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CHAPTER 1 - INTRODUCTION 

In Kansas, the distribution of elk (Cervus elaphus) from the post-settlement period 



was also documented by early expeditions passing through the state. One of the earliest 

expeditions to document the presence of elk in the state was that of Lewis and Clark. On 5 

July 1804, the Lewis and Clark expedition crossed to the Kansas side of the Missouri River 

in present day Doniphan County, and journal entries note that “Elk are plenty about those 

Praries” along with observations of a “great deel of Elk Sign” (Moulton and Dunlay 1986, 

pp. 350-351).  The expedition of Zebulon Pike also observed elk while passing through 

Kansas during 1806. Pike sighted elk throughout the state and specifically mentions elk at 



hunted elk and bison as late as 1863 in present day Sedgwick County along the Arkansas 

River (Mead 1986). Mead noted that elk were most abundant in the state north of the 



characterized by shortgrass prairie vegetation with cottonwood (Populus deltoides) and 

saltcedar (Tamarix ramosissima
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Military InstallLocat, Kansas. 





Introduction 

Translocations have frequently been used to reestablish wildlife populations to 

areas of suitable habitat within their historic







Elk were translocated to Fort Riley beginning in February 1986 from a source herd 

located at Maxwell Wildlife Refuge near McPherson, Kansas (n = 12).  Additional elk 

from Maxwell Wildlife Refuge were translocated to Fort Riley in 1987 (n = 7), 1990 (n = 

2), and 1992 (n = 2).  Elk were also released at Fort Riley from source herds located in 

Trinidad, Colorado (Spanish Peaks State Wildlife Area) (1988, n = 5), Moise, Montana 

(National Bison Refuge) (1990, n = 8), and Wind Cave National Park, South Dakota 

(1994, n = 18). 

Following restoration, the elk population at Fort Riley grew to an estimated size of 

300-350 individuals by 1999, until crop damage co



genetic studies of other elk populations (Williams et al. 2002; Williams et al. 2004; Hicks 

et al. 2007). 

DNA from each sample was amplified in a total volume of 20 





compared between populations with a Kruskal-Wallis test using SigmaStat software 

(Systat Software, Inc. San Jose, CA).  Post hoc pairwise comparisons between populations 

were made using the Student-Newman-Keuls method.      

Multiple linear regression (PROC REG, SAS Institute, Cary, NC) was used to 

model the influence of predictor variables on the average number of alleles per locus (A) 

and average expected heterozygosity (He) for 12 restored elk populations in the United 

States and Canada.  Predictor variables for each elk population included number of 

founders, number of source herds used for translocation or supplementation, and number 

of years since the last known translocation.  Founding histories were determined for elk 





(all males have an equal chance of reproducing).  One hundred iterations were conducted 

for each simulation. 

 Projected levels of genetic variability under different management scenarios were 

simulated to explore the effects of population size, mating system, and population growth 

rate on f>lord levels o(aeletirichness).Inty 



ea.  P population sis 







Williams et al. 2002; Hicks et al. 2007). The observed levels of allelic richness in the Fort 

Riley population most likely reflect a balance between the potentially diverse genetic input 

from a range of founding populations (n =4) and genetic drift occurring as a result of small 

population size.  The Fort Riley population had significantly higher levels of allelic 

richness than the Pennsylvania elk population, as did other restored populations in the 

United States.  Low levels of allelic richness documented in the Pennsylvania population 

have been attributed to a prolonged period of low population size (Williams et al. 2002).  

Similarly, Canadian elk populations with low observed levels of allelic richness (French 

River and Burwash) were founded with a relatively small number of individuals and 

experienced periods of low population size following restoration (Polziehn et al. 2000; 

Rosatte et al. 2007).  The Banff and Jasper National Park elk populations had higher levels 

of allelic richness than the Fort Riley population, and these populations were characterized 

by a relatively large number of founders (n > 80) and rapid post-restoration population 

growth (Lloyd 1927; Stelfox 1993).  While ac





origin, thus reducing the explanatory power of the number of source populations in our 

model.  Following near-extirpation throughout much of North America, extensive 

restoration efforts were undertaken using elk from populations from Yellowstone National 

Park and adjacent areas including Jackson Hole, Wyoming as the source for populations 



