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CHAPTER I 

INTRODUCTION 

Crockett County, Texas, borders the Trans Pecos region and has been considered 

desert mule deer (Odocoileus hemionus eremicus) habitat, but white-tailed deer 

{Odocoileus virginianus) have been increasing in number and distribution throughout this 

region (Wallmo 1978, Rollins 1989). Despite apparent differences in habitat preferences 

(Krausman and Abies 1981, Geist 1998), these 2 species are sympatric throughout much 

of their range (Kramer 1973, Hanley and Hanley 1982, Stubblefield et al. 1986, Wiggers 

and Beasom 1986, Elenowitz and Humphreys 1989, Rollins 1989, Derr 1991, Geist 

1998), although little is known about their spatial and temporal interactions (Kramer 

1973). Sympatry was believed possible due to a lack of competition due to minimal use 

of common resources (Allen 1968). However, in Arizona both species actively compete 

for resources in the same area and competitive exclusion may eliminate white-tailed deer 

in the San Cayetano Mountains (Anthony 1972, Anthony and Smith 1977). Species that 

use the same resources cannot exist together for long without one competitively 

excluding the other (Gause 1934, Schoener 1982). 

Lack of fire and continued heavy grazing by livestock (i.e., cattle and sheep) 

throughout the Edwards Plateau, Texas has perpetuated increases in woody cover (Amos 

and Gehlback 1988). The increase of woody vegetation on short grass prairie and 

changes in landscape management have increased habitat for white-tailed deer since 1950 

(Cantu and Richardson 1997, Hart and Hart 1997). 



Sympatric use of an area by both deer species raises questions of how to manage 

deer habitat. Some habitat studies suggest that mule deer and white-tailed deer have 

evolved sympatrically, therefore there is limited overlap in diet and an expression of 

avoidance mannerisms when coexisting (Martinka 1968, Kramer 1973, Baker 1984, Geist 

1998). 

Use of geographical information systems (GIS) for modeling potential available 

habitat and interactions between different wildlife species is increasing (Rushton et al. 

1997, Mack et al. 1997, Cardillo et al. 1999). Use of satellite imagery to measure percent 

plant cover is an accurate method for determining aerial coverage for some vegetation 

types (Simmons et al. 1992, Haines-Young 1992). Use of GIS and satellite imagery to 

predict habitats may assist in quantifying available habitat for ungulate species (Johnson 

1990, Simmons et al. 1992, Moody and Woodcock 1995, With 1997). Remote sensing 

can be used to delineate habitat, species richness, distribution, and landscape boundaries 

and many other landscape features (Pearce 1991, Homer et al. 1993, Metzger and Muller 

1996, Cardillo et al. 1999, Estrada-Pefia 1999). 

Use of satellite imagery to separate habitats utilized by sympatric species has not 

been reported. Satellite imagery in wildlife management may improve the capability of 

field biologists to quantify habitat abundance and quality over larger spatial scales than 

previously possible (Donovan et al 1987, Pereira and Itami 1991, Buckland and Elston 

1993, Mladenoff et al. 1995, Garcia and Armbruster 1997, Knick and Dyer 1997). 

My objective was to determine landscape and ecological parameters that serve as 

spatial separators between desert mule deer and white-tailed deer. My goal was to 



develop recommendations that landowners could use to manage habitats for botii deer 

species, 

I separated the analysis into two separate chapters. Chapter II investigates 

landscape separation considering ecological parameters that serve as spatial separators 

between desert mule deer and white-tailed deer. The predictions I tested were as follows: 

(1) mule deer use steeper slopes than white-tailed deer; (2) desert mule deer occur at 

higher elevations than white-tailed deer; (3) there were no differences between 

topography selected by desert mule deer and white-tailed deer; and (4) habitats used b> 

white-tailed deer had greater shrub densities (plants >1 m) than habitats used by desert 

mule deer. 

Chapter III considers landscape separation based on signature classifications of 

satellite imagery. I tested two predictions with classified data. First, areas with different 

vegetation structure will project different pixel signatures. Second, habitat used by desert 

mule deer will possess different pixel signatures than the habitat used by white-tailed 

deer. 
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CHAPTER II 

HABITAT RELATIONSHIPS BETWEEN SYMPATRIC 
MULE AND WHITE-TAILED DEER 

Abstract 

Desert mule deer {Odocoileus hemionus eremicus) and white-tailed deer 

{Odocoileus virginianus) overlap in distributions in south-central, Texas. Managers need 

to know effective methods of managing for both deer species throughout this region. 

During winter, spring, and summer 1999 and 2000,1 recorded locations of sympatric 

mule and white-tailed deer to determine habitat use differences between deer species. 

