mountain 

range of California found that females who migrated to the west side of the Sierra 

crest during the summer were in better nutritional condition and remained in better 

condition through the winter. However, fawn recruitment was only 60% of that of the 

non-migratory deer, due in part, to high predation rates in the summer range on the 

west side of the Sierra crest (Monteith et al. 2014). They indicate that despite the 

increase in adult nutrition, the migratory population is limited by bear predation on 

neonates. Management and conservation of deer populations which may include 

migratory herds, need to incorporate climate conditions and plant phenology as well as 
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integrate the effects of nutrition, life-history traits, and predation to be effective 

(Monteith et al. 2011, Monteith et al. 2014). 

Herbivore Competition 
Competition with other herbivores can alter home ranges and habitat selection 

of mule deer. Loft et al. (1991) found that heavy cattle grazing in California during the 

summer reduced cover and preferred forages of mule deer causing them to shift their 

use to habitats without cattle. Competition between mule deer and cattle can cause 

large shifts in habitat selection because deer commonly selected areas ungrazed by 

cattle (Loft et al. 1991). This problem can be solved by leaving some areas ungrazed 

to avoid displacing deer herds (Ragotzkie and Bailey 1991). Stewart et al. (2002) 

established that elk and deer avoided areas used by cattle and that a strong competition 

among the three herbivores has resulted in spatial displacement of each herbivore 

species. In Arizona, fewer elk and mule deer are seen on pastures grazed by cattle 

(Wallace and Krausman 1987). These studies show that strong competition between 

native and domestic herbivores can alter the habitat and resources selected by mule 

deer. Investigating interactions between deer species in Texas, Brunjes (2009) 

indicated that home ranges of mule deer and white-tailed deer displayed a high degree 

of overlap and management of only one species would be difficult on a large scale. 

However, in areas with sympatric deer in Colorado, mule deer selected habitats 

primarily based on forage availability containing high proportions of perennial and 

annual forbs while white-tailed deer selected habitats based mostly on security cover 

(Whittaker and Lindzey 2004). This differential habitat selection resulted in spatial 

segregation of the two species allowing them to coexist (Whittaker and Lindzey 2004).  

These studies show that mule deer and white-tailed deer can occupy similar regions 

with overlapping home ranges but selection of different habitats can allow them to 

coexist. Conversely, Wood (1989) found that there was little spatial overlap and 

minimal opportunity for interspecific competition between mule deer and antelope 

(Antilocapra americana) in eastern Montana. Competition for habitat between 
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antelope and deer is minimal compared to that of other herbivores and they exhibit a 

relatively high degree of spatial segregation.  

There can be a strong dietary overlap among elk and deer causing resource 

partitioning (Stewart et al. 2002; Stewart et al. 2010). Beck and Peek (2005)  found 

that summer elk and deer diets overlapped 45-59% and that forage competition among 

mule deer, elk, cattle, and domestic sheep was the greatest in forb dominated 

communities. Sandoval et al. (2005) found that mule deer and elk diets overlapped 

50% in all four seasons and were as high as 64% in north-central New Mexico. They 

indicated that mountain mahogany (Cercocarpus montanus Raf.) was the most 

abundant browse plant for deer while both species selected forbs when available. 

Strong overlap in diets between elk and mule deer can result in altered habitat use in 

the same vegetative community when these two species are sympatric (Stewart et al. 

2010). Managing these species can become difficult when the goal is optimal 

production of both. Therefore, when addressing sympatric multi-herbivore systems 

dietary overlap and displacement need to be considered to properly manage all 

species. 

Habitat Restoration 
Due to the free-ranging and high forage selectivity aspects of wild animals, 

exact diet and nutritional requirements have been difficult to determine (Collins and 

Urness 1983). Extrinsic factors such as cover, topography, climate, human pressure, 

and development can all confound the habitat selection of ungulates in addition to 

forage factor such as browse quality and availability. Enhancing deer nutrition has 

typically come from habitat management and enhancing forage while other research 

has looked at supplemental feeding of deer during the autumn to make up for a lack of 

high quality forage. Manipulations of degraded habitats through various techniques 

(i.e. thinning, burning) have become increasingly common as effective restoration 

methods (Hobbs and Spowart 1984; Long et al. 2008; Horncastle et al. 2013; Bergman 

et al. 2015). In Mississippi, Mixon et al. (2009) found that herbicide treatments 

followed by prescribed burning resulted forage crude protein levels that were 19 times 
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higher than controls when managing for white-tailed deer (Odocoileus virginianus) 

habitat. Carlson et al. (1993) found that prescribed fire increased the nutritive value of 

forage and browse density for at least two years in the Florida keys for Key deer 

(Odocoileus virginianus clavium). Similarly, Dills (1970) established that prescribed 

burning increased green browse by 56% in Tennessee.  Although these studies involve 

white-tailed deer, the correlation between prescribed fire and deer browse is similar in 

mule deer habitat. In fact, Hobbs and Spowart (1984) reported that prescribed burning 

increased protein and digestibility of winter diets for mule deer in Colorado and 

concluded that prescribed fire is an effective tool to improve winter habitats. Long et 

al. (2008) found that prescribed fire was of greater benefit to elk than mule deer in 

Oregon. However, Long et al. (2008) suggests that maintaining patches of non-burned 

and burned areas along with areas of mechanically thinned forest greatly improved 

habitat and provided the greatest long-term foraging opportunities for both elk and 

mule deer. In the ponderosa pine (Pinus ponderosa) forest of Arizona, Horncastle et 

al. (2013) found that female mule deer used thin-and-burn areas more intensely within 

their home rage. Similar to Long et al. (2008), they recommend a mosaic of forest 

restoration burn treatments that provide adequate cover and bed sites as well as 

promoting understory vegetation growth (Horncastle et al. 2013). If fire is not an 

option, Everitt (1983) concluded that crude protein and phosphorus could be increased 

by mechanically shredding browse species during the growing season. These studies 

show that habitat restoration through burning and mechanical techniques can greatly 

improve quality and quantity of browse for deer. However, Germaine et al. (2004) 

recommend that stands with greater than 40% canopy closure be retained in treated 

areas for deer cover and bedding sites. Overall, habitat restoration through burning and 

thinning can improve deer forage quality, but maintaining patches of cover would 

greatly improve the survival and population trends in mule deer.  

Climate 
 Variation in temperature and precipitation can have major impacts on deer diet 

quality. In addition, seasonal variations in climatic conditions and forage will play a 
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large role in the diet quality and nutrition in mule deer. In particular forage in the arid 

southwest is greatly influenced by annual precipitation and can have profound effects 

on deer diets (Anthony 1976). Marshal et al. (2005) indicated that forage in arid 

environments is directly related to rainfall which is highly variable even during the 

wet years. Higher crude protein levels occurred with higher rates of forage growth 

during the wet years while droughts resulted in low quality forage (Marshal et al. 

2005, Pierce et al. 2012). In addition, there is a positive correlation between deer body 

condition and rainfall in arid environments (Marshal et al. 2008). Bender et al. (2007b) 

found that deer survival was limited due to poor body condition as a result of limited 

food supply during a drought period in a semi-arid forests of northern New Mexico. 

Since rainfall is highly variable forage production is uneven which directly impacts 

deer body condition. Krausman et al. (1997) stressed the importance that land 

managers to realize the variation in desert forage and strive to keep desert rangelands 

productive with a diversity of forage to promote healthy populations. Therefore deer 

survival and population trend can be directly related to the rainfall in the semi-arid and 

arid environments of southwestern United States. In systems where there is significant 

snow fall can also alter the diet of mule deer. Serrouya and D’Eon (2008) indicated 

that deer in British Columbia choose to browse in deciduous forests rather than 

coniferous forests despite containing deeper levels of snow. Coniferous forests 

contained less snow but had lower quality forage causing deer to select areas with 

higher quality forage even though it was more difficult to traverse. Climate also has a 

seasonal effect on deer diet and over all nutrition. Boeker et al. (1972) established that 

digestibility was the highest in spring and fall after the greatest precipitation in New 

Mexico. Bender et al. (2007b) indicated that mid- to late gestation (April to June) 

precipitation was critical for adult female survival. Drought during this time decreased 

the forage quality therefore deer were not able to maintain adequate body condition at 

a time when nutrient demand is the highest. More recent work by Tollefson (2010) 

found that summer and autumn forage quality had the greatest impact on productivity 

of mule deer populations and managers should focus on improving quality of forage 
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during the summer and autumn. Deer that are able to consume high quality forage in 

the autumn are able to increase fat reserves prior to winter. Managers cannot plan on 

the weather but need to properly manage habitat to allow for a sustainable deer 

population. 

Supplementation 
 Winter nutrition can be the limiting factor in deer reproduction success, fawn 

rearing, survival, and overall population trends. Supplemental feeding of free-ranging 

mule deer may increase over-winter deer survival when forage resources are not 

adequate to maintain body weight. Sowell et al. (1985) suggested that planting 

supplemental feeds for the winter and spring is a practical method for improving the 

nutritional quality of mule deer in the Texas Panhandle. Similarly, Peterson and 

Messmer (2007) found that winter-feeding mule deer in Northern Utah increased deer 

body condition by 12%, lowered mortality, and increased fawning rate over non-fed 

deer. Verme and Ozoga (1980) demonstrated that white-tailed deer fawns fed 

supplemental food exhibited greater gains in body weight and skeletal size as well as 

accumulated heavier fat deposits compared to fawns that received lower energy intake. 

These studies show that when supplemental feeds are provided during the winter, the 

survival and reproduction of deer greatly increases because they are no longer severely 

food stressed. Bishop et al. (2009a) was able to increase nutritional carrying capacity 

of mule deer habitat in southwestern Colorado by providing pelleted protein. They 

found that overwinter survival of does and fawns increased, resulting in an increase in 

the deer population, and that predation rates on fawns greater than 6 month old and 

does were reduced. When practical, managers can implement a winter 

supplementation regime to enhance overall deer survival and production. However, 

supplementation can be costly and may not be feasible across larger landscapes. 

Peterson and Messmer (2007) cautioned that supplemental winter feeding can also 

alter migration patterns and use of seasonal ranges. As a result, managers need to set 

objectives based on body condition of deer, forage, and migrations prior to 

implementing a supplementation program. 
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Rocky Mountain Mule Deer in New Mexico 
 There has been relatively little research on the effects of management efforts 

for Rocky Mountain mule deer in its most southern and eastern populations. In 

particular, little work has addressed the declining mule deer populations in semi-arid 

pinyon-juniper woodlands of New Mexico (Bender 2006).  Short et al. (1977) found 

that mule deer utilized patches of intermediate cover while avoiding dense and large 

open patches of modified pinyon-juniper woodlands in south-central New Mexico. 

Clearing pinyon-juniper increased herbaceous production but was only beneficial 

when tree removal was conducted in a mosaic of small patches. Similarly, cabling 

pinyon-juniper in eastern New Mexico was found to increase deer use in the spring 

and summer while use decreased in the winter (Howard et al. 1987). They attributed 

greater deer utilization to the increased abundance of preferred forage intermixed with 

sufficient escape cover when the area received approximately 53% tree kill. Hoenes 

and Bender (2012) found that important browse species for mule deer increased in 

pinyon-juniper woodland as canopy cover decreased. Furthermore, pinyon-juniper has 

been shown to occur in excess in mule deer home ranges in northern New Mexico 

despite the lack of preferred browse likely because of escape cover and day-bed site 

characteristics associated with these forests (Bender et al. 2007a).  Mule deer in this 

southern region prefer woody browse (52-75%; i.e. Quercus spp., Cercocarpus spp., 

Rhus spp., Juniperus spp., Artemisia spp.) and forbs (16-30%; i.e. Verbascum spp, 

Petalostemum spp., Spaeralcea spp.), but also select grasses (2-7%; i.e. Agropyron 

spp, Triticum spp., Mulenbergia spp.) in times of decreased forage availability 

(Boeker et al. 1972, Gill et al. 1983, Stephenson et al. 1985, Sowell et al. 1985, 

Sandoval et al. 2005,). Therefore, the most beneficial gains in New Mexico pinyon-

juniper habitat for deer can be accomplished with intermediate disturbances to 

increase browse and forb quantity and quality but still maintain cover attributes 

(Bender et al. 2007, Bender 2012).  

 Recent population declines in deer have been attributed to low neonate 

survival, poor recruitment, decreased body condition, and low adult female mule deer 

survival as a result of poor animal health due, in part, to the negative impacts from 
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pinyon-juniper encroachment (Bender 2006, Bender et al 2007a,b, 2010, 2013; Lomas 

and Bender 2007; Bergman et al. 2014a). Expansion of pinyon-juniper has been 

shown to generally decrease preferred forages for deer (Kramer 2012) and decrease 

overall habitat quality for mule deer (Bender et al. 2013, Short et al. 1977, Stoddard et 

al. 2008). This decline in quality forage results in under nutrition for adult female 

mule deer and subsequently decreases in fat reserves occur thus impairing the females 

to survive and successfully reproduce (Bender et al. 2007a, 2010, Lomas and Bender 

2007).  Specifically Bender et al.(2010), in east-central New Mexico estimated female 

mule deer survival rates from 0.41-0.71 from 2006 to 2008 and attributed the low 

survival to malnutrition as does were not able to acquire sufficient body fat and 

muscle mass. Population estimates declined from 539 to 191 deer in 3 years because 

of the low survival and reproduction. In north-central New Mexico, Bender et 

al.(2006, 2007b), found female mule deer survival rates from 0.63 to 0.91 from 2002-

2004 in which malnutrition was the primary cause of mortality. Again body fat 

reserves and deer performance was low as a result of limited high quality food 

supplies. In addition fawn recruitment and survival was low (0-52%; 10 fawns:100 

does) stemming from poor doe health thus causing a -36% population decrease in 

2002.  However, Bender et al. (2013) found that adult female mule deer were able to 

acquire more lean muscle tissue and body fat reserves in areas where pinyon-juniper 

woodlands and oak savannas had been mechanically cleared. These results were 

improved when annual, and in particular, spring precipitation were above the average 

(Bender et al. 2007b, 2013). Bergman et al. 2014b indicated that higher body fat 

reserves were observed in adult female mule deer in pinyon-juniper forests that had 

been treated (IFBF=7.38 SD=1.31) compared to reference study areas (IFBF=6.97, 

SD=2.16) in southwestern Colorado. However, they caution that large variation in 

body fat estimates makes population-level responses to habitat change difficult to 

detect. Nevertheless malnutrition, poor condition, low survival, and low productivity 

of adult female mule deer have been suggested as the primary limiting factor on deer 

populations in New Mexico. However, no other research in New Mexico tests the 
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malnutrition hypothesis and the effects of mulching preferred deer browse and 

removal of pinyon-juniper to increase adult female mule deer condition, productivity, 

and ultimately survival. 

 If the hypotheses proposed by Bender (2006) and Bender et al. (2007a, 2010, 

2013) of malnutrition are true, there would be multiple factors detectable on the mule 

deer populations in north-central New Mexico. First, there would be diminished 

quality and quantity of forage available for adult female mule deer. Quality of browse 

would be low enough throughout the year to not support maintenance of adult deer 

(<8%, Holter et al. 1979).The diet of these animals would be low in nitrogen which is 

indicative of low crude protein diets (Kucera 1997).  As a result of low crude protein 

intake, yearling pregnancy rates would be low and adult female mule deer should 

exhibit poor condition resulting in lower fawn survival, and in cases of severe nutrient 

deprivation, lower adult pregnancy rates and fawning rate (performance) can exist 

because of the inability to support young when nutritionally compromised (Bishop et 

al. 2009, Cook et al. 2007, 2010). Thus, in areas with severe nutrient deprivation, 

survival should be markedly lower and cause-specific mortality would show animals 

to have been malnourished regardless of proximate morality factor (Depperschmidt et 

al. 1987, Franzmann and Arneson 1976). Levels of <25% marrow fat indicate 

compromised health (Cheatum 1949) and <12% marrow fat reserves are indicative of 

starvation (Depperschmidt et al. 1987, Ratcliffe 1980), therefore the condition of those 

animals that died of poor nutrition would fall below these thresholds of diminished 

marrow fat. In addition, if the population is well below habitat carrying capacity, 

predation has the potential to be additive (density-independent) rather than 

compensatory (density-dependent) as when habitats are over utilized (Ballard et al. 

2001, Robinson, et al. 2002, Bowyer et al. 2005, Pierce et al. 2012). Addressing the 

population status relative to K would provide evidence to determine if forage 

availability is a primary limiting factor or if other limiting factors are influencing deer 

populations in north-central New Mexico. The hypothesis of malnutrition in north 

central New Mexico would be tested by improving mule deer habitat in the pinyon-
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juniper woodlands (Bender 2012) and following its effects on preferred forages, as 

well as deer body condition, survival, and productivity. First, it would need to be 

documented that mechanically clearing pinyon-juniper woodlands, in fact, increases 

preferred forages, improves forage quality, and if those changes translate into the adult 

female mule deer diet thus improving the overall doe performance. Literature suggests 

that manipulations to succession can improve browse quality, provide better foraging 

opportunities, and improve deer condition (Bender et al. 2013, Everitt 1983, Hobbs 

and Spowart 1984, Long et al. 2008). However this would need to be evaluated in 

pinyon-juniper woodlands along the foothills of the Rocky Mountains. Bergman et al. 

(2014a) found that mechanically treating pinyon-juniper followed by chemical 

treatments in southwest Colorado on the winter ranges of mule deer improved fawn 

survival by 10%.  Next to test malnutrition in relation to habitat improvements, 

information would be needed to document if adult female mule deer utilize treated 

areas and if so, does that utilization improve survival of those individuals. Habitat 

improvements can only be useful if deer utilize them as shown by Short et al. (1977) 

in that deer avoided large landscape level clearings of pinyon-juniper. Bergman et al. 

(2015) indicated that deer density did not differ between areas where pinyon-juniper 

had been treated and reference sites, and suggest that more sensitive parameters such 

as survival and condition are need to document the true effects of habitat 

manipulations. Therefore, additional documentation on condition, survival, and cause-

specific mortality of individual animals at time of death would be needed to support 

the idea of starvation as the primary cause of death and document habitat 

relationships. Mountain lion predation can be a major factor in the dynamics of adult 

mule deer populations (Ballard et al. 2001, Husseman et al. 2003, Knopff et al. 2010, 

(Pierce et al. 2000). Predation could be a possible limiting factor in mule deer 

population growth despite any drastic improvements in habitat quality. Finally, the 

population density, productivity, and its relationship to carrying capacity (K) would 

need to be known as population dynamics are affected by the relationship to K 

(Ballard et al. 2001). Populations near or at K are potentially over utilizing forage 
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resources and animals can become malnourished due to lack of available forage 

(Bishop et al 2009, Gillard et al 2000). By documenting the effects of pinyon-juniper 

habitat manipulation on adult female mule deer diet quality, body condition, survival, 

and productivity in addition to the relationship to deer density, we can begin to test the 

hypothesis of malnutrition.       
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CHAPTER III 
HABITAT USE, SURVIVAL, AND CAUSE-SPECIFIC 
MORTALITY OF ADULT FEMALE ROCKY MOUNTAIN MULE 
DEER FOLLOWING HABITAT ENHANCEMENTS IN NORTH-
CENTRAL NEW MEXICO  

Abstract 
Monitoring habitat use and survival after management strategies have been 

implemented can be critical to understanding the effectiveness of management 

practices. Currently, Rocky Mountain mule deer (Odocoileus hemionus hemionus) 

populations declining throughout their distribution range. Population declines in 

regions throughout their distribution, in particular, their southern and eastern most 

regions have been attributed to malnourishment. Deer survival and population 

performance in north-central New Mexico was suggested to be limited by poor deer 

condition as a result of low quality diet from degraded habitats. To test the hypothesis 

of malnutrition, we monitored 48 adult female mule deer for habitat use, survival, and 

cause-specific mortality from 2011 to 2013 after habitat enhancements were initiated 

on the same population said to be limited by malnourishment. Habitat manipulations 

included mechanically reducing pinyon pine (Pinus edulis) and juniper (Juniperus 

spp.) density and senescent brush (Quercus gambelii – Cercocarpus montanus) cover 

to improve forage conditoins. In 2011 and 2012, precipitation on the study area was 

30% to 40% below average, characteristic of the persistent long-term drought 

conditions in the region. Deer selected vegetative cover types with a moderately open 

canopy or savanna areas with a mosaic of treated and untreated areas. Probability of 

deer use decrease with distance from water, developed areas, and oak savanna cover. 

The greatest probability of deer use was on north-east aspects, on gentle slopes, and at 

lower elevations. There was a strong selection for treated areas during the first two 

years of the study but mule deer exhibited no selection once precipitation returned to 

normal levels in 2013. Study period survival of adult female mule deer was 0.88 

(SE=0.027). Survival was only minimally explained by selection for treated brush (β = 
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6.44E-6, SE=0.0001) suggesting that selection for treated brush explained little of the 

variability in overall survival. Predation was the primary proximate cause of mortality 

(22 of 27 mortalities) while mountain lion (Felis concolor) predation alone accounted 

for 59% of mortalities. Femur marrow fat levels indicated that only one individual was 

considered to be suffering from acute starvation (<12%) while three individuals were 

likely in compromised health (<25%) at the time of death. Despite the persistent 

drought conditions, adult female mule deer survival was high and similar to other 

estimates found in the region. There was minimal evidence in our study to suggest that 

adult female mule deer populations in this study were limited due to starvation and 

malnutrition even during continual drought. Comparable body conditions to other 

areas, femur marrow fat levels, and cause-specific mortality results point to a stronger 

role of predation on limiting mule deer populations in north-central New Mexico 

during this study. 

Introduction 
Mule deer are currently declining across the west and, in particular, in the 

southern portion of the range in the U.S. (Carpenter 1998; Gill et al. 2001, Bender 

2006, Bergman et al. 2011, Horncastle et al. 2013, Mule Deer Working Group 

2013).Wildlife managers in the southwestern United States are faced with the 

challenge of identifying factors limiting population growth of Rocky Mountain mule 

deer (Odocoileus hemionus hemionus) (hereafter mule deer) in an ever changing 

environmental context (Bergman et al. 2014a, Kramer et al. 2015).  Mule deer are an 

aesthetically and economically important big game species in the west and managers 

are generally focused on trying to increase their abundance. Recent research and 

management efforts have attempted to address the relative roles of predation and 

habitat  and forage conditions as limiting factors for mule deer populations (Long et al. 

2008, Bishop et al 2009, Hurley et al. 2011, Pierce et al. 2012, Horncastle et al. 2013, 

Bergman et al. 2014a, Bergman et al. 2014b). However, minimal work has been 

completed to address the decline of mule deer in its southern and eastern most ranges 

along the Rocky Mountain foothills of New Mexico (Bender 2006).  
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The latest studies in north-central New Mexico (Bender et al. 2006; 2007a; 

2007b; Lomas and Bender 2007) suggested that malnutrition and over-winter 

starvation was the primary limiting factor for mule deer populations in New Mexico. 

Adult female mule deer in semi-arid pinyon-juniper woodlands were not able to 

acquire the enough body fat and lean muscle mass needed for survival and 

reproduction (Bender et al. 2010). Thus, resulting in poor body condition of adult 

females, poor fawn survival, and lowered herd productivity due to nutritional 

constraints (Bender et al. 2007b, 2010, Lomas and Bender 2007).  

Management recommendations by Bender (2006) and Hoenes and Bender 

(2007) suggested reducing cover of pinyon-juniper and dense brush stands to promote 

increased forage production and improve forage quality. Kramer et al. (2015) found 

that conifer thinning in the pinyon-juniper range of New Mexico can increase the 

abundance of preferred forages for mule deer but duration of positive effects are 

limited by precipitation. Bender et al. (2013) found that adult female mule deer using 

open pinyon-juniper savannas and mechanically treated juniper had smaller home 

range sizes and was positively associated with increased body condition. In southwest 

Colorado, mulching of pinyon-juniper followed by advanced treatments of reseeding 

preferred forages and chemical weed control, improved overwinter fawn survival for 

mule deer by 10% (Bergman et al. 2014a). In addition, adult female body fat was 

consistently higher in treated areas (mean IFBF =7.38%) compared to reference sites 

(mean IFBF=6.97%) despite considerable variation in estimates in body fat (Bergman 

et al. 2014b). Improvements in forage conditions through vegetation treatments  has 

the potential to enhance female mule deer diets, body condition, survival, and 

reproductive success and can ultimately improve population performance (Bender et 

al. 2007a, Bishop et al. 2009, Cook et al. 2007, 2010).  

The improvements in forage conditions would be a necessity in a declining 

population that is experiencing nutritional limitations and possibly suffering from 

acute starvation. Such is the case in mule deer populations of north-central New 

Mexico suggested to be limited by malnutrition (Bender et al. 2007a,b, Lomas and 
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Bender 2007). If malnutrition was the primary limiting factor on this population, 

managers could expect to see one or more of the following characteristics: very poor 

habitat quality, over use of preferred forages, lack of reproduction in yearlings, lower 

body condition, reduced neonatal survival, and in extreme cases, reduced adult 

survival in which mortalities are due to severely diminished condition at time of death 

(Franzmann and Arneson 1976, Depperschmidt et al. 1987, Gaillard et al. 1998, 

Gaillard et al. 2000). To test malnutrition hypothesis, I monitored adult female mule 

deer from 2011 through 2013 in north-central New Mexico after a series of 

mechanical treatments in pinyon-juniper woodlands (Pinus edulis- Juniperus spp.) and 

oak brush (Quercus gambelii) vegetative communities aimed at improving habitat 

quality thus improving deer nutritional condition. Following the habitat manipulations 

suggested by Hoenes and Bender (2007) at the NRA Whittington Center in north-

central New Mexico, I hypothesized that adult female mule deer would select more 

open treated habitat types over other cover types because of the improvement in 

browse nutritional quality. I also hypothesize that deer using treated areas would have 

higher survival rates than deer not using treated habitat. The primary objectives of this 

study were to determine: 

1. If spatially explicit individual mule deer home ranges overlapped treated 

areas and the relationship of these treated areas to the size of individual 

mule deer home ranges   

2. If adult female mule deer selected open habitat types and in particular if 

they used treated pinyon-juniper and brush stands  

3. The relationship between adult female deer survival, animal condition and 

selection for vegetation cover types including treated areas. 