(Lloyd 1927; Hicks 2004), which could have reduced the loss of alleles due to genetic drift 



inbreeding depression, and it may be useful to monitor indicators of inbreeding depression 

(reproductive rates, calf survival, morphological characteristics) to determine when genetic 

input is necessary.   
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Table 2.1. Sample size (N), number of observed alleles (A), unbiased expected 

hetrozygosity (He), and observed heterozygosity (Ho) at six microsatellite loci for the 
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Figure 2.1. Projected average number of alleles per locus in the Fort Riley elk herd 





Introduction 

Knowledge of demographic rates of wildlife populations can be used to assess 

habitat quality, estimate population viability, and determine conservation or management 

strategies (Beissinger and Westphal 1998, Eberhardt 



changes in harvest regulations and success rates could result in a higher level of 

variability in adult survival than would otherwise occur.  Similarly, small populations 

may experience increased variability in vital rates simply as a result of demographic 

stochasticity (Primack 2004).  Therefore, it is important to determine if observed vital 

rates and rates of population change in small / harvested populations are consistent with 

the hypothesis that adult survival rates in ungulates are relatively invariant when 

compared to other vital rates (Gaillard et al. 1998, Gaillard et al. 2000), and that 

variability in calf survival has a greater influence on �O than adult survival (Raithel et al. 

2007). 

Adult survival is generally the vital rate with the highest elasticity for long-lived 

vertebrates (Gaillard et al. 2000, Eberhardt 2002).  Primary sources of adult mortality for 

free-ranging ungulate populations include harvest, predation, disease, and winter 

mortality (DelGiudice et al







The topography of Fort Riley is typical of the Flint Hills region, with rolling hills 

of upland prairie interspersed with gallery forest along ravines and lowland areas. 



was allowed for permit holders from 1 January – 15 March.  We conducted phone 

interviews with hunters who held a Fort Riley cow elk permwascf een 2000-2006 to t

detpermoneifh hunterspreferenti aly harvescted 

interview, we first asktedif  huntersobsterted elk withcollarss wRil t



(300 mg/elk; ½ subcutaneous, ½ intravenous) and tolazoline (800 mg/elk intravenous) as 



We estimated survival rates using the ‘nest survival’ model (Dinsmore et al. 

2002) in Program MARK (White and Burnham 1999).  The ‘nest survival’ model in 

Program MARK is a known-fate model that can be used to estimate survival rates based 

on telemetry data collected at irregular intervals (i.e., Hartke et al. 2006, Mong and 

Sandercock 2007).  We estimated survival rates on a monthly time interval to match the 

time-scale of some covariates used for modeling (number of hunting pehuntincb, training 

area accessibility).  Program MARK provides an effective framework for estimating 

survival rates using maximum-likelihood methods (White and Burnham 1999) and allows 

for model selection using an information-



that we considered in the candidate model se



one year to the initial age estimate on 1 October of the following year.  Thus, age 

estimates increased annually for individual elk throughout the study period.  We coded 

annual values for age as separate columns in the encounter histories file and the design 



A mean annual age value was also assigned to the three adult elk captured using corral 

trapping (5.8 years).  

We generated an a priori



we constructed a model in which survival varied between years and between hunting 

season (October – March) vs. non-hunting season months (April – September).  Monthly 

survival rates were held constant at 1.0 for all non-hunting season months, as no collared 

elk died during these time peri

o



Real parameter estimates for survival across a range of ages were calculated using 

the model (Sage) and specifying age values for individual covariates in Program MARK 

ranging from 0.5 -10.5 years.  Age-specific elk survival estimates were calculated for 

hunting seasons, as no mortalities occurred during non-hunting season and survival 

estimates were 1.0 for these months. 





pregnancy rates (p); using a modification of an estimator presented by Sargeant and 

Oehler (2007): 

�Æ calf = (ncalves X �Æ 2006) / [p X nfemales] 



could occur during late winter or spring.  The primary sources





The finite rate of population change (�O) was estirrd by determ fing t(Th)]TJ
-18.485 -2.37 0 Td
dom nant eigenvaluate o



Analysis (LSA) (Wisdom et al. 2000).  Life-stage simulation analysis allows the 

specification of a range of possible values





decreased with age.  Monthly survival rates for yearlings approached 1.0 with 

progressively lower survival rates for older cows (Fig. 3.2). 