Three hundred seventy nine mule deer and white-tailed deer locations were measured for 

biotic and abiotic landscape parameters. Standardized coefficients of the discriminate 

fimction analysis (DFA) indicated that slope and percent shmb cover contributed most to 

explaining variation between the two deer species (p <0.05). Bedded deer locations were 

the most discriminated behavior type for all DFA models. Density of shmbs and slope 

were the most important variables used to describe habitat preference by either deer 

species. Mean shmb cover used by mule deer for bed sites was 754 cm/2,000 cm (95% 

CI = 623 to 884; n = 37), while mean shmb cover for white-tailed deer was 1,077 

cni/2,000 cm (95% CI = 923 to 1230; n = 31). Mean percent slope used by mule and 

white-tailed deer for bed sites was 9.2 (95% CI = 6.2 to 12.3; n = 37), and 2.9 (95% CI = 

2.0 to 3.7; n = 31), respectively. The same habitat parameters also discriminated 

locations between deer species for moving and browsing for 1999 and 2000. 



Introduction 

Distribution and abundance of desert mule deer {Odocoileus hemionus eremicus) 

in North America has fluctuated since European settlement (Wallmo 1981). Historically, 

desert mule deer distribution in Texas included the Trans Pecos, a large portion of the 

Edwards Plateau and the panhandle region (Cantu and Richardson 1997). Average 

annual number of mule deer occupying the Trans Pecos region of Texas from 1978 to 

1988 was 186,300 (i.e., 90% of the Texas mule deer population [Rollins 1989]). Crockett 

County, Texas borders the Trans Pecos and includes habitat for desert mule deer, but 

Texas white-tailed deer {Odocoileus virginianus texanus) have been increasing in number 

and distribution throughout this region (Wallmo 1978. Rollins 1989). 

High canyons, bluffs, and slopes with dense vegetation have been described as 

exclusive habitat for white-tailed deer, whereas open, rolling, desert foothills and flats 

provided habitats for desert mule deer (Krausman and Abies 1981, Geist 1998). Despite 

apparent differences in habitat preferences, these 2 species are sympatric throughout 

much of their range (Kramer 1973, Hanley and Hanley 1982, Stubblefield et al. 1986, 

Wiggers and Beasom 1986, Elenowitz and Humphreys 1989, Rollins 1989, Derr 1991, 

Geist 1998). However, little is known about their spatial and temporal interactions 

(Kramer 1973). 

Topography and behavior were the most obvious mechanisms separating deer 

species in Big Bend National Park, Texas (Krausman and Abies 1981), but others (Allen 

1968) mled out competition between the species due to minimal use of common 

resources. However, both species actively competed for resources in the same area and 

competitive exclusion may eliminate white-tailed deer in the San Cayetano Mountains, 



Arizona (Anthony 1972). Species that use the same resources cannot exist together for 

long without one competitively excluding the other (i.e., Gause Principle [Gause 1934, 

Schoener 1974, Schoener 1982]). 

Mystemd and Ims (1998) postulated differences between sympatric species such 

as spatial arrangement and temporal trade-off were often ignored as possible forms of 

interactions. Spatial and temporal resource partitioning must occur for multiple species 

to coexist (Caughley and Sinclair 1994, Morrison et al, 1998). Topography was an 

obvious mechanism separating deer species in Big Bend National Park, but behavioral 

interactions were not mled out (Krausman and Abies 1981). In an association index 

created by Krausman and Abies (1981), desert mule deer and white-tailed deer displayed 

temporal avoidance mannerisms. In addition, avoidance between deer species was found 

to occur when in close proximity (< 23 m) to one another (Kramer 1973). Despite 

avoidance mannerisms displayed by both species, mule and white-tailed deer are 

frequently found in similar habitats (Anthony 1972, Kramer 1972, Kramer 1973. 

Anthony and Smith 1977, Krausman and Abies 1981, Wiggers and Beasom 1986, Geist 

1998). 

Habitat use is also influenced by predators (Schoener 1982, Werner et al. 1983). 

Presence and variety of predators can affect interspecific interactions between sympatric 

species. Geist (1998) described anti-predator strategies as distinctly different between 

mule deer and white-tailed deer. Mule deer evolved to avoid predators by locating 

incoming predators at longer distances and using bounding slots to leap over vegetation 

and landscape barriers (Geist 1981). Conversely, white-tailed deer require open spaces 

with few obstacles to out run predators (Sparrow and Springer 1970. Geist 1998), but 



they also use areas of higher density cover (Kramer 1972, Krausman and Abies 1981) 

and avoid being seen except at dawn and dusk (Geist 1998). Desert mule deer prefer 

areas with <50% woody cover and abandon areas once woody cover exceeds 75% 

(Wiggers and Beasom 1986). In contrast white-tailed deer prefer >50% woody cover 

with highest density populations occurring in areas with an average of 63% woody cover 

(Wiggers et al. 1983). Desert mule deer used mountainous vegetation communities on 

slopes >10% for the majority of the year and males preferred more open terrain (Ordway 

and Krausman 1986). 