4. Individual cause-specific mortality and marrow fat levels at time of death 

I predicted that all deer home ranges will greatly overlap treated areas and be 

predominantly composed of open vegetation types. Furthermore, there would be a 

strong selection for treated brush in all animals because of the increased nutritional 
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quality in browse. Finally, I predicted that selection for treated brush would enhance 

survival of adult female mule deer and there will be some evidence of malnutrition in 

deer mortalities.     

Methods 

Study Area 
I conducted this research on the 13,400 hectare National Rifle Association 

Whittington Center (WC) located near Raton, Colfax County (approximately 36o 44’ 

N, 104o 30’ W), New Mexico. This area is characteristic of the foothills of the Rocky 

Mountains and forms the transition zone between the shortgrass high-plains and the 

pine-fir forests of the Rocky Mountains. The WC hosts a variety of recreational 

activities with primary focus on shooting sports but also includes hunting of mule 

deer, elk (Cervus elaphus), pronghorn (Antilocapra americana), turkey (Meleagris 

gallopavo), and black bear (Ursus americanus). Domestic livestock had grazed the 

area but have been excluded since 1973 (Hild and Wester 1998). 

Mule deer occupy a diverse range of vegetation communities within WC that 

varies from lower elevation (~1900 m) grasslands  to semi-mesic pinyon-juniper 

woodlands and ponderosa pine-fir forests (Pinus ponderosa - Pseudotsuga menziesii) 

at higher elevations (>2400 m). Common grasses found on the low elevation plains 

are: blue grama (Boutelous gracilis), sideoats grama (Bouteloua curtipendula), alkali 

sacaton (Sporobolus airoides), little bluestem (Schizachyrium scoparium), and sand 

dropseed (Sporobolus cryptandrus). Large dense brush communities located 

throughout the WC are characterized by Gambel oak (Quercus gambelii) and 

mountain mahogany (Cercocarpus montanus) which are intermixed with skunkbush 

sumac (Rhus trilobata), big sagebrush (Artemisia tridentata), fringed sage (Artemisia 

frigida), winterfat (Krascheninnikovia lanata), and fourwing saltbush (Atriplex 

canescens). Mid elevation forests are typical pinyon-juniper forests characterized by 

Rocky Mountain juniper (Juniperus scopulorum), one-seeded juniper (Juniperus 

monosperma), and pinyon pine (Pinus edulis). Mixed ponderosa pine and Douglas fir 

forests occupy the vegetation communities above 2400 m.   
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Average high and low summer temperature is 28.0o C (SD = 1.5 o C) and 

10.7oC (SD = 0.8 o C) in July while average high and low winter temperature 7.5o C 

(SD = 2.4 o C) and -10.0o C (SD = 1.7 o C) in January (NOAA 2014). The majority of 

the precipitation occurs as rainfall during the monsoon months between May and 

August (62%). The 34-year average annual precipitation in the lower elevations is 

40.1cm (SD = 12.1 cm) (NOAA 2014). The greatest snowfall occurs at the higher 

elevations (1.5-2.3m) while the lower zones receive approximately 50-65 cm of 

snowfall a year (Hild 1995). Snowfall accumulation on the lower grassland/pinyon-

juniper range during this study was minimal (i.e., 35 cm study period total; Sorensen 

personal observation). The growing season (number of days with minimum 

temperature above 0 o C) is an average of 173 days (SD =8; NOAA 2014).   

Climate data were collected by the National Oceanic and Atmospheric 

Administration (NOAA), National Climate Data Center weather station on the Raton 

Crews Municipal Airport (Station ID:GHCND:USW00023052, approximately 4.5km 

southwest of study site). The study area received 27.96cm, 24.19cm and 40.19cm of 

total precipitation from 2011 to 2013 respectively (NOAA 2014).  In 2011 and 2012, 

total precipitation was 70% and 60% respectively of the 34-year historic average (40.1 

cm; Figure 1.2) exemplifying the drought conditions that existed during the first two 

years of this study.  

Habitat Enhancements 
Following the habitat management recommendations prepared by Hoenes and 

Bender (2007), pinyon-juniper and Gambel oak were hydro-axed from 2008-2009 

totaling 130 hectares with the goal over two years for 80% reduction in the cover of 

woody vegetation. This reached the goal of treating one pinyon-juniper habitat unit 

(range from 85 to 163 hectares) as suggested by Hoenes and Bender (2007). However, 

multiple pinyon-juniper habitat units (11 units) were suggested to be treated that did 

not receive a hydro-axing treatment. Hydro-axing consisted of removal of large 

pinyon-juniper (>15cm DBH) trees and dense brush (Gambel oak, mountain 

mahogany) stands. The mastication occurred primarily on gentle (<12%) south facing 
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slopes in the southern pinyon-juniper transition zone (Figure 1.3). An additional 29 

hectares of pinyon-juniper were hydro-axed in the spring of 2010 on the north east 

boundary of the WC. Further habitat enhancements were conducted in the fall of 2010 

and summer of 2011, using a hydraulic rotary mulching attachment on an excavator. 

This mulching method was used to cut and mulch brush and small trees (<10cm DBH/ 

<2m height) to ground level in the lower shrubland/grassland communities on the 

southern zone of the WC (Figure 1.3). By November 2011, a total of 281.08 hectares 

were treated (Figure 1.3).  

 No deer were observed or captured above ~2150m in elevation therefore, the 

focus of this study occurred on the low- to mid-level treated areas. These mulching 

treatments were initiated with the goal of reversing pinyon-juniper expansion, 

increasing forage quality and providing preferred habitat characteristics for mule deer. 

My results pertain to mule deer residing in the study area at less than 2200m in 

elevation characterized predominantly by pinyon-juniper and oak shrubland plant 

communities. Habitat enhancements only accounted for approximately 13% of the 

total low- to mid-elevation area thus were relatively small in comparison to the 

landscape.  

Deer Capture 
In March 2011, 36 adult female mule deer were captured using aerial net 

gunning (Krausman et al. 1985). After a deer was captured, it was hobbled, 

blindfolded and transported to the staging area for processing. When net gunning was 

not possible, deer were aerially darted with 1.5 mg/kg of xylazine hydrochloride and 

5.1 mg/kg of ketamine hydrochloride (Carstensen et al. 2003). All deer were ear 

tagged and fitted with either a VHF or GPS telemetry collar (Advanced Telemetry 

Systems, Inc., Isanti, MN: VHF Model#M2520B 500g, GPS Store on Board 

Model#G2110D 400g, GPS Iridium Model#G2110E 825g; SirTrack, New Zealand: 

VHF Model#J19350 540g). Thirty-three deer were outfitted with VHF collars and 3 

with store-on-board GPS collars. Each deer was weighed, total body length and chest 

girth was measured, and pregnancy, fetal counts, and maximum rump fat thickness 
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(Stephenson et al. 2002) determined using an ultrasound machine (Aloka SSD-500V, 

Aloka Inc., Tokyo, Japan). Maximum rump fat thickness was measured to the nearest 

millimeter (Cook et al. 2007, 2010) and ingesta free body fat levels (IFBF) were 

calculated following Cook et al. (2010) using the scaledLIVINDEX formula where 

body mass was estimated by weighing. Fecal pellets were collected from the rectum to 

be analyzed for diet quality. The fourth incisor was pulled for age determination by 

cementum annuli (Matson’s Cementum Aging Laboratory, Missoula, MT). 

Additionally, each deer was rated with a body condition score ranging from 1 for the 

leanest to 5 for the animals with the greatest thoracic, rib and hip cover, based on 

Gerhart et al. (1996). Deer that were chemically immobilized were administered 0.2 

mg/kg yohimbine as a reversal agent to the xylazine and released back at capture site. 

In March 2012 and 2013, 12 additional deer were captured with clover traps 

(Clover 1956, Ballard et al. 1999) and roadside darting using xylazine/ketamine 

(Haulton et al. 2001), two of which fitted with VHF collars, 2 deer with store-on-board 

GPS collars and 8 deer with iridium GPS collars. All handling procedures and 

measurements were the same as those described above. All deer were captured and 

handled in accordance with Texas Tech University Intuitional Animal Care and Use 

Protocol (TTU IACUC Approval 11005-003, Appendix 1). 

Monitoring 

All collared deer were relocated by homing with an ATS receiver and yagi 

antenna until individual identification was absolute. Location data was not recorded 

until the animal had moved away from its initial point of relocation as part of its 

normal activity. Once the deer left the area, UTM coordinates were recorded for each 

location using handheld GPS units (Garmin 60CX GPS; Garmin International Inc., 

Olathe, KS). For each location, time of day, general habitat cover type (i.e., oak brush, 

pinyon-juniper woodland, treated brush), general geographic reference, and behavior 

(feeding, loafing, running, etc.) were also recorded. Each deer fitted with a VHF collar 

was relocated 3-4 times a week during the crepuscular (0600-0900/1800-2100) periods 

and 2-3 times a week during the midday resting period (1100-1600) from March 
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through August 2011 to 2013. During the fall and winter seasons from 2012 to 2014 

each radio marked deer was located 2-3 times a week during the crepuscular period 

and at least once a week during midday. Nighttime locations were unsuccessfully 

attempted through triangulation using a truck mounted null-peak telemetry system 

(Balkenbush and Hallett 1988; Hayes and Krausman 1993) during summer 2011. 

Store-on-board (SOB) GPS collars recorded locations at 0000, 0600, 1200, and 

1800 daily from March 2011 through May 2013. Store-on-board GPS collars also 

emitted a VHF signal four days a week and an eight hour mortality switch. Iridium 

(IR) GPS collars collected locations at 0000, 0500, 0600, 0700, 0800, 1200, 1800, 

1900, 2000, and 2100 daily from March 2012 through December 2013. Iridium GPS 

collars were equipped with a VHF signal daily and an eight hour mortality switch. 

Consistent, year round locations of deer on the WC indicated that they were 

not migratory therefore, I pooled locations from the spring and summer and fall and 

winter for each deer to define home ranges. In addition, sampling effort (i.e. 

relocation) was lower during the fall through mid-spring season therefore the sample 

size needed to create distinct home range and subsequent analysis for each season (i.e. 

spring, summer, fall, and winter) was small. Spring/summer season (summer) was 

defined as March 15th (start of relocation study) through September 15th and the 

fall/winter season (winter) encompassed September 16th through March 14th. The 

middle of March marks the beginning of days when the minimum temperature is 

above freezing along with the beginning of the spring precipitation that continues 

through monsoon season ending in August (NOAA 2014). The middle of September 

starts the period when minimum temperatures begin to consistently freeze and 

consistent rainfall is no longer persists and continues through February (NOAA 2014). 

Habitat Selection 
A resource selection function for adult-female mule deer was determined by 

season under a type III design (Manly et al. 2010). Under the type III design, habitat 

use and availability were inferred at the individual level. Habitat use was determined 

by the actual animal locations and availability was defined from habitat cover types 
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within each individual’s 95% fixed kernel home range (Johnson 1980; Manly et al. 

2010). Home ranges of each individual deer were estimated by season using a fixed 

95% kernel density estimator (Worton 1989). Fixed kernel density estimates were 

generated in Geospatial Modelling Environment (Beyer 2014) with smoothing factor 

determined by least squares cross validation, grid size of 30 meter, and Gaussian 

kernel. Isopleths were created at the 50% and 95% levels. To maintain proportional 

sample size in relocations, GPS collar locations were resampled by randomly selecting 

locations from all locations within each season stratified by date (i.e. avoid multiple 

locations within a day) to contain the number of average locations from VHF collared 

animals for that time period (N=30,51,83,96,30 for summer 2011, 2012, 2012 and 

winter 2012, 2013 respectively). Possible differences in mule deer home range and 

habitat use can exist between summer and winter based on resource availability, 

climate and life history traits (Bender 2006, Lendrum et al. 2013, Monteith et al. 2011, 

2014).   

 Vegetative cover types (Hones and Bender 2007, Fry et al. 2011; Table 3.3) 

were extracted to individual locations and home ranges in ArcMap 10.2.2 (ESRI 

2014).  Proportions of vegetation cover types for deer locations and individual home 

range by season were calculated to determine use and availability. The selection ratio 

was calculated based on each individual animal as determined by the individual use 

and availability within the home range for each season by year. The individual animal 

selection ratio was then average across all individuals to develop a population estimate 

for selection of vegetative cover types with associated confidence interval. Average 

habitat selection was determined using an average of the individual selection ratios 

based off the following: 

  
If:  
 Oi = proportion of the ith cover type used by the individual deer 
 Ei = proportion of the ith cover type available in the fixed kernel home range 
 wij = selection ratio of the ith cover type per individual 
 wi = average selection ratio of the ith cover type by season and year 
 n = the number of individual deer used to calculate the mean proportion 
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Then: 
 wij = Oi/Ei 

 

 wi = ∑(wij)/n 
 

var(wi) =∑
(𝑤𝑤𝑖𝑖𝑖𝑖−𝑤𝑤𝑖𝑖)2

(𝑛𝑛−1)𝑛𝑛
 

 
 se(wi) = �𝑣𝑣𝑣𝑣𝑣𝑣(𝑤𝑤𝑖𝑖) 
 

95% CI = wi ± 1.96(se(wi)) 
 

A wi ratio confidence interval that is less than one indicates less use, a 

confidence interval that includes one indicates no selection, and confidence interval 

bound above one specifies selection for that habitat cover type (Manley et al. 2010).  

Analysis of resource selection for treated cover types was based solely on 

selection for treated brush against the deer use of all other non-treated brush habitat 

types. Only deer whose home range in that season overlapped treated areas were 

included in the selection analysis and all other animals were excluded. Overlap of 

home range was indicative of a treated habitat potentially being available to that 

individual during that time period. Treated brush availability was defined within an 

individual deer 95% fixed kernel home range for that year and season. An equal 

number of random points to relocation points were generated in ArcMap within each 

home range for that year and season. Random points and deer use points were 

extracted to brush type (i.e. treated brush, old growth brush, and all other habitat). 

Proportion of points within a brush type were determined by diving the number of 

points within that vegetation type by the total number of points for that individual. 

Utilization for treated brush was analyzed by developing a selection ratio (described 

above) which compared the proportion of deer relocations in treated brush against the 

random proportion of points in treated brush for each deer. The individual selection 

ratios for treated brush were then averaged across all deer to develop a population 

level selection inference with associated 95% confidence interval.   
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Habitat Use Probability  
 A resource selection function was developed to determine deer use on the 

landscape using a generalized linear mixed logit model where individual deer were 

considered a random effect (Hebblewhite and Merrill 2008a, Manley et al. 2010, 

Girard et al. 2013, O’Shaughnessy et al. 2014). Deer use points (i.e. relocation points) 

were compared to random points that were generated in each 95% fixed kernel home 

range by season and year. I modeled habitat selection independently within each year 

and season. The covariance of the locations within each deer was modeled using a 

TOEPLITZ structure which is similar to an autoregressive covariance structures but 

differ in that correlation of measurements does not decline exponentially with distance 

between measurements (Kincaid 2005). This variance structure will account for the 

partial correlation that can exist between successive locations collected on the same 

individual. Covariate values were extracted to each deer use and random point in 

ArcMap to develop a data set that contains a set of covariate values for each location. 

Covariates used in the analysis include: aspect, slope, elevation, habitat cover type, 

distance to treated habitat, distance to known water source, distance to development 

(i.e. shooting range), distance to pinyon-juniper/oak savanna, and distance to pinyon-

juniper woodlands. Covariates of slope, aspect, and elevation characterize the physical 

aspects of the terrain within the landscape and potentially influence deer use. Aspect 

was coded into a north and south categorical data format with aspects from 0°-112.5° 

and 292.5° - 360˚ as north and 112.5° - 292.5° as south (Hebblewhite et al. 2008b) 

Distance to water and distance to development can impact if a deer will utilize space 

based on water availability or human activity. Lastly, distance to treated habitat, 

distance to pinyon-juniper/oak savanna, and distance to pinyon-juniper woodlands 

represents deer use that could be impacted by use of treated areas, the selection of 

savanna type habitats, and the need for escape cover that could be provided by dense 

pinyon-juniper woodlands. Each use and random location was coded for vegetative 

cover types using dummy variables (0,1) for each vegetative cover types . Cover types 

used in the analysis included montane shrubland, ponderosa pine mixed forest, 

developed areas (i.e. main roads, shooting ranges, and housing), pinyon-juniper 
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woodlands, pinyon-juniper savanna, oak shrubland savanna, and grassland (Table 3.3). 

Values for the covariates (Table 3.5) were obtained by developing multiple layers in 

ArcMap that were calculated raster layers in which the individual grid cell (30 m) 

represent the specific conditions for that covariate (i.e., continuous for distance from 

water source or discrete for habitat cover type). Multicollinearity among continuous 

covariates was checked using a standard correlation coefficient to determine if any 

significant degree of correlation (>60%) existed prior to further analysis. Modelling 

probability of deer use was accomplished by running a priori model sets (Table 3.6) 

using a mixed-effect logistic regression model (PROC GLIMMIX, SAS Institute, 

Carey, NC., Manley et al. 2010). Deer ID was included as a random effect in the 

mixed model. Model sets were evaluated using Akaike’s Information Criterion 

corrected for small sample size (AICc; Burnham and Anderson 2002; Arnold 2010). 

Each model set was evaluated by season and year to assess differences in habitat 

selection across each year and season (i.e. five model groups, summer 2011 – winter 

2013). The winter of 2011 was removed from the analysis due to the small sample size 

of data locations and individual deer during the first winter of the study to effectively 

produce a reliable utilization estimate. Parameter estimates for coefficients were 

model averaged across all models within each year and seasons to obtain a model-

average beta coefficient, standard error, odds ratio, and 95% confidence limit of the 

odds ratio for the variables in the most supported models (Table 3.7). An odds ratio 

confidence interval that overlaps 1 indicates that there is no change in the probability 

of use with changes in that predictor variable or, in other words, it does not influence 

habitat selection in this study.  
A total of eight a priori models sets were analyzed by season and year and 

averaged across all variables to determine the probability of deer use. Models sets that 

were used include: landscape, transition, habitat, lower zone, PJ, terrain, vegetation 

cover, and distance. The landscape model includes the variables of aspect, slope, 

habitat cover, and distance parameters which describes the WC landscape. The 

transition model includes aspect, habitat cover types, and distance variables and seeks 
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to describe the area in the transition between ponderosa pine forest and grasslands. 

The habitat model includes only habitat cover types and distance variables to those 

cover types and describes the habitat conditions minus terrain features. The lower zone 

model seeks to model the lower grassland/savanna zone on the WC and includes the 

variables of aspect, habitat cover types minus ponderosa pine forest and distance 

variables. The PJ model describes deer use solely on pinyon-juniper woodlands, and 

oak savanna cover types along with distance variables. The terrain model predicts deer 

use only on the terrain variables of slope, aspect, and elevation. The vegetation cover 

model only describes use based completely on vegetation cover without any extrinsic 

factors. Finally the distance model, represents deer use based only on distance to key 

habitat features and disregards cover type.  

Survival and cause-specific mortality 
Deer were monitored daily from March through August and weekly from 

September to February of each year. Due to irregular monitoring, deer survival was 

modeled using the nest survival model in Program Mark (6.2, Rotella 2005). 

Covariates used in the survival analysis included age, mass, body condition score, 

ingesta-free body fat (IFBF), precipitation, palmer drought severity index, selection 

for treated habitat, selection for pinyon-juniper woodlands, selection for oak shrubland 

savanna, and selection for pinyon-juniper oak savanna habitat types. Multicollinearity 

among the covariates was checked using a simple correlation coefficient to determine 

any correlation (>60%) existed prior to analysis. Age of deer was determine by 

cementum annuli analysis from incisor extracted at time of capture. Deer age was 

advanced one year for each year they remained in the study post capture. Mass was 

determined at the time of capture by weighing. Body condition score was assessed at 

time of capture on a range from 1 to 5 and is indicative of animal health. IFBF was 

determined from Cook et al. (2010) using the scaledLIVINDEX formula where body 

mass was estimated by weighing. IFBF at time of capture provides the baseline body 

fat levels of the deer and could influence survival. Precipitation is the total 

precipitation for that year and indicates the climate conditions during that period. 
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Palmer drought severity index represents the climate conditions that existed in the 

previous season that could potentially influence survival in the next season. All 

climate data were collected from the NOAA weather station located 4.5km south of 

the study site. Selection for treated habitat types could help to explain if selection for 

enhanced habitat truly improves survival. Selection for pinyon-juniper woodlands, oak 

shrubland savanna, and pinyon-juniper savanna were the most common shrub/forest 

types in the lower transition zone and could elicit a potential effect on survival based 

on selection. A priori models were developed do describe conditions I believed to best 

explain survival while minimizing the number of variables in the model (Table 3.9). 

These models often incorporated the animal morphometrics (i.e. age, IFBF) along with 

habitat covariates and/or climate variables. A priori model sets were evaluated using 

Akaike’s Information Criterion corrected for small sample size (AICc) and were 

model-averaged to obtain final beta estimates for the survival function (Table 3.10, 

Arnold 2010, Burnham and Anderson 2002).  

Mortality sites were located using radio telemetry and a field necropsy (Acorn 

and Dorrance 1990, Adrian 1996) was performed on each animal to classify cause-

specific mortality. Information collected at the morality site included condition of 

teeth and estimated age (Main and Owens 1995, Robinette et al. 1957), decomposition 

(i.e. time of death), various organ conditions (when present. i.e. possible condition or 

disease of animal, Adrian 1996), bone marrow condition (Cheatum 1949, Neiland 

1970), any evidence of predation such as bite marks, hemorrhaging, broken bones, and 

site characteristics (i.e. paw prints, cashing) (Acorn and Dorrance 1990), habitat 

descriptions such as vegetation cover type and density,  (personal observations), GPS 

location, and multiple photographs. Moutain lion kills (Felis concolor) were often 

found pulled under dense vegetation and cashed (i.e. buried) as well as puncture 

wounds, hemorrhaging and broken bones on the neck . Black bear predation (Ursus 

americanus) was characterized by partial skinning of the animal, puncture wounds on 

the skull and hindquarters and often found in the open or near vegetative. In addition, 

a femur was taken to determine percent femur marrow fat for current health condition 
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(Mech and Delgiudice 1985). Femur samples were stored in plastic bags and 

immediately frozen for further processing (McCullough and Ullrey 1983).   

Fat Extraction 
Femur marrow fat was extracted following the chloroform-methanol method 

(Bligh and Dyer 1959, Depperschmidt et al. 1987, Phillips et al. 1997, McCullough 

and Ullrey 1983) and assessed for total percent lipid content as modified by Texas 

Tech University (Andrea Krieg personal communication). Frozen marrow was 

removed from the bone, homogenized using liquid nitrogen and a coffee grinder, and 

the frozen powdered marrow sample was used for the extraction. Detailed description 

of materials and methods for the lipid extraction are outlined in Appendix 1.1. All 

lipid extractions procedures were conducted in the Food Science Laboratory, 

Department of Animal and Food Science, Texas Tech University, Lubbock, TX. 

Samples were analyzed in duplicate within 10% coefficient of variation. Chemical 

extraction of lipid content provides total percent fat contained within the bone marrow 

while drying methods outlined by Neiland (1970) have the potential to be more 

variable and may inflate femur marrow fat values (Depperschmidt et al. 1987). 

Therefore, the chloroform-methanol method can provide a more robust estimate of 

percent femur marrow levels. Following, Bender (2006), the proximate cause of death 

was considered the ultimate cause of mortality unless the femur marrow fat levels 

were less than 12%. Femur marrow fat levels that are less than 12% are indicative of 

acute starvation therefore deer classified below this level were considered 

malnourished despite any proximate cause of mortality (Bender et al. 2004, 

Depperschmidt et al. 1987, Franzmann and Areson 1976, Nieminen and Laitinen 

1986, Ratcliffe 1980).  Deer considered in fair condition would have marrow fat levels 

ranging from 12 to 50% (Peterson et al. 1982, Ratcliffe 1980) and deer considered in 

good condition would have femurs containing at least 50% (Eide and Ballard 1982, 

Mech and Delgiudice 1985, Ratcliff 1980). Cheatum (1949) suggest that deer health 

was not compromised until femur marrow fat levels dropped below 25%. In this case, 

the cutoff for malnutrition would include any deer below the threshold of 25% marrow 
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fat despite the fact that deer have the potential to be in low body condition yet still 

elicit high marrow fat levels (Bishchoff 1954). Therefore in this study, deer with 

marrow fat levels below 25% would be considered nutritionally compromised and 

individuals below the 12-10% would be considered suffering from starvation. 

Results 
Total yearly precipitation was 27.96cm, 24.19cm, and 40.19cm in 2011, 2012, 

and 2013 respectively. Precipitation in 2011 and 2012 was 70% and 60% of the 34 

year average (40.1cm, NOAA 2014). Average age of captured female deer was 4 years 

(1-10 years) with an average mass of 55.9 kg (42-68kg) at the time of capture (Table 

3.1).  Deer captured had a study period average IFBF of 7.66% (2.96%-10.85%, Table 

3.1). Ninety-six percent of the females captured were pregnant and 88% were carrying 

twins (Table 3.1). From March 2011 to December 2013, a total of 7,265 VHF 

telemetry relocations were recorded. Deer were most often feeding (65% of all 

locations, Figure 2.1) at the time of relocation followed by resting (33%), moving 

(1.5%), and drinking (<1%).  

