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THESIS ABSTRACT 

 

SPATIAL ECOLOGY OF MALE WHITE-TAILED DEER IN THE CROSSTIMBERS 
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Directed by Stephen S. Ditchkoff 

 We examined daily movement paths of radio-collared male white-tailed deer 

(Odocoileus virginianus) during the breeding season (Oct. 1st- Dec. 15th), from 1995-

1997, at the McAlester Army Ammunition Plant (McAAP) in southeastern Oklahoma. 

Results indicate that male white-tailed deer become increasingly active throughout the 

breeding season, with progressively dispersed daily movement patterns.  Juvenile males 

were highly active prior to the peak of the breeding season when adult and mature male 

breeding effort was limited.  We suggest this behavior may increase juvenile male 

reproductive fitness by increasing their likelihood of breeding does coming into estrous 
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prior to the peak of the breeding season when competition with older males may be 

limited.  Results additionally suggest that older males suppress the breeding efforts of 

juveniles when breeding competition peaks. 

 We additionally investigated spatial fidelity of male white-tailed deer (n 

= 52) to successive annual (1 Oct - 30 Dec) home range and core-use areas from 1995- 

1997.  In addition to little (≤ 50%) overlap between annual core area boundaries, male 

deer shifted centers of activity by ≥ 742 m at the core-use scale, independent of age class.  

Results suggest that internal home range dynamics in space use, among male deer of all 

ages, are more influential in landscape usage over time than estimates of overlap at the 

home range scale. 

 We also describe relationships between a suite of landscape metrics and home 

range sizes of male white-tailed deer (n = 72).  We additionally tested the hypothesis that 

a combination of landscape metrics, representing spatial heterogeneity, can explain 

variation in home range size among male white-tailed deer.  Deer exhibited mean home 

ranges of 643 ha and mean core areas of 112 ha.  Results suggest that where habitat 

patches are small, highly diverse, and evenly distributed, male white-tailed deer have 

small home ranges.  Results also indicate that home ranges are small where edge density 

is high.  Our best model of spatial heterogeneity explained 28% of the variability in home 

ranges size at the 1000 meter scale, indicating that male deer perceive their environment 

at a spatial scale intermediate between mean home range and core-use areas.  These 

results highlight the importance of considering core areas when space by white-tailed 

deer is of interest. 
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I. MOVEMENT PATTERNS OF MALE WHITE-TAILED DEER SUGGEST THAT 

JUVENILE USE ALTERNATIVE BREEDING STRATEGIES 

 

ABSTRACT 

During breeding periods, access to mates is likely the primary factor that influences 

movement patterns of sexually mature males. Metrics used to describe movement 

patterns have been related to known habitat quality, with an emphasis on optimal 

foraging. When access to mates is the limiting resource for sexually mature males, we 

predicted movement patterns of males will be efficient in respect to social status and 

degree of mate access. We examined daily movement paths of radio-collared male white-

tailed deer (Odocoileus virginianus) during the breeding season (Oct. 1st- Dec. 15th), from 

1995-1997, at the McAlester Army Ammunition Plant (McAAP) in southeastern 

Oklahoma to determine if the degree of mate access attributed to juvenile, adult, and 

mature males would reflect metrics related to path complexity and activity rates. Results 

indicate that male white-tailed deer become increasingly active throughout the breeding 

season, with progressively dispersed daily movement patterns. Juvenile males were 

highly active prior to the peak of the breeding season when adult and mature male 

breeding effort was limited. We found this behavior may increase juvenile male 

reproductive fitness by increasing their likelihood of breeding does coming into estrous  
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prior to the peak of the breeding season when competition with older males may 

belimited. Following the peak of the breeding season, juvenile male breeding effort 

declined, while their movement patterns became more linear. During this period, 

oldermales became more active and maintained similar levels of path complexity 

exhibited earlier during the breeding season. This behavior supports the hypothesis that 

older males suppress the breeding efforts of juveniles when breeding competition peaks. 
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Introduction 

 

Typical breeding behavior among polygnous species involves intense male display and 

physical competition to gain access to mates. As a result, a limited number of dominant 

males are able to monopolize large numbers of females (Dewsbury 1982), resulting in a 

disproportionate amount of mating success attributed to dominant individuals (Trivers 

1972). Because dominance is generally correlated with body size, and body size with age, 

older males are more competitive than younger (e.g. subordinate) males (Clutton-Brock 

1982, Gossow 1971, Mitchell et al. 1977). Where males are free to invest in mating 

efforts in the absence of the burdensome cost of parental care (Emlen and Oring 1977), 

breeding behaviors that increase mate access while limiting competition with dominant 

males may be used by subordinate males (Howard 1978). Such behaviors are considered 

alternative mating strategies, and may be observed among subordinate males should only 

a slight increase in reproductive success result (Sandell 1986). 

During breeding periods, mature (e.g., dominant) males exhibit movement 

patterns indicative of the spatial distribution of females and the competitive advantage 

they hold over lesser males (e.g. bighorn sheep, Ovis canadensis, Hogg 1984). 

Differences in home range or territory establishment among males with varying fitness 

have also been documented in numerous species (e.g. stoats, Mustela erminea, Erlinge 

and Sandell 1986, Sandell 1986; cheetahs, Acinonyx jubatus, Caro 1998; red-backed 

voles, Clethrionomys rufocanus bedfordiae, Kawata 1988; fishers, Martes pennanti, 

Arthur et al. 1989, Arthur and Krohn 1991; black bears, Ursus americanus, Garshelis  
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and Pelton 1981, Powell et al. 1997), with subordinate males using larger areas peripheral 

to dominant males, increasing the likelihood of encountering mates while limiting 

interaction with dominant males. However, the presence of alternative mating strategies 

at finer temporal scales (i.e. 24-hour periods) has been examined in the movement 

patterns of few, if any, mammalian species.  

 Metrics describing fine-scale movement patterns have been used to examine 

animal movement in relation to resource availability, where resource availability is 

normally associated with habitat quality. Studies have linked fine-scale movement 

behavior to habitat quality, habitat complexity, and energy expenditure. Measures of path 

complexity and movement rates are expected to reflect habitat quality (Odendaal et al. 

1989, Crist et al. 1992, Miyatake et al. 1995, Stapp and Van Horne 1997, Etzenhouser et 

al. 1998). For example, where resources are heterogeneous, low in quality, or clumped in 

distribution, many species maximize foraging efficiency by moving at a faster rate and in 

a more linear fashion (Weins et al. 1995, Whittington et al. 2004). Conversely, where 

resources are high in quality, homogeneous, or evenly distributed, many species exhibit 

increased path tortuosity and decreased rates of movement (Odendaal et al. 1989, Crist et 

al. 1992, Miyatake et al. 1995, Stapp and Van Horne 1997, Etzenhouser et al. 1998).  

 In mammalian species, access to mates is likely the primary factor that influences 

movement patterns of sexually mature males during the breeding season (Powell et al. 

1997). Accordingly, during breeding periods, male resource availability could also be 

defined in terms of availability of potential mates. In this study, we examined movement 

patterns of adult, male white-tailed deer (Odocoileus virginianus) over 24-hour periods 
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during the breeding season to determine if the movement patterns of juvenile, adult, and 

mature males would reflect the competitive advantage social dominance conveys in the 

access of mates. Given the clumped distribution of female white-tailed deer in matrilineal 

groups (Porter et al. 1991), we predicted mature males would exhibit concentrated, 

tortuous paths during the breeding season, similar to animal movement paths observed in 

high quality habitats. Conversely, we predicted juvenile males would exhibit dispersed, 

linear paths, similar to animal movement paths observed within low quality habitat.  