Land use by livestock can also influence habitat use by wildlife (Geist 1998, Loft 

et al, 1987, Loft et al, 1991, Kie et al. 1991). The diet of most livestock has direct 

overlap with deer (Richardson 1992). Deer are not good competitors for available 

resources when competing with domestic livestock or some forms of wildlife (Geist 

1998). Domestic and wild herbivores affect deer at varying levels based on intensity of 

competition for resources (Loft et al. 1987), Lack of fire and continued heavy grazing 

throughout the Edwards Plateau, Texas, has perpetuated increases in woody cover 

(Wiggers et al. 1983, Amos and Gehlback 1988). The increase of woody vegetation on 

short grass prairie has increased habitat for white-tailed deer (Wiggers et al. 1983, Hart 

and Hart 1997). 

Increase in woody vegetation, and changes in landscape management may be the 

cause of increasing white-tailed deer numbers since 1950 (Cantu and Richardson 1997). 

hi Crockett County, woody vegetation has been increasing for several decades (F. 

Harwell, Texas Parks and Wildlife, pers. commun.) and landowners would like to know 

how to maintain both deer species. 
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I hypothesize that desert mule deer utilize different habitats from white-tailed deer 

because of differing escape methods. My objective was to determine landscape and 

ecological parameters that serve as spatial separators between desert mule deer and 

white-tailed deer. The predictions I tested were as follows: (1) mule deer utilize steeper 

slopes than white-tailed deer; (2) desert mule deer utilized higher elevations than white-

tailed deer; and (3) habitats used by white-tailed deer had greater shmb densities (plants 

>1 m) than habitats used by desert mule deer. My goal was to develop recommendations 

that landovmers could use to manage habitats for both deer species. 

Studv Area 

I conducted this study in the northwestem comer of Crockett County, Texas on 4 

ranches: Parker (4,451 ha), Andy Smith (4,618 ha), ATA (16,592 ha), and Shannon 

(West unit [4,856 ha] and Hershey unit [2,023 ha]). Ranches were spatially contiguous 

although land use pattems differed. Domestic livestock included cattle, sheep, and 

horses. Oil production was a major source of revenue from each of the ranches. Hunting 

was allowed throughout the study site, however, mule deer harvests were more heavily 

restrictive than those of white-tailed deer (M. Humphrey, Texas Parks and Wildlife, pers. 

commun.) because mule deer are not as productive as white-tailed deer (McCullough 

1987). 

Elevations in the study area ranged from 700 m to 915 m with the Pecos River 

serving as the southem perimeter of the study site. Most topography was in the 

southwest portion of the study area decreasing to open flat areas to the north. The closest 

weather station was the National Climatic Data Center in Big Lake, Texas recording 



average rainfall at 48.8 cm annually. A majority of the annual rainfall was received from 

April through October with winter months receiving 10 cm from November through 

March. Water was available throughout the study area from water troughs provided for 

domestic livestock. 

County road 208 north from highway 190 comprised the westem boundaries of 

the study area. Highway 190 served as a connective southem border where the Pecos 

River crosses the highway. The northem boundary was the north end of the ATA and 

Andy Smith ranches. Vegetation ranged from Juniper {Juniperus spp.) grasslands in the 

highest elevations, mesquite {Prosopis spp.) and mixed shmb in the lower drainage areas, 

and tarbush {Flourencia cernua) in the open flats of the north and south portions. I used 

10 vegetation associations to classify the study area; mesquite/juniper, juniper, hackberry 

{Celtis spp,)/mixed shmbs, tarbush/mesquite, juniper/yucca {Yucca spp,), mesquite/mixed 

shmbs, juniper/mixed shmbs, mesquite/prickly pear {Opuntia spp.), tarbush/mixed 

shmbs, and mixed stand (no dominant woody plants). 

Methods 

I measured 5 habitat parameters in an attempt to determine habitat use differences 

between mule deer and white-tailed deer: slope, elevation, aspect, density of woody cover 

and vegetation association. I measured density and composition of woody cover by 

measuring the size and distance to the closest plants >1 m in height, using the 1 -square 

sampling procedure (Besag and Cleavers 1973), and by randomly determining direction 

and measuring vegetation along a 20-m point transect line. 