Home Range and Habitat Resource Selection 
 Home range size – Average summer 50% core area was 173.1 ha (SE=11.4, 

163.2 – 184.3 ha, Table 3.2). Average winter 50% core area was 146.6 ha (SE=12.2, 

133.9 – 156.3, Table 3.2). There was no difference in 50% kernel home range size 

between summer and winter in 2011 (F=0.25, df=32, P=0.6173), 2012 (F=0.10, 

df=57, P=0.7527) or 2013 (F=1.75, df=39, P=0.1939).  Summer 95% kernel home 

range was 767.2 ha (SE=49.8, 733.5 – 828.0 ha, Table 3.2). Average 95% kernel home 

range during winter was 619.2 ha (SE=50.72, 533 - 671 ha, Table 3.2). There was no 

difference between summer and winter 95% kernel home range size for 2011 (F=0.32, 

df=32, P=0.5730) and 2012 (F=0.42, df=57, P=0.5184). There was a slight difference 

between summer and winter 95% home range size for 2013 (F=4.29, df=39, 

P=0.0452) with larger home ranges in the summer (828 ha vs. 553 ha).  

Deer were categorized based on selection ratios and size of home ranges were 

compared across season and year to test if there was a significant change in 95% home 
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range size. There was no significant difference between deer that selected for and 

exhibited no selection of treated brush in 95% home range size in the summer 2011 

(F=0.13, df=30, P=0.720), summer 2012 (F=1.84, df=31, P=0.186), winter 2012 

(F=0.35, df=25, P=0.559), summer 2013 (F=0.31, df=21, P=0.582), and winter 2013 

(F=0.73, df=17, P=0.405). Therefore, there was no significant change in home range 

size based on the prevalence of treated brush occurring in a home range throughout the 

entire study. 

 Habitat resource selection – Throughout all seasons and years, deer selected 

for oak shrubland savanna and pinyon-juniper savanna vegetative types more than 

available while using oak montane shrublands and pinyon-juniper woodlands less than 

available. The lower transition zone is predominately grassland, oak shrubland 

savanna, and pinyon-juniper oak savanna. For collared deer (N=18-32) in the summer, 

there was a selection for oak shrubland savanna, and pinyon-juniper oak savanna 

regardless of year (Table 3.4). Deer exhibited no selection for or against ponderosa 

mixed forests and these forests were often used in proportion to their availability 

(Table 3.5) Deer selected against grasslands, montane shrublands, and pinyon-juniper 

wood lands in all seasons across all years (Table 3.4). Selection for developed areas 

was the highest in the winter of 2012 through the summer 2013 but regardless of year 

or season deer selected against developed areas 2013 (Table 3.4). Deer selected oak 

shrubland savanna, and pinyon-juniper oak savanna vegetative cover types in the 

winter with a slight selection for developed areas in 2012 (Table 3.4). Winter selection 

ratios indicate that grasslands, montane shrublands and pinyon-juniper woodlands 

were used less than available (Table 3.4). However, grassland use was greater during 

the winter months over the summer months.  

 Deer exhibited a strong selection for treated brush in the summer of 2011 and 

summer of 2012 (Table 3.4). However, by the winter of 2012 through the winter of 

2013 there was no selection for treated brush; deer used treated brush in proportion to 

its availability during the last 1.5 years of the study (Table 3.4). The selection for 
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treated brush mirrors the precipitation received on the WC with 2011 and 2012 being 

drought years while 2013 represents a recovery to normal precipitation. 

Habitat resource use probability 
The top five models for each season with the number of parameters (k), -2log 

likelihood, AICc, ΔAICc, and model weight are given in Table 3.9. During the 

summer, deer use was best predicted by the landscape model across all years with the 

greatest weights in 2011 (w=0.97, Table 3.6) and 2013 (w=0.984, Table 3.6). In 

summer 2012, the landscape model did not carry as much weight in the a priori model 

set (w=0.573, Table 3.6). In all summer seasons, slope and the cover type of oak 

savanna influenced the probability of deer use with the probability of use increasing 

on gentle slopes (Table 3.7). In summer 2011 and 2013, deer use was influenced by 

aspect with probability of use increasing on north east aspects. In summer 2011 and 

2012 probability of deer use decreased with increasing elevation. Cover types of 

developed, grassland, pinyon-juniper woodlands and ponderosa pine forest did not 

influence the probability of deer use in all summer seasons except summer 2013 when 

deer use was positively associated with ponderosa pine forests. Across all summer 

seasons, probability of deer use decreased with distance from water, distance from oak 

savanna and distance from development (Table 3.7). Additionally, the probability of 

deer use increased with distance from treated sites across all summer seasons. The 

distance from pinyon-juniper woodlands increased the probability of deer use only in 

the summer of 2012 but this distance measure did not influence deer use in the other 

summer seasons.  

 In the winter season, the transition model was the top model for 2012 (w=0.53, 

Table 3.6) and the pinyon-juniper model for 2013 (w=0.725, Table 3.6). During the 

winter of 2012, the probability of deer use was influenced by the cover types of 

developed, ponderosa pine forest, grassland, oak savanna, and pinyon-juniper 

woodlands. The probability of deer use during the winter of 2012 was also influenced 

elevation and aspect where probability of selection increased on north east aspects and 

lower altitudes. However, probability of deer use was not influenced by slope nor the 
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distance to pinyon-juniper woodlands in the winter of 2012. In the winter of 2012, the 

oak savanna was the only vegetation cover type to influence the probability of deer 

use. Habitat selection was positively associated with the vegetation cover type of oak 

savanna while the other habitat cover types (i.e., ponderosa pine forest, developed) did 

not influence habitat selection such as in the previous winter. Additionally, deer use 

deceased with increased elevation, distance to water, distance to oak savanna, and 

developed cover types. Deer use was, however, positively associated with distance to 

pinyon-juniper woodlands and that use increased as distance from pinyon-juniper 

increased in the winter of 2013. The covariates of north east aspect and slope did not 

influence habitat selection in the winter of 2013. Similar to the results found in the 

selection ratio estimates, deer habitat use was not influenced by the distance to treated 

areas by the winter of 2013.  

 Overall, across all years and seasons of the study, probability of deer selecting 

a habitat type was positively associated with savanna vegetation cover types as well as 

decreasing distance to water sources, edge of savanna cover types, and edge of 

developed areas. Deer habitat use was positively associated with lower elevations 

across all seasons except for the summer of 2013 when there was no elevation effect 

on selection. Slope played a role in the summer habitat selection with increasing use 

on gentle slopes but this effect was not seen during the winter seasons. There was an 

increase in the probability of selection on north east slopes for three out of the five 

total seasons with aspect not influencing selection in the summer of 2012 and winter 

of 2013. Most often, the probability of deer use was not influenced by grassland, 

developed, ponderosa pine forest, or pinyon-juniper woodland vegetation cover types 

nor the distance to pinyon-juniper woodlands. Lastly, across the majority of the study, 

except for the winter of 2013, probability of deer selecting a habitat was positively 

associated with the distance from treated areas. This result largely shows that deer 

habitat selection was not influenced by treated habitat cover types. However, the 

treated areas only accounted for 13% of the total study area thus limiting the scope of 

inference on the effects of habitat treatment on deer habitat selection. Generally, 
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throughout this study, the odds of a deer utilizing a habitat type was increased with 

shorter distances to water, savanna cover types, and developed areas as well as those 

vegetation cover types that are of savanna characteristics.   

Survival and cause-specific mortality 
 There was a high degree (>60%) of correlation between body condition score 

and IFBF. Therefore, I eliminated body condition score from the modelling and used 

IFBF as it incorporates information from the body condition. Overall study period 

estimated survival rate was 83.5% (SE=0.029). The top model for survival included 

time as a constant (S=0.83, SE=0.29) without covariates while the next best model 

included time as constant plus age, body mass, IFBF, and total precipitation (S=0.85, 

SE = 0.029). All ten a priori models (Table 3.9) were averaged to obtain the final beta 

estimates (Table 3.10). The averaged final survival model included time as a constant, 

age, body mass, IFBF, precipitation, and palmer drought severity index as well as 

selection ratios for treated brush, pinyon-juniper oak savannas, and oak shrubland 

savannas (Table 3.10). When all models were averaged, a yearly survival component 

was included. This resulted in yearly survival estimates of 84.5% (SE=0.0334), 83.4% 

(SE=0.0346), and 86.6% (SE=0.0313) for 2011, 2012, and 2013 respectively (Table 

3.11). However, differences in survival rates are biologically meaningless.  

 Mountain lion (Felis concolor) predation was the top cause of death 

accounting for 60% of all known mortalities (Figure 3.2). Bear (Ursus americanus) 

predation was the second largest cause of mortality for adult female mule deer 

accounting for 11% of all known mortalities (Figure 3.2). Predation accounted for 

81% of all mortalities and accidental human caused mortalities including one vehicle 

collision and one shooting (i.e. behind shooting range) accounted for 7.4% of known 

mortalities (Figure 3.2). Of all mortalities on the NRA Whittington Center, the 

majority of mortalities occurred in dense forest cover or along ridge lines where 

pinyon-juniper canopy is greater than the surrounding oak shrubland savanna (Figure 

3.3).  
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 Femur marrow fat levels indicated that only one individual out of the 16 total 

femurs collected was below the 12% threshold for acute starvation (Figure 3.4). Three 

individual deer had femur marrow fat levels below 25% and could be considered to 

have compromised health (Figure 3.4). Marrow lipid contents ranged from 11.45% to 

45.85% with half of all femurs collected having lipid content greater than 40% (Figure 

3.4). The one individual considered in “poor” condition died during a dry year (2012, 

Figure 3.5). A greater incidence of mortality occurred during the dry periods; however 

the femur marrow fat levels indicate that most deer were in fair condition at the time 

of mortality regardless of precipitation (Figure 3.5).   

 

Discussion 
 Body fat levels found during this study fall within the range previously 

reported in the area prior to habitat treatments (%IFBF 6.8-9.1, Bender 2006). Results 

of this study do not show a general trend of increased body condition after treatments 

as would be expected if the habitat manipulations where satisfying the overall 

management goal. The first two years (2011 and 2012) of the study were 

representative of drought conditions since the area only received 60-70% of normal 

precipitation which may have limited immediate gains. However, estimates of body fat 

during this study fall within those recently reported in other areas of southern Rocky 

Mountain mule deer. Bergman et al. (2014b) reported a pooled IFBF level of 7.17% 

for adult female mule deer in southwestern Colorado with mean estimates as low as 

6.81% and as high as 7.91%. They found that IFBF levels were generally higher in 

mulched pinyon-juniper sites over reference sites, something not directly measured in 

this study but before and after data do not suggest an increase in body fat post 

treatment. Furthermore, Monteith et al. (2014) found long term (12 years) average 

body fat level of mule deer in the Sierra Nevada range of California was 7.22% with a 

range of 4.98% to 8.74%. This would suggest that the body condition of mule deer 

during this study, on the WC, was similar to those recently reported throughout the 

distribution of mule deer. The similarity of body fat found in this study to the 
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seemingly population average (~7%) body fat level found in this study, coupled with a 

pooled pregnancy rate of 96% and 88% twinning rate, suggests that adult female deer 

performance from 2011- 2013 was normal (Chapter IV) despite persistent drought 

conditions (Figure 1.2) immediately post treatment. 

Home Range and Habitat Resource Selection 
Home range size – Adult female mule deer on the NRA Whittington 

maintained home ranges with no evidence of migration. The lack of significant 

difference between summer and winter home range for most of the study shows that 

the deer on the WC maintained home ranges throughout the year with no seasonal 

expansion. Deer during this study, which are located in the pinyon-juniper woodland 

savanna cover types of the southern Rocky Mountain Foothills, were able to meet their 

basic needs of forage and cover in 600 to 700 hectares. These results differ from those 

in the literature for other habitat cover types found in the southwest. Summer season 

home range sizes in this study were larger than those reported by Hornecastle et al. 

(2013) in a treated ponderosa pine forest in northern Arizona. Mean summer home 

range of 767 ha on this site was nearly twice the size of Hornecastle et al. (2013) 

average of 368ha. Koerth et al. (1985) found annual female mule deer home ranges in 

the Texas panhandle to average 2538 ha with the smallest home range of 1140 ha. 

Their study region occupies areas that are characterized by predominantly short-grass 

prairie with minimal woody plant cover and interspersed heavy agriculture. Therefore, 

deer move greater distance to agriculture habitats during fall and winter seasons 

(Koerth et al. 1985). In northeast Colorado, on a predominately shortgrass range, mule 

deer seasonal home ranges averaged about 2,500 ha (Whittaker and Lindzey 2004). 

Our deer appear to have a moderate summer home range sizes between those deer 

which occupy high elevation forests to deer that subside in a more open habitat on the 

short-grass prairie. This not at all surprising considering the deer in this study 

occupied a range that was a mixture of grasslands and dense coniferous forests.  

For winter home range size, Kufeld et al. (1989) found mean home range size 

of 211 ha in Rocky Mountain foothills of northern Colorado. This was markedly 
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smaller than the average winter home range estimates during this study. The mild 

winter severity in northern New Mexico along with differences in vegetation cover 

from northern Colorado could explain why winter home ranges during this study were 

larger than Kufeld et al. (1989). The mild winter conditions too could possibly 

explains the unobserved difference between winter and summer home range size. 

Bender (2006) found home range sizes of 1240 ha, 1120 ha, and 1430 ha for annual, 

summer and winter non-migratory deer in the same area as this study. These estimates 

of home ranges are markedly higher than the estimates found on the WC during this 

study. If fact, their estimates are nearly double the size we found for the stationary 

deer in this study. Differences between this study and those reported previous in the 

areas (Bender 2006), in average home range estimates, could be attributed to deer 

relocation sample size used seasonally to determine home range (N=25-130 vs 10-26) 

and estimation methods (fixed kernel vs. adaptive kernel). Additionally, Bender 

(2006) estimates encompassed deer populations and habitat types from across a larger 

area in north-central New Mexico. As seen in other studies, mule deer home ranges 

that encompass more shortgrass prairie tend to be larger and shrink as they occupy 

more dense cover forest systems. Our home range sizes are a balance between 

ecosystems that are entirely ponderosa pine forests and areas dominated by grasslands. 

However, little current research documents adult female mule deer home range size by 

season in the pinyon-juniper woodland savanna range of southwestern United States.  

 Habitat selection – Adult female mule deer selected for oak shrubland 

savannas, and pinyon-juniper savannas more than proportionally available across all 

seasons and years of the study. They always used pinyon-juniper woodlands, oak 

montane shrublands, grasslands, and developed areas less than proportionally 

available. Thus deer selected habitat types that were of moderate canopy cover 

(savanna types) but tended to avoid habitats of dense canopy or completely open 

canopy. It has been shown previously in northern New Mexico that deer are highly 

selective for shrubland savannas but use proportionally less montane shrub/coniferous 

forests and grasslands (Bender 2006). Short et al. (1977) found that deer and elk 
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avoided pinyon-juniper woodlands when the canopy was dense but also avoided 

habitats where large (>0.5km) tracts had been cleared. They recommend intermediate 

small clearings (30-200m) in pinyon-juniper because browse production increased in 

these areas followed by greater deer utilization.  In east-central New Mexico, deer 

home range size was decreased with presence of pinyon-juniper savanna habitat types 

but home range size increased with greater abundance of shortgrass prairie and mixed 

shrublands (Bender et al. 2013). The reduction in home range size suggests a selection 

for pinyon-juniper woodland savannas and a potential higher quality habitat. 

Furthermore, deer home range size decreased in areas where mechanical pinyon-

juniper treatment had occurred which indicates that deer used these treated areas to a 

greater proportion (Bender et al. 2013). We did not observe a change in 95% home 

range size between deer that utilized treated areas and those that exhibited no selection 

for treated brush. The lack of shrinkage in home range size for deer that utilize treated 

areas may suggest there was a high landscape level availability of high quality forage 

therefore deer outside of treated areas did not increase home range size to locate 

quality forage. Howard et al. (1987) found that deer used cabled pinyon-juniper stands 

more than untreated stands in the spring-summer season but use was similar from mid-

summer though the winter. They attribute high use to increased forage production 

directly after the cabling treatment along with reduction in tree density (53% kill).  

Boeker et al. (1972) recommend that pinyon-juniper stands should be reduced to allow 

for 25-50 shrubs (oak/mahogany) per acre to provide the best benefit for mule deer in 

New Mexico. Deer on the NRA Whittington Center that had home ranges containing 

treated brush, selected for treated brush only in the first two years of the study. The 

selection for treated brush mirrors the precipitation patterns and the patterns detected 

in forage quality (Chapter IV) given that deer selection for treated brush was the 

strongest during dry years in which crude protein was higher in mulched habitats. 

Once precipitation returned to normal when high quality forage was found in mulched 

and non-mulched habitats, there was no selection for treated brush. This trend would 

be expected because individual deer can meet their forage needs without seeking 
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treated areas and given that availability of treatments in this study were relatively 

small compared to the landscape (13%). However, the general trend follows the 

literature that deer utilize areas where pinyon-juniper canopy cover is less dense or has 

been reduced and overall, adult female mule deer tend to select habitat types that 

resemble a “savanna” landscape.   

Habitat Resource Use Probability 
 The results of the habitat selection model show the probability of deer use 

coincided with the results of selection ratios but with a strong decrease in use with 

increasing distance from water, edge of savanna cover, and edge of developed areas. 

Knowing that seasonal changes in deer use and vegetation can occur, deer on the WC 

had a strong affinity for savanna type vegetation cover with minimal influences from 

all other vegetation cover types in all seasons. These savanna cover types likely 

provided sufficient year round forage necessary for survival with encompassing cover 

and edge characteristics need for protection. Short et al. (1977) found that deer used 

pinyon-juniper habitat that was a mosaic of open and closed cover while avoiding 

dense pinyon-juniper cover. Similar results are seen in this study with the selection of 

savanna type or more open forest habitat types and dominate avoidance of pinyon-

juniper vegetation cover. The general trend in selection occurred on the north-east 

aspects, on gentle slopes, and lower elevations although slope played a larger role in 

selection during the summer months. In this region, the north-east slope are typically 

more mesic and contain vegetation that is lusher while south-west slopes tend to be 

dry and open (Dick-Peddie 1999). Use always decreased with slope and elevation as 

would be expected in this transition zone as the landscape becomes steep and 

drastically higher in elevation over a short distance from east to west. Horncastle et al. 

(2013) found that mule deer use intensified on more gentle slopes in areas of thin-and-

burn treatments in northern Arizona. I found that deer use also was positively 

associated with gentle slopes at lower elevations. However, deer habitat use during 

this study showed a positive value for increasing distance from mulched sites. This 

value was consistent throughout the years and seasons despite selection ratios 
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indicating a strong selection for treated sites in 2011 and 2012. The increase of use 

from treated sites could would suggest the lack of use for treated areas and the study 

wide availability of quality forage for all individuals. Additionally, the treated sites 

only represent a small fraction of the study site (13%) and consequently may not have 

been available to some individuals because of territories and established home ranges. 

 Across all years and seasons, deer use decreased with increasing distance to 

developments but only during the winter of 2011 was deer use positively influenced 

by developed cover types. The WC lower transition zone has a large infrastructure of 

developed areas including roads, shooting ranges (~17 ranges), and facilities (i.e., 

shop, houses) that are maintained throughout the year. The slight utilization of 

developed areas and use near developed areas could possibly be explained with two 

different scenarios. First, the constant manipulation of developed areas could represent 

a continual habitat management and promote the growth of high quality young forage. 

Everitt (1983) concluded that crude protein and phosphorus could be increased by 

shredding browse species during the growing season. He indicated that a short term 

increase (9 months) in forage quality but reoccurring disturbance would have the 

potential of providing various stages of regrowth and forage quality. A second 

explanation for deer use of developed areas is the potential to mitigate predation risk. 

Hebblewhite and Merrill (2007) found that fine scale selection of areas near high 

human activity by elk (Cervus elaphus) reduced exposure to predation by wolves 

(Canus lupus) to only 15% higher than migrant elk who utilized low wolf density 

summer ranges. The deer use near shooting ranges and other areas of high human 

activity on the WC may warrant protection from the top predators of mountain lions 

and black bears. Further analysis into predator density and movement would need to 

be investigated to truly understanding this relationship.  

 The odds of deer habitat use was always negatively associated with increased 

distance from water. It has been shown that desert mule deer (Odocoileus hemionus 

eremicus) of southwestern New Mexico and Arizona avoid habitats as distance to 

water increases (Ordway and Krausman 1986). Marshal et al. (2006) investigating 
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movements of desert mule deer in the Sonoran Desert found that deer movements 

were largely influenced by seasonal water availability and forage resources. These 

areas represent habitat types that a more xeric compared to the conditions found on 

our study site in northern New Mexico. However, it exemplifies the necessity for 

perennial water sources for mule deer in general. Horncastle (2013) found that mule 

deer use was increased in areas near perennial water sources in ponderosa pine forests 

of Arizona. While water may not be as limiting for northern mule deer as they are for 

desert mule deer, the probability of deer utilizing a habitat will decrease by about 3% 

for every 100 meter distance from the water source. Consequently, managers must 

account for water sources along with habitat cover to effectively manage deer.  

The probability of deer use decreased with increase distance from the savanna 

habitat types across all seasons. This mirrors the general selection for pinyon-

juniper/oak savanna and the general avoidance of pure grassland cover types. It can 

also represent the need for mule deer to select a mosaic habitat type near cover for 

protection (Mysterud and Ostbye 1999). Kufeld et al. (1988) found in the Foothills of 

the Rocky Mountains of northern Colorado that deer selected and concentrate in 

habitat types that were near cover and food thus satisfying both needs. Deer that 

utilized habitat types where cover was sparse would distribute themselves into nearby 

areas with vegetation that offered security and cover (Kufeld et al. 1988). Recognizing 

the necessities of deer will allow managers to focus efforts on those areas that would 

prove to be the most beneficial to deer and promote quality habitat through both 

physical characteristics of the landscape as well as forage quality.  

Management should focus on creating a mosaic of open and closed habitat 

types that provide habitat heterogeneity providing optimal habitat for mule deer 

(Boeker er al. 1972, Long et al. 2008, Kie et al. 2002). Overall, management of deer 

habitat in north-central New Mexico should focus on habitats with gentle slopes, on 

north-east aspects, closer to water sources, and in cover types that are, or have the 

potential to be, converted to a mosaic of trees and brush for a savanna landscape.  
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Survival and Cause-Specific Mortality 
 Persistent drought conditions below 70% of normal existed for the first two 

years of this study but recovered to normal levels by the final year. Conditions during 

this study were drier than previous studies (Bender 2006) which would suggest that 

deer should have been in worse condition during my study. Adult female mule deer in 

this study had relatively high average survival rate across all three years and was 

comparable to the rates reported in the area (Bender et al. 2006, 2007b;  0.63, 0.90, 

and 0.91 from 2002 to 2004 respectively). These results suggest that despite long term 

drought conditions, adult female mule deer in north-central New Mexico are able to 

exhibit high survival rates. However, our survival estimates are markedly higher than 

those found (Bender et al. 2010) in east-central New Mexico female mule deer (0.42-

0.71). In pinyon-juniper forests of north-west Colorado, White et al. (1987) found 

adult female mule deer survival averaged 0.832 across seven years. In southwest 

Colorado, mule deer annual survival rates ranged from 0.911 to 0.952 from 2000 to 

2004 (Bishop et al. 2009). They found that adult female mule deer survival was higher 

for those animals utilizing areas with enhanced nutrition. Their body fat levels ranged 

from 6.64% (SE=0.479) in control sites to a high of 13.9% (SE=0.463) in sites treated 

with enhanced nutrition (Bishop et al. 2009). The average IFBF at time of capture 

found in this study (7.3%) was within the range of their values but at the low end 

which may help explain why their survival rates were slightly higher. Our models 

indicate that animals who select treated areas had increased survival (Table 3.10); 

however the beta coefficient was small (β = 4.7×10-5
, SE=0.445x10-4) suggesting that 

treatment selection provided little in explaining the variability in overall survival. 

Additionally, selection for treated areas only predominated during the dry years when 

forage quality was higher mulched areas. Nevertheless, survival of adult-female mule 

deer on the NRA Whittington Center in north-central New Mexico coincides with 

those values found in the southern distribution of mule deer (Bender et al. 2007b, 

Bishop et al. 2009, White et al. 1987). 

 Predation was the largest source of mortality found during this study (81%, 

Figure 3.3) regardless of long term drought conditions. More specifically, mountain 
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lion predation accounted for 60% of all known mortalities. Previous studies in New 

Mexico (Bender et al. 2006, 2007b, 2010, 2013) attributed malnutrition as the greatest 

cause of mortality in these semiarid woodlands. Evidence for malnutrition during this 

study was minimal when determining the ultimate cause of death on femur marrow fat 

levels as only one individual mortality was below the 12% threshold. If the threshold 

for compromised health and near starvation was less than 25% as suggested by 

(Cheatum 1949), then only three total individual mortalities were near acute 

starvation. This evidence does not strongly support large scale malnutrition through 

starvation even considering the drought conditions during the first two years of the 

study. Femur marrow fat levels at time of death suggested most animals were in fair 

condition regardless of drought conditions. Caution should be urged in that femur 

marrow fat levels are typically the last resort for energy in starving animals (Fong 

1981, Sinclair and Arcese 1995). An animal could have used up all other fat reserves 

and possible lean protein tissue but died prior to mobilizing marrow fat, thus truly 

been nutrient stressed. A stress that would not have been detected without knowing the 

body condition of the animal directly prior to death. I was not able to repeatedly 

measure individual animal body condition which would ultimately determine body 

condition directly before death. This measurement would be critical in a population 

that could truly be at the brink of starvation. Mech and DelGiudice (1985) urge that 

bone marrow fat alone can be highly variable but along with other health indicators, it 

can be a useful tool in determining an animal’s health. Therefore, the general level of 

marrow fat levels above what is considered starvation coupled with identifying cause-

specific mortality promptly post-mortem does not suggest that this deer herd was 

subjected to malnutrition and starvation. Furthermore, the large abundance of high 

quality forage (Chapter IV) on the WC provides evidence that forage quality was 

sufficient to meet basic maintenance needs for deer throughout the year and gestation. 