Additionally, it has been hypothesized that, when present, dominant males suppress the 

breeding efforts of juvenile males (Marchinton et al.1990). Based on this hypothesis, we 

predicted that measures of juvenile male activity would decrease during the later periods 

of breeding season when male competition escalates. However, prior to the onset of the 

rut, when competition among males is still limited, we predicted juvenile males would 

exhibit more tortuous paths and increased measures of activity in effort to breed does 

coming into estrous early in the breeding season. 

 

Methods 

Study area 

We collected data at the McAlester Army Ammunition Plant (McAAP) in southeastern 

Oklahoma, an 18,212 ha area that was operated under a quality deer management 

program since 1989 (Ditchkoff et al. 1996). McAAP was an ammunition storage and 

manufacturing plant, operated by the United States Department of Defense, where public 

access was limited. However, hunting was permitted during 6, 3-day traditional archery  
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hunts in October and November of each year. Forest cover at McAAP consisted of post 

oak (Quercus stellata) and blackjack oak (Quercus marilandica) uplands, interspersed 

with riparian drainages of water oak (Quercus nigra). In the uplands, post oak and 

blackjack oak form plant associations with poison ivy (Toxicodendrus radicans), 

buckbrush, and greenbriar (Smilax bona-nox) with winged elm (Ulmus alata) associated 

with the upper reaches of upland drainages. In riparian areas, spotted oak (Quercus 

shumardii) and water oak combine with broadleaf uniola (Chasmanthium latifolium), and 

greenbriar. A more detailed description of the study area was presented by Ditchkoff et 

al. (1996). 

 

 

Field methods 

We captured eighty-one adult (≥1.5 years of age) male white-tailed deer using drop-nets 

between December 1994 and January 1997 on food plots baited with persimmons and 

whole corn. We did not sedate deer after capture or during handling. We aged captured 

deer by tooth wear and eruption (Severinghaus 1949) and fitted each with a radiocollar 

equipped with a 4-hour mortality sensor (Advanced Telemetry Systems; Isanti, 

Minnesota) as well as numbered ear tags.  

During the breeding season, (Sep 30- Dec 10), from 1995-1997, we located fifty-

two deer throughout 271, 24-hour periods. We collected 8 locations per deer, per 24-hour 

period throughout the breeding season. Locations were taken at approximate 3-hour 

intervals, with an average elapsed time between first and last locations of 20.5 ± 1.3 
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hours. We used a 3-element Yagi antenna and portable receiver to obtain ground-based 

telemetry readings from 285 permanent telemetry stations, which we then triangulated to 

obtain deer locations. We obtained Universal Transverse Mercator (UTM) coordinates 

for each telemetry station using differentially corrected global positioning system data 

(Geoexplorer, Trimble Navigation, Sunnydale, California). We plotted bearings in the 

field, resulting in a standard deviation of 2.49 degrees, and estimated UTM coordinates 

for each deer location using a modified White and Garrott (1990) program written using 

SAS (Statistical Analysis System, SAS Institute, Inc., Cary, North Carolina). 

We considered deer one year older on the 1st of October of each year. We chose 

October 1st as the start of the breeding season, which also coincides with the point at 

which juvenile bucks (≤2.5 years-old), first exhibit adult (≥3.5 years-old) behavior. We 

divided adult males into 3 age-classes: juvenile (1.5-2.5 years-old); adult (3.5-4.5 years-

old); and mature (≥5.5 years-old) according to Ditchkoff et al. (2001). We delineated age-

classes in this fashion to represent the observed characteristics of male white-tailed deer 

at McAAP, and in regard to current biological information concerning the maturation 

process of juvenile male deer. The distinction between adult and mature males was made 

to account for complete skeletal maturity and peak antler growth at 4.5 years of age, as 

well as, distinct differences in body characteristics associated with dominance in mature 

male white-tailed deer (Verme and Ullrey 1984). We partitioned the breeding season into 

three 24-day periods corresponding to the pre-rut, Oct 1-Oct 23; rut, Oct 24-Nov 16; and 

post-rut, Nov 17-Dec 10.    
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Statistical analysis 

As a measure of the dispersion of 24-hour movement paths, we calculated distance 

between temporal extremes (m) (DBE), or the straight-line distance from the first 

location to the last location within a 24-hour movement path. Mean squared distance (m) 

(MSD) of all locations from their respective daily center of activity was calculated as an 

additional measure of dispersion using ArcView 3.2 Animal Movement Extension 

software (Hooge and Eichenlaub 1997). We calculated movement rate (m/hour) as (L/E), 

where (E) was the elapsed time between the first and last locations and (L) was the sum 

of all movements made within each 24-hour period or total path length.  

 Two metrics were used to describe the complexity of 24-hour movement paths.  

Eccentricity (ECC; range 1 - ∞, values increase with linearity) was calculated as the ratio 

of the primary and secondary axes of the ellipse area encompassing daily locations for 

deer using ArcView 3.2 Animal Movement Extension software (Hooge and Eichenlaub 

1997). Secondly, path tortuosity (range 1- ∞, value increases with patch complexity) was 

calculated by hand as the ratio (L/DBE), where L was total path length and DBE was the 

distance between extreme temporal locations (Turchin 1998). We performed statistical 

analyses using Statistical Analysis System software, analysis of variance (PROC GLM; 

SAS 1993) to test movement variables for differences by age-class,  period, and age-class 

period interaction (α = 0.05). 
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Results 

Distance between extremes 

During the breeding season, there was some evidence that mean (DBE) was greater (more 

dispersed) (ANOVA, F2, 190 = 1.34, P > 0.104) for juvenile males than for mature males 

(Table 1), although not strongly supported by the data. Mean DBE did not increase 

(ANOVA, F2, 190 = 3.95, P = 0.551) from the pre-rut period to the rut period, but did 

increase by 21% (ANOVA, F2, 190 = 3.95, P = 0.016) from the rut period to the post-rut 

period (Table 2). Juvenile males followed a similar trend, with mean DBE increasing -

68% (ANOVA, F4, 190 = 0.83, P = 0.014) from the rut to the post-rut (Fig. 1). There was 

no difference in mean DBE for adult (ANOVA, F4, 190 = 0.83, P ≥ 0.447), or mature 

males (ANOVA, F4, 190 = 0.83, P ≥ 0.163) between the three periods of the breeding 

season. The age-classes did not differ in mean DBE during either the pre-rut or rut 

periods (ANOVA, F4, 190 = 0.83, P ≥ 0.179), but juvenile males tended to exhibit greater 

mean DBE than adult (ANOVA, F4, 190 = 0.83, P = 0.094) and mature males (ANOVA, 

F4, 190 = 0.83, P = 0.069) during the post-rut period.   

 

 

Mean squared distance 

The data did not strongly support an age-class effect (ANOVA, F2, 190 = 1.70, P ≥ 0.104) 

in average MSD during the breeding season; although there was some evidence mean 

MSD was greater for juvenile males than for mature males (Table 1). Conversely, mean 

MSD increased 86% (ANOVA, F2, 190 = 4.66, P = 0.002) from the pre-rut period to the  
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post-rut period. Juvenile males did not differ in mean MSD throughout the three periods 

of the breeding season (ANOVA, F 4, 190 = 0.53, P ≥ 0.632), however, adult males 

exhibited a 30% increase (ANOVA, F4, 190 = 0.53, P = 0.048) from the rut to the post-rut 

period and mature males increased 29% (ANOVA, F4, 190 = 0.53, P = 0.013) from the 

pre-rut to the post-rut period (Fig. 2). The age-classes did not differ in mean MSD during 

the rut or post-rut periods (ANOVA, F4, 190 = 0.53, P ≥ 0.190), however, juvenile males 

generally exhibited greater (ANOVA, F4, 190 = 0.53, P ≥ 0.056) mean MSD than mature 

males during the pre-rut period. 