12 



I located and visually observed deer from horse, foot, and vehicle. I visually 

located deer primarily during crepuscular periods. During these periods, animals were 

more active (Geist 1998) and more easily located when moving. Each deer location was 

classified and deer were described as browsing, moving or bedded. Search routes were 

determined by selecting roads or trails that were representative of vegetative and 

landscape differences occurring on each ranch. 

To determine vegetation associated with each deer location, the closest woody 

plant (>1 m) to each deer location was recorded by species, height, canopy diameter, and 

each site was classified by vegetation association. I used an independent two-sample T-

test to determine differences in distance from deer to plant or difference in plant size 

between deer species in 1999. Density of woody cover was measured using T-square 

sampling procedures (Besag and Cleavers 1973). In 1999, a single estimate of plant 

density was determined for each species. In 2000, plant density estimates were 

determined by measuring 3 T-square procedures per deer location. The first T-square 

location was selected by randomly determining direction and measuring 10-m away from 

each deer location. The second and third locations were separated by 120 degrees from 

the first sample. These samples were used to represent woody cover surrounding the area 

where the deer was located (by collecting multiple samples from each location, mean 

densities of woody plants can be determined for each area [Besag and Cleavers 1973]). 1 

placed a 20-m line intercept transect randomly bisecting the location of each deer to 

determine percent ground cover of forbs, grasses and shmbs (Higgins et al. 1994). 

Number of deer, species, distance to nearest road, and age classes of animals (adult/ sub-

adult) were also recorded when deer were observed. 

13 



I recorded locations using a handheld geographic positioning system (GPS, 

Trimblell®). Each location was differentially corrected, using Pathfinder © program and 

base station files from Texas Tech University and Texas Department of Transportation, 

to provide elevation and universal transverse mercator (UTM) coordinates. Slope and 

aspect were determined at each deer location using a hand-held clinometer and compass, 

respectively. I recorded all permanent water sources, roads, and stmctures using UTM 

coordinates. I used ARC/INFO and ARC/VIEW © geographic information system (GIS) 

software to determine the distance from each deer location to nearest water and road. 

We captured desert mule deer and white-tailed deer with net-guns (Krausman et 

al. 1985) in Febmary 2000, Captured deer were selected randomly to obtain a 

representative sample of both white-tailed and desert mule deer population. Each deer 

was fitted with a Telonics © transmitter (Mesa, Arizona). During 2000,1 used 

radiocollared animals to relocate individuals by direct observation. I hiked or used horses 

to triangulate and approach animals in an attempt to obtain visual locations. 

I used discriminant fimction analysis (DFA) to create a model explaining habitat 

use variation between deer species. Discriminant function analysis can be used to 

determine niche overlap, resource partitioning, and habitat selection (Williams 1981, 

Bovmian and Robitaille 1997). I used Wilks' Lambda to describe percent variation 

explained by each variable, and the F statistic was set at P< 0.05 to enter the model 

(Bowman and Robitaille 1997). I analyzed samples by combining and separating animal 

activity (i.e., bedded, moving, or browsing). Because of the possible differences in 

locations during different activities and between years, I analyzed data pooled and 

separately for 1999 and 2000, I did not separate sexes due to the difficulty of identifying 
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males from females during a large part of our sampling season. To avoid multi-

coUinearity, I constmcted a correlation matrix including each of the aforementioned 

variables. Variables that were highly correlated were removed from each model, unless 

little biologically meaning was found for the correlation, in which case they were allowed 

to remain in the model. 

Results 

In 1999,1 measured 92 white-tailed locations and 170 mule deer locations. In 

2000, 80 radiocollared individuals (40 mule deer and 40 white-tailed deer) were 

monitored. I recorded 75 mule deer and 42 white-tailed deer locations in 2000. An 

additional 254 deer locations were recorded of deer in flight (used to determine general 

presence/absence pattems for both species throughout the study area). The original 379 

locations (n = 262 in 1999; n = 117 in 2000) were used for habitat analyses. Sixty-nine 

of these were bedded deer, 46 were browsing, and 264 were moving (non-startled). 

There were 245 mule deer and 134 white-tailed deer locations. 

When data were combined for both years, there was no difference between deer 

species in distance (m) of mule or white-tailed deer to nearest tree (t = -0.2191; df = 283; 

P = 0.8266), Mean distance from white-tailed deer to nearest tree was 2.4 m (95% CI = 

2.2 m to 2.7 m; n = 145), while mule deer mean distance was 2.4 m (95% CI = 2.2 m to 

2.6 m; n = 112), However, there was a difference (t = -2,829; df = 283, P = .0050) 

between size of tree found closest to white-tailed deer versus those found closest to mule 

deer. Mean shmb/tree area (diameter X height) found closest to mule deer was 3.9 m^ 

15 



(95% CI = 3.5 to 4,4; n = 145) versus 5.7 m^ (95% CI = 4,8 to 7,1; n = 112) for white-

tailed deer. 