Deer could be limited by forage availability but the landscape level abundance of key 

browse plants and forbs on the WC would suggest that forage was readily available 

and of sufficient quality. Intermixed oak brush communities occupied over 64% of the 
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lower transition zone on the WC (Hoenes and Bender 2007) and was highly selected 

by deer.  When managers encompass all the aspects: yearly forage quality, femur 

marrow fat levels at time of death, and cause-specific mortality, predation seems to 

play a stronger role in limiting adult female mule deer on the WC. Additionally, most 

mortality events (Figure 3.3) occurred in dense forest or along ridge lines in savanna 

habitats where cover was denser. These types of habitats and landscape features are 

characteristic of areas often occupied by mountain lions (Husseman et al. 2003) and 

use of these areas may increase predation risk. This is merely an observation of 

mortality locations and we did not directly measure predation risk during this study.  

Bishop et al. (2009) found the human, disease, and mountain lion predations were the 

primary causes of adult female deer death in southwest Colorado. However, their main 

conclusion was that nutritional treatments improved condition of adult female mule 

deer and that survival was improved through nutritional treatments over old growth 

pinyon-juniper sites (S=0.879 treatment vs. S=0.833; Bishop et al. 2009). They urge 

that habitat treatments are necessary to improve herd fitness and increase population 

growth rates. There is minimal evidence from this study to support the malnutrition 

through starvation hypotheses suggested to be limiting this southern population of 

Rocky Mountain mule deer. We did not observe an improved survival from pre- 

(Bender 2006) to post-treatment (current study) as well as the small effect of selection 

for treatment sites to influence the survival model would not suggest an improvement 

in deer herd health from habitat manipulations. Given that our treatments only 

occupied a small region of the study site (13%), monitored only for three years, and 

body condition estimates were not as robust, the small effects of habitat treatments on 

overall survival may not be have been detectable. Nevertheless, based on a 

combination of body condition at time of capture, femur marrow fat levels at time of 

death, high yearly forage quality, and cause-specific mortality, this study proposes a 

stronger role of predation on limiting the fitness of this deer herd in north-central New 

Mexico.   

67 



Texas Tech University, Grant E. Sorensen, May 2015 

Summary 
 Deer selected vegetative cover types with a moderately open canopy or 

savanna with a mosaic of treated areas. Not all deer home ranges contained treated 

brush but individual deer ranges that overlapped the treated habitats, selected for 

treated brush during dry years. Survival was only minimally explained by selection for 

treated brush. Therefore, selection for treated brush may offer benefits of increased 

edge and escape cover preferred by deer (Howard et al. 1987, Short et al. 1977) but 

not completely detected in this study. Mountain lion predation occurring in dense 

forest cover and along ridge lines was a regular pattern in the majority of mortalities 

examined. Risk of predation coupled with a general lack of forage in these dense cover 

types maybe the reason for increased deer use in more open and exposed cover types.  

Our hypothesis of increased utilization of the reduced cover treated habitat was 

moderately supported because of the selection for treated brush during dry years and 

open savanna type habitat cover throughout the study. However, evidence to support 

the hypothesis of increased survival rate by treating brush is weak because of small 

influence of selection for treated areas in the survival model. These result could be 

confounded by the size of treatments in that only 13% of the study site was treated and 

occupied a relatively small area in comparison to the landscape. Further investigation 

into this hypothesis is needed and a much larger scale. There was no evidence in our 

study to suggest that adult female mule deer were subjected to starvation and limited 

survival due to malnutrition even during persistent drought. Femur marrow fat levels 

and cause-specific mortality results point to a stronger role of predation on limiting 

mule deer populations in north-central New Mexico.  

Management Implications 
 Results from this study suggest that brush mulching in pinyon-juniper 

woodlands can be useful to open dense cover and create open savannas that deer will 

select. Probability of deer use is higher in more open savanna-like habitats (Figure 3.2) 

near water and gentle low elevation slopes. Additional habitat management should 

focus on areas that have a high probability (i.e. gentle slopes near water) of deer use to 
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obtain the most benefit from the high cost of brush removal. Furthermore, 

management should focus on opening up dense pinyon-juniper woodlands due to the 

strong deer avoidance of these areas. Predation by large carnivores should be 

addressed as it was the primary mortality factor on the NRA Whittington Center adult 

female deer population during this study. A management scheme addressing dense 

pinyon-juniper encroachment and predator management could prove to be the most 

valuable goals for adult female deer management in north-central New Mexico.  
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Table 3.1.  Health metrics associated with the population of adult female mule deer 
from March 2011 to March 2013 on the NRA Whittington Center, Raton, NM. 
 
Health 
Metric Description Mean SD Min Max 

Age Age of deer by cementum annuli 4 1.88 1 10 

Mass Mass (kg) at initial capture of 
animal  56.0 5.3 42.2 68.0 

Condition Modified body condition score 2.6 1.0 1.0 5.0 

IFBF1 Ingesta Free Body Fat 7.3 2.0 3.0 10.9 

Pregnancy 
Rate 

Proportion of all does captured that 
were pregnant at time of capture 0.96 - - - 

Twinning 
Rate2 

Proportion of pregnant does 
carrying twins 0.88 - - - 

1Ingesta Free Body Fat – Calculated fallowing Cook et al. (2010) scaledLIVINDEX 
2Based on March 2011 ultrasound estimates only. 
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Figure 3.1.  General adult female mule deer behavior at the time of telemetry 
relocation based on 5,367 observations from March 2011 to November 2013. 
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Table 3.2. Average 50% and 95% kernel home range sizes (in hectares) and standard 
error (SE) by season for collared adult female mule deer on the NRA Whittington 
Center, Raton, NM from March 2011 to December 2013. Spring/summer covers 
March through August and the fall/winter season covers September through February. 
 
Season/Year N 50% KHR 95% KHR 
Summer– 2011 31 184.3 (23.76) 758.4 (96.65) 

Summer – 2012 32 163. 2 (15.16)  733.5 (64.95) 

Summer– 2013 22 171.7 (19.09)  828.6 (101.34)* 

Winter – 2011a 2 136.3 (14.92)  538.2 (90.91) 

Winter – 2012 26 156.3 (15.69) 671.0 (70.74) 

Winter – 2013 18 133.9 (21.35) 533.4 (78.68)* 

aEstimate based on two deer and used for general reference only. 
*Indicates that the only significant difference found between summer and winter was 
in 2013. 
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Table 3.3. General description of the main vegetative cover types located on the study 
area (2,220 hectares) which is associated with the lower transition zone on the NRA 
Whittington Center, Raton, New Mexico, USA. Habitat types are listed in descending 
order by the amount of canopy cover and canopy closure.   
 
Habitat Cover Type Description 

Grassland 

Characteristic short-grass prairie associated with the 
Southern Great Plains. Common species include blue grama, 
sideoats grama, tobosa, dropseed (spp.), and little bluestem. 
Herbaceous vegetation accounts for typically >80% of total 
vegetation. 

Oak Shrubland 
Savanna 

Intermixed shrubland dominated by Gambel oak, mountain 
mahogany, and skunkbush sumac mixed with open 
herbaceous short-grass prairie. Shrubs are <5 meters tall and 
>20% of total vegetation.  

PJ Savanna 
Pinyon-juniper forest intermixed with oak shrublands and 
short-grass prairie. Characteristic of a more open understory 
forest/savanna.  

Ponderosa Mixed 
Forest 

Ponderosa pine dominated forest intermixed with Douglas 
Fur containing, at times, a montane shrub understory. Trees 
a typically >5 meters tall and >20% total vegetation cover.  

PJ Woodland 

Pinyon-juniper forest comprised solely of pinyon-juniper 
with occasional stands of mixed shrubs and ponderosa pine 
trees. Often times a >80% canopy closure of pinyon-juniper 
exists. 

Oak Montane 
Shrubland 

Oak dominated shrublands located on dry high elevation 
(2000-2900m) slopes with <20% cover of trees (i.e. 
juniper/pine). Shrubs are typically <5 meters tall and occupy 
>75% of vegetative cover. 

Developed 
Includes highly travel roads, buildings, housing, and 
shooting ranges. Most often low intensity to open space with 
impervious surfaces <20% of total cover.  
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Table 3.4.  Average habitat selection ratio across all collared individual female mule deer among all years and seasons. Values 
represent wi which signifies the selection ratio for that particular resource in time with associated 95% confidence interval. 
Selection trend represents the general selection for that resource across all years and seasons. Vegetative cover types are listed 
in descending order by the amount of canopy cover and canopy closure. Treated brush represents the selection for mulched 
brush stands and only includes those deer that had 95% home ranges which overlapped treated brush (i.e. treated brush 
available). The number of deer with home ranges overlapping treated brush were 23, 26, 18, 22, and 15 for summer 2011, 
summer 2012, summer 2013, winter 2012, and winter 2013 respectively.

Vegetative Type Summer 11 
(n=31) 

Summer 12 
(n=32) 

Summer 13 
(n=22) 

Winter 12 
(n=26) 

Winter 13 
(n=18) 

Selection 
Trend 

Grassland 0.58 (±0.183) 0.604 (±0.093) 0.847 (±0.125) 0.907 (±0.106) 1.014 (±0.148) Used Less 

Oak Shrubland 
Savanna 4.915 (±1.218) 3.369 (±0.581) 1.93 (±0.485) 1.897 (±0.430) 2.341 (±1.007) Used More 

PJ Savanna 1.986 (±0.284) 1.736 (±0.241) 1.971 (±0.637) 1.122 (±0.207) 1.666 (±0.579) Used More 

Ponderosa 
Mixed Forest 0.963 (±0.306) 0.978 (±0.405) 1.067 (±0.354) 0.862 (±0.389) 0.609 (±0.382) No Selection 

PJ Woodland 0.442 (±0.161) 0.521 (±0.196) 0.585 (±0.141) 0.405 (±0.153) 0.146 (±0.169) Used Less 

Oak Montane 
Shrubland 0.103 (±0.079) 0.538 (±0.757) 0.057 (±0.056) 0.056 (±0.105) 0.03 (±0.04) Used Less 

Developed 0.395 (±0.184) 0.497 (±0.136) 0.998 (±0.223) 1.285 (±0.297) 0.683 (±0.303) Used Less 

Treated Brush 2.364 (±0.735) 2.291 (±0.507) 1.546 (±0.720) 1.080 (±0.338) 1.956 (±0.991) No selection 
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Table 3.5. Covariates codes, general descriptions, and general statistics used to model 
resource selection probability function of female mule deer use on the NRA 
Whittington Center, Raton, New Mexico, USA. 
 
Covariate Description Mean SD Min Max 

LC Habitat cover types - - - - 

EL  Elevation in meters  2002.91 44.17 1896.16 2307.38 

AS Direction of aspect 148.5 78.39 0.002 359.92 

SL Slope or maximum rate of 
change in degrees 5.07 5.80 0 46.02 

DD Distance in meters to the 
nearest development. 
Developments include 
shooting ranges, highly 
traveled roads, housing, 
shops, and a headquarter 
center. 

318.42 414.44 0 2906.1 

DT Distance in meters to the 
nearest treated habitat. 779.49 905.31 0 5219.52 

DW Distance in meters to the 
nearest known established 
water source 

1191.97 580.82 0 3826.1 

DPJ Distance in meters to the 
edge of the nearest Pinyon-
Juniper woodland habitat 
cover type 

923.75 867.47 0 4156.06 

DO Distance in meters to the 
edge of the nearest Pinyon-
Juniper savanna/Oak 
shrubland 

89.92 143.90 0 1543.25 
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Table 3.6. The top five highest ranking a priori models for probability of mule deer 
(Odocoileus hemionus) use on the NRA Whittington Center, Raton, New Mexico, 
USA.  For each model the number of parameters (k), log likelihood, Akaike’s 
Information Criterion adjusted for small sample size (AICc), change in AICc (ΔAICc), 
and overall model weight are given. 
 

Season/Year Model k -2 Log 
likelihood AICc ΔAICc Weight 

Summer 
2011 

Landscape 14 1557.58 1583.86 0 0.972 
Transition 13 1567.35 1591.59 7.73 0.020 

 Habitat 12 1572.53 1594.73 10.87 0.004 
 Lower Zone 12 1572.71 1594.91 11.05 0.004 
 PJ 9 1591.07 1607.17 23.31 8.43E-06 
       

Summer 
2012 

Landscape 14 4066.79 4092.9 0 0.573 
Habitat 12 4073.1 4095.18 2.28 0.183 

 Transition 13 4071.6 4095.69 2.79 0.142 
 Lower Zone 12 4074.29 4096.37 3.47 0.101 
 PJ 9 4094.41 4110.45 17.55 8.86E-05 

       
Summer 

2013 
Landscape 14 4532.31 4560.42 0 0.984 
Transition 13 4542.6 4568.7 8.28 0.016 

 Habitat 12 4553.52 4577.61 17.19 0.001 
 Lower Zone 12 4561.71 4585.79 25.37 3.05E-06 
 PJ 9 4594.43 4612.48 52.06 4.88E-12 
       

Winter  
2012 

Transition 13 6534.77 6558.83 0 0.530 
Landscape 14 6533.02 6559.09 0.26 0.465 

 Lower Zone 12 6545.94 6567.99 9.16 0.005 
 Habitat 12 6554.49 6576.51 17.68 7.67E-5 
 PJ 9 6583.56 6599.59 40.76 7.46E-10 
       

Winter  
2013 

PJ 9 1287.78 1303.91 0 0.725 
Lower Zone 12 1285.04 1307.31 3.39 0.133 

 Habitat 12 1286.31 1308.58 4.66 0.071 
 Transition 13 1284.99 1309.3 5.38 0.049 
 Landscape 14 1284.90 1311.27 7.35 0.018 
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Table 3.7. Coefficient estimates, standard error, odds ratio, and 95% confidence limit for the odds ratios for averaged mixed-
model logistic regression model variables used to determine probability of mule deer (Odocoileus hemionus) use on the NRA 
Whittington Center, Raton, New Mexico, USA. Beta (β) estimates for aspect represent the probability of use in north-east 
aspect compared to south-west aspect. CL=confidence limit. An odds ratio confidence limit that contains 1 indicate that there 
is no change in the probability of use with changes in that predictor variable or it does not influence habitat selection in this 
study. 
 

     95% Confidence Limit 
Season/Year Variable β SE Odds Ratio Lower CL Upper CL 

Summer 
2011 

Aspect (NE) 0.325 0.138 1.38 1.055 1.816 
Slope -0.044 0.014 0.957 0.930 0.984 

 Elevation -0.005 0.001 0.995 0.992 0.998 
 Developed -0.371 0.640 0.690 0.197 2.422 
 Ponderosa 0.917 0.551 2.50 0.849 7.37 
 Grassland -0.262 0.587 0.769 0.244 2.42 
 Oak Savanna 1.240 0.595 3.455 1.076 11.09 
 PJ Woodlands 0.340 0.560 1.405 0.469 4.215 
 Dist. to Treated 0.0006 9.2E-5 1.0006 1.0004 1.0007 
 Dist. to Water -0.0003 0.0001 0.999 0.999 0.999 
 Dist. Oak Savanna -0.0033 0.0006 0.997 0.996 0.998 
 Dist. to Development -0.0009 0.0002 0.999 0.998 0.999 
 Dist. to PJ Woodlands 9.27E-5 9.5E-05 1.000 0.999 1.0002 
       

Summer 
2012 

Aspect 0.063 0.082 1.065 0.905 1.253 
Slope -0.024 0.011 0.977 0.956 0.997 
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Table 3.7 Continued      
     95% Confidence Limit 

Season/Year Variable β SE Odds Ratio Lower CL Upper CL 
 Elevation -0.005 0.001 0.995 0.993 0.998 
 Developed -0.384 0.477 0.681 0.267 1.735 
 Ponderosa 0.580 0.456 1.786 0.730 4.370 
 Grassland -0.376 0.445 0.687 0.287 1.642 
 Oak Savanna 0.923 0.453 2.516 1.034 6.113 
 PJ Woodlands 0.454 0.434 1.574 0.672 3.688 
 Dist. to Treated 0.0003 8.34E-5 1.0003 1.0001 1.0005 
 Dist. to Water -0.0005 7.4E-5 1.000 0.999 0.999 
 Dist. to Oak Savanna -0.002 0.0004 0.998 0.997 0.999 
 Dist. to Development -0.0008 0.0001 0.999 0.999 0.999 
 Dist. to PJ Woodlands 0.0002 5.8E-5 1.0002 1.0001 1.0003 

       
Summer 

2013 
Aspect 0.229 0.079 1.257 1.077 1.468 
Slope -0.029 0.009 0.971 0.954 0.989 

 Elevation -0.001 0.998 0.998 0.996 1.0004 
 Developed 0.513 0.427 1.671 0.724 3.858 
 Ponderosa 1.313 0.394 3.718 1.717 8.048 
 Grassland 0.439 0.408 1.551 0.697 3.451 
 Oak Savanna 1.334 0.413 3.795 1.689 8.525 
 PJ Woodlands 0.676 0.395 1.967 0.906 4.268 
 Dist. to Treated 0.0003 5.4E-5 1.0003 1.0001 1.0004 
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Table 3.7 Continued      
     95% Confidence Limit 

Season/Year Variable β SE Odds Ratio Lower CL Upper CL 
 Dist. to Water -0.0004 7.5E-5 0.9996 0.9994 0.9997 
 Dist. to Oak Savanna -0.003 0.0004 0.997 0.996 0.998 
 Dist. to Development -0.001 0.0001 0.999 0.999 0.999 
 Dist. to PJ Woodlands 1.0E-5 5.8E-5 1.000 0.999 1.0001 
       

Winter  
2012 

Aspect 0.272 0.065 1.313 1.155 1.492 
Slope -0.012 0.009 0.988 0.971 1.005 

 Elevation -0.004 0.001 0.996 0.994 0.998 
 Developed 1.587 0.511 4.891 1.796 13.318 
 Ponderosa 1.428 0.497 4.17 1.575 11.041 
 Grassland 1.130 0.501 3.096 1.160 8.268 
 Oak Savanna 1.527 0.505 4.604 1.711 12.388 
 PJ Woodlands 1.027 0.495 2.793 1.058 7.376 
 Dist. to Treated 0.0031 6.4E-5 1.0003 1.0002 1.0004 
 Dist. to Water -0.0002 6.29E-5 1.000 0.999 0.999 
 Dist. to Oak Savanna -0.004 0.0004 0.996 0.996 0.997 
 Dist. to Development -0.0006 9.9E-5 0.999 0.999 0.9996 
 Dist. to PJ Woodlands 0.0001 2.55E-7 1.0001 1.0000 1.0001 
       

Winter  
2013 

Aspect 0.174 0.149 1.189 0.889 1.592 
Slope -0.006 0.020 0.994 0.956 1.034 
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Table 3.7 Continued      
     95% Confidence Limit 

Season/Year Variable β SE Odds Ratio Lower CL Upper CL 
 Elevation -0.006 0.003 0.994 0.989 0.999 
 Developed 0.303 0.594 1.354 0.422 4.343 
 Ponderosa 0.218 0.773 1.244 0.273 5.658 
 Grassland 0.460 0.539 1.585 0.551 4.561 
 Oak Savanna 0.699 0.281 2.011 1.159 3.492 
 PJ Woodlands -0.531 0.449 0.588 0.244 1.419 
 Dist. to Treated 0.0004 0.0001 1.000 1.000 1.001 
 Dist. to Water -0.0006 0.0001 0.999 0.999 0.9998 
 Dist. to Oak Savanna -0.0023 0.0006 0.998 0.997 0.999 
 Dist. to Development -0.0013 0.0003 0.999 0.998 0.999 
 Dist. to PJ Woodlands 0.0003 0.0001 1.0003 1.0001 1.0005 
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Table 3.8. Individual covariate codes, description, mean, standard distribution, and 
minimum and maximum values used for the survival modelling analysis of adult 
female deer on the NRA Whittington Center, Raton, New Mexico.  
 
Covariate 
Code Description Mean SD Min Max 

Age Age of deer by cementum annuli 4 1.9 1 10 

Mass Mass at initial capture of animal 
(kg) 56.0 5.3 42.2 68.0 

Condition Modified body condition score 2.6 1.0 1 5 

IFBF Ingesta Free Body Fat 7.3 2.0 3.0 10.9 

Precip Total precipitation for time period 
(tenths mm) 1851 949.6 888 3666 

PDSI Palmer Drought Severity Index -4.3 1.5 -3.4 -6.0 

TrtSel Selection ratio for treat habitat 
types 1.45 0.2 1.1 1.6 

PJSel Selection ratio for pinyon-juniper 
woodland habitats 0.6 0.2 0.3 0.8 

OakSel Selection ratio for oak savanna 
habitats 2.9 1.0 2.0 1.1 

PJOakSel Selection ratio for pinyon-juniper 
oak savanna habitats 1.6 0.4 4.5 2.0 
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Table 3.9. A priori model sets and associated AICc values for adult female mule deer 
survival on the NRA Whittington Center, Raton, New Mexico from March 15, 2011 to 
March13, 2014. Variables included in the model are: year, age, mass, condition, 
ingesta-free body fat (IFBF), precipitation, in addition to selection ratios for pinyon-
juniper oak savanna, pinyon-juniper woodlands, oak savanna, and treated brush.  All 
model sets were averaged to obtain a final model for deer survival on the Whittington 
Center.  
 
Model -2LL AICc ΔAICc w K 

Time constant 345.1 347.1 0 0.20 1 

Time constant + morph + precip 337.5 347.5 0.43 0.16 5 

Year + morph 335.9 347.9 0.85 0.13 6 

Time constant + morph + precip + 
PJOak Sel 336.5 348.5 1.36 0.10 6 

Time constant + morph + precip + 
TrtSel 336.5 348.5 1.36 0.10 6 

Time constant + morph + precip + 
OakSel 336.6 348.6 1.47 0.10 6 

Year + morph + precip 334.8 348.8 1.74 0.09 7 

Time constant + morph + precip + 
PJSel 337.1 349.1 1.95 0.08 6 

Time constant + morph + PDSI 341.3 351.3 4.20 0.02 5 

Morpha + precip 345.3 353.3 6.15 0.01 4 

aMorph covariate is the covariates of Age, Mass, and IFBF used to described the 
morphometrics of the deer. 
 
  

91 



Texas Tech University, Grant E. Sorensen, May 2015 

Table 3.10. Average parameter estimates (β) and standard error for the variables of 
deer survival on the NRA Whittington Center, Raton, NM. Survival is positively 
influenced by animal mass and ingesta free body fat at the time of capture as well as 
the level of precipitation. Selection for treated brush, pinyon-juniper savanna, and oak 
savanna played a role in survival but only minimally influenced the overall survival 
estimate. A year effect was only represented in two models and minimally influenced 
survival.  
 

Variable β Standard Error 
Intercept 6.35 1.38 
Age -0.18 0.08 
Mass 0.004 0.03 
IFBF 0.034 0.107 
Precip 0.0005 0.0003 
PJ Oak Select 4.72E-05 4.5E-05 
Treated Select 4.12E-05 4.0E-05 
Oak Select 4.47E-05 4.44E-05 
PJ Select 2.8E-05 3.98E-05 
PDSI 0.104 0.161 
2011 0.778 0.000 
2012 0.624 0.000 
2013 1.22 0.000 

 
  

92 



Texas Tech University, Grant E. Sorensen, May 2015 

Table 3.11. Yearly survival estimates, unconditional standard errors (SE), and 95% 
confidence intervals derived from the average of all a priori model sets for adult 
female mule deer from 2011 through 2013 on the NRA Whittington Center, Raton, 
NM.  
 

Year Probability of Survival Unconditional SE CLL CLU 
2011 0.85 0.03 0.76 0.90 
2012 0.83 0.03 0.73 0.90 
2013 0.87 0.03 0.73 0.94 
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Figure 3.2. Cause-specific mortality represented as total number of mortalities (N=27) 
found for adult female mule deer on the NRA Whittington Center, Raton, New 
Mexico. 
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Figure 3.3.  Location of individual deer mortalities from March 2011 through March 
2014 (n=27) on the NRA Whittington Center, Raton, New Mexico.  
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Figure 3.4. Femur marrow fat levels from individual deer mortalities on the NRA 
Whittington Center, Raton, NM from January 2012 to January 2014. Acute starvation 
threshold of 12% or less femur marrow fat indicates those individuals who, at time of 
death, were potentially in severe poor condition and malnourished. A threshold less 
than 25% indicates those individuals that were potentially compromised health at the 
time of death.  
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Figure. 3.5. Femur marrow fat levels from individual deer mortalities on the NRA 
Whittington Center, Raton, NM from January 2012 to January 2014 by precipitation 
level at the time of death. Deer considered in poor condition are those that had marrow 
fat levels less than 12% while animals in fair have greater than 12% but less than %50 
femur marrow fat. No mortalities were found in which deer had greater than %50 
marrow fat thus in good condition. 
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CHAPTER IV 

FORAGE DYNAMICS, DIET QUALITY, AND FEMALE ROCKY 
MOUNTAIN MULE DEER CONDITION IN MULCHED AND OLD 

GROWTH HABITATS OF NORTH-CENTRAL NEW MEXICO  

Abstract 
Rocky Mountain mule deer (Odocoileus hemionus hemionus) population declines in 

areas throughout their distribution and in particular, the southern and eastern most 

regions have been attributed to poor diet quality, poor deer performance, and 

ultimately malnutrition. Deer survival and reproductive performance in north-central 

New Mexico was suggested to be limited by poor deer body condition as a result of 

low quality diet from degraded habitats. Habitat manipulations have the ability to 

enhance the quality of preferred deer forages as well as improve diet quality and 

fitness components of deer. It is important to understand the forage dynamics after 

habitat manipulations and how these activities will affect deer populations with the 

management goal of reversing malnutrition effects. To test the hypothesis of 

malnutrition, I monitored 48 adult female mule deer for diet quality from 2011 to 2013 

on the population said to be limited by malnourishment, after habitat enhancements 

were imitated. Habitat manipulations involved mechanically mulching dense pinyon-

juniper (Pinus edulis - Juniperus spp.) and senescent brush with the goal of 

establishing high quality deer browse. Additionally, I determined quality of key deer 

browse species in mulched and non-mulched areas by season from 2012 to 2013. The 

first two years of the study received only 60% to 70% of normal precipitation which is 

indicative of the persistent long term drought conditions in the study area. Mulching 

increased the crude protein content by 7.7%, 10.9%, and 17.2% for Gambel oak 

(Quercus gambelii), mountain mahogany (Cercocarpus montanus), and skunkbush 

sumac (Rhus trilobata) respectively, over non-mulched browse two years post mulch. 