 

 

Movement rate    

Average movement rate did not differ (ANOVA, F2, 190 = 0.23, P = 0.543) throughout the 

breeding season by age-class (Table 1), however, mean movement rate increased 30% 

(ANOVA, F2, 190 = 4.05, P = 0.011) from the pre-rut to the rut, and remained elevated 

(ANOVA, F2, 190 = 4.34, P = 0.623) during the post-rut (Table 2). Mean movement rate of 

adult and mature males increased 24% (ANOVA, F4, 190 = 1.54, P = 0.024) and 27% (F4, 

190 = 1.54, P = 0.032), respectively, from the pre-rut to the rut, remaining elevated 

(ANOVA, F4, 190 = 1.54, P ≥ 0.198) during the post-rut (Fig. 3). In contrast, mean 

movement rate of juvenile animals did not change (ANOVA, F4, 190 = 1.54, P = 0.621) 

from the pre-rut to the rut or from the rut to the post-rut (ANOVA, F4, 190 = 1.54, P = 

0.247). During the pre-rut period, mean movement rate of juvenile males tended to be 

greater (ANOVA, F4, 190 = 1.54, P = 0.075) than adult males and was 23% greater  

10 



(ANOVA, F4, 190 = 1.54, P = 0.050) than mature males. Movement rates did not differ 

(ANOVA, F4, 190 = 1.54, P > 0.393) between the age-classes during the rut, however, 

evidence suggested adult and mature males moved at a greater mean rate (ANOVA, F4, 

190 = 1.54, P > 0.165) than juvenile males during the post-rut period, although this factor 

was not strongly supported by the data. 

 

 

Eccentricity (ellipse shape) 

During the breeding season, mature males exhibited movement path ellipses which were, 

on average, 3.8% more circular (ANOVA, F2, 190 = 2.78, P = 0.030) than those exhibited 

by adult males, and 5.1% more circular (ANOVA, F2, 190 = 2.78, P = 0.055) than those of 

juvenile males, although the latter tendency was not strongly supported by the data (Table 

1). Conversely, mean eccentricity did not differ by period (ANOVA, F2, 190 = 1.12, P ≥ 

0.137, Table 2). The age-classes did not differ in mean eccentricity during the pre-rut 

period (ANOVA, F4, 190 = 0.39, P ≥ 0. 158), or during the rut (ANOVA, F4, 190 = 0.39, P 

≥ 0. 282), however, there was some indication that mean eccentricity was greater (more 

linear) for juvenile and adult males (ANOVA, F4, 190 = 0.39, P ≥ 0.088) than for mature 

males during the post-rut period (Fig. 4).  

 

 

Path tortuosity  

Mean path tortuosity was greater for adult males than for mature (ANOVA, F2, 190 = 5.45,  
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P ≥ 0.004) and juvenile males (ANOVA, F2, 190 = 5.45, P ≥ 0.009, Table 1) throughout 

the breeding season. Mean tortuosity of movement paths remained constant (ANOVA, 

F2, 190 = 1.66, P = 0.669) from the pre-rut to the rut, but tended to become more linear 

(ANOVA, F2, 190 = 1.66, P = 0.123) during the post-rut, although not strongly supported 

by the data (Table 2). Mean path tortuosity became 64% (ANOVA, F4, 190 = 3.75, P = 

0.003) more linear from the pre-rut to the post-rut for juvenile males (Fig. 5). Adult males 

exhibited a 9% (ANOVA, F4, 190 = 3.75, P = 0.011) increase in mean path tortuosity from 

the pre-rut to the rut, and evidence suggested mean tortuosity continued to increase 

(ANOVA, F4, 190 = 3.75, P = 0.092) during the post-rut period. Mean path tortuosity of 

mature males stayed constant (ANOVA, F4, 190 = 3.75, P ≥ 0.707) among the time periods 

comprising the breeding season. During the pre-rut period mean tortuosity was greater 

(ANOVA, F4, 190 = 3.75, P ≥ 0.044) for juvenile males than for mature males, and also 

tended to be greater (ANOVA, F4, 190 = 3.75, P ≥ 0.144) for juvenile males than adult 

males, but the difference was not strongly supported by the data. Adult males showed 

greater tortuosity during the rut period than both juvenile (ANOVA, F4, 190 = 3.75, P ≥ 

0.004) and mature (ANOVA, F4, 190 = 3.75, P ≥ 0.004) males. During the post-rut, adult 

and mature males did not differ (ANOVA, F4, 190 = 3.75, P = 0.230) in mean path 

tortuosity, however, juvenile males exhibited 25% (ANOVA, F4, 190 = 2.71, P ≤ 0.008) 

lower mean path tortuosity than adult males. 
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Discussion 

It is apparent that prior to and during the rut, movement paths of all male white-tailed 

deer are relatively tortuous, declining only during the post-rut. During the pre-rut period, 

the high path tortuosity exhibited by all male deer is likely driven by food resources more 

so than the availability of mates, as movement rates are much slower during this period, 

consistent with optimal foraging theory (Emlen 1966). However, during the rut, when 

male deer reduce foraging effort and mate availability has peaked, high path tortuosity 

exhibited by male deer is likely a response to increased mate access, and consistent with 

our prediction, movement rates increase significantly. Likewise, during the post-rut 

period, male deer continue to reduce foraging activity and movement rates remain 

elevated. However, mate competition likely increases as available mates decline and 

testosterone levels remain elevated (Ditchkoff et al. 2001). Consistent with our 

prediction, it is at this point that movement paths of all male deer become more linear.   

 Contrary to our original prediction that path complexity would increase with age 

during periods of increased mate access; older males (e.g. dominant) tended to maintain 

moderate levels of path tortuosity throughout the breeding season. Moderate levels of 

path tortuosity may reflect the non-territorial nature of male white-tailed deer. Hogg 

(1984) found that dominant male big horn sheep focused their breeding efforts within 

traditional geographic centers of tending, which estrous ewes returned to each year. 

Tending rams defended estrous ewes from lesser males during the approximate 2-3 days 

they remained in estrous. Conversely, white-tailed deer are not known to use traditional 

breeding grounds and does typically remain in estrous for only 24-hours (Marchinton and  
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Hirth 1984). While male big horn sheep are know to aggressively hinder movements of 

ewes in estrous (Hogg 1984), tending male white-tailed deer typically feed and bed with 

does in estrous until copulation has occurred, after which time they will defend the doe, 

wherever she may go, for several hours. It is important to note that male white-tailed deer 

defend only the doe, not a specific geographic area or territory (Marchinton and Hirth 

1984). The movement patterns of dominant male white-tailed deer reflect these 

behavioral characteristics with moderate levels of path tortuosity representing tending 

behavior disconnected from any central geographic location. 

 While adult and mature males maintain moderate levels of path tortuosity 

throughout the breeding periods, juvenile males do exhibit a significant decrease in path 

tortuosity during the post-rut. In contrast to both juvenile male red deer and big horn 

sheep, juvenile male white-tailed deer do not have the luxury of employing aggressive 

alternative breeding strategies during the breeding season. The harem-holding nature of 

dominant male red deer allows for juvenile male coursing behavior, in which juvenile 

males attempt to scatter harems or run off hinds (Clutton-Brock 1982). Likewise, lesser 

male big horn sheep incur less risk of injury when coursing dominant males due to the 

relative benign nature of percussion weapons (Hogg 1984). White-tailed deer do not hold 

harems, and risk of serious injury is more likely during competition with perforating 

antlers, than with blunt horns. We interpret the movement patterns of juvenile male 

white-tailed deer during the post-rut to be reflective of this, as spatially, their linear 

movements may serve to limit hostile interactions with dominant males while continuing 

to search for possible mating opportunities.  
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 The high degree of effort expended by juvenile males during the pre-rut could be 

interpreted as a function of both inexperience and the necessary energy expenditure 

needed to establish their placement in the dominance hierarchy (Hirth 1977). However, 

given the inactivity of dominant males during the pre-rut period, it may be possible that 

juvenile males attempt to court and tend does prior to the onset of the rut. Yearling bison 

bulls (Komers et al. 1994b), yearling male reindeer (Mysterud et al. 2003), and sub-adult 

male bighorn sheep (Singer and Zeigenfuss 2002) have been found to exhibit an increase 

in reproductive effort when prime-aged males were scarce or absent. Although adult and 

mature male white-tailed deer were present during the pre-rut period, their general 

inactivity may create conditions similar to populations where demographics are skewed 

toward juvenile males (Mysterud et al. 2004).  