Standardized coefficients of the discriminate fimction analysis indicated that slope 

and presence of shmbs contributed most to explaining variation between the two deer 

species. Mule and white-tailed deer habitat use pattems could be discriminated (Wilks' 

lambda = 0,817; F = 13,39; df = 1, 265; P< 0,01) on the basis of a linear combination of 

the following 5 weighted variables: slope, presence of shmbs, presence of forbs, presence 

of grass, and vegetation classification. Of these 5 variables, percent slope was most 

important, explaining 14% of variation between sites used by mule deer and white-tailed 

deer. Mean percent slope used by mule deer was 8,6 % (n = 239; SD = 8.99), while mean 

percent slope utilized by white-tailed deer was 4.0 % (n = 128; SD = 5.40) (Table 2.1). 

Vegetation classes recorded at each location, presence of shmbs, forbs, and grass were all 

significant and were included in the model (Table 2.2). 

Bedded locations most easily discriminated deer locations between species. With 

a linear combination of 4 variables included in the model, 30% of all variation was 

explained by the discriminant function model (Table 2.3). Percent slope and density of 

shmbs explained 27% of the variation in habitat use between the 2 deer species. Percent 

cover of shmbs was the first variable included in the model (Table 2.3). Mean shmb 

cover used by mule deer for bed sites was 754 cni/2000 cm (95% CI = 623 to 884; n = 

37), while mean shmb cover for white-tailed deer was 1,077 cm/2,000 cm (95% CI = 923 

to 1230; n = 31) (Table 2.4). Mean percent slope used by mule deer for bed sites was 9.2 

(95% CI = 6.2 to 12.3; n = 37), while mean percent slope for white-tailed deer was 2.9 
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(95% CI = 2.0 to 3.7; n = 31) (Table 2.4) with both percent of grass and percent of forbs 

also included in the model (Table 2.3). 

Browsing and moving deer locations could also be used to discriminate habitat 

use between deer species locations, but different variables were included, and less 

variation between species was explained. For browsing locations only 2 variables 

entered the model at the P < 0,05 level (Table 2,5), Cover of shmbs explained >23% of 

all the variation between deer species locations (Wilks' Lambda = 0,7674; F = 4,35; df = 

1, 31; P = 0.01), When browsing, mule deer used lower cover of shmbs (mean = 428 

cm/2,000 cm; 95% CI = 327 to 529; n = 30), while white-tailed deer utilized higher cover 

of shmbs (mean = 752 cm/2000 cm; 95% CI = 453 to 952; n = 16) (Table 2.6). 

Moving locations explained less variation between habitat use by each deer 

species than other behavior types. Three variables were included in the model (Table 

2.7). Percent forbs, percent slope, and percent grass (Wilks' Lambda = 0.8798; F = 4.62; 

df = 1, 166; P = 0.03) explained nearly 13% of the variation between locations of the 2 

deer species. 

Finally, I analyzed data by each year. For each year, only 2 variables were 

included in the model at the P = 0.05 level, but 4 variables were included at the P = 0.1 

level (to provide the best description of the variation between years these variables were 

included). For 1999, mule deer and white-tailed deer habitat use could be discriminated 

by including presence of forbs, aspect, presence of grass, and slope (Table 2.8). Despite 

all 4 variables being included in the model, only 14% of the variation between deer 

species could be explained with this model (Wilks' Lambda = 0.8651: F = 4.54; df = 1, 

154; P = 0.09). For 2000 data (n = 112), 4 variables were also included in the model with 
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only one variable being shared between years. Presence of forbs at deer locations was 

significant in both years. In 2000, presence of shmbs, percent slope, and vegetation 

classification were included in the model (Table 2.9) explaining > 30% of all the 

variation between deer species (Wilks' Lambda = 0.6938; F = 10.02; df = 1, 104; P = 

0.09). Elevation, number of deer in a group, distance to closest shmb (>1 m), distance to 

closest road, and distance to closest permanent water were not included in any of the 

models at the P = 0.10 level. 

Discussion 

Mule deer used habitat with less vegetation cover and steeper slopes than did 

white-tailed deer within my study area. Every model I examined discriminated mule deer 

and white-tailed deer locations using different combinations of variables, but all included 

% shmb cover, percent slope and/or % forb cover. When results were separated by 

activity, bedded deer locations exhibited the largest differences between deer species. 