Fecundity values for cow elk on Fort Riley were generally high, with an overall 

estimate of 01tn Fort0ualfurvival rabed wi Folacta



been supported based on findings of high elasticity coupled with low temporal variability 

in adult survival rates and low elasticity coupled with high temporal variability for 

juvenile survival rates in ungulates (Gaillard et al. 1998, Gaillard et al. 2000, Raithel et 

al. 2007).  However, it is important to understand whether these findings can be 

generalized to small harvested populations.  In harvested populations, increased 

variability in vital rates with high elasticities (adult survival) may occur due to changes in 

harvest regulations or hunter 



The primary observed cause of adult female mortality was due to hunting or 

wounding, which is similar to mortality cause





enhancing late-winter forage availability to increase adult female nutritional condition 

during gestation. 

While our results support the hypothesis that calf survival ultimately has a greater 

influence on �O than adult survival, it is important to note that the variability in �O 

explained by adult survival in the small, harvested Fort Riley population (r2 = 0.367) was 

several times greater than that reported over a range of elk populations (r2 = 0.164) 

(Raithel et al. 2007).  These findings suggest that further work may be necessary to 

determine how population size and harvest stat
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Table 3.1. Top models for monthly cow elk 



Table 3.2.  Beta coefficients (��) and 95% confidence intervals for covariates 

included in top models (



Figure 3.1.  Model-averaged estimates of monthly cow elk survival (+/- SE) at Fort 

Riley, KS for 40 monthly intervals beginning November 2003 and ending February 

2007. 
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Figure 3.3.  Elasticity matrix (



 

CHAPTER 4 - CERVUS ELAPHUS) IN A 

GRASSLAND SYSTEM 





The location of elk (Cervlz-tof





predators are present, elk locate home ranges 







use and movement patterns at a finer temporal scale during the times preceding, during, 

and immediately following calving.  The increased location frequency was also chosen to 



August-September 2005: �� = 122.1 (�1 = 41.4), October-December 2005: �� = 143.1 (�1 = 





(Allison 1999).  Odds ratios of less than one indicate that an increase in the value of a 

predictor variable results in a decrease in the odds of an event occurring (Allison 1999). 

We characterized used locations at the landscape scale based on GPS telemetry 

locations recorded for each elk.  We characterized available habitat by generating an 

equal number of random points within the study area using the Hawt



Predictor variables for each point locati











May-July (calving season) and October-December (hunting season) during both 2005 and 

2006. 

Impact Zone distance did not appear to have a stroinginflueanceon patterns of elk. 











restricted from moving away from the instal









observed patterns of elk habitat use in tallgrass prairie differ from the way in which elk 

were distributed during historical periods when large natural predators were a functional 

component of the ecosystem. 
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Table 4.2. Model rankings for 2006 home range habitat selection models.  Model 



Table 4.3. Model rankings for 2005 landscape scale habitat selection models.  Model fit was assessed separately for each season based on 
values of Akaike’s Information Criterion (AIC) and Akaike weights (wi).  Model parameters (K = number of parameters) included 



Table 4.4. Model rankings for 2006 landscape scale habitat selection models.  Model fit was assessed separately for each season based on 
values of Akaike’s Information Criterion (AIC) and Akaike weights (wi).  Model parameters (K = number of parameters) included 
elevation (ELEV), slope (SLOPE), curvature (CURVE), road distan







Table 4.7.  Logistic regression coefficients and odds ratios for August-September 2005 landscape and home range scale top 
models.  Odds ratios for land cover types are based on comparison to woodland land cover type as a reference category. 









Table 4.11.  Logistic regression coefficients and odds ratios for May - July 2006 landscape and home range scale top models.  
Odds ratios for land cover types are based on comparison to woodland land cover type as a reference category. Elevation not 
included in home range scale analysis due to problems with convergence.  Corn, sunflower, and forage sorghum parameters 





Table 4.13.  Logistic regression coefficients and odds ratios 



Figure 4.1. Boundary map of Fort Riley Military Installation, Kansas. 
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Figure 4.2. 100% minimum convex polygon home





CHAPTER 5 - 



population.  This is consistent with predictions from life-history theory suggesting that vital rates 



including woodlands, grassland edge, and agricultural crops.  Elk also used areas close to 

streams while avoiding areas of steep slope or high elevation.  Patterns of resource-selection by 
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