 The inactivity of older males during the pre-rut period may be explained by 

experience gained during previous breeding seasons. Lincoln et al. (1972) indicated prior 

breeding experience may influence the timing of rutting behavior in adult male ungulates, 

limiting breeding effort until shortly before the peak of the rut. Additionally, Clutton-

Brock (1982), found that the duration of breeding effort for some adult red deer stags was 

shorter than the duration of peak hind conception, resulting in a proportion of held hinds 

conceiving either before or after their period of holding. In the Cross Timbers and 

Prairies Ecoregion where these data were collected, the peak of conception falls on 

approximately the 20th of November, yet does may conceive as early as October 13th 

(TPWD 2007). Actively searching juvenile males may increase their reproductive 

potential by tending to the small portion of does that come into estrous before the peak in 

15 



breeding effort among dominant males. Spatially, the movement patterns of juvenile 

males during the pre-rut period would not constitute an alternative breeding strategy, 

being similar to those of dominant males during the rut. However, should the evolution of 

early rutting behavior among juvenile males serve to increase their reproductive success 

even slightly, the temporal partitioning of their breeding effort may constitute an 

alternative breeding strategy.    

 The understanding of movement patterns associated with typical breeding 

behavior in older (e.g. dominant) males and alternative breeding strategies among lesser 

males would undoubtedly be aided by confirming the presence of females in relation to 

males. Moreover, paternity testing could be used to determine the degree to which 

alternative breeding strategies convey a selective advantage. While our data from the 

post-rut period was consistent with the hypothesis that dominant males suppress the 

breeding effort of juvenile males (Marchinton et al. 1990), examination of juvenile male 

survival following the breeding season would aide in supporting the degree to which 

juvenile breeding suppression by dominant males occurs. 
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Figure 1.  Mean distance (m) between 24-hour movement path extreme temporal 

locations (DBE) for juvenile (1.5-2.5 years of age), adult (3.5-4.5 years of age) and 

mature (≥ 5.5 years of age) male white-tailed during the pre-rut, Oct 1-Oct 23; rut, Oct 

24-Nov 16; and post-rut, Nov 17-Dec 10 periods of the breeding season in Southeastern 

Oklahoma. 
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Figure 2.  Average mean squared distance (MSD) from 24-hour movement path centers 

of activity to daily locations for juvenile (1.5-2.5 years of age), adult (3.5-4.5 years of 

age) and mature (≥ 5.5 years of age) male white-tailed during the pre-rut, Oct 1-Oct 23; 

rut, Oct 24-Nov 16; and post-rut, Nov 17-Dec 10 periods of the breeding season in 

Southeastern Oklahoma. 
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Figure 3.  Mean movement rate (m/hr), or total 24-hour path length divided by the 

elapsed time between first and last locations, for juvenile (1.5-2.5 years of age), adult 

(3.5-4.5 years of age) and mature (≥ 5.5 years of age) male white-tailed during the pre-

rut, Oct 1-Oct 23; rut, Oct 24-Nov 16; and post-rut, Nov 17-Dec 10 periods of the 

breeding season in Southeastern Oklahoma. 
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Figure 4.  Mean 24-hour movement path ellipse eccentricity, defined as the ratio of the 

primary and secondary axes of ellipse areas encompassing 24-hour movement paths, for 

juvenile (1.5-2.5 years of age), adult (3.5-4.5 years of age) and mature (≥ 5.5 years of 

age) male white-tailed during the pre-rut, Oct 1-Oct 23; rut, Oct 24-Nov 16; and post-rut, 

Nov 17-Dec 10 periods of the breeding season in Southeastern Oklahoma. 
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Figure 5.  Mean 24-hour path tortuosity, defined as the ratio of total path length to the 

distance between extreme temporal locations, for juvenile (1.5-2.5 years of age), adult 

(3.5-4.5 years of age) and mature (≥ 5.5 years of age) male white-tailed during the pre-

rut, Oct 1-Oct 23; rut, Oct 24-Nov 16; and post-rut, Nov 17-Dec 10 periods of the 

breeding season in Southeastern Oklahoma. 
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II. SPATIAL FIDELITY IN ADULT MALE WHITE-TAILED DEER 

 

ABSTRACT 

A thorough review of the scientific literature suggests that our understanding of the 

spatial ecology of adult male deer is somewhat limited.  More specifically, while data 

exist on female deer and yearling males, little if any data are available that describe the 

spatial ecology of mature males.  Specifically, data concerning home range fidelity 

among sexually mature males would improve population models and has implications for 

deer managers in relation to property size and achieving goals set by Quality Deer 

Management.  We investigated spatial fidelity of radio-collared juvenile (1.5-2.5 years 

old), adult (3.5-4.5 years old), and mature (>5.5 years old) male white-tailed deer (n = 

52) to successive annual (1 Oct - 30 Dec) home range and core-use areas from 1995-

1997, at McAlester Army Ammunition Plant in Oklahoma.  We examined annual home 

range overlap and center of activity shifts as separate measures of spatial fidelity.  Center 

of activity shifts were considered significant where in excess of threshold values derived 

from the dispersion of deer location distributions.  In addition to little (≤ 50%) overlap 

between annual core area boundaries, male deer shifted centers of activity by ≥ 742 m at 

the core-use scale, independent of age class.  Results suggest that internal home range 

dynamics in space use, among male deer of all ages, are more influential in landscape 

usage over time than estimates of overlap at the home range scale. 
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INTRODUCTION 

White-tailed deer (Odocoileus virginianus) have been extensively studied because of 

their importance as a game animal in North America.  This research has led to an 

unprecedented understanding of the ecology and biology of the species, and allows for 

development of detailed population management plans that can be implemented with a 

high probability of success.  In most cases, the basis for these management plans is to 

improve or enhance the quality of the male segment of the population, and to meet the 

hunting objectives of stakeholders; however, a thorough review of the scientific literature 

suggests that our understanding of the spatial ecology of adult male deer is somewhat 

limited.  More specifically, while data exist on female deer and yearling males, little if 

any data are available that describe the spatial ecology of mature males.  

 Female white-tailed deer have been reported to exhibit a high degree of home 

range fidelity (Porter et al. 1991), defined as the continual reoccurrence of an animal 

within a home range throughout defined time periods (White and Garrott 1990).  Porter et 

al. (1991) used the analogy of overlapping rose petals to describe the spatial arrangement 

of home ranges within matriarchal social groups of does, and further advanced the 

hypothesis of gradual population expansion via this type of spiral home range 

arrangement.  Dispersal of yearling males from natal home ranges has similarly been well 

documented (Nelson and Mech 1984); however, little is known about the spatial fidelity 

of adult males following dispersal.  Data concerning home range fidelity among sexually 

mature males would improve population models; however, such data also has 
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implications for deer managers.  Where adult males exhibit strong home range fidelity 

following dispersal, mangers would be certain characteristics of harvested bucks (i.e. 

antler growth) could be contributed, at least in part, to local management practices and 

not the practices of neighboring properties.  Such data would also provide managers with 

an indication of the likelihood of observed deer remaining on managed properties 

throughout adulthood, which is an important tenet of Quality Deer Management 

(Marchinton et al. 1990).  