TuU (1997) found that mule deer selection of bed sites was dependant on thermal cover 

during summer, but that thermal cover was less important during autumn and winter. 

Most white-tailed bed sites were located on relatively high elevation slopes. Percent 

overhead cover was the most important variable for white-tailed deer bed sites in Ontario, 

Canada (Armstrong et al. 1983). 

Locations of moving deer explained less variation between species, but included 

more significant variables in the DFA model. Cover of forbs, slope and cover of grass 

were all included in the model. White-tailed deer used areas with greater cover of 

grasses, and twice the cover of forbs as that observed at mule deer locations. Mule deer 
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used slopes in excess of 8%, while white-tailed deer utilized lower relief at an average 

slope of 4%. 

I suggest that years of average or above average precipitation might have an effect 

on habitat use by both deer species. I would expect less segregation during periods of 

severe drought, because both species may use resources outside their preferred habitat 

areas. Diets have been described as similar between the two deer species (Kramer 1972, 

Mackie 1981, Geist 1998), but no studies have examined the influence of competition 

and drought on diets of sympatric deer populations. During 1998, 1999 and 2000 the 

study area received, 28, 30 and 33 cm of rainfall, respectively, while the average for that 

area was 49. Years of low precipitation have been correlated with low productivity in 

white-tailed deer, while desert mule deer were less affected (Brown 1984, Smith 1984). 

Therefore, my study results may only be applicable to drought periods in this area. 

Data collected during 2000 produced more significant differences between 

variables selected by the 2 deer species. Furthermore, the order variables were included 

in the models differed between years. The only measurement of woody species cover 

that was included in both of the DFA models was line intercept percent woody cover. 

Percent woody cover was greater for white-tailed locations than mule deer locations. Of 

6 models created to describe differences between deer species, percent woody cover was 

included in every model, except data from 1999 and moving locations. For all other 

models, percent woody cover was an important variable that discriminated habitat use 

between deer species. 

Schroder and Rosenzweig (1975) suggested species overlap in patchy 

environments might not be indicative of habitat selection, but rather movement through 
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an area. For this reason, locations of moving animals should not be considered as 

important as locations of bedded or browsing animals. In 1999, locations were collected 

almost exclusively from vehicles, due to time and monetary constraints, and 76% of deer 

locations were of moving animals, hi 2000, using radiocollars, I was able to concentrate 

on different activities increasing the number of bedded and browsing locations and 

moving locations comprised only 39% of my data. Methods used to collect data may be 

one source of variation between years during my study rather than actual differences in 

habitat partitioning. Because of improved ability to locate animals by behavior, I believe 

data collected during 2000 were more representative of habitat use between species. 

Habitat selection differences between white-tailed deer and mule deer vary from 

region to region (Geist 1998). Throughout most of their range, topographic relief has 

been suggested as the most important feature separating the 2 species. I found that 

vegetative stmcture played a more important role in habitat partitioning than topography. 

In fact, elevation was the least important variable in this study, but the most important in 

Krausman and Ables's study (1981). However, little is known about resource 

partitioning when both species exist in a relatively uniform topographic area. 

In this study area, terrain offered only moderate topographic relief compared to 

that found in Big Bend National Park, Texas. This difference in topography might 

explain the homogeneous habitat use I found by both species compared to that found by 

Krausman and Abies in Big Bend National Park (1981). However, the remaining 

variation of habitat partitioning becomes more difficult to explain in relatively small 

homogeneous areas. 
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In this area, mule deer were more commonly found on relatively steep slopes with 

moderate to sparse vegetative cover, while white-tailed deer were most commonly found 

in flatter areas witii increased vegetative cover. Predator avoidance by mule deer requires 

spotting predators from greater distances and using this distance to avoid entrapment 

(Geist 1998). White-tailed deer conversely use dense areas to hide, thus requiring less 

visibility and more complete vegetative cover for escape (Geist 1998). 

During my study only 9 sightings of bobcats {Lynx rufus) were recorded (Avey, 

unpublished data). Despite their potential presence, no coyote {Canis latrans), mountain 

lion {Puma concolor), or black bear {Ursus americanus) sightings were ever recorded 

during this study. Frequent trapping, aerial gunning and hunting limited numbers of 

predators throughout the area (Avey, unpublished data). Lack of predators might explain 

lack of inter-specific competition between species (Schoener 1982, Wemer et al. 1983) 

allowing both to sympatrically utilize this area without exhibiting avoidance mannerisms 

exhibited between mule deer and white-tailed deer elsewhere (Kramer 1973). 