This effect was not detected after 2.5 years. The lack of difference between treatments 

in 2013 mirrors the recovery of total precipitation to normal by three years post mulch. 

Condensed tannin contents did not differ across treatments, seasons, or years among 

all browse species. In no case, did deer that selected for treated areas have diets with 
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greater fecal nitrogen. This suggests equality in deer diets regardless of selection for 

mulched areas known to have improved browse quality. Deer body condition (IFBF 

average = 7.3%) was similar to values previously reported on the study site. 

Regardless of deer use of habitat treatments reproductive performance was high with 

96% pregnancy rate and 88% twinning rate. This study provides minimal evidence to 

suggest that mulched pinyon-juniper brush habitats directly improve deer diet quality 

and overall deer performance. However, the limited treatment effect could be due to 

the small spatial scale of the analysis in that only 13% of the study site was treated. 

Despite the small scale of treatments during this study, I found no support for the 

hypothesis of malnutrition even during persistent drought. Seasonally crude protein 

levels were sufficient for all deer maintenance and deer condition supported high 

pregnancy rates.  

    

Introduction 
Determining limiting factors for an ungulate population is critical to successful 

management, particularly with a declining species. Populations of Rocky Mountain 

mule deer (Odocoileus hemionus hemionus) (hereafter mule deer) have experienced 

large fluctuations and are currently declining across the majority of their range wide 

distribution (Clements and Young 1997, Carpenter 1998, Forrester and Wittmer 2013, 

Horncastle et al. 2013, Mule Deer Working Group 2013). 

Considerable research has been conducted across deer ranges to address 

limiting factors including predation (Ballard et al. 2001, Hurley et al. 2011, Pierce et 

al. 2012), nutrition and condition (Bishop et al. 2009, Monteith et al. 2014), 

competition with over large herbivores (Wallace and Krausman 1987, Stewart et al. 

2002), and habitat manipulations (Hobbs and Spowart 1984, Long et al. 2008, 

Bergman et al. 2014a,b). More specifically, nutritional quality of the forage has been 

suggested to be a major factor influencing ungulate populations (Bender et al. 2007b, 

Bishop et al. 2009a, Tollefson et al. 2010). Forage quality for mule deer can be highly 

variable due to seasonal changes, vegetation successional state and climate changes 

over time. Nutritional quality of forage is an important aspect of habitat quality and 
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can influence physiological condition, reproduction, and overall survival (Parker et al. 

1999, 2009, Marshal et al. 2005, Monteith et al. 2013). Deer that have readily 

available, high quality forage are able to meet their basic nutritional requirements and 

increase fat reserves for survival through winter months. Poor forage quality and 

quantity have been indicated as the primary determinates of the productive capacity of 

mule deer (Boeker et al 1972; Gonzalez-Hernandez and Silva-Pando 1999). 

Productivity of ungulate populations are directly related to body condition, in 

particular reproductive females, and are affected by diet quality (Bender et al. 2007b, 

Cook et al. 2004, 2010, Parker et al. 2009; Monteith et al. 2014). Mule deer 

throughout their range are directly entwined with year-long dynamics in nutritive 

regimes and both indirect and direct nutritional factors can affect population 

productivity (Dietz and Nagy 1976). Levels of body fat in the autumn rather than body 

mass is the most important factor determining whether ungulates reproduce, live 

without reproducing or die prematurely (Parker et al. 2009). However, Monteith et al. 

(2013) points out that seasonal nutritional contributions of the range are not 

independent and that nutritional deficits (or gains) in one season affect the individual 

entering the next season. Therefore, habitat restoration techniques focused on 

increasing browse quality and quantity across seasons has the potential to improve 

deer nutritional state, body condition, and life-history traits.  

Studies in north-central New Mexico (Bender et al. 2006; 2007a; 2007b; 

Lomas and Bender 2007) suggested that malnutrition and over-winter starvation were 

the primary limiting factors for survival in adult female mule deer populations in New 

Mexico. Adult female mule deer in these semi-arid pinyon-juniper woodlands were 

not able to acquire the enough body fat and lean muscle mass needed for survival and 

successful reproduction (Bender et al. 2010). Thus, adult female mule deer condition 

was lowered, fawns survival was poor, and herd productivity was decreased (Bender 

et al. 2007b, 2010, Lomas and Bender 2007). Poor animal health and low productivity 

was attributed to severe habitat degradation due to expansion and densification of 

pinyon-juniper woodlands. Dense pinyon-juniper stands have been associated with 

decreased deer forage (Jacobs and Gatewood 1999, Stoddard et al. 2008, Kramer 
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2012) and limit deer utilization (Short et al. 1977). Management recommendations 

(Bender 2006, Hoenes and Bender 2007) suggested that cover of pinyon-juniper and 

dense brush stands be reduced to promote deer forage production and improve browse 

quality. 

 Mechanically manipulating deer browse has the potential to improve deer 

browse quality and quantity, provide better foraging opportunities, and improve deer 

condition (Bender et al. 2013, Everitt 1983, Hobbs and Spowart 1984, Long et al. 

2008). Bergman et al. (2014a) found that mechanically treating pinyon-juniper 

woodlands in southwest Colorado followed by advanced treatments of reseeding and 

chemically controlling weeds, improved overwinter survival of mule deer fawns over 

reference sites (S=0.768 vs. S=0.675). Additionally, adult female mule deer had higher 

body fat levels (IFBF = 7.38%) compared to reference sites (IFBF=6.97%) despite 

high variation of body fat following the same mechanical and advanced treatments 

(Bergman et al. 2014b). In Arizona where ponderosa pine (Pinus ponderosa) forests 

had been thinned-and-burned, female mule deer intensively used treated areas which 

was likely due to increased forage abundance (Horncastle et al. 2013). Kramer et al. 

(2015) have shown that conifer removal in northern New Mexico can increase the 

abundance of preferred forages for mule deer. Thus, management of forest and 

shrubland habitat through mechanical and chemical methods has the ability to improve 

forage dynamics and alter habitat utilization as well as influence adult deer condition 

and fawn survival. Therefore, if malnutrition was indeed limiting mule deer in north-

central New Mexico, we would expect to find: poor forage quality below the threshold 

of 8% crude protein needed for basic deer maintenance (French et al. 1956, Fulbright 

and Ortega-S. 2006, Holter et al. 1979), deer with poor quality diets, poor yearling 

pregnancy rates, low fawn survival, and ultimately, adult deer in poor condition 

(Bender 2007a,b).  However, little research has been conducted on the southern region 

of mule deer to validate deer browse quality, deer diet quality, and the overall 

hypothesis of malnutrition as the primary limiting factor on deer populations.  

To address the issues of habitat loss and malnutrition, the National Rifle 

Association Whittington Center (WC) located near Raton, New Mexico implemented 
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multiple habitat enhancement strategies (Hoenes and Bender 2007) aimed at the 

reduction of pinyon-juniper cover, to promote preferred deer forages, and improve 

deer diet quality. To test the hypothesis of deer malnutrition, data on seasonal habitat 

quality, seasonal deer diet quality, and deer performance are needed in relation to 

implemented management actions. Therefore, I conducted this study on a deer 

population in northcentral New Mexico suggested to be limited by malnutrition after 

site specific habitat improvements recommended by Hones and Bender (2007) were 

implemented. I hypothesize that habitat enhancements will improve deer forage 

quality and deer diet quality throughout all seasons thus improving adult female mule 

deer condition from those previously reported in north-central New Mexico. 

Following the habitat treatments recommended for the NRA Whittington Center in 

north-central New Mexico, the objectives of this study were to: 1) estimate seasonal 

crude protein content of key mule deer forage in mulched and untreated areas; 2) 

assess biannual diet quality of adult female mule deer via fecal indices and compare 

diet quality of individual deer known to use mulched habitat with deer that utilized 

reference sites; and 3) compare baseline body condition of adult female deer to 

reported values prior to habitat enhancements.  

Methods 

Study Area 
I conducted this study on the 13,400 hectare National Rifle Association 

Whittington Center (WC) located south of the city of Raton (approximately 36o 44’ N, 

104o 30’ W), in northcentral New Mexico (Figure 1.1). The WC is a non-profit 

organization that was developed in 1973 as an outdoor recreation facility focused on 

shooting sports but also incoporate the hunting of various game species such as: mule 

deer, elk (Cervus elaphus), pronghorn (Antilocapra americana), turkey (Meleagris 

gallopavo), and black bear (Ursus americanus). Prior to development as a shooting 

facility, domestic livestock had grazed the area but have since been excluded (Hild 

and Wester 1998). Domestic livestock grazing did occur on neighboring private lands.  

The vegetation within WC is characteristic of the Foothill region of the 

southern Rocky Mountains with low elevation grasslands (~1900 m) to semi-mesic 
102 



Texas Tech University, Grant E. Sorensen, December 2014 

pinyon-juniper woodlands and ponderosa pine-fir forests (Pinus ponderosa - 

Pseudotsuga menziesii) in higher elevations (>2200 m). Grass species found on the 

study area include: blue grama (Boutelous gracilis), sideoats grama (Bouteloua 

curtipendula), alkali sacaton (Sporobolus airoides), little bluestem (Schizachyrium 

scoparium), and sand dropseed (Sporobolus cryptandrus). Dense expansive brush 

communities located throughout the WC are comprised typically of Gambel oak 

(Quercus gambelii) and mountain mahogany (Cercocarpus montanus) but are 

intermixed with skunkbush sumac (Rhus trilobata), big sagebrush (Artemisia 

tridentata), fringed sage (Atremisia frigida), winterfat (Krascheninnikovia lanata), and 

fourwing saltbush (Atriplex canescens). Mid-elevation forests are occupied by pinyon-

juniper woodlands characterized by Rocky Mountain juniper (Juniperus scopulorum), 

one-seeded juniper (Juniperus monosperma), and pinyon pine (Pinus edulis). High 

elevation forests are a common mixed conifer forest comprised of ponderosa pine and 

Douglas fir.   

Climate data were collected by the National Oceanic and Atmospheric 

Administration (NOAA), National Climate Data Center weather station on the Raton 

Crews Municipal Airport (Station ID:GHCND:USW00023052, approximately 4.5km 

south of study site). Average high and low temperatures are 28.0o C (SD = 1.5 o C) and 

10.7oC (SD = 0.8 o C) in July while average high and low winter temperatures are 7.5o 

C (SD = 2.4 o C) and -10.0o C (SD = 1.7 o C) in January (NOAA 2014). This area 

receives the majority of its precipitation during the monsoon months between May and 

August (62%). The 34 year average annual total precipitation for the area is 40.1cm 

(SD = 12.1 cm) (NOAA 2014). The greatest snowfall occurs at the higher elevations 

(1.5-2.3m) while the lower zones receive approximately 50-65 cm of snowfall a year 

(Hild 1995). Snowfall accumulation in the lower elevations during this study was 

minimal (i.e., 35 cm study period total, Sorensen personal observation).  The number 

of days with minimum temperature above 0 o C is an average of 173 days (SD =8) 

from the last freeze to the first freeze in the fall (NOAA 2014). During this study, the 

WC received 27.96cm, 24.19cm and 40.19cm of total precipitation from 2011 to 2013 

respectively (NOAA 2014).  In 2011 and 2012, total precipitation was only 70% and 
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60% of the 34-year historic average (40.1 cm; Figure 1.2) thus representative of the 

drought conditions that existed for the majority of this study.  

Habitat Enhancements 
For my study, habitat treatments followed recommendations by Hoenes and 

Bender (2007) specific for the WC. Initially in 2008-2009, 130 hectares of pinyon-

juniper and Gambel oak were hydro-axed with the goal over two years for 80% 

reduction in the cover of woody vegetation. This reached the goal suggested by 

Hoenes and Bender (2007) of treating one pinyon-juniper habitat unit (range from 85 

to 163 hectares). However, multiple pinyon-juniper habitat units (11 units) were 

suggested to be treated that did not receive a hydro-axing treatment.  Hydro-axing 

treatments targeted the removal of large pinyon-juniper (>15cm DBH) trees and dense 

old-growth brush (Gambel oak, mountain mahogany). The mastication occurred 

primarily on the south facing gentle slopes (<12%) in the southern mid-elevation 

pinyon-juniper woodlands of the WC (Figure 1.3). In the spring of 2010, 29 hectares 

of pinyon-juniper were hydro-axed using the same criteria on the north east boundary 

of the WC. Additional habitat enhancements were conducted in the fall of 2010 and 

summer/fall of 2011, using a hydraulic rotary mulching attachment on an excavator. 

This mulching method targeted dense brush stands and used to cut small trees (<10cm 

DBH/ <2m height) to ground level in the lower forest/shrubland communities on the 

southern zone of the WC (Figure 1.3). A total of 281.08 hectares had been mulched in 

the southern pinyon-juniper/shrub/grassland communities as of November 2011 

(Figure 1.3) when mulching activities were temporarily suspended. Habitat 

enhancements accounted for approximately 13% of the total low- to mid-elevation 

area thus were relatively small in comparison to the landscape. 

 The focus of this study occurred on the low- to mid-level mulched areas as no 

deer were found or captured above ~2150m in elevation. Our results pertain to 

southern mule deer residing in the study area at less than 2200m in elevation 

characterized predominantly by pinyon-juniper and oak shrubland plant communities. 

These mulching treatments aimed to improve deer body condition by reversing 
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pinyon-juniper expansion, thus increasing forage quality and provide preferred habitat 

characteristics for mule deer.   

Forage Quality and Analysis 
Experimental units for this study included two treatments: enhanced brush 

stands and old growth brush stands. Enhanced brush stands were mulched according to 

Hoenes and Bender (2007) and old growth (control) stands have been void of 

management while under ownership of the NRA Whittington Center (1973). Forage 

collection occurred prior to and during parturition (late June) in 2012 and 2013 when 

nutrient demand is the highest and in late winter (February) 2013 when nutrient levels 

would be in the greatest deficiency. Browse samples represent the vegetation response 

two and three years post mulching treatment. Twelve mulched stands and thirteen 

control stands were ground mapped using Trimble GEOexplorer XT handheld GPS 

units (Trimble Navigation, Sunnyvale, CA) within the study area. In each vegetation 

stand, five random locations were generated in ArcMap (ESRI, Redlands, CA) to 

serve as forage collection sites. At each collection site, 10 grams of each key browse 

species were collected by hand as to simulate bite selection of mule deer. As a result, a 

total of 50 grams of plant material for each forage species was collected from each of 

the 12 mulched and 13 reference stands. Browse species selected included: Gambel 

oak, mountain mahogany, skunkbush sumac, pinyon pine, and juniper species (Boeker 

et al. 1972, Kufeld et al. 1973, Sandoval et al. 2005, Kramer et al. 2015). Herbaceous 

forb vegetation and sub-shrub sample collection was conducted and described by 

Kramer (2012) in a concurrent study. 

Current-year leaf growth and small amounts of green terminal current-year 

twig growth were harvested on stems less than two meters in height from each key 

browse species. Samples were stored in plastic bags and immediately frozen after 

collection as to limit any changes in plant chemical composition. Frozen samples, 

were dried at 50 °C for 72 hours and ground in a Wiley Mill through a 1-mm screen. 

The five ground samples of each browse species within each vegetation stand were 

composited to allow for one composite sample per species and vegetation stand.     
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Crude protein content of ground forage samples was determined using a LECO 

TruMac-N Series Macro Determinator (LECO Corporation, St Joseph, MI) following 

the procedure for nitrogen (N) determination. Laboratory procedures were conducted 

at the Department of Animal and Food Science Laboratory, Texas Tech University, 

Lubbock, TX USA. Percent crude protein was calculated by multiplying N content by 

6.25.    

 Condensed tannins were estimated for all browse species across mulched and 

control treatments. Each browse species was again composited across all collection 

sites within that treatment type to provide a single tannin estimate per species and 

treatment combination. Condensed tannins were estimated using the vanillin/HCl 

assay described by Burns (1971) and modified by Price et al. (1978).  Anhydrous 

catechin served as the standard to create a standard curve against which the unknown 

browse samples were compared. Therefore, results from the tannin extraction are 

expressed as catechin equivalents (CE; mg of CE/g of dry sample). Hodgeman et al. 

(1996) stated that high tannin forages must comprise at least 25% to 30% of a deer 

diet before the fecal nitrogen and dietary nitrogen (i.e. crude protein) overlap was 

affected. 

Deer Condition and Diet Quality 
 Adult female mule deer were initially captured in March of 2011 via aerial net 

gunning (Krausman et al. 1985). When net gunning was not possible, deer were darted 

with 1.5 mg/kg of xylazine hydrochloride and 5.1 mg/kg of ketamine hydrochloride 

(Carstensen et al. 2003, Haulton et al. 2001) or captured with clover traps (Clover 

1956, Ballard et al. 1999). All deer were ear tagged and fitted with either a VHF radio 

telemetry collar or a GPS collar (Advanced Telemetry Systems, Inc., Isanti, MN or 

SirTrack, New Zealand). The deer were assessed for pregnancy, twinning, and 

maximum rump fat thickness using a portable ultrasound (Aloka SSD-500V, Aloka 

Inc., Tokyo, Japan; Stephenson et al. 2002). Maximum rump fat thickness was 

measured to the nearest millimeter (Cook et al. 2007, 2010) at the thickest point of the 

hip (i.e. cranial to the pin bone; Stephenson et al. 2002). The animal was weighed and 

total body length and chest girth was measured. Ingesta free body fat was estimated 

106 



Texas Tech University, Grant E. Sorensen, December 2014 

using the scaledLIVINDEX formula from Cook et al. (2010) where body mass was 

estimated from deer weights at capture. Fecal pellets were collected from the rectum 

to be analyzed for diet quality. The fourth incisor was pulled for age determination by 

cementum annuli (Matson’s Laboratory, Missoula, MT). Additionally, the deer was 

given a body condition score ranging from 1 for the leanest to 5 for the deer with the 

greatest thoracic, rib and hip cover, based after Gerhart et al. (1996). Deer that were 

chemically immobilized were reversed with 0.2 mg/kg yohimbine to antagonize the 

xylazine and released back in the area they were captured. 

From March 2011 through August 2013, fecal samples were collected bi-

annually to coincide with periods one would expect the greatest nutrient deficiencies 

during late winter (February-March) and highest nutrient demand during lactation 

(July). Collared deer were located when they were actively feeding and observed at a 

distance until a defecation event occurred. The location was visually marked through 

binoculars and the fresh fecal sample was immediately collected once the deer left the 

location as part of their normal feeding movements. The sample was immediately 

frozen to prevent any breakdown in chemical properties before further processing. 

Frozen fecal samples were placed in paper bags, dried at 60°C for 72 hours. They 

were then ground in a Wiley Mill to pass through a 1-mm screen. Fecal nitrogen was 

determined using a LECO TruMac-N Series Macro Determinator (LECO Corporation, 

St Joseph, MI) following the procedure for nitrogen (N) determination. Laboratory 

procedures were conducted at the Department of Animal and Food Science 

Laboratory, Texas Tech University, Lubbock, TX USA.  

Statistical Analysis   
When modelling forage quality response to mulching, crude protein was the 

response variable and explanatory variables included season, year, and treatment for 

each specific browse species for the individual comparisons. Diet quality was modeled 

with fecal nitrogen as the dependent variable and year and season as the independent 

variables. Additionally, diet quality (mean fecal N) was compared between deer that 

selected treated areas to those that did not select treated areas within each year. 

Condensed tannin concentration for each individual plant species was modelled using 
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tannin concentration as the dependent variable with year and treatment as the 

independent variables. Crude protein, fecal nitrogen, condensed tannin concentration 

data were initially graphed and analyzed using a univariate procedure to check for 

compliance of the assumptions (PROC Univariate) for parametric statistics. Next, the 

models that were developed to compare means of the response variable (i.e., protein) 

among various independent variables (i.e., season) were analyzed using a general 

linear model (PROC GLM) in SAS 9.3 (SAS Institute Inc., Cary, NC). Assumptions 

of normality and homoscedasticity were validated using a Shapiro-Wilk’s test and 

Leven’s test respectively. The assumption of independence was assumed based on the 

random selection of plants and individual deer. After testing for treatment effects, I 

used a Tukey’s HSD to maintain the proper pairwise error rate to assess pairwise 

comparisons. Values less than P=0.05 were considered significant. Interaction effects 

between year and season for crude protein contents were initially modelled but found 

to be insignificant and not included in any of the models. Fecal nitrogen values were 

not normally distributed (Shapiro-Wilks test p<0.05), therefore a non-parametric 

Kruskal-Wallis ANOVA was used to compare fecal nitrogen levels across seasons, 

years, and animals. 

Results  

Forage Quality 
There was a significant difference between treated and old growth Gambel oak 

(F=5.37, df=24, P=0.03), mountain mahogany (F=6.46, df=19, P=0.02), and 

skunkbush sumac (F=27.87, df=24, P<0.001) crude protein contents two years post 

treatment (Table 4.1). Crude protein contents increased in the treated area by 7.7%, 

10.9%, and 17.2% over the control sites for Gambel oak, mountain mahogany, and 

skunkbush sumac respectively. However, at two and half years post mulch in the 

winter of 2012-13, there was no difference in Gambel oak (F=0.15, df=10, P=0.71), 

mountain mahogany (F=0.53, df=10, P=0.49), and skunkbush sumac (F=3.09, df=11, 

P=0.11) crude protein content between mulched and control (Table 4.1). By the 

summer of 2013, three years post mulch, there was no significant difference in 

growing season crude protein content of Gambel oak (F=1.31, df=23, P=0.27), 
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mountain mahogany (F=1.84, df=19, P=0.19), and skunkbush sumac (F=1.63, df=23, 

P=0.21). Regardless of treatment and brush species, as expected there was 

significantly more crude protein in summer browse over winter forages (F=201.74, 

df=181, P<0.001; Table 4.1). There was a significant increase in old growth (F=19.47, 

df=73, P<0.001; Table 4.1) and mulched forage (F=5.32, df=74, P=0.02) crude 

protein content across all brush species from summer 2012 (14.76%, SE=0.28, old 

growth; 16.62%, se=0.47 mulched) to summer 2013 (17.48% SE=0.57, old growth; 

18.33%, SE=0.57 mulched). This increase of 18.4% in old growth forage and 10.3% 

in mulched forage crude protein between the summer of 2012 and 2013 reflects the 

recovery of precipitation to normal levels in 2013.   

 Pinyon pine crude protein content did not differ between treated and untreated 

stands across all seasons and years (F=0.34, df=30, P=0.56; Table 4.1). Juniper crude 

protein content did not significantly differ between treated and reference sites across 

all seasons and years (F=0.55, df=28, P=0.47). However, similar to the shrub species, 

both pinyon-pine (F=5.77, df=30, P=0.023) and juniper (F=10.77, df=28, P=0.003) 

had significantly more crude protein in the summer over the winter. This represents a 

6.6% and 14.3% increase in crude protein from winter to summer for pinyon and 

juniper respectively. Both tree species contained protein contents that ranged from a 

low of 6.3% (se=0.08) in the winter to a high 7.5% (SE=0.314) in the summer 

irrespective of treatment (Table 4.1). 

 Composited key spring forb species had greater average crude protein contents 

in mulched areas over control habitats from the summer of 2011 to the summer of 

2013 (Table 4.1). However, there was no significant difference detected among years 

and seasons. The lack of detectable difference could be attributed to a limited sample 

size available for comparison. Forb crude protein contents ranged from 22.08% 

(SE=4.56) in the summer 2011 mulched plots to as low as 11.67% (SE=0.01) in 

summer 2012 mulched plots (Table 4.1).  

 Global tests for differences between condensed tannin content yielded no 

significant differences across all years, treatments, and season for oak (F=1.36, df=13, 

P=0.2668), mahogany (F=0.01, df=13, P=0.9763), sumac (F=0.30, df=13, P=0.5949), 
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juniper (F=1.29, df=9, P=0.2886), and pinyon (F=2.98, df=9, P=0.1227). The lack of 

detectable difference could possibly be attributed to small sample size in the tannin 

extraction. Due to constraints on the ability to effectively extract tannins from multiple 

samples of each species, the forage samples were composited to obtain a general 

reference for tannin values. This decreased my ability to compare means because of 

the smaller sample size obtained through compositing. However, statistical tests along 

with visual inspections of the tannin levels suggest minimal treatment effects (Table 

4.2). Condensed tannins in Gambel oak ranged from 1.13 mg CE/g DM in summer 

2013 mulched plants to 2.28 mg CE/g DM in summer 2012 old growth plants (Table 

4.2). Overall, condensed tannins in Gambel oak were the least concentrated in the 

summer of 2013 across both treatments. Condensed tannins in mountain mahogany 

were the highest in the summer of 2012 (28.58 mg CE/g DM) and least concentrated 

in summer 2013 control plants (14.43 mg CE/g DM). Similar to Gambel oak, 

condensed tannins in mahogany were the least concentrated in the summer 2013 

(Table 4.2). Condensed tannins in skunkbush sumac were the most concentrated in 

summer of 2012 mulched plants (11.71 mg CE/g DM) and the least concentrated in 

winter 2012 mulched plants (2.19 mg CE/g DM). There was a general decrease in 

condensed tannin content in skunkbush sumac across both treatments between summer 

2012 and 2013 (Table 4.2). This result falls into the similar trend to those values found 

for both Gambel oak and mountain mahogany. Juniper tannin concentrations were the 

lowest in treated plots across all seasons (9.5 mg CE/g DM) and highest in the winter 

of 2012 control plots (13.84 mg CE/g DM). Pinyon pine contained the greatest 

concentration of condensed tannins among all plants sampled (Table 4.2). Pinyon 

tannin levels were the least in winter 2012 treated plots (30.74 mg CE/g DM) and the 

greatest in winter 2012 control plots (59.54 mg CE/g DM). Overall, the two main 

forages of Gambel oak and mahogany have the least concentration of condensed 

tannins during the summer of 2013 which mirrors the period when the crude protein 

content of these forages were no longer different between treatments and precipitation 

levels returned to normal. 
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Deer Performance and Diet Quality 
Adult female mule deer (n=48) were captured with 36, 9, and 3 captured in 

March 2011, 2012, and 2013 respectively. Average age of captured female deer was 4 

years (1-10 years) with an average mass of 56.0 kg (42-68kg) at the time of capture 

(Table 3.9).  Deer captured were in good condition with an average IFBF of 7.3% 

(2.96%-10.85%, Table 4.3). Of all does captured in 2011, 96% were pregnant and 

88% were carrying twins (Table 4.3). 