 While few studies have examined home range fidelity in adult male white-tailed 

deer, extensive overlap between annual home range boundaries for adult bucks has been 

reported (Tierson et al. 1985; Lesage et al. 2000; Webb et al. 2007), suggesting that adult 

bucks exhibit strong site fidelity.  Shifts in animal locations may occur on an annual 

basis, however, without impacting spatial overlap between corresponding home range 

boundaries (Plowman et al. 2006).  Accordingly, the examination of annual center of 

activity shifts in addition to home range overlap will provide a finer scale analysis of 

home range fidelity for comparison.   

 The area within an animal's home range is generally not used proportionally (Burt 

1943).  Accordingly, areas of concentrated use have been defined as core-use areas and 

the assumption is made that these areas contain more dependable resources than little 

used peripheral areas within the home range (Leuthold 1977).  Where core area resources 

become depleted, deer likely shifts patterns of concentrated use; however, while minor 

home range shifts have reported among female deer in response to resource availability 

(Byford 1970a), little is known about the annual dynamics of core-use areas within the 

38 



 

home ranges of adult males.   

 Until recently, male-biased harvests resulted in populations with very few mature 

(≥4.5 years of age) males (Miller and Marchinton 1995).  Subsequently, few studies have 

examined variation in spatial fidelity with age.  Home range fidelity likely improves 

recognition of competitors among males of all ages, thereby facilitating the establishment 

of clear dominant-subordinate roles and limiting costly agonistic interactions among 

unknown males (Logan and Sweanor 2001).  Alternatively, juvenile males may not form 

stable home ranges until 3 years or 4 years of age (Nelson and Mech 1984) which may be 

in response to agonistic interactions with dominant males (Shields 1987).  The goal of 

this study was to investigate annual home range and core area fidelity for juvenile (≤ 2.5 

years of age), adult (3.5-4.5 years of age), and mature (≥ 5.5 years of age) male white-

tailed deer in a population where greater than 50% of males were ≥3.5 years of age 

(Ditchkoff et al. 2000).  Our objective was to investigate the dynamics of deer space use 

by examining home range and core area overlap as well as center of activity shifts 

between annual home ranges and core use areas.  We additionally present results for 

comparison of home range and core area size between years and by age class as a 

framework for discussion of the spatial fidelity of male deer. 

   

STUDY AREA 

We collected data from the McAlester Army Ammunition Plant (McAAP) in 

southeastern Oklahoma, an 18,212 ha area that was operated under a quality deer 

management program since 1989 (Ditchkoff et al. 1996).  McAAP was an ammunition 
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storage and manufacturing plant, operated by the United States Department of Defense, 

where public access was limited (Ditchkoff et al. 1996).  Deer density at McAAP was 

estimated at 1 deer/ 6.67 ha, with an approximate sex ratio of 1 buck/1.5 does.  Forest 

cover at McAAP consisted of post oak (Quercus stellata) and blackjack oak (Quercus 

marilandica) uplands, interspersed with riparian drainages of water oak (Quercus nigra; 

Table 1).  In the uplands, post oak and blackjack oak formed plant associations with 

poison ivy (Toxicodendrus radicans), buckbrush (Ceanothus cuneatus), and greenbriar 

(Smilax bona-nox).  In riparian areas, spotted red oak (Quercus shumardii) and water oak 

combined with broadleaf uniola (Chasmanthium latifolium), and greenbriar. 

 

METHODS 

Capture and Handling 

We captured fifty-two sexually mature (≥1.5 years of age) male white-tailed deer using 

drop-nets between December 1994 and January 1997 on food plots baited with 

persimmons and whole corn.  We did not sedate deer after capture or during handling.  

We aged captured deer by tooth wear and eruption (Severinghaus 1949); however, visual 

inspection of body size and antler characteristics aided the process. We fitted captured 

deer with numbered ear tags and a radiocollar equipped with a 4-hour mortality sensor 

(Advanced Telemetry Systems; Isanti, Minnesota).  This research was approved by the 

Oklahoma State University Institutional Animal Care and Use Committee as protocol 

number 461. 
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Data Collection and Radiotelemetry 

From October-January of each year we located deer 3-4 times each week and once 

weekly from January-September.  To reduce sampling bias, we took locations at random 

throughout each 24 hour period (Beyer and Haufler 1994) from permanent telemetry 

stations.  We used a 3-element Yagi antenna and portable receiver to obtain ground-based 

telemetry readings, which we triangulated to obtain deer locations.  We obtained 

Universal Transverse Mercator (UTM) coordinates for each telemetry station using 

differentially-corrected global positioning system data (Geoexplorer, Trimble Navigation, 

Sunnydale, California).  We plotted bearings with a standard deviation of 2.49 degrees.  

We estimated UTM coordinates for each deer location using a modified White and 

Garrott (1990) program written using SAS (SAS Institute 1989). 

 

Home-Range Estimation  

We quantified 95% home ranges and 50% core-use areas using the fixed kernel home 

range estimator with least squares cross validation smoothing (Seaman et al. 1999) using 

the Animal Movement Extension (Hooge and Eichenlaub 1997) in ArcView 3.2 software.  

We used the reference bandwidth (href) when calculating the 95% and 50% probability 

contours and grid extent was auto-calculated.  The reference bandwidth is an estimate of 

the ideal bandwidth, assuming a bivariate normal distribution of locations (Silverman 

1986).  We calculated home ranges for individual deer with an average of 33 locations; 

however, the minimum number of locations used was 23.  Similar to Webb et al. (2007), 

annual home ranges were calculated from 1 October to 30 September for both years of  

41 



 

the study.  We divided adult males into 3 age classes for comparison: juvenile (≤ 2.5 

years-old); adult (3.5 - 4.5 years-old), and mature (≥5.5 years of age) after Ditchkoff et al. 

(2001).  Differences in home range and core area size between the age classes of male 

deer were compared using analysis of variance in SAS (SAS Institute 1989). 

 

Home Range Overlap 

We calculated percent home range overlap as: 










1
*100

A
OV  

where OV was equal to the area (ha) of overlap between sequential home range and A1 

was equal to area (ha) of the first years home range (Lesage et al. 2000, Cambell et al. 

2004).  We estimated percent core area overlap in the same manner.  Differences in home 

range and core area overlap between the age classes of male deer were compared using 

analysis of variance in SAS (SAS Institute 1989).    

 

Center of Activity Shifts  

We transferred annual home range and core area polygons and point coverages to ArcGIS 

9.2 and deleted all points outside of their respective polygons.  We used the resulting 

point coverages to test the null hypothesis that deer locations for home range and core use 

areas did not differ in center of activity between years.  Activity centers were defined as 

the bivariate median (Berry et al. 1984) for locations within each deer�s annual home 

range.  To examine center of activity shifts, we calculated the distance (m) between 

bivariate median centers of consecutive home range or core area distributions.  Mean  
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center of activity shifts were considered significant where they exceeded a threshold 

value.  The threshold value was calculated by multiplying the mean dispersion (mean 

distance between center of activity and each location) for locations from year 1 by 0.5 

(Plowman et al. 2006).  We compared dispersion estimates for consecutive home range 

areas for each deer using a paired t-test in SAS (SAS Institute 1989).  Differences in 

home range dispersion between the age classes of male deer were compared using 

analysis of variance in SAS (SAS Institute 1989).  We estimated annual differences in 

core area center of activity shifts in the same manner.    

    

RESULTS  

 

Home Range and Core Area Size - Mean ± SE hectares 

Male white-tailed exhibited few differences in home range or core area size by year or 

age class; however, mean core-use area tended to increase (T17 = 1.97; P = 0.065; Table 

1) from year 1 (75 ± 13) to year 2 (104 ± 15) for juvenile males.  Mature males also 

tended to exhibit larger (129 ± 36; F2, 46 = 1.55; P = 0.107) mean core areas during the 

first year of the study than did juvenile males.  The age classes did not differ in home 

range size (F2, 46 = 0.77; P ≥ 0.285) or core-use area (F2, 46 = 0.11; P ≥ 0.680) during the 

second year of the study. 