Management Implications 

For managers to have an effect on populations of either species, they must 

understand habitat associations between deer species. In this study, habitat appeared 

adequate for both species to coexist (i.e,, 1 mule deer per 42.5 ha, and 1 white-tailed deer 

per 40 ha; total density 1 deer per 20.2 ha; J. Avey, unpublished data). 

Based on my findings and the literature, if land managers want to maintain both 

deer species several habitat management actions may be necessary. On relatively steep 

slopes managers should maintain lower percent woody cover and encourage native forb 
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growth. In lower drainages, managers should maintain higher percent woody species 

cover (> 50%) and encourage intermittent grass growth in the remaining areas. 

Documentation of species interaction combined with complete predator 

population data could also explain a lack of species segregation in specific areas. To 

duplicate this habitat elsewhere, managers should consider the continuity of surrounding 

habitats, density of predator populations, presence of topographic relief, and potential for 

continued habitat improvements over extended periods of time. 

One continuous habitat feature among all models was the preference of slope by 

mule deer. Thus, when managing for both deer species, managers should target areas 

with a variety of topographic relief Furthermore, vegetation associations could be 

manipulated to provide habitat for either species dependant on management objectives. 
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Table 2.1, Means, standard deviations, and p-values of variables 
sampled at all locations combined for both mule and white-tailed 
deer in Crocket County, Texas during 1999 and 2000. 

Variable 

Slope (%) 
Forbs (cm) 
Elevation (m) 
Shurbs (cm) 
Grass (cm) 
No. deer 

Mean 

8.56 
112.92 
798.95 
533.49 
300.54 

2.09 

Mule deer 
01: = 244) 

SD 

8.99 
176.45 
51.31 

373.40 
202.25 

1.23 

White-tailed deer 

Mean 

4.00 
215.4 

779.14 
674.03 
312.07 

2.12 

(N = = 135) 
SD 

5.38 
322.02 
54.25 

500.79 
293.79 

1.28 

P-value 

2.64E-07 
0.0001 
0.0006 
0.002 
0.663 
0.852 

Table 2.2. Habitat variables that differentiated mule and white-
tailed deer locations when all behavior activities (i.e., bedded, 
moving and browsing) were pooled based on canonical 
discriminant fimction analysis (DFA), in Crockett County, 
Texas during 1999 and 2000. 

Variable 

Slope 
Vegetation 

class 
Shrubs 
Forbs 
Grass 
Aspect 
Elevation 

Wilks' 
Lambda 

0.802 
0812 

0.818 
0.802 
0.796 
0781 
0.779 

Wilks' Lambda: .7747 

Discriminant 
Function 

-0.476 
-0,457 

0.561 
0,419 
0,380 
-0.230 
-0.169 

P-level 

3.46E-05 
0.004 

0.0002 
0.003 
0.008 
0146 
0.210 

1-Toler. 
R squared 

0.336 

0.028 

0.242 
0.142 
0189 
0.327 
0.071 
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Table 2.3. Habitat and biological variables that differentiated mule 
and white-tailed deer bedded locations, based on canonical 
discriminant fimction analysis (DFA), in Crockett County Texas 
during 1999 and 2000. 

Variable 

Shrubs 
Slope 
Grass 
Forbs 
Elevation 
Aspect 
No. deer 

Wilks' 
Lambda 

0.79 
0.73 
0.72 
0.70 
0.68 
0.67 
0.67 

Wilks' Lambda: .66372 

Discriminant 
Function 

-0.937 
0.626 

-0618 
-0.434 
0.366 

-0312 
-0.252 

p-level 

O001 
0.020 
0.036 
0.075 
0162 
0.257 
0.300 

1-Tolerance 
R-Squared 

0.444 
0.277 
0.390 
0.096 
0.204 
0.273 
0.069 

Table. 2.4. Means, standard deviations, and p-values of habitat 
characteristics for bedded mule and white-tailed deer during 1999 and 
2000 in Crockett County, Texas. 

Variable 

Elevation (m) 
Slope (%) 
Shurbs (cm) 
Forbs (cm) 
No. deer 
Grass (cm) 

Mule deer 
(N = 37) 
Mean 

814.66 
9.24 

754.20 
45.28 

2.16 
191.08 

SD 

55.42 
11.06 

463.62 
71.19 

1.48 
146.54 

White-tailed deer 
(N-

Mean 

764.83 
2.87 

1077.76 
138.96 

2.00 
168.10 

= 31) 
SD 

58.38 
2.77 

502.74 
278.57 

0.77 
242.79 

P-value 

0.0006 
0.002 
0.008 
0.059 
0.584 
0.642 
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Table 2.5. Habitat variables that differentiated mule and white-
tailed deer browsing locations, based on standardized coefficients 
for canonical variables in the discriminant function analysis 
(DFA), in Crockett County, Texas during 1999 and 2000. 