Average winter fecal nitrogen levels were 1.7% (SE=0.039), 2.1% (SE=0.035), 

and 1.8% (SE=0.025) in 2010-11, 2011-12, and 2012-13 respectively (Table 4.4). 

Average summer fecal nitrogen levels from 2011 to 2013 were 2.6% (SE=0.081), 

2.5% (SE=0.06), and 2.9% (SE=0.046) respectively (Table 4.4). As expected, there 

was a significant difference between summer and winter pooled across all years 

(F=213.81, df=169, P<0.001; summer-2.6%; winter-1.9%; Table 4.4). This results of 

an increase of 39.5% in fecal nitrogen from the winter to the summer season across all 

years indicating the drastic improvement in diet quality during the growing season. 

There was no significant difference in diet quality between summer 2011 and summer 

2012 (F=2.17, df=58, P=0.15). This mirrors the effect of two drought years during the 

beginning of this study. However, with the recovery of precipitation to normal by 

2013, there was a significant increase (18.1%) in fecal nitrogen between the summer 

2012 and summer 2013 (F=29.86, df=48, P<0.001) and significant increase (11.3%) in 

fecal nitrogen between summer 2011 and summer 2013 (F=7.67, df=49, P=0.008). 

Dietary nitrogen was higher (23.3%) in the winter of 2011-2012 over the 

winter of 2010-2011 (i.e. diet quality from the first capture) (F=58.42, df=68, 

P=<0.001). Fecal nitrogen significantly decreased (19.7%) from the winter of 2011-

2012 to winter of 2012-2013 (i.e. decrease from fist full winter to second winter) 

(F=52.95, df=55, P<0.001). There was no significant difference between fecal 

nitrogen values from winter 2010-2011 and winter 2012-2013 (i.e. winter of capture to 

winter of driest/second winter) (F=0.929, df=56, P=0.34). This represents the 

continued drought conditions that existed through the winter of 2012 to monsoon 

season of 2013. I did not test diet quality during the winter of 2013-2014 but these 

values would likely mirror the summer values in that there would be an increase in 
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fecal in winter diet quality due to the recovery of precipitation in 2013. Overall, the 

drop in fecal nitrogen from 2011 to 2012 and subsequent increase in 2013 mirrors the 

precipitation pattern with 2012 being the driest year of the study and 2013 returning to 

normal precipitation levels.   

There was no difference in deer diet quality between individuals that selected 

for or against treated brush in 2011 (F=1.34, df=30, P=0.255), 2012 (F=0.937, df=47, 

P=0.338), and 2013 (F=0.003, df=19, P=0.955).  

 

Discussion 
Hydraulic mulching increased crude protein content of key mule deer forages, 

including oak, mahogany, and sumac for two to three years post-treatment. During this 

study crude protein of mulched browse species increased by 7.7% to as much as 

17.2% as detected in skunbush sumac two years post mulch but this effect was not 

detected by the third year post mulch. This trend is similar to other browse species in 

that nutritive quality and production can be improved through manipulations but begin 

to stabilize a few years after the disturbance and requires continued 

disturbance/treatment (Edwards et al. 2004, Hobbs and Spowart 1984, Masters et al. 

1993, Soper et al. 1993). The effects of mechanically treating brush can vary across 

the landscape as the response of the vegetation is directly related to soil moisture, soil 

type, timing (i.e. summer/winter, drought), and composition of the original brush stand 

(Fulbright and Beasom 1987). On the WC there was a marked difference in forage 

quality between treated and control brush stands shortly after treatment. However, 

minimal differences were found between treated and control sites by 2013 when 

precipitation was normal and soil moisture would be high among all brush stands. The 

increase in moisture available resulted in an 18.4% and 10.3% increase in overall 

crude protein content of old-growth and mulched browse respectively thus negating 

any treatment effect. Managers must take into account the duration to expect a 

vegetation response as well as the possible effects of soil and climate when planning 

stand-level brush manipulations. The response to manipulations by difference species 

of browse plants can also vary within the overall brush stand. As seen in this study, 
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each of the main browse species (i.e. oak, mahogany, and sumac) all elicited a 

different response to treatment in the level of crude protein content. Kufeld et al. 

(1981) found crude protein contents in western Colorado Gambel oak drop to 5.1% 

during the winter months. Urness et al. (1975) found that crude protein of Gambel oak 

ranged from 12-24% during the summer months in northern Arizona ponderosa pine 

ranges. My results for crude protein content of Gambel oak were similar to those 

found in literature and other similar species of oak in the southwestern U.S. (Table 

4.6). Protein content of Gambel oak falls below the threshold for mule deer 

maintenance requirements during the winter months (>7-8%) but regardless of 

treatment, oak can provide sufficient protein needed (>14%) during summer gestation 

and lactation periods (Holter et al. 1979, Hewitt 2011). The crude protein in mahogany 

on the NRA Whittington Center was similar to those values found in other regions of 

New Mexico (Boutouba et al. 1990, Nunez-Hernandez et al. 1989, Short et al. 1977, 

Table 4.6). Short et al. (1977) found crude protein in mahogany as high as 17.4% 

during summer in southern New Mexico. These results show that mountain mahogany 

on the NRA Whittington Center and throughout New Mexico has the ability to provide 

enough protein throughout the year regardless of treatment to maintain deer nutritional 

requirements as well as support the increased demands (>14%) during lactation. 

Similar to Gambel oak and mountain mahogany, crude protein of skunkbush sumac 

increased for 2-3 years post mulching with a maximum crude protein amount of 

17.9% found in mulched plants. Short et al. (1977) found protein content of sumac 

ranged from 6.3% in the winter to 9.9% during the growing season (Table 4.6). Our 

results suggest a higher level of crude protein is present in north-central New Mexico 

compared to southwest New Mexico. Regardless of region, crude protein derived from 

skunkbush sumac is high enough to maintain adequate nutrition and in the case of 

mulching, it provides sufficient protein for late gestation and lactation (>14%; Hewitt 

2011).   

We did not conduct digestibility trials; however other studies show that oak in 

vitro dry matter digestibility (IVDMD) ranges from 28% digestibility in the winter to 

near 60% digestibility during the summer (Nastis and Malechek 1981, Kufeld et al. 
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1981, Urness et al. 1975, Table 4.6). Digestibility of mountain mahogany is reported 

to range from 47% to 62% (Boutouba et al.1990, Nunez-Hernandez et al. 1989, Short 

et al. 1977, Table 4.6).  Not only can oak and mahogany provide enough protein but 

summer season digestibility can be high thus increasing its nutritive value for deer in 

the southwest United States. Skunkbush sumac digestibility is similar to other browse 

forages, ranging from 48% in the winter to 62% in the summer (Short et al. 1977, 

Table 4.6).  Even though skunkbush sumac can occupy a wide range in the diet of deer 

(2-40%; Sowell et al. 1985, Sandoval et al. 2005), the nutrients gained from minimal 

browsing will be sufficient to maintain the animal though out the year.  

 The lack of response in protein content of pinyon pine and juniper were not 

surprising given that these species are not re-sprouting species as with the browse 

species. Furthermore, our range of 6.36% to 7.5% crude protein of juniper across 

seasons is similar to other studies (6.25%-6.8% CP, Table 4.6; Holechek et al. 1990, 

Mitchell et al. 2012, Nunez-Hernandez et al. 1989). Pinyon pine had similar crude 

protein content as juniper at an average of 6.69% (Table 4.1). Although pinyon pine 

and juniper lack sufficient protein to consistently support deer maintenance (>7% CP; 

Fulbright and Ortega-S. 2006), it has been shown that pinyon pine and juniper only 

account for less than 6% of their total diet in northern New Mexico (Sandoval et al. 

2005). Additionally, mule deer do not consume conifers year round and typically 

consumption is the greatest (10% of diet) during the winter and early spring when 

preferred forages are not readily available (Sandoval et al. 2005). 

Forb protein levels in control plots still surpassed maintenance levels (>7%; 

Fulbright and Ortega-S. 2006). Overall forbs can represent 16-40% of a deer’s diet in 

New Mexico and are the greatest in the spring and summer but can be found in deer 

diets throughout the year (Boeker et al. 1972, Stephenson et al. 1985, Sandoval et al. 

2005). Thus deer on the NRA Whittington Center can be expected to have at least one 

fifth of their spring and summer diet to contain at minimum 12% crude protein. 

Grasses are typically<5% of deer diets (Sanoval et al. 2005, Sowell et al. 1985) and 

were not collected as a part of this study. However, Dwyer and Pieper (1967) found 

that the protein content of burned blue grama grass (Bouteloua gracilis) grass was 
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16.1% while unburned grasses had 14% protein on summer pinyon-juniper ranges in 

southern New Mexico. Blue grama grass is the dominate grass on the NRA 

Whittington Center (Kramer 2012) so it would be expected that the protein content 

would be similar or higher because of greater precipitation in the northern grasslands 

compared to southern New Mexico grasslands. Additional browse items were 

available on the NRA Whittington Center at a limited range or seasonal availability 

(Sorensen personal observation). These items include yucca buds, four-wing salt bush 

vegetative and reproductive tissues, and sub-shrubs which ranged in crude protein 

from 15-21% crude protein (Sorensen unpublished data). Even with combined food 

items that make up minimal quantities in a deer’s diets, the crude protein from these 

forbs, grasses, sub-shrubs contain sufficient protein to maintain deer through the year 

and provide that critical protein as needed to effectively birth and raise young (French 

et al. 1956, Fulbright and Ortega-S. 2006, Hewitt, D.G. 2011, Magruder et al. 1957, 

Vandeloecht et al. 2012).   

There was no detectable difference across season and years among treatments 

for condensed tannin content of deer browse on the WC. However, limited sample size 

in the number of forage composites per species (n=12; i.e. two per treatment in season 

and year) analyzed for condensed tannins did not provide the depth needed to detect 

small differences that may exist in tannin contents. Further laboratory analysis would 

minimize compositing to develop a larger data set needed to truly investigate trends in 

condensed tannin contents. However, condensed tannin contents in our browse 

samples were the lowest 3 years post-treatment when the protein levels were often the 

highest and appeared to be generally more concentrated in old growth stands (Table 

4.2). Nastis and Malecheck (1981) found that tannin contents were higher in immature 

oak leaves (June) compared to mature leaves (August), suggesting that plants were 

actively growing would contain a higher tannin concentrations. Despite no significant 

differences, trends in our results suggest the alternative in that oak leaves which are 

not actively growing or winter leaves (February), had generally higher levels of 

tannins over the summer season leaves (June). Rogers et al. (2004) found that 

prescribed burning following mowing treatments of four browse species in west Texas 
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did not result in increased tanning concentrations over reference sites to 34 weeks post 

treatment. Mitchell (2012) found no difference between fertilized plots and control 

plots across all seasons and years for four browse species in the rolling plains of 

Texas. Happe et al. (1990) studying deer browse in Washington found that tannin 

concentrations were higher in the summer and spring and greater in clear cut forest 

over old growth forests. Nevertheless they found that tannin concentrations did not 

differ between treated and old growth stands across all seasons and years and among 

all main browse species (Happe et al. 1990). There was a decreasing trend in tannin 

concentrations across all treatments by the third year of this study which follows the 

drastic recovery of precipitation to normal. Condensed tannin concentrations can be 

highly variable within and across plant species and can vary by season, treatment and 

location as seen in similar plant species to the forages in this study (Table 4.6). Our 

results simply show the trend between season and treatment as well as different levels 

among browse species. Robbins et al. (1987a) indicated that protein availability can be 

decreased by increased tannin contents but wild ruminants balance food selection by 

their ability to eliminate phenolic compounds. Mule deer are known to have saliva rich 

in tannin-binding proteins which effectively allows the tannins to pass through the 

animal and have little effect on the fiber digestion in the animal (Robbins et al. 1991, 

Hanley 1997). Therefore as plant phenolic compounds can deter herbivory and depress 

available protein to some browsers, wild browsers such as mule deer have the 

increased ability to process forages with considerable tannin contents (i.e. leaves of 

shrubs and forbs) and maintain a rate of intake that allows for successful processing of 

forages that contain absorbable phenolics (Robbins et al. 1987a, Hanley 1997). In 

addition, Hodgman et al. (1996) stated that high tannin forages must comprise at least 

25 to 30% of a deer diet (which can be the case for many deer populations) before the 

fecal nitrogen and dietary nitrogen (i.e. crude protein) was affected. As Robbins et al. 

(1987b) points out, however, despite the ability for tannins to decrease cell wall 

digestion in many ruminants, digestibility is relatively unaffected by tannins in deer 

due to the saliva proteins. Thus we would suspect that the deer on the WC are able to 
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effectively process the forage plants in this study despite the variability in tannin 

contents by treatment and season.  

Regardless of protein content or digestibility of the individual forages, browse 

availability could still nutritionally limit deer populations. If a species is high in 

nutritional content but biomass is not sufficient given the number of animals in the 

population, animals can still be nutrient limited because they cannot acquire enough 

quality forage (Hanley et al. 2012). Boeker et al. (1972) found that forage supplies and 

nutritional content of major forage species were adequate across all seasons to 

maintain mule deer in southwest New Mexico. Furthermore, Wickstrom et al. (1984) 

points out that mule deer are well adapted to exploit low-biomass shrub dominated 

habitats and energy intake is dependent on forage abundance, leaf and bit size, and 

digestibility of the forage species. Intermixed shrublands occupy approximately 1400 

hectares or 64% of the lower transition zone on the WC (Hoenes and Bender 2007) 

and were highly selected by deer. Therefore, due to the large landscape level 

abundance of Gambel oak, mountain mahogany, and skunkbush sumac as well as 

seasonal forb abundance on the WC, it would not be suspected that forage availability 

would be limiting for this population. 

So if these key deer browse and forb species occupied the greatest amount of 

the deer diets (Sowell et al. 1985, Stephenson et al. 1985, Sandoval et al. 2005), then 

nutrition in these habitats would not result in malnutrition for mule deer. Precipitation 

during the first two years of my study was lower than previous work in the area 

(Bender 2006) (60-70% current study vs. 73-82% previous study) therefore I expected 

that deer would be more nutritionally stressed during my study. Crude protein contents 

of key browse, even during these drought periods, were above maintenance levels, 

which even further suggests other limiting factors are driving this deer population. 

However, it will be essential to determine overall forage availability as we only 

measured the quality of browse not quantity during this study. If high quality forage is 

present but not in great enough quantity, then forage could possible still impact 

maintenance requirements for deer.   
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Mulching can increase protein in browse plants from two to three years post 

treatment. However, three years post mulching, the current year’s plant growth did not 

show a positive mulching effect in crude protein content. These results could be 

confounded by the fact that total precipitation on our study site was only 60 to 70% of 

the 34 year average for first two years of the study but recovered by 2013 (NOAA 

2014, Figure 1.2). In fact, this study found an 18.4% and 10.3% increase in crude 

protein content of control and treated browse respectively from 2012 to 2013. Other 

studies have shown that habitat disturbances through other mechanisms such as 

burning, can improve protein content of browse for deer and enhance long term 

foraging opportunities (Hobbs and Spowart 1984, Long et al. 2008). When burning 

was not an option, Everitt (1983) found that shredding browse species in south Texas 

increased crude protein for up to nine months post treatment. Similar to my study, 

regardless of treatment, the browse plants contained sufficient levels of crude protein 

to meet maintenance requirements of white-tailed deer (Everitt 1983). Howard et al. 

(1987) found greater mule deer use on cabled pinyon-juniper sites and attributed the 

greater selection to increase spring forage on disturbed sites.  Thus, treating of browse 

by mechanical or natural means has the ability to provide additional crude protein and 

stimulate deer utilization. However depending on the browse species, reoccurring 

treatment is necessary and in this study, a reoccurring treatment would need to follow 

less than 5 years from initial mulching. Overall, throughout this study, crude protein 

contents of browse species regardless of treatment were high enough to support deer 

maintenance (>7%) and seasonally high enough to support late gestation and lactation 

(>14%; French et al. 1956, Fulbright and Ortega-S. 2006, Holter et al. 1979). Results 

from mulching treatments suggest that forage quality was not limiting throughout the 

year and refute the hypothesis that poor browse quality would promote malnutrition. I 

did not measure browse quantity and one might argue that quality was sufficient but 

availability was poor and thus nutrition could still be a limiting factor. Based on the 

large landscape level prevalence of intermixed shrub stands irrespective of treatment 

on the WC (>64%; Hoenes and Bender 2007), I did not suspect forage quantity to be 

limiting.  
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Deer Performance and Diet Quality 
 Deer at the time of capture on the NRA Whittington Center had an average 

body mass of 56 kg with the majority of deer captured in 2011 (n=36). Bender (2006) 

found an average body mass of 62.3 kg and 63.4 kg in December of 2001and 2002 in 

north-central New Mexico. The discrepancy in the two studies could be attributed to 

time of capture. In this study, deer were measured in March when deer body condition 

and mass would be expected to be low because of increased nutrient demand in late 

gestation coupled with the lack of available high quality nutrients (Anderson et al. 

1990). In addition, our IFBF levels at time of capture averaged 7.3% (Table 4.3) 

which is within the range of 6.8% to 9.1% found by Bender (2006) during winter of 

2001 to 2003 for deer collected in the same region. Our body fat levels were higher 

than mule deer in east-central New Mexico (4.99%-5.68% lactating females) and 

desert mule deer in south-central New Mexico (5.1%-6.7% lactating females) from 

2003 to 2007 (Bender et al. 2010, Bender et al. 2012). Bergman et al. (2014) found 

consistently higher body fat levels in deer that utilized treated pinyon-juniper areas 

over reference sites (7.38% IFBF in treated vs. 6.97% IFBF in control) in 

southwestern Colorado. However, large variation in body fat estimates made 

population inferences difficult to determine. Additionally, there was no observed 

differences in population response, as assessed by deer density, between pinyon-

juniper treated sites and reference areas despite the higher IFBF levels in treated areas 

(Bergman et al. 2015). Our average IFBF of 7.3% was within the range reported by 

Bergman et al. (2014) (%IFBF 6.82 – 7.91) but similar to our study, I also found 

considerable variation in IFBF. The lower range of body fat in our deer dropped to 

2.96% but was as high as 10.85% which was well above the levels reported by Bender 

(2006) on the same population.  Furthermore, pregnancy rate on the NRA Whittington 

Center pooled over three years was 96% which is well above the 67% reported by in 

the same region in December 2001 (Bender 2006). Despite have a broader range of 

body fat in adult female deer in which poor body condition can alter survival and 

reproduction (Cook et al. 2004, 2007, 2010, Parker et al. 2009), nearly all deer 

captured during this study were pregnant. Coupled with an 84% survival rate (Chapter 

III), deer on the NRA Whittington Center are performing well despite lowered 
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condition in persistent drought conditions (60 to 70% of 34 year normal precipitation, 

NOAA 2014).  High deer productivity does not support the hypothesis of malnutrition 

and starvation (Bender 2006). It could be argued that habitat manipulations did 

increase IFBF levels and pregnancy to those of pre-treatment estimates (i.e. Bender 

2006), however this is unlikely because selection for treated brush did not greatly 

improve survival nor were there any differences in diet quality for selection in treated 

brush. Furthermore average survival was lower than previously reported (i.e. 88% vs. 

90% in pretreatment) in which malnutrition was not observed in deer that did not 

utilized treatments nor in any deer mortalities (Chapter III). These results coupled with 

overall high protein contents of the key deer forages would not support malnutrition as 

the major limiting factor for adult female mule deer in this area. 

Concurrent neonatal work on the study site, estimated fawn survival at 24% 

with predation as the primary cause-specific mortality (Taylor 2013). This study found 

no evidence of fawn starvation or abandonment which would be expected when adult 

female mule deer are severely malnourished (Taylor 2013). Recommendations from 

Taylor (2013) suggested predator management as key to the improvement of fawn 

survival and recruitment for the WC deer herd over landscape habitat manipulations. 

 As expected, fecal nitrogen levels were lower in the winter across all years of 

the study dropping to <10% in late winter, then increasing to above 14% in the 

growing season. Sowell et al. (1985) found that crude protein in mule deer diets in the 

Texas Panhandle peaked in the spring and dropped to lows in the winter season. 

However, I did not find that deer that used proportionally more treated brush had 

higher levels of fecal N than deer that did not use treated areas. Ruthven et al. (1994) 

found similar results in south Texas white-tailed deer populations where root plowing 

was used to improve deer habitat quality. Deer had nearly the same fecal nitrogen 

values in treated and untreated areas (Ruthven et al 1994). They conclude that root 

plowing had no net effect on nutritional condition or population characteristics 

presumably because high abundance of forbs and mast across all treatments. Similar 

results are found in this study, which despite the increase in protein content of browse 

in treated areas, there was no difference in diet quality between deer that selected for 
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or showed no selection for treated areas. The lack of difference could be attributed to 

deer in non-treated areas spending more time foraging and selecting forages that are 

higher quality (i.e. forbs) to maintain similar diet quality compared to deer that 

selected treated habitats.  

However, it is hard to determine over all diet quality from fecal nitrogen and 

Massey et al. (1994) indicate that fecal nitrogen values are only useful for 

demonstrating trends in diet quality in free-ranging ruminants.  Fecal nitrogen can be a 

poor predictor of current physiological and reproductive performance likely due to the 

fact that condition of the animal is reflected over long dietary periods (Kucera 1997, 

Leslie et al. 2008). Therefore, in this study, fecal nitrogen is important to show dietary 

trends between groups within the same population. The lack of difference in diet 

quality between deer that use or avoid treated brush shows that all deer were able to 

obtain adequate diets thus demonstrating that treatments did not directly improve deer 

diet quality despite the initial improvement in forage protein contents. Overall, adult 

female mule deer on the NRA Whittington Center had high quality browse available 

regardless of treatment which can help explain why almost all does (96%) were 

pregnant and deer performance was high.   

Summary 
Mulching browse in north-central New Mexico was effective at producing 

greater crude protein levels in mule deer forages for up to three years post-treatment. 

The effects maybe confounded in times of prolonged drought or years of increased 

precipitation. In the current study, by the third year post mulch, precipitation levels 

were the highest thus leading to an increase in quality of all deer forages. There was 

no direct evidence that the increased crude protein made available by mulching 

improved deer diets because fecal indices indicated no difference between deer that 

avoided or selected the treated brush. This could be a result of the high prevalence of 

high quality forb cover throughout the study area (Kramer 2012). One caveat is that 

forage availability was not measured among vegetation cover types (i.e. treated, 

savanna, forest) and deer in untreated areas may be required to be more selective to 

obtain the same quality of diet as deer in treated areas thus increasing forage time of 
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these individuals. Increased foraging times could result in an increased energy 

expenditure and exposure to climate conditions or predators but was not measured in 

this study. Regardless of deer use of habitat treatments reproductive performance was 

high with 96% pregnancy rate. Our hypothesis of improved forage quality by 

mulching was supported up to three years post-mulch by the increase in crude protein 

contents. However, our data do not show that mulched pinyon-juniper brush habitats 

directly improve deer diet quality and overall deer performance.  Furthermore, our 

results do not support the hypothesis of malnutrition as seasonally crude protein levels 

were sufficient for all deer; those using treated and avoiding tread brush to support 

deer maintenance, pregnancy, and lactation.  

Management Recommendations 
 Mulching did have the ability to increase crude protein content of deer browse 

and during drought years this increase was significantly higher than old-growth brush 

stands. The mulching effect was not as pronounced during wet years as all plants 

showed an increase in crude protein. This suggests that a rotation of mulching could 

provide additional protein for deer during times of potential drought. Additionally, 

mulching effects on deer habitat could prove to be beneficial for survival outside 

browse quality. The mosaic nature of mulching that removes dense brush creating a 

patch work of open/closed cover types needed by deer, could be of more importance 

over the forage quality. With overall forage quality often at a threshold well above 

maintenance requirements for deer, mosaic habitat manipulations through mulching 

could provide more foraging opportunities near escape cover as needed by deer thus 

improving the capability of a deer to forage efficiently. Whatever the objectives (i.e. 

nutrition or cover) of mulching may be, a three to five year rotation of brush mulching 

to account for plant growth and climate conditions would be optimal for deer and 

forage performance in north-central New Mexico.  
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Table 4.1.  Key deer browse and forb crude protein means, standard errors, and 
associated differences by season and treatment from June 2012 to June 2013, on the 
NRA Whittington Center, Raton, New Mexico. Years represents the number of years 
post mulching and n is the total number of individual browse samples collected for 
that species. Significant treatment differences at P<0.05 within species by year are 
indicated with a *. 

    Treatment 
Species Years  Season n Mulched Control 

Quercus gambelii 2 Summer 25 14.42 (0.405)*  13.39 (0.204)*  

 2.5 Winter 12 5.64 (0.049) 5.53 (0.262) 

 3 Summer 24 15.43 (0.636) 14.57 (0.411) 

Cercocarpus 
montanus 2 Summer 20 18.56 (0.579)*  16.73 (0.422)* 

 2.5 Winter 10 9.97 (1.231) 10.95 (0.523)  

 3 Summer 20 21.92 (0.889) 20.36 (0.65)  

Rhus trilobata 2 Summer 25 17.15 (0.303)*  14.63 (0.363)* 

 2.5 Winter 12 9.65 (0.245) 8.54 (0.575)  

 3 Summer 24 17.88 (0.616) 16.92 (0.433)  

Pinus edulis 2 Summer - - - 

 2.5 Winter 12 6.67 (0.252) 6.312 (0.08) 

 3 Summer 22 6.87 (0.11) 6.89 (0.171) 

Juniperus spp. 2 Summer  - - 

 2.5 Winter 12 6.43 (0.256)  6.37 (0.216)  

 3 Summer 18 7.07 (0.221) 7.55 (0.314)  

Forb composite 1 Summer 2 22.08 (4.56) 15.96 (1.817) 

 2 Summer 2 11.67 (0.097) 12.20 (n/a) 

 3 Summer 8 20.79 (2.81) 16.92 (1.05) 
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Table 4.2.  Condensed tannin concentration means and standard errors of mule deer forages from north-central New Mexico from the 
summer of 2012, winter 2012 and summer of 2013. All values are expressed as milligrams Catechin equivalents per gram of dry 
matter (mgCE/gDM). Treated treatment represents browse that had been mulched while control represents old-growth plant material. 
 