  

Home Range and Core Area Overlap 

Male deer exhibited a high degree of overlap between sequential home range boundaries,  
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ranging from a mean of 58% for mature males to 68% for adult males; however, core 

area overlap was substantially less, ranging from 36% for mature males to 50% for 

juveniles (Table 2).  Mean home range overlap (F2, 46 = 1.04; P ≥ 0.156) and mean core 

area overlap (F2, 46 = 0.72; P ≥ 0.238) did not differ by age class (Table 2).    

 

 

Center of Activity Shifts: Home Range - (Mean ± SE meters) 

At the home range scale, mean (630 ± 138) center of activity shifts tended to exceed 

mean (394 ± 30) threshold value for juvenile (T17 = 1.82; P = 0.086; Table 3) males.  

Adult males followed suite with mean (793 ± 131) center of activity shifts tending to 

exceed mean threshold value (460 ± 46; T19 = 2.01; P = 0.058); however, mean (892 ± 

198) center of activity shifts did not differ (T8 = 0.47; P = 0.650) from mean (499 ± 67) 

threshold values for mature males.  Additionally, mean center of activity shifts did not 

strongly differ (F2, 46 = 1.04; P ≥ 0.156) by age class. 

 

Center of Activity Shifts: Core Use - (Mean ± SE meters) 

At the core-use scale, mean (810 ± 199) center of activity shifts surpassed mean (272 ± 

65) threshold values for juvenile (T17 = 2.63; P = 0.002; Table 4) males.  Adult males 

were similar with mean (1,045 ± 235) center of activity shifts exceeding mean threshold 

value (309 ± 46; T19 = 3.52; P = 0.018) males.  Mean (742 ± 299) center of activity shifts 

also tended to exceed (T8 = 1.77; P = 0.116) mean (299 ± 71) threshold vales for mature 

males, but the difference was not strongly supported by the data.  Mean center of activity 
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shifts; however, did not differ (F2, 46 = 1.04; P ≥ 0.156) by age class.  

 

 

DISCUSSION 

 

We examined spatial fidelity among three age classes of sexually mature male white-

tailed deer via annual home range overlap and center of activity shifts.  Regardless of age 

class, male deer maintained home ranges consistent in size (Table 1) and with 

considerable overlap between years (Table 2).  Previous studies similarly reported a high 

percentage of overlap between annual home range boundaries for individual adult males 

(Tierson et al. 1985; Lesage et al. 2000; Webb et al. 2007), suggesting that bucks do not 

shift their home range areas among years.  The extent of landscape use throughout the 

lifetime of adult males has been defined by such overlap (Webb et al. 2007), having 

implications for deer management; however, we detected shifts in deer locations on an 

annual basis that were not reflected by spatial overlap between corresponding home range 

boundaries.  Independent of age class, male deer exhibited far smaller core areas and far 

less overlap between annual core area boundaries, which was reflected in the magnitude 

and significance of center of activity shifts.  Resources are thought to be more 

dependable within core areas (Leuthold 1977); however, if resources are concentrated 

and foraging activities result in depletion of those food sources, deer may shift space use 

to include areas with a greater abundance of forage.  Given the small size of core-use  
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areas exhibited by males in this study and the likelihood that deer spend most of their 

time within core areas (Burt 1943; Ewer 1968), major shifts in central tendency at the 

core-use scale likely influenced the spatial dynamics of individual home ranges.   

 Results suggest that following natal dispersal, male deer form small core-use 

areas that vary in location dependent on the temporal fluctuation in availability of 

resources.  Additionally, lack of spatial fidelity at the core-use scale likely influences 

shifts in the little used peripheral areas within deer home ranges; however, where home 

ranges are much larger than core-areas, the magnitude of shifts in central tendency at the 

core-use scale may not be great enough to alter home range overlap.  Furthermore, our 

results do not support the prediction that home range formation extends into adulthood 

for juvenile males.  The age classes varied little in home range size and core area as well 

as annual overlap at both scales.  Mature males did not exhibit significant shifts in central 

tendency between the years that they were monitored; however, this is likely a result of a 

low sample size as only nine mature males were present during both years of the study. 

 Studies involving the manipulation of habitat within deer core areas may shed 

additional light on influential factors contributing to the annual shifts in central tendency 

seen here.  Additionally, models which incorporate the internal dynamics in space use 

exhibited by male deer over time may be beneficial in determining the effective extent of 

landscape use over the lifetime of adult bucks. 
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MANAGEMENT IMPLICATIONS  

 

Managers should be skeptical of models which predict the size of properties needed to 

retain adult males throughout their lifetime based solely on temporal overlap at the home 

range scale.  While these models may provide an indication of susceptibility of adult 

males to harvest on neighboring properties, dynamics of space use at the core-use scale 

are likely more influential in the retention of male deer over time.  Within areas heavily 

used by male deer, attention should be paid to the concentration and quality of deer 

forage as better predictors of deer retention.     
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III. SPATIAL HETEROGENEITY AT VARYING SCALES: EFFECTS ON HOME 

RANGE SIZE IN MALE WHITE-TAILED DEER 

ABSTRACT 

The spatial arrangement of landscape features and their relation to home range size 

among white-tailed deer has yet to be examined.  Spatial heterogeneity is thought to have 

vital effects on many ecosystem processes and can be observed at multiple spatial extents 

or scales.  We describe relationships between a suite of landscape metrics, measured 

within varying radii (250, 500, 1000, 2000 and 3000 m) of home range centers, and home 

range sizes of male white-tailed deer (n = 72) in southeastern Oklahoma.  We 

additionally tested the hypothesis that a combination of landscape metrics, representing 

spatial heterogeneity, can explain variation in home range size among male white-tailed 

deer.  Deer exhibited mean home ranges of 643 ha and mean core areas of 112 ha.  

Results suggest that where habitat patches are small, highly diverse, and evenly 

distributed, male white-tailed deer have small home ranges.  Results also indicate that 

home ranges are small where edge density is high.  Our best model of spatial 

heterogeneity explained 28% of the variability in home ranges size at the 1000 meter 

scale, indicating that male deer perceive their environment at a spatial scale intermediate 

between mean home range and core-use areas.  These results highlight the importance of 

considering core areas when space by white-tailed deer is of interest. 
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Introduction 

 

Among many species, variation in home range size has been related to numerous factors 

including trophic level (Harestad and Bunnell 1979), reproductive status (Bertrand et al. 

1996), body size (Swihart et al. 1988), season (Nicholson et al. 1997), subspecies 

(Anderson and Wallmo 1984), and intra- (Riley and Dood 1984) and inter-specific 

competition (Loft et al. 1993).  Home range size in white-tailed deer (Odocoileus 

virginianus) has been related to factors including population density (Lesage et al. 2000), 

climate (Marchinton and Hirth 1984), forage and water availability (Severinhaus and 

Cheatum 1956; Byford 1970a ; Verme 1973; Vercauteran and Hygnstrom 1998), age 

(Hirth 1977; Nelson and Mech 1984; Leach and Edge 1994; Aycrigg and Porter 1997; 

Lesage 2000; Webb et al. 2007) and sex (Olson 1938, Michael 1965; Marchinton and 

Hirth 1984).  Despite numerous investigations of home range size among white-tailed 

deer, mechanisms behind such varied uses of habitats across landscapes are poorly 

understood (Nicholson et al. 1997).  Spatial heterogeneity, defined as complexity and 

variability in the structural properties of ecological systems (Li and Reynolds 1994), has 

recently been shown to influence home range size in mule deer (Odocoileus hemionus; 

Kie at al. 2002) and axis deer (Axis axis; Moe and Wegge 1994).  Spatial heterogeneity is 

thought to have vital effects on many ecosystem processes (Turner and Gardner 1991), 

which include predator�prey relationships (Pierce et al. 2000), population genetics (Good 

et al. 1997), epidemiology (Lloyd and May 1996), host�parasite relationships (Ives 

1995), interspecific competition (Pacala and Roughgarden 1982) and population 
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 dynamics (Henein et al. 1998).  However, the spatial arrangement of landscape features 

and their relation to home range size among white-tailed deer has yet to be examined.  