Wilks' Lambda: .64029 

Variable 

Slope 
Shrubs 
Forbs 
Elevation 

Wilks' 
Lambda 

0.69 
0.76 
0.68 
0.66 

Discriminant 
Function 

O501 
-0.797 
-0.517 
0.361 

P-level 1-Tolerance. 
(R-Squared.) 

0102 
O018 
0161 
0.261 

0.071 
0.275 
0.354 
0133 

Table 2.6, Means, standard deviations, and p-values of habitat and 
biological characteristics for browsing mule and white-tailed deer 
during 1999 and 2000 in Crockett County, Texas, 

Variable 

Aspect 
Elevation (m) 
Shurbs (cm) 
Slope (%) 
No. deer 
Forbs (cm) 
Vegetation 

class 
Grass (cm) 
Forbs (cm) 

Mule deer 
(N = 30) 
Mean 

102.25 
792.03 
428.46 

8.97 
2.47 

153.61 
102.93 

286.79 
153.61 

SD 

1.17 
43.01 

318.01 
9.65 
1.20 

307.08 
1.68 

217.48 
307.08 

White-tailed deer 

Mean 

101.29 
752.07 
703.29 

4.40 
2.00 

252.07 
103.13 

270.71 
252.07 

(N = 32) 
SD 

0.83 
52.98 

555.90 
7.48 
1.63 

312.65 
2.00 

220.39 
312.65 

P-value 

0.009 
0.009 
0.047 
0117 
0.273 
0.336 
0.725 

0.823 
0.336 
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Table 2,7, Habitat variables that differentiated mule and white-tailed 
deer moving locations, based on standardized coefficients for 
canonical variables in the discriminant function analysis (DFA), in 
Crockett County, Texas during 1999 and 2000, 

Variable 

Forbs 
Slope 
Grass 
Aspect 
Shrubs 

Wilks' 
Lambda 

0.89 
0.88 
0.87 
0.86 
0.86 

Wilks' Lambda: .85738 

Discriminant 
Function 

-0.550 
0.342 

-0.431 
-0.486 
-0.262 

P-level 

0.005 
O010 
0.038 
0.125 
0132 

1-Tolerance. 
(R-Squared.) 

0.088 
0216 
0.100 
0139 
0155 

Table 2,8, Habitat variables that differentiated mule and white-
tailed deer locations when all behavior activities (i.e., bedded, 
moving and browsing) were pooled, based on standardized 
coefficients for canonical variables in the discriminant function 
analysis (DFA), in Crockett County, Texas during 1999. 

Variable 

Forbs 
Aspect 
Grass 
Slope 
Vegetation 

class 
Shrubs 

Wilks' 
Lambda 

0.89 
0.87 
0.87 
0.87 
0.86 

0.85 

Wilks' Lambda: .84970 

Discriminant 
Function 

-0.623 
0.444 

-0.394 
0.410 
0.359 

-0.272 

P-level 

0.006 
0.065 
0.091 
0.096 
0104 

0.243 

1-Tolerance. 
(R-Squared.) 

0.193 
0.261 
0.211 
0.292 
0.118 

0.204 
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Table 2.9. Habitat variables that differentiated mule and white-
tailed deer locations when all behavior activities (i.e., bedded, 
moving and browsing) were pooled, based on standardized 
coefficients for canonical variables in the discriminant fimction 
analysis (DFA), in Crockett County, Texas during 2000. 

Variables 

Shurbs 
Slope 
Forbs 
Vegetation 

class 
Grass 

Wilks' 
Lambda 

0.84 
0.77 
0.70 
0.69 

0.68 

Wilks' Lambda: .67496 

Discriminant 
Function 

0.867 
-0.622 
0.331 

-0.292 

0.200 

P-level 

1.83E-06 
0.0002 
0.072 
0.091 

0.299 

1-Tolerance. 
(R-Squared.) 

0192 
0.006 
0138 
0.024 

0.201 
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CHAPTER III 

USE OF SATELLITE IMAGERY TO DETERMINE 
HABITAT VARL\BILITY BETWEEN SYMPATRIC 

MULE AND WHITE-TAILED DEER IN SOUTH CENTRAL 

Abstract 

I used Landsat 6 Thematic Mapper (TM) data to separate habitats used by mule 

and white-tailed deer coexisting in Crockett County, Texas in 1999 and 2000. Mule deer 

and white-tailed deer utilized habitats disproportionately to availability in both supervised 

and unsupervised classifications. Despite an overall difference in use versus availability, 

supervised classifications exhibited no individual vegetation class being selected or 