 Summer 2012 Winter 2012-13 Summer 2013 
Species Treated Control Treated Control Treated Control 
Quercus 
gambelii 

1.76 (0.261) 2.28 (0.051) 2.09 (0.534) 2.078 (0.516) 1.13 (0.108) 1.29 (0.017) 

Cercocarpus 
montanus 

28.58 (2.59) 19.28 (0.565) 15.41 (4.437) 23.42 (5.984) 15.90 (0.867) 14.43 (0.021) 

Rhus 
trilobata 

11.71 (0.945) 10.75 (0.822) 2.19 (0.127) 3.03 (0.24) 7.29 (0.681) 5.25 (0.298) 

Juniperus 
spp. 

- - 9.50 (1.042) 13.84 (1.487) 9.51 (1.305) 8.89 (0.134) 

Pinus edulis - - 30.74 (0.010) 59.54 (4.204) 47.04 (1.97) 44.15 (1.27) 
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Table 4.3.  Health metrics describing the population of adult does from March 2011 to 
March 2013 on the NRA Whittington Center, Raton, NM. 
 

Health 
Metric Description Mean SD Min Max 

Age Age of deer by cementum annuli 4 1.9 1 10 

Mass Mass (kg) at initial capture of 
animal  56.0 5.3 42.2 68.0 

Condition Modified body condition score 2.6 1 1 5 

IFBF Ingesta Free Body Fat 7.3 2.0 3.0 10.9 

Pregnancy  Proportion of all does captured that 
were pregnant at time of capture 0.957 - - - 

Twinning 1 Proportion of pregnant does 
carrying twins 0.879 - - - 

1Based on March 2011 ultrasound estimates only.  
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Table 4.4.  Adult female mule deer fecal nitrogen (FN) level, standard error (SE), and 
significant differences by season and year from March 2011 through August 2013 on 
the NRA Whittington Center, Raton, NM. N is the number of individual deer fecal 
samples collected in that time period. 
 

Season/Year N Mean (FN) SE Sig. Diff. 
Winter – 2010-111 35 1.724 0.039 A2/a3 

Summer – 2011 30 2.611 0.081 B/a 

Winter – 2011-12 34 2.126 0.035 A/b 

Summer – 2012 29 2.461 0.060 B/a 

Winter – 2012-13 22 1.775 0.025 A/a 

Summer – 2013 20 2.906 0.046 B/b 
1 Fecal nitrogen levels at time of initial capture for the study. 
2 Season with in year means marked with the same upper case letter are not 
significantly different at P>0.05. 
3 Yearly means among seasons marked with the same lower case letter are not 
significantly different at P>0.05> 
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Table 4.5. Fecal nitrogen (FN) means, standard error (SE) and significant differences 
of adult female mule deer by individuals that showed selection for treated areas 
against individuals that showed no selection for treated areas between March 2011 and 
August 2013 on the NRA Whittington Center, Raton, NM. Selection indicates those 
animals that either used more treated brush than available (selected for) or those 
animals that used treated brush less than available. N represents the number of animals 
that had treated brush in their home ranges that selected for or against treated brush. 
 

Year Selection N Mean (FN) SE Sig. Diff. 
2011 Used More 13 2.53 0.145  A1 

2011 Used Less 16 2.60 0.085 A 

2012 Used More 27 2.22 0.086 D 

2012 Used Less 18 2.14 0.010 D 

2013 Used More 11 2.86 0.034 X 

2013 Used Less 9 2.94 0.078 X 
3 Year means marked with the same upper case letter within that year are not 
significantly different at P>0.05. 
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Table 4.6. Comparisons of digestibility, tannin content, and percent crude protein reported from other studies on similar forages in the 
south-western United States to the browse species collected on the NRA Whittington Center, Raton, NM. 
 

Author Species IVDMD Tannin (CEmg/10mg DM) Protein% Location Season 
Nunez-
Hernandez et al. - 
1989 

Gray Oak 46.51 0.69 8.8 Southern NM Summer 

 One-seed Juniper 58.21 1.36 6.25 Southern NM Summer 
 True Mountain 

Mahogany 51.81 0.74 12.5 Southern NM Summer 

Boutouba et al. - 
1990 

Mountain 
Mahogany 54-551 1.14 7.5-10.6 North central NM Summer 

Holechek et al. – 
1990 Gray Oak 381 0.2 10.6 Southern NM Summer-Fall 

 
One-seed Juniper 491 1.9 6.88 Southern NM Summer-Fall 

Mitchell et al. - 
2012 Red berry Juniper 63-672 36-613 6.6 West TX Year round 

Nastis and 
Malechek - 1981 Gambel Oak 36-47 8-114 15-17 Utah Summer 

Kufeld et al. -
1981 Gambel Oak 28.1 - 5.1 Western CO Winter 

Urness et al. – 
1975 Gambel Oak 46-58 - 12-24 Northern AZ Summer 
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Table 4.6 Continued      
Author Species IVDMD Tannin (CEmg/10mg DM) Protein% Location Season 
Short et al. -
1977. Gray Oak 39-51 - 7.4-11.0 Southwest NM Year round 

 Mountain 
Mahogany 47-62 - 10.2-17.4 Southwest NM Year round 

 Skunkbush 
Sumac 48-62 - 6.3-9.9 Southwest NM Year round 

This study Gambel oak - 1.13-2.283 5.53-15.43 Northcentral NM Year round 

 Mountain 
Mahogany - 14.43-28.583 9.97-21.92 Northcentral NM Year round 

 Skunkbush 
Sumac - 2.19-11.71 8.54-17.88 Northcentral NM Year round 

 Pinyon Pine - 30.74-59.54 6.312-6.89 Northcentral NM Year round 

 Juniper spp.  9.5-13.84 6.37-7.55 Northcentral NM Year round 

Expressed as In Vivo Digestibility 
2Expressed as In Vitro Digestibility 
3Expressed as CEmg/gDM 
4 Percent Tannic Acid Equivalent/gDM 
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CHAPTER V 

POPULATION ABUNDANCE, DYNAMICS, AND RATE-OF-
CHANGE FOR A DEER HERD IN NORTH-CENTRAL NEW 

MEXICO FOLLOWING HABITAT ENHANCEMENTS  

Abstract 
The relationship between habitat management for ungulates and the population 

response is critical to successful management. The response is ever more critical in a 

declining species. Currently, Rocky Mountain mule deer (Odocoileus hemionus 

hemionus) populations are thought to be declining in their southern and eastern 

distributions. This decline has been attributed to malnourishment as a result of poor 

quality habitat. Deer survival and performance in north-central New Mexico was 

suggested to be limited by poor condition as a result of low quality diet from degraded 

pinyon-pine (Pinus edulis)-juniper (Juniperus spp.) habitat. To test the hypothesis of 

malnutrition and recovery through habitat enhancements, we monitored 48 adult 

female mule deer for a population response from 2011 to 2013 on the same population 

said to be limited by malnourishment after habitat enhancements were initiated. 

Habitat treatments included mechanically reducing density of pinyon-juniper and 

brush cover (Gambel oak (Quercus gambelii) - mountain mahogany (Cercocarpus 

montanus)), with the goal of improving browse quality and deer diet quality. The first 

two years of the study received only 60% to 70% of normal precipitation which is 

indicative of the persistent long term drought conditions in the study area. We 

conducted road based distance and mark-resight surveys from 2012 to 2013 to 

determine population abundance/density and fawn:doe ratio post-habitat treatment. 

Summer and winter deer density estimates ranged from 1 - 5 deer per km2 averaged 2-

3 deer per km2. This represents an abundance estimate of 55 to 65 deer on the study 

site. Deer densities mirror those reported prior to habitat treatments but are well below 

historic deer densities from the 1980’s for the area that were estimated to be 7-

9deer/km2. Fawn:doe ratios ranged from 39 to 37 fawns:100 does in 2012 and 2013. 

Annual finite rate-of-increase was 7% for both years of the study. Deer densities are 

well below the historic levels, and rate-of-increase was minimal. Fawn recruitment 
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was low and a concurrent study indicated low fawn survival due to high rates of fawn 

predation. There was no evidence to support malnutrition during this study. Long term 

monitoring of the deer population post-treatment may be necessary to elicit any trends 

that may result from habitat manipulations. Results from this study point to a stronger 

role of predation on adults and neonates to limit population growth in north-central 

New Mexico.  

Introduction 
Monitoring populations is critical to the proper management of mule deer 

(Odocoileus hemionus) because of their high intrinsic value to the public and private 

landowners (Bender 2012). This monitoring is essential in semi-arid environments 

where population productivity can be highly variable and thus changes maybe more 

pronounced which, in turn, will drastically alter sustainable harvests (Bender 2006, 

Heffelfinger et al. 2003). Management goals set at maintaining deer populations at 

healthy, productive levels can include sustainable harvest as well as diverse alternative 

recreational opportunities (i.e. non-consumptive use) for public lands (Mule Deer 

Working Group 2012). Game managers ensure they are meeting these goals by 

collecting a variety of population parameters and adjusting their objectives 

accordingly (Mule Deer Working Group 2013).  

 Population data can be collected from simple hunter-harvest surveys to more 

extensive helicopter herd abundance surveys (Heffelfinger 2006). These methods can 

result in simple trend indices to more detailed abundance estimates. Bender (2006) 

points out that while indices can indicate whether a population is increasing, 

decreasing or stable, a population abundance estimate is preferable because such 

estimates allow for direct calculation of harvestable surplus and determination of 

precise relationships between resource availability and population size. Trend indices 

may not detect population changes until serious changes have occurred (Harris et al. 

2008). Abundance estimates can prove to be more useful to determine local population 

response to management but they are more costly which can prevent the spatial and 

temporal depth needed for regional management (Heffelfinger 2006). 
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 Mule deer population trends have shown a range-wide decline since the 1980’s 

with some regional fluctuations in deer abundance (Ballard et al. 2001, Gill et al. 

2001, Unsworth et al. 1999). Declines in mule deer abundance across their range has 

been suggested to be associated with low recruitment/high fawn mortality (Lomas and 

Bender 2007, Taylor 2013), poor adult female health and productivity (Monteith et al. 

2014), poor quality habitat (Bender et al. 2006, 2007a, 2007b, 2010, Bishop et al. 

2009), and predation (Ballard et al. 2001, Hurley et al. 2011, Pierce et al. 2012). Little 

work has been completed to address the decline of Rocky Mountain mule deer in their 

southeastern distribution. Following habitat treatments in pinyon-juniper forests of 

southwest Colorado, Bergman et al. (2014a) found that adult female mule deer that 

used treated areas had consistently high body fat (%IFBF=7.38) over reference sites 

(%IFBF=6.97). However large variation in the body fat estimates resulted in 

difficultly determining population level impacts. Additionally, there was no 

observable pattern of higher deer densities on treated pinyon-juniper sites over 

reference sites (Bergman et al. 2015). The mechanical pinyon-juniper habitat 

treatments followed by advanced treatments of reseeding and chemically controlling 

weedy species, however, was found to improve overwinter fawn survival (S=0.768) 

over reference sites (S=0.675) (Bergman et al. 2014b). Improving fawn survival 

increases recruitment which is a key vital rate to recovering the mule deer populations. 

The most recent research in northern New Mexico, indicated that localized southern 

mule deer populations were declining due to low quality habitat thus causing low fawn 

recruitment and poor deer survival as result of malnutrition (Bender 2006, Bender et 

al. 2007a, 2007b, Lomas and Bender 2007). Density estimates in north-central New 

Mexico from February 2005 indicated a mule deer density of 2-3 deer/km2 which was 

approximately 1/3 of the densities estimated to occur in the mid-1980’s (Humphreys 

and Elenowitz 1988, Bender 2006). If malnutrition was indeed a limiting factor on 

mule deer populations in the southern region, managers would expect to see over use 

of forage resources, limited forage availability, poor quality forage, and decreasing 

deer abundances via poor recruitment and adult survival. To address the issues of 

habitat loss and malnutrition, Hoenes and Bender (2007) suggested multiple habitat 
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enhancement strategies aimed at the reduction of pinyon-juniper cover to promote 

preferred deer forages and improve deer diet quality. Improvement in diet quality 

would promote increased deer condition and performance as well as increased fawn 

recruitment thus leading to increased deer abundance.  

 The objectives of this study were to conduct more exhaustive localized 

population surveys after habitat treatments and to use data from other concurrent 

research results on doe/fawn survival to model current population trends. I predict that 

population densities are similar to those reported in the area and that habitat 

enhancement had a minimal impact on population growth for this deer herd in 

northern New Mexico. Results from these models can help determine deer densities, 

limiting factors for population growth, and their relationship to habitat treatments 

which will help managers understand deer population drivers after habitat 

enhancements.  

Methods 

Study Area 
I conducted this research on a deer herd located in north central New Mexico, 

south of the city of Raton, in Colfax County (approximately 36o 44’ N, 104o 30’ W), 

New Mexico (Figure 1.1). The habitat enhancements and deer research was conducted 

on the National Rifle Association Whittington Center (WC), a 13,400 hectare facility 

developed in 1973 which primarily focuses on shooting sports. The WC also supports 

other outdoor recreation activities that include camping and hiking as well as the 

hunting of various game species such as: elk (Cervus elaphus), pronghorn 

(Antilocapra americana), turkey (Meleagris gallopavo), black bear (Ursus 

americanus), and mule deer. Mule deer harvest during this study was minimal with 

approximately two bucks harvested a year and no female deer harvest taking place. 

Domestic livestock had grazed the area but has been excluded since development in 

1973(Hild and Wester 1998). 

The vegetation communities in the southern Rocky Mountain Foothills and 

within WC vary by elevation from low elevation grasslands (~1900 m) to semi-mesic 

ponderosa pine-fir forests (Pinus ponderosa - Pseudotsuga menziesii) in higher 
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elevations (>2200m). Pinyon-juniper (Pinus edulis – Juniperus spp.) woodlands 

intermixed with mixed Gambel oak (Quercus gambelii)-mountain mahogany 

(Cercocarpus montanus) shrublands occupy the middle elevation transition zones. 

Grasslands are typical of a southern short-grass prairie which are characterized by 

species that include: blue grama (Boutelous gracilis), sideoats grama (Bouteloua 

curtipendula), alkali sacaton (Sporobolus airoides), little bluestem (Schizachyrium 

scoparium), and sand dropseed (Sporobolus cryptandrus). Large dense brush 

communities of oak and mahogany are located throughout the WC and often 

intermixed with other woody species such as: skunkbush sumac (Rhus trilobata), big 

sagebrush (Artemisia tridentata), fringed sage (Atremisia frigida), winterfat 

(Krascheninnikovia lanata), and fourwing saltbush (Atriplex canescens). Mid- 

elevation dense woodlands are dominated by Rocky Mountain juniper (Juniperus 

scopulorum), one-seeded juniper (Juniperus monosperma), pinyon pine, while 

ponderosa pine and Douglas fir occupy the forests in higher altitudes.   

Climate data were collected by the National Oceanic and Atmospheric 

Administration (NOAA), National Climate Data Center weather station on the Raton 

Crews Municipal Airport (Station ID:GHCND:USW00023052, approximately 4.5km 

south of study site). Average high and low winter temperature is 7.5o C (SD = 2.4 o C) 

and -10.0o C (SD = 1.7 o C) in January while the warmest month of July has an 

average high and low temperature of 28.0o C (SD = 1.5 o C) and 10.7oC (SD = 0.8 o C) 

(NOAA 2014). This area is characterized by a monsoon period during the months 

between May and August where it receives the majority of its precipitation (62%). The 

average annual precipitation for the area is 40.1cm (SD = 12.1 cm) based on a 34 year 

average (NOAA 2014). The lower shrubland/grassland zones receive approximately 

50-65 cm of snowfall a year while the greatest snowfall occurs at the higher elevations 

(1.5-2.3m) (Hild 1995). Snowfall accumulation in the lower elevations during this 

study was minimal (i.e., 35 cm study period total, Sorensen personal observation).  

The number of days from the last freeze to the first freeze in the fall with minimum 

daily temperature above 0 o C is an average of 173 days (SD =8) (NOAA 2014). 

During this study from 2011 to 2013, the WC received 27.96cm, 24.19cm and 
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40.19cm of total precipitation, respectively (NOAA 2014). Total precipitation was 

only 70% and 60% of the 34-year historic average in 2011 and 2012, (40.1 cm; Figure 

1.2) thus representative of the drought like conditions that existed for the majority of 

this study.  

Habitat Enhancements 
For this study, habitat recommendation were developed by Hoenes and Bender 

(2007) specifically for the WC following previous research in the area. In 2008-2009, 

an initial 130 hectares of pinyon-juniper and Gambel oak were hydro-axed with the 

goal of 80% reduction in the cover of woody vegetation. This reached the goal of 

treating one pinyon-juniper habitat unit (range from 85 to 163 hectares) as suggested 

by Hoenes and Bender (2007). However, multiple pinyon-juniper habitat units (11 

units) were suggested to be treated that did not receive a hydro-axing treatment. 

Hydro-axing mulching treatments entailed the removal of large pinyon-juniper 

(>15cm DBH) trees and dense brush (Gambel oak, mountain mahogany) stands. The 

woody vegetation removal occurred predominately on the south facing gentle slopes in 

the southern pinyon-juniper transition zone. (Figure 1.3). Additional follow up 

treatments occurred in the spring of 2010 with the hydro-axing of an additional 29 

hectares of pinyon-juniper following the same criteria on the north east boundary of 

the WC. Further habitat manipulations were conducted in the fall of 2010 and 

spring/summer/fall of 2011, using a hydraulic rotary mulching attachment on an 

excavator. This mulching treatment targeted the shrublands that intermixed with 

pinyon-juniper woodlands on the southern zone of the WC in which it was used to cut 

and mulch brush and small trees (<10cm DBH/ <2m height) to ground level (Figure 

1.3). A total of 281.08 hectares were treated by November 2011 (Figure 1.3) at which 

time treatments were temporarily suspended. These treatments represent an area of 

13% of the total low- to mid-elevation study area thus were relatively small in 

comparison to the landscape. 

 The focus of this study is on the deer population within the low- to mid-level 

treated areas as no deer were observed or captured above ~2150m in elevation. These 

habitat treatments were implemented with the goal of reversing pinyon-juniper 
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expansion, therefore increasing forage quality and diet quality while providing 

preferred habitat characteristics for mule deer. The results from this study pertain to 

southern mule deer residing in the study area at less than 2200m in elevation in 

vegetation cover types dominated by pinyon-juniper and oak shrubland plant 

communities.  

Deer Surveys 
 From May 2012 through June 2013, monthly road-based distance sampling 

surveys were conducted on the NRA Whittington Center (Butler 2011). Road-based 

distance sampling has been criticized due to the potential of this method to affect 

animal behavior and distribution (i.e., attraction of animals to roads) (Erxleben et al. 

2010, Morelle et al. 2012). However, the use of roads provide a method to cover a 

large area in short time and cause less disturbances to animals over walked transects 

(Butler et al. 2007, Morelle et al. 2012). In my study, the roads on the WC provided 

the best mode of traversing the study site in a short period as well as causing the least 

amount of deer disturbance due to the animal’s familiarity with the road system. The 

main roads served as transects and ranged from 1.5 km to 5.9 km in length. Sampling 

occurred within three days of the new moon and began approximately 30 minutes 

before sunrise. All surveys were terminated within four hours of sunrise whether all 

transects had been sampled or not. Surveys were conducted at least two to three times 

within the allotted new moon period. Transects were driven at a speed from 5 to 15 

miles per hour with two observers. Once an ungulate or group was spotted, the vehicle 

was stopped and a reference point to the animal location was established.  The 

distances to the animal(s) were measured using a laser range finder and bearing was 

calculated using a compass. In addition, the number of animals in the group, species, 

sex, and age class were recorded. Finally, the GPS point location on the transect of 

ungulate observation was recorded prior to continuing the survey.  

 Mark-resight surveys were also conducted from May 2013 through November 

2013 by sampling the same transects (roads described for distance sampling). 

Sampling occurred at least two to three times a month near the new moon cycle. 

Surveys were conducted either in the morning sunrise period or the dusk sunset 
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feeding period. Once an animal group was spotted, the number of marked and non-

marked individuals was recorded by sex and age class. In addition, the distinct 

individual markings of the observed animals were recorded by identifying any marked 

individuals by their unique ear tag number or radio collar.    

Abundance Analysis 
 Geographical coordinates of each deer cluster were calculated using the radial 

distance, bearing, and GPS point location on the road from which the deer were 

observed. Coordinates were calculated using the following formulas: 

 

 Animal Easting = (sin*(radians(declination bearing))*radial distance)+Easting 

 

Animal Northing = (cos*(radians*(declination bearing))*radial 

distance)+Northing 

 

Individual animal cluster coordinates were plotted in ArcMap 10.2.2 (ESRI 

2014) and perpendicular distance to transect was calculated using the Near tool. The 

individual transect number and animal cluster identification was used to make certain 

the Near tool did not calculate a distance to the wrong transect. Perpendicular distance 

data were analyzed using Program Distance 6.2 (Thomas et al. 2010) modeling key 

functions and series expansions for detection probability. Distance sampling models 

used to model detection include: uniform cosine, uniform simple polynomial, half-

normal cosine, half-normal hermite polynomial, hazard-rate cosine, hazard-rate simple 

polynomial, and exponential simple polynomial (Matt Butler personal communication, 

Buckland et al. 1993, 2001). The uniform cosine and uniform simple polynomial 

models are a good encompassing models and usually perform well in a variety of 

modeling situations (Buckland et al. 1993, 2001). The half-normal cosine and half-

normal Hermite polynomial models were used because sometimes the histograms of 

the distance data are not normal and often decline with distance from the line transect 

(Buckland et al. 1993, 2001). Hazard-rate cosine and hazard-rate simple polynomial 

models were used because they work well with distance data that has a shoulder (i.e. 
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data near the line and no data for some distances) and provide a good fit for spiked 

data (Buckland et al. 1993, 2001). The exponential model was included because the 

distance data from this study was potentially ragged where distance data could be truly 

spiked. These seven models were generated (Table 5.1, 5.2) and the best model was 

selected by the lowest value for Akaike Information Criterion corrected for small 

sample size (AICc; Burnham and Anderson 2002).  

 Mark-resight data were analyzed in Program Mark to estimate abundance 

using the mixed logit-normal mark-resight model (LNE) (McClintock and White 

2009). Four logit-link models were evaluated for each season. Resighting probability 

was modeled as a constant over time (p(constant)), a survey time-specific (p(time)), a 

liner trend (p(trend)), and a quadratic trend (p(trend2)). The quadratic trend model 

allowed for non-linear changes in resighting probability trends over time. As with 

distance sampling, the model selection was based on AICc with the top model as 

selected by the lowest AICc (Burnham and Anderson 2002).  

Population dynamics and rate-of-increase 
 Population ratios were determined from distance surveys in 2012 and mark-

resight surveys in 2013. For each cluster of deer observed, the number of individuals 

in each social group: fawns, adults (≥1.5 years old), and sex category were recorded. 

Since the majority of fawn mortalities occurred within eight weeks of birth (late June 

or early July, Taylor 2013), the fawn to doe ratio was calculated from surveys 

conducted from mid-August through the end of the year.  

 Fawn:doe ratio was estimated following: 

 
𝐹𝐹𝐹𝐹�𝑓𝑓/𝑑𝑑 = 𝑓𝑓 𝑑𝑑⁄  

 

Where: f = the total number of fawns observed and d = the total number of adult does 

observed (Skalski et al. 2005:56). The same equation was used to calculate the buck to 

doe ratio (𝐵𝐵𝐹𝐹�𝑏𝑏/𝑑𝑑) by substituting the number of fawns with the number of bucks (B). 

The standard errors of the ratio were calculated using the following (Skalski et al. 

2005:56): 
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𝑆𝑆𝑆𝑆(𝐹𝐹𝐹𝐹�𝑓𝑓/𝑑𝑑) = �𝐹𝐹𝐹𝐹�𝑓𝑓/𝑑𝑑�1 + 𝐹𝐹𝐹𝐹�𝑓𝑓/𝑑𝑑�
2

𝑛𝑛
 

 
 

Where: n = the total number of fawns and does observed through the surveys from that 

year. We used fawn:doe ratio and survival estimates of the NRA Whittington Center 

deer herd (Chapter III) to calculate the maximum potential finite rate-of-increase (λ) 

from the composition surveys (Bender 2006, Bender et al. 2010, White and Bartmann 

1997). 

 Finite rate-of-increase was estimated as: 
 

𝜆𝜆 = 𝑆𝑆𝑑𝑑 +  1 2�  × 𝐹𝐹𝐹𝐹 
 
Where: Sd = annual survival rate of adult female mule deer and FD is the fawn/doe 

ratio from the population surveys.  A λ value of 1 indicates that the population is 

stable where as a λ > 1 indicates the population is increasing, and λ < 1 a population is 

in decline. Since the NRA Whittington Center does not cull or hunt adult-female mule 

deer, there was no inclusion of harvest into the growth rate model. 