  Spatial heterogeneity can be observed at multiple spatial extents or scales (Kie et 

al. 2002), however, many ecological phenomena can be scale dependent (Saab 1999).  In 

order to determine how the size and configuration of habitat patches affects the 

distribution of animals, we must develop an understanding of how animals perceive and 

respond to variation in scale within their environments (Buechner 1989; Turner et al. 

1989; Wiens 1989; Wiens and Milne 1989; Kie et al. 2002).  Additionally, failing to 

select the correct scale for analysis of spatial data can lead to misinterpretations of 

biological data (Wiens 1989, Powell 1994, Bowyer et al. 1996). Consequently, the spatial 

extent at which spatial heterogeneity is defined and measured must be carefully 

considered (Kie et al. 2002).  

 In California, Kie et al. (2002) described relationships between numerous 

landscape metrics measured at four increasing spatial scales and the size of home ranges 

of female mule deer and black-tailed deer (Odocoileus hemionus), while additionally 

testing the hypothesis that a combination of landscape metrics representing spatial 

heterogeneity could explain much of the variability in home range size among deer.  

They found small home range size among female mule deer to be closely associated with 

fine-grained habitats (defined as those with an abundance of edge, irregularly-shaped 

habitat patches, and a high fractal dimension), which was similar to findings among axis 

deer (Moe and Wegge 1994).  White-tailed deer typically exhibit smaller home ranges 

than mule deer, particularly in the southeastern United States (Marchinton and Hirth 
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1984).  This may be in relation to a greater abundance of fine-grained habitats in the 

Southeast; however, variability in home range size among white-tailed deer based on 

these components has not been examined.   

 Kie at al. (2002) also found home ranges to be large where edge density was 

minimal and where similar habitat patches were poorly dispersed and interspersed.   

As a result of common usage, more so than scientific scrutiny, white-tailed deer are 

broadly considered to be an "edge species" (Guthery and Bingham 1992; Tufto et al. 

1996), and while Beier and McCullough (1990) suggested that small home range size in 

their study may have been a result of high interspersion of habitat types, no studies have 

specifically examined the relationship between these components and home range size in 

white-tailed deer.   

 Kie et al. (2002) additionally showed that a suite of landscape metrics, measured 

within a 2000 meter radius (1257 ha) of home range centers, explained 57% of the 

variability in home range size among female mule deer, indicating that characterization 

of landscape structure is more complex than simple interpretations of individual metrics.  

Their results also suggest that deer perceive the environment at scales greater than what 

they choose as a home range, as 94% of deer within their study inhabited home ranges 

well within this 2000 meter radius.     

 We follow the methodology of Kie et al. (2002) in describing relationships 

between a suite of landscape metrics, measured at increasing spatial scales, and home 

range size in male white-tailed deer at a study site in southeastern Oklahoma.  Kie et al. 

(2002) hypothesized that deer may perceive their environment at a scale greater than 
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2000 meters from the center of their home range; however, they were unable to test this 

hypothesis due to the limited size of their study areas.  We test this hypothesis by 

broadening our analysis to a 3000 meter scale, predicating that male deer, as the 

dispersing sex (Nixon et al. 1991), would perceive spatial heterogeneity at a scale greater 

than females.  We additionally predicted that home range size would be smaller where 

landscapes were composed of fine-grained habitats, and where edge density and 

interspersion of habitat patches was high.   

    

Study area 

We collected data from the McAlester Army Ammunition Plant (McAAP) in 

southeastern Oklahoma, an 18,212 ha area that was operated under a quality deer 

management program since 1989 (Ditchkoff et al. 1996).  McAAP was an ammunition 

storage and manufacturing plant, operated by the United States Department of Defense, 

where public access was limited (Ditchkoff et al. 1996).  Deer density at McAAP was 

estimated at 1 deer/ 6.67 ha, with an approximate sex ratio of 1 buck/1.5 does.  Forest 

cover at McAAP consisted of post oak (Quercus stellata) and blackjack oak (Quercus 

marilandica) uplands, interspersed with riparian drainages of water oak (Quercus nigra; 

Table 1).  In the uplands, post oak and blackjack oak formed plant associations with 

poison ivy (Toxicodendrus radicans), buckbrush (Ceanothus cuneatus), and greenbriar 

(Smilax bona-nox).  In riparian areas, spotted red oak (Quercus shumardii) and water oak 
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combined with broadleaf uniola (Chasmanthium latifolium), and greenbriar.   

 

Methods 

 

Capture and handling 

Fifty-two male (≥1.5 years of age) white-tailed deer were captured using drop-nets 

between December 1994 and January 1997 on food plots baited with persimmons and 

whole corn.  Deer were not sedated after capture or during handling.  Captured deer were 

aged by tooth wear and eruption (Severinghaus 1949) and fitted with numbered ear tags 

and a radiocollar equipped with a 4-hour mortality sensor (Advanced Telemetry Systems; 

Isanti, Minnesota, USA)   

 

Data collection and radiotelemetry 

From October-January of each year deer were located 3-4 times each week and once 

weekly from January-September.  To reduce sampling bias, locations were taken at 

random throughout each 24 hour period (Beyer and Haufler 1994).  A 3-element Yagi 

antenna and portable receiver were used to obtain ground-based telemetry readings from 

285 permanent telemetry stations.  Universal Transverse Mercator (UTM) coordinates 

were obtained for each telemetry station using differentially corrected global positioning 

system data (Geoexplorer; Trimble Navigation, Sunnydale, California).  UTM 

coordinates for each deer location were estimated using a modified White and Garrott 
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(1990) program written using SAS with a standard deviation of 2.49 degrees.   

 

Home-range analysis 

We quantified 95% home ranges and 50% core areas by fixed kernel analysis with least 

squares cross validation smoothing (Seaman et al. 1999) for deer with ≥20 locations 

using the Animal Movement Extension (Hooge and Eichenlaub 1997) in ArcView 3.2 

(ArcView 3.2; Redlands, California).   

 

Landscape classification 

A thirty meter resolution landsat image, multi-resolution merged into a habitat coverage 

of the state of Oklahoma, (USGS Biological Resources Division Gap Analysis Program; 

Scott et al. 1996) was clipped to the extent of the study area (ArcGIS 9.2; Redlands, 

California), and reclassified based on percent canopy closure (Table 2), defined by 

National Vegetation Classification System (NVCS) guidelines.   

 

Landscape analysis 

We delineated radii at 5 increasing scales (250, 500, 1000, 2000, and 3000 m) from the 

center (estimated as the mean X and Y coordinates) of deer home ranges.  The 

corresponding areas within each scale were 20, 79, 314, 1256, and 2826 ha, respectively.  

At each scale, we used the raster version of FRAGSTATS (McGarigal and Marks 1995), 

provided in the Patch Analyst extension (Rempel and Carr 2008) for ArcGIS 9.2, to  
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quantify 35 landscape metrics in relation to six categories related to spatial heterogeneity; 

(1) core area, (2) patch shape, (3) contagion/interspersion, (4) isolation/proximity, (5) 

area/density/edge, and (6) diversity (McGarigal and Marks 1995).  The eventual goal of 

defining spatial heterogeneity across landscapes is to establish relationships between 

these measure of landscape structure and accompanying ecological processes, such as 

home range size (Li and Reynolds 1994).   

 

Statistical analysis 

Following the methodology of Kie et al. (2002), we selected metrics to represent the six 

components of spatial heterogeneity described by McGarigal and Marks (1995) as 

individual variables in a multiple regression model with the natural log of home range 

size for each male deer as the dependent variable.  Prior to selecting individual variables 

from each category, we eliminated 16 metrics from consideration as many landscape 

metrics offered in FRAGSTATS are simple analogues of each other, or provide absolute 

or relative measures of the same component (McGarigal and Marks 1995).  From the 

remaining 19 metrics, individual variables were chosen based on the strength of simple 

Pearson correlation coefficients (r) among landscape metrics and the natural log of (n = 

72) male white-tailed deer home range sizes, using a step-down Bonferroni adjustment 

for experiment-wide error rate (Huang and Hsu 2007).  We used the natural log of home 

ranges as we found many landscape metrics to be nonlinearly related to home range size 

(Kie et al. 2002).   

 In multiple regression models tested at each spatial scale, patch diversity was 
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represented by a modified Simpson's evenness index (MSIEI); patch proximity by mean 

nearest neighbor (MNN); patch area by mean patch size (MPS); patch edge by edge 

density (ED); and patch shape by mean patch fractal dimension (MPFD).  We were 

unable to include a metric related to core area within our models as we found core area 

metrics to be closely associated with edge density.  We used multiple coefficients of 

variation (R2) and Akaike's Information Criterion (AIC) to examine model fit and overall 

explanatory power (Burnham and Anderson 1998), and additionally examined variation-

inflation factors to prevent multicollinearity from biasing our multiple regressions (SAS 

Institute 2003).  To test model validity, we created a null model at the 1000-m scale by 

randomly assigning home range sizes to our suite of landscape metrics.  We then 

reanalyzed our data.   

 

Results 

 

Home range size averaged 643 ± 59 ha for male deer within the study, while core areas 

average 112 ± 13 ha.  Increasingly throughout the three smaller spatial scales, where 

habitat diversity (MSIEI, modified Simpson's evenness index: range 0- ∞, value increases 

as the number of different patch types increase and the area among patch types becomes 

more equal) and abundance of edge (ED: m/100 ha) was high, the natural log of home 

range size (hereafter simply home range size) was small (Table 3).  Conversely, where 

mean patch size (MPS: ha) was large, home ranges were also large.  These relationships, 

however, began to decline at the 2000 meter scale and tended to not be significant at the  
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3000 meter scale.  Metrics related to patch shape (MSI, mean shape index; MPFD, mean 

patch fractal dimension), interspersion (IJI), and proximity (MNN, mean nearest 

neighbor: m) were not strongly correlated with home range size at any of the spatial 

scales. 

  Models of habitat heterogeneity at each scale varied in their ability to explain 

variation in home range size; however, overall model fit and explanatory power did not 

increase or decrease linearly throughout the five spatial scales (Table 4).  Models 

increased in explanatory power from the 250 meter scale (AIC = -65.74; R2 = 0.14; P = 

0.062) to peak at the 1000 meter scale (AIC = -78.55; R2 = 0.28; P < 0.001), and declined 

thereafter at the two largest scales.  The null model created by randomly assigning home 

range sizes to the suite of landscape metrics at the 1000 meter scale was not significant (P 

= 0.498; R2 = 0.06; AIC = -59.16). 

  

Discussion 

  

Fine-grained habitats, defined as those with small irregularly-shaped patches, and a high 

fractal dimension, have been shown to be correlated with small home range size in mule 

deer (Kie et al. 2002) and axis deer (Axis axis; Moe and Wegge 1994).  We predicted 

home range size in male white-tailed would be similarly related to fine-grained habitats.  

Our results suggest this to partially be true, as at most spatial scales home range size was 

large where mean patch size (MPS) was large; however, the shape of patches (MSI) and 

their fractal dimension (MPFD) was not strongly correlated with home range size at any 
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spatial scale.  In addition, contrary to our prediction, home range size was not strongly 

correlated with interspersion (IJI) of habitat types, although home range size was small 

where habitat patches were diverse and evenly distributed (MSIEI), with the key 

difference between the metrics being the number of diverse habitats present within the 

landscape.  We interpret these results to indicate that where diversity of habitat patches is 

low, despite high interspersion, or where patches are large, deer must travel further to 

meet their life requisites, similar to where habitat patches are clumped in distribution or 

poorly interspersed.  Conversely, where habitat patches are small, highly diverse, and 

evenly distributed, deer do not have to move far when disturbed or when resources 

become depleted.  Accordingly, where densities of white-tailed deer exceed desirable 

levels (e.g., interfering with forest regeneration plans or contributing to vehicle 

collisions), densities may be lowered by providing large blocks of homogeneous habitat.   

 From the time when Leopold (1951) first illustrated the concept of edge, it has 

become a central tenet of wildlife ecology, more so out of common usage rather than 

scientific scrutiny (Guthery and Bingham 1992).  This statement particularly holds true in 

the case of white-tailed deer (Tufto et al. 1996).  Our results indicate that deer exhibit 

smaller home ranges where edge density is high; however, we suggest that this may not 

always be the case for populations of white-tailed deer, as a high amount of edge does not 

necessarily equate to habitat quality, especially where some habitats are of little 

importance to deer (i.e old forest).  The usefulness of habitats for deer should be taken 

into account before the assumption is made that landscapes with high amounts of edge 
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will benefit managed populations. 

 Kie et al. (2002) hypothesized that female mule deer may perceive spatial 

heterogeneity at scales broader than 2000 meters from the center of their home ranges, 

based on an increasing trend in the ability of their models of spatial heterogeneity to 

explain variation in home range size with spatial scale.  Our results, however, are not 

consistent with this hypothesis, as our best model explained a maximum of 28% of the 

variability in home range sizes of males at the 1000 meter scale.  The 1000 meter scale 

represents an area of 314 ha, while the mean home range size for deer within the study 

was 643 ha with mean core area being 122 ha.  This suggests that male white-tailed deer 

may perceive potential habitats at scales intermediate between what they eventually 

choose as a home range and what they choose as a core area.  It is generally accepted that 

the area within an animal's home range is not used equally (Bert 1943), with the 

assumption that core-use areas contain more dependable resources than less frequently 

used peripheral areas within the home range (Leuthold 1977).  Likewise, Holtfreter et al. 

(2008) found that shifts in central tendency at the core-use scale, among male white-

tailed deer, influenced the spatial dynamics of individual home ranges, more so than 

shifts at the home range scale.  Our results suggest that deer may choose core areas based 

on their perception of spatial heterogeneity at finer scales than home range size dictates, 

indicating that analysis of 95% home range areas may not represent the ecology of the 

species. 

If deer are unable to perceive spatial heterogeneity at scales equivalent to home 

range areas, the analysis of habitat selection within the home range may be biased by 
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overestimating the spatial extent at which deer perceive their environment and thus the 

availability of habitat to deer.  Rather, deer may be establishing home ranges in a fashion 

that allows them the flexibility to shift their core use areas as resources or needs change 

over time.  If this is the case, it would suggest that an improved understanding of how 

deer perceive the environment would require incorporating core use data into analyses.  

We suggest that when space use by white-tailed deer is of interest in management 

objectives or research studies, either the primary scale for consideration should be core 

areas or analyses should incorporate both home range and core area data. 

   Additional research is needed to determine if land-management practices that 

influence landscape characteristics have an effect on home range size in white-tailed 

deer.  Further analysis is needed to clarify the relationship between deer home range size 

and spatial heterogeneity at varying spatial scales.  Specifically, landscape pattern 

analysis may be useful in identifying inherent relationships between spatial heterogeneity 

at various scales.  The use of resource selection functions to quantify habitat selection at 

increasing spatial scales may also provide additional insight into variation in the size of 

deer home ranges.   
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