Results 

Deer Abundance 
 Seven different key functions and series expansions were modeled in Program 

Distance to determine detectability and estimate population abundance. The top model 

for summer distance surveys was uniform cosine with a mean abundance estimate of 

59 deer (95% confidence limit 33 – 102, Table 5.1). The models that were within <2 Δ 

AICc or greater than 10% of the model weight for the summer distance surveys were 

hazard-rate cosine, and hazard-rate simple polynomial with mean abundance estimates 

of 55, and 56 respectively (Table 5.1). The 95% confidence limit ranges from 31 - 102 

deer for the lower transition zone on the NRA Whittington Center. Density estimates 

are from 1-5 deer per km2 with an average of 2.6 deer per km2 for the summer season. 

The top model for winter distance surveys were exponential simple polynomial that 
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produced an estimate of 56 deer (95% confidence limit 27- 118, Table 5.2). Other 

candidate models (<2 Δ AICc) for the winter distance surveys include:  uniform 

cosine, half-normal Hermite polynomial, and half normal cosine producing average 

abundance estimates of 45, 46, and 46 deer respectively (Table 5.2). The 95% 

confidence limit for these models range from 89 deer to 24 deer. These abundance 

estimates equate to an average of 2.1 deer per km2 with a range of 1- 5 deer per km2 

during the winter season.    

 Four different detection probabilities were modeled in Program Mark to 

determine seasonal population abundance estimates from mark-resight surveys. The 

top model for summer mark-resight surveys, modeled detection probability as a 

constant (p(constant)) producing a population abundance estimate of 65.4 deer (95% 

confidence limit 54 – 81, Table 5.3). The next best model for summer surveys 

included detection probability as a linear trend producing and an abundance estimate 

of 65.34 (Table 5.3). The 95% percent confidence limits ranged from as few as 54 

deer to as many as 81 deer. This equates to 2-4 deer per km2 with an average of 3 deer 

per km2.  The top models for the winter surveys included detection probability as a an 

observation specific (p(time)) with an abundance estimate of 55.76 deer (95% 

confidence limit 54 – 80, Table 5.3). The next best model included detection 

probability as a linear trend (p(trend2)) function with an estimate of abundance of 

55.96 deer (Table 5.3). The 95% confidence limits ranged from a maximum of 80 deer 

to as few as 54 for the winter period (Table 5.3). Density estimates range from 2-4 

deer per km2 with an average of 3 deer per km2.  

Population Dynamics and Rate-of-Increase 
 Fall fawn/doe ratios from both survey techniques remained nearly the same 

from 0.39 (SE = 0.08) in 2012 to 0.37 in 2013 (SE = 0.05) (Table 5.4). This represents 

39 fawns:100 does and 37 fawns:100 does in 2012 and 2013 fall surveys respectively. 

Buck to doe ratio was 0.16 (SE = 0.03) and 0.2 (SE = 0.03) in 2012 and 2013 

respectively (Table 5.4). This resents about 16 bucks:100 does and 19 bucks:100 does 

or a 1:6 and 1:5 buck/doe ratio. Only 2 bucks were harvested in 2011 and 2012 and 
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one buck harvest in 2013. Buck harvest therefore contributed minimally to the 

population dynamics seen on the NRA Whittington Center.  

 Annual finite rate-of-increase for the NRA Whittington Center deer herd was 

1.07 and 1.08 for 2012-2013 respectively (Table 5.4). This indicates that the mule deer 

herd increased by approximately 7% in both years of the study. Fawn/doe ratios 

represent the fawn survival post the initial high eight week mortality found on the 

NRA Whittington Center (Taylor 2013). However, this does not take into account the 

over winter survival of fawns in which the FD ratio could be lower, thus leading to an 

overestimate of the population increase. Additional surveys conducted in late winter 

(February) through spring prior to parturition (May) could provide a more robust 

estimate to the magnitude of population increase or decrease. 

Discussion 

Deer Abundance 
New Mexico Department of Game and Fish estimated a population between 

80,000 to 90,000 mule deer state wide in 2013 which is on a steady decrease (Mule 

Deer Working Group 2013). They attribute decreasing deer numbers to low 

recruitment and prolonged drought conditions through 2013. Low fawn survival was 

found on the NRA Whittington Center (~24%, Taylor 2013) but adult survival 

remained steady from 2011-2013 (~ 88%, Chapter III). Mule deer abundance surveys 

estimate the NRA Whittington Center population to be between 55 to 65 deer in the 

summer and 45 to 55 deer during the winter. This equates to a deer density of 

approximately 2-3 deer/km2 with a maximum of 5 deer/km2 seasonally. Bender (2006) 

reported deer densities on the NRA Whittington Center from 2005 to range from 1 to 3 

deer/km2. Historic deer density estimates in New Mexico from the 1980’s reported a 

deer densities of approximately 7-9 deer/km2 (Humphreys and Elenowitz 1988). 

Therefore, current populations are nearly 1/3 of the density that was recorded over 25 

years ago in New Mexico. Bergman et al. (2015) reported deer densities in pinyon-

juniper woodlands of southwestern Colorado at 4-12 deer/km2 in the northern study 

areas and much higher densities of 20-84 deer/km2 in the southern study sites. 

However they did not find a higher deer density in treated sites over reference areas 
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suggesting that population density estimates need to be used with more sensitive 

variables (i.e. body condition) when studying the effects of habitat treatments. These 

estimates are markedly higher than those found in this study and historical data from 

New Mexico. The discrepancy might be attributed to the extensive aerial surveys in 

their study thus providing a better population estimate along with regional differences 

in overall deer herd population dynamics.  

 Management recommendations were aimed at improving habitat thus 

enhancing deer forages to recover the local mule deer populations (Bender et al 2006, 

2007b, Hoenes and Bender 2007). However, deer densities throughout the duration of 

this study did not increase post-treatment compared to population estimates in the 

same area 10 years earlier. These surveys only covered two years post-treatment and 

longer sampling periods may be needed to detect changes in population growth. 

Furthermore, habitat treatment effects may have a delayed effect on forage response as 

they can be confounded by precipitation (Kramer 2012) or other limiting factors, such 

as predation, could play a large role in the lack of increase in deer densities post-

treatment. (Chapter III, Ballard et al. 2001). 

Population Dynamics and Rate-of-Increase 
A 38:100 fawn/doe ratio was observed in both 2012 and 2013 on the NRA 

Whittington Center. Lomas and Bender (2007) found fawn/doe ratios of 2 to 29 

fawns:100 does from 2002 to 2004. They attributed low fawn survival (0 to 52%) to 

extremely poor health of the females and their inability to support fawns (Lomas and 

Bender 2007). Taylor (2013) found that predation was the proximate cause of low 

survival on the NRA Whittington Center even though doe health found in this study 

(Chapter IV) was similar to Lomas and Bender (2007). Fawn/doe ratios measure herd 

productivity and values near or below 30:100 connotes low fawn survival and the herd 

may be relatively unproductive (Wallamo 1981, White et al. 2001, Baccante and 

Woods 2010). Even though our fawn/doe estimates are slightly above 30, fawn 

recruitment rates from 2012 and 2013 are low indicating the potential for poor herd 

production, despite the 96% pregnancy rate and proportion of younger deer (Figure 

5.1) found on the NRA Whittington Center (Chapter IV). Bergman et al. (2014b) 
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found that habitat treatments in the pinyon-juniper range of southwestern Colorado 

had a positive effect by improving fawn survival (S=0.768) over that of reference sites 

(S=0.675). This would have a positive effect on the fawn/doe ratio and improve herd 

production. From Taylor (2013), survival estimates did not improve over those 

previously reported prior to habitat treatments indicating that other factors could be 

limiting fawn recruitment and herd productivity. Thus, fawn survival and cause-

specific mortality must be considered in the management strategies for deer herds in 

north-central New Mexico (Lomas and Bender 2007, Taylor 2013). 

The rate-of-increase on the NRA Whittington Center deer was only 7% in both 

2012 and 2013. Bender (2006) found rates of increase of -36%, -5%, and +6% from 

2002 to 2003 respectively. During 2002 they had very poor adult doe survival 

(S=63%) and fawn/doe ratio (0.02) which attributed to the 36% decrease in population 

growth. Mule deer in semiarid woodlands of eastern New Mexico had similar 

decreasing population trends from 47% to 16% (Bender et al. 2010). Humphreys and 

Elenowitz (1988) found fawn/doe ratios from 0.14 to 0.58 and rates of increase from -

6% to +7% during surveys spanning 1982-1985. Our results coincide with historic 

surveys and current research in the area but remain higher than mule deer herds in 

other areas of the southwest. Humphreys and Elenowitz (1988) indicated that only in 

1984 was there high recruitment (58 fawns:100 does) but other years remained low 

(i.e. <~30fawns/100does) thus accounting for minimal population growth. The high 

recruitment year may reflect a single rebound year and not reflect the long term trend. 

In general, the adult survival on the NRA Whittington Center was high and consistent 

(>88%) but low recruitment accounted for minimal growth in population (7%).  

Similar trends are seen in the Texas Panhandle with declining populations from 2011-

2012 due to low fawn crops (<6 fawns :100 does) as a result of poor range conditions 

stemming from long term drought (Mule Deer Working Group 2013). 

Management Implications 
The population of adult female mule deer on the NRA Whittington Center has 

mule deer densities, fawn recruitment rates, and population growth rates similar to 

data from the 1980’s (Humphreys and Elenowitz 1988). However, the population is 
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still plagued with the same issues preventing larger rates of growth (>20%) as found in 

the past. Although a growth rate at 20% may not be attainable nor sustainable for the 

habitat on the WC, we are still plagued with low fawn survival and fawn/doe ratios. 

Low fawn recruitment historically and currently in northern New Mexico (Taylor 

2013) has limited significant population growth. Adult female mule deer survival was 

near 90% throughout the study (Chapter III) yet the population only showed a 7% 

rate-of-increase. Therefore management strategies that encourage fawn survival need 

to be initiated in north-central New Mexico. Habitat enhancements can increase forage 

quality for adult female mule deer (Chapter IV) but its role at increasing adult survival 

through nutrition was minimal (Chapter III, IV) and the relationship to improved fawn 

survival is unknown for this study. Overall, evidence for malnutrition in north-central 

New Mexico was not detected from this study. However, these habitat enhancements 

could provide additional resources (i.e. increased visibility) not reported which alter 

survival. Population management should encompass habitat management in addition 

to cause-specific mortality factors such as heavy fawn predation. A holistic 

management scheme of top-down (predators) and bottom-up (habitat) approaches 

could prove to be the most beneficial for mule deer populations in north-central New 

Mexico. Furthermore, consistent and reliable monitoring of the deer herds need to be 

routinely conducted especially in areas where hunter harvests is more prevalent. 

Monitoring programs will allow managers to determine the effectiveness of their 

management objectives and adjust their needs accordingly. Simple ground surveys 

such as the ones conducted in this study could be coupled with more extensive 

helicopter surveys to develop region wide population estimates. With consistent 

monitoring and sound localized holistic management objectives, mule conservation 

can be accomplished in north-central New Mexico.  
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Table 5.1. Summer 2012 distance survey population estimates for the NRA Whittington Center, Raton, NM modeled as seven 
different key functions and series expansions. Candidate models are those that fall <2 Δ AICc from the top model.  
 

 
 
 
 
 
 

Key Function Series Expansion –2LL AICc Δ AICc w K Abundance 
Mean LCL UCL 

Uniform Cosine 1411.78 1420.1 0.000 0.347 4 59 33 102 

Hazard-rate Cosine 1414.46 1420.7 0.6 0.257 3 55 31 98 

Hazard-rate 
Simple 

Polynomial 
 

1416.7 1420.8 0.7 0.244 2 56 31 101 

Half-normal Cosine 1417.98 1422.1 2 0.128 2 53 30 92 

Exponential Simple 
Polynomial 

 

1423.52 1425.5 5.4 0.023 1 58 33 102 

Uniform Simple 
Polynomial 

 

1424.4 1432.7 12.6 0.000 4 44 25 77 

Half-normal Hermite 
Polynomial 

1448.2 1450.2 30.1 0.000 1 39 23 68 
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Table 5.2. Winter 2012 distance survey population estimates for the NRA Whittington Center, Raton, NM modeled as seven 
different key functions and series expansions. Candidate models are those that fall <2 Δ AICc from the top model.  
 

  
Key Function Series Expansion –2LL AICc Δ AICc w K Abundance 

Mean LCL UCL 

Exponential 
Simple 

Polynomial 

 

313.22 315.37 0.000 0.288 1 56 27 118 

Uniform Cosine 314.16 316.32 0.95 0.179 1 45 24 85 

Half-normal 
Hermite 

Polynomial 
 

314.56 316.72 1.35 0.147 1 46 24 89 

Half-normal Cosine 314.56 316.72 1.35 0.147 1 46 24 89 

Hazard-rate Simple 
Polynomial 

 

313.38 317.86 2.49 0.083 2 54 22 131 

Hazard-rate Cosine 313.86 317.86 2.49 0.083 2 54 22 131 

Uniform Simple 
Polynomial 

 

313.62 318.11 2.74 0.073 2 45 23 89 
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Table 5.3.  Mark-resight population estimates from summer and winter surveys for the NRA Whittington Center, Raton, NM 
modeled as four different detection probability functions. Detection functions include: a constant across all surveys 
(p(constant)), survey-specific (p(time)), a linear trend (p(trend)), and quadratic trend (p(trend2)). Candidate models are 
considered those that fall <2 Δ AICc from the top model. 
 

Model –2LL AICc Δ AICc w K Abundance 
Mean SE LCL UCL 

Summer 2013          

p(constant) 278.981 285.054 0.000 0.515 3 65.40 6.64 54.29 80.59 

p(trend) 277.741 285.862 0.808 0.344 4 65.34 6.63 54.25 80.50 

p(trend2) 277.462 287.650 2.591 0.141 5 65.32 6.62 54.24 80.46 

p(time) 266.132 299.848 14.794 0.000 16 65.28 6.63 54.20 80.44 

Winter 2013          

p(time) 234.802 262.319 0.000 0.762 13 55.67 5.50 46.53 68.35 

p(trend2) 254.439 264.681 2.362 0.234 5 55.69 5.53 46.52 68.43 

p(trend) 264.648 272.809 10.490 0.004 4 55.66 5.52 46.51 68.37 

p(constant) 285.390 291.486 29.167 0.000 3 55.66 5.54 46.48 68.44 
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Table 5.4. Population dynamic variables of fawn/doe (F/D) ratios (SE), buck/doe 
(B/D) ratios (SE), doe survival (SE), and finite rate-of-increase (λ) for the NRA 
Whittington Center deer herd in north-central New Mexico. 
 

 Year 
Variable 2012 2013 

F/D Ratio1 38.63 (7.8) 37.43 (5.36) 

B/D Ratio 16.17 (2.66) 19.17 (2.77) 

Doe Survival2 0.8794 (0.034) 0.8875 (0.033) 

λ3 1.073 1.075 
1Fawn/Doe surveys from September through December, expressed as fawns:100 does. 
2Doe survival is described in Chapter II  
3λ= survival + 1⁄2 × F/D 
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Figure 5.1. The age distribution for female mule deer on the NRA Whittington Center, 
Raton, New Mexico. Age classes are presented as a percent of a total 44 deer for 
which cementum annuli tooth aging were available.  
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CHAPTER VI 

SUMMARY AND CONCLUSIONS 
 

Recent studies by in the semiarid pinyon-juniper woodlands (Pinus edulis – 

Juniperus spp.) of north-central New Mexico indicated that malnutrition and over-

winter starvation is the primary limiting factor of mule deer populations (Bender 2006, 

Bender et al. 2007a; 2007b, Lomas and Bender 2007). Habitat degradation and loss of 

quality forage was causing lower body condition of females. In turn, does were not 

able to gain the necessary nutritional requirements to successfully reproduce and 

survive over winter. Habitat degradation was due partially to the expansion of pinyon-

juniper woodlands in the southwestern United States (Allen et al. 2002, Ansley et al. 

2006, Stoddard et al. 2008). This woody encroachment into grasslands has been 

associated with reducing plant productivity and diversity, increasing soil erosion and 

decreasing forage quality and availability desired by ungulates (Allen et al. 2002, 

Bender 2006, Stoddard et al. 2002). Therefore, brush management was carried out in 

north-central New Mexico on the NRA Whittington Center according to Hones and 

Bender (2007) in attempt to improve deer habitat and enhance deer nutrition and 

survival. Our study was conducted on the same deer herd that was indicated to be 

subjected to starvation and malnutrition from 2011 to 2013 in which the first two years 

was 60-70% below the 34 year normal total yearly precipitation. These years reflect 

the persistent drought conditions during the beginning of the study but by 2013 total 

precipitation recovered to 101% of normal. In addition, precipitation during this period 

was worse than studies previously reporting deer fitness in area, therefore our results 

on forage, animal, and population based objectives would theoretically be in worse 

condition than at the time when animals were reported to be malnourished.    

There was evidence that mulching brush did in fact improve deer browse 

quality up to three years post mulching. Mulching also improved the quality of 

preferred forbs and increase preferred forages for mule deer (Kramer 2012). However, 

these results are highly dependent upon precipitation and benefits from mulching may 

not be immediately noticeable. Nonetheless, a rotation of mosaic mulching at 
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minimum of 3-5 years and up to 7 years would provide the required stimulation of 

woody and herbaceous production while providing appropriate amount of cover 

(Bender 2012, Chapter III). Despite the increased nutrition available, there was no 

detectable difference in female mule deer diet quality between those individual who 

utilized treated browse and deer who avoided treated brush. The lack of difference in 

diet quality could be accounted for by the greater availability of high quality 

herbaceous forbs found throughout the study area. Deer that did not utilize treated 

areas potentially spent more time foraging to obtain the same quality diet as those deer 

that selected treated sites with higher quality browse. Additionally, deer forage 

contained sufficient nutrient quality to support deer throughout the year, in particular, 

during late gestation which provides minimal support for the malnutrition hypothesis. 

It could be argued that forage availability was still limiting in that high quality forage 

was present but not necessarily available. This scenario would result in deer still 

succumbing to nutrient limitation. However, the key browse species measured during 

this study were highly prevalent on the study area in large brush stands and as 

understory vegetation in the forest cover types. Therefore, it would not be suspected 

that forage availability would overall limit the individual deer diet quality. Since deer 

diets were not directly improved through mulching and forage quality was high even 

during persistent drought, this suggests multiple ideas. First, mulching areas were 

small in size compared to the landscape and thus preventing any real detectable 

difference between individual deer. Or alternatively, high quality forage was readily 

available throughout the study area across all years and nutrient availability was not a 

major limiting factor for adult female mule deer during this study.  

Selection data suggests that deer are using more open savanna habitat types 

located on more gentle slopes but still avoid completely open grasslands. The highest 

odds of deer use was found on low elevation, north-east aspects in oak savannas that 

near water, the edge of developed areas and the edge of savanna cover types. These 

selection parameters show the affinity for deer to select a mosaic of habitat types that 

satisfy their need for high quality forage and various cover types for protection. 

Furthermore, deer that had treated habitat types available to them (i.e. in their home 
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range), selected for those mulched brush areas during the driest years but no selection 

was detected when precipitation returned to normal. This phenomenon mirrors the 

recovery of forage quality in old-growth stands to the level of treated areas. The 

probability of deer use increased with increased distance from treated areas which 

shows the lack of general selection for treated areas after the first season and overall 

small availability of treated areas. Additionally, survival models indicate only a very a 

small but positive impact of selecting for treated areas to increase overall deer 

survival. The selection for treated areas during dry years may have provided additional 

forage quality that was not needed during normal years. Overall selection indicates a 

high use of savanna type habitat cover types across all years and seasons. The overall 

selection for less dense cover types and avoidance of thick pinyon-juniper stands 

mirrors the sites of most moralities (Figure 3.3). The majority of mortalities occurred 

in dense canopy pinyon-juniper or along ridgelines into savanna habitat where cover is 

slightly denser. The location of mortalities supports the idea that predation risk by 

mountain lions is higher in these cover types frequently traveled by mule deer. While 

we do not have location data for predators on this study area, lions are reported to 

ambush hunt and travel corridors like the ridgelines of denser cover when searching 

for prey (Huessman et al. 2003). This is only an observation of mortality location 

association with vegetation cover types and we did not directly measure predation risk 

during this study.  Furthermore, marrow fat levels indicate that only one individual 

was susceptible to acute starvation and only a total of three deer were below the 25% 

threshold that indicated potential comprises in health. The majority of deer mortalities 

show that deer were in fair condition at time of death. Granted, marrow fat is the last 

fat reserved to be depleted and that an animal can be severely nutrient limited without 

mobilizing marrow fat. Similar body condition scores to those reported by in the 

literature suggest that deer during this study at the time of capture were comparable to 

the average (Bergman et al. 2014a, Monteith et al. 2014). Further comparisons of 

survival rates indicate that survival was comparable to estimates found in the southern 

region of mule deer (Bender et al. 2007a, Bishop et al. 2009).  These data suggest that 

even during drought years, deer were in fair condition and survival was high. Cause-
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specific mortality factors suggest that predation is potentially playing a large role in 

adult survival over nutrition. Thus, habitat management, although it can provide 

additional nutrition, may offer alternative benefits of reduced predation risk by 

limiting exposure to habitat types preferred by large carnivores.    

Through all the improvements in habitat for adult female mule deer via 

positive increase in nutrition and richness (Kramer 2012), doe survival still remained 

high and consistent across years. Bergman et al. (2014a) found that similar habitat 

treatments in pinyon-juniper ranges of southwestern Colorado did improved the body 

condition of adult female mule deer. Furthermore, they found that mulching of 

pinyon-juniper followed by reseeding and chemical treatment of weeds improved the 

overwinter survival of fawn compared to reference sites (Bergman et al. 2014b). We 

did not find any improvements in adult deer condition or neonate survival to those 

previously reported in the area prior to habitat treatments (Bender et al. 2007b, Lomas 

and Bender 2007). Despite improvement forage quality, we detected no change in 

survival of fawns and adult females post-treatment which were expected if 

malnutrition was truly limiting. Population models however indicated minimal rates-

of-increase (7%). This model suggests that low fawn recruitment (~ 30 fawns:100 

does) is playing a large role in the population dynamics of mule deer in north-central 

New Mexico. Low fawn survival pre-and post-winter (Lomas and Bender 2007, 

Taylor 2013) was blamed for low recruitment. However differing hypotheses between 

predation (Taylor 2013) and poor doe nutrition (Lomas and Bender 2007) exist to 

explain poor fawn recruitment in north-central New Mexico. Doe nutrition is an 

important component of reproduction, but a 96% pregnancy and 88% twinning rate in 

late March suggests that does are successful at becoming pregnant and maintaining 

that pregnancy. Therefore, the lingering issue of poor fawn survival needs to be 

managed if the overall goal is to increase herd density. Results from this research on 

the same herd that was reportedly limited by malnutrition support predation on both 

neonates (Taylor 2013) and adult female deer (Chapter III) as the possible limiting 

factor for survival as opposed to malnutrition and starvation. 
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While adult female mule deer in this study appear to only marginally improve 

in survival by mulching brush, and improvements in brush quality were short lived, 

habitat enhancements should not stop. Habitat treatments only occupied a small region 

(13%) of the study site and possibility limited its ability to truly benefit the deer herd 

on the WC. There is no doubt that woody plant encroachment and development of 

closed canopy pinyon-juniper is impacting deer habitat selection and survival (Chapter 

III) not only on the WC but in similar populations in the southern regions of mule deer 

populations. Nutritional gains by mulching look as if they are short term and continual 

habitat management at a larger scale is necessary (Chapter IV). Recurrent habitat 

management may also help to address low fawn recruitment and adult deer survival 

via potential reduction in predation risk by the creation of a more open savanna habitat 

type. Hones and Bender (2007) habitat management recommendations should still be 

carried out as woody plant encroachment is a continual process. Our study provides 

minimal evidence to support the malnutrition hypothesis and I propose one that has a 

stronger role of predation on both neonates and adults in limiting mule deer 

populations in north-central New Mexico. This role of predation warrants further in-

depth study on the fitness components of adult female mule deer coupled with habitat 

manipulations. Wildlife managers must strongly consider the large role of predation 

found throughout this study to limit both adult female deer survival and recruitment. 

An all-encompassing approach to deer management on the NRA Whittington Center 

involving habitat management with predator mitigation factors should be initiated. 

Once this type of mind set for deer management is introduced, then we can begin to 

help curb the decline of mule deer in north-central New Mexico.    
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APPENDIX 

Appendix 1 
 

Approved Animal Care and Use Protocol from TTU IACUC
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Appendix 2 
 
Table A.1. Crude protein contents of alternative forages that are potentially occurring 
in deer diets on a limited seasonal basis in north central New Mexico, 2011-2013 
(Sorensen personal observation). 
 
  Treatment 
Plant Species N Mulched Control 
Yucca Buds 2 20.67 18.94 
Four Wing Salt Bush 12  17.22 
Sub-shrubs 2 15.12 16.27 
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Appendix 3 
 
Chloroform-Methanol Method for Lipid Extraction (Simplified by TTU) 
 
Materials: 
 Ground powdered sample 
 50-ml centrifuge tubes 
 Oven-dried glass tubes (pre-labeled and pre-weighed) 
 Chloroform, methanol 
 dH2O 
 pipettes, tips 
 
Methods: 
1. Place 1g of frozen powdered sample in 50-ml centrifuge tubes 
2. Add 3.2 ml dH2O and vortex 
3. Add 8 ml methanol and 8 ml chloroform 
4. With cap on, shake for 4 minutes 
5. Add 4 ml dH2O replace cap, shake for an additional 2 minutes 
6. Centrifuge for 10 minutes at 3500 rpm 
 
You should now have a sample with a solid pellet and clear liquid above and 
below it. 
 
7. Remove the top layer of clear liquid very carefully 
8. Tilt the tube to about a 45 degree angle, very carefully ease pipette tip 

underneath pellet and pipette 4 ml of chloroform extract into pre-labeled and 
pre-weighed disposable 50-ml culture tubes. 

9. Evaporate all moisture on heating block in the fume hood for 10 minutes. 
10. Dry the fat residue in 101°C oven to a constant weight, cool then weigh tube 
 
Calculation of percent lipid now follows: 
 
g residue = weight of extract in pre-labeled tube – weight of pre-labeled tube 
   
% Fat = (g residue/g frozen powdered sample) X100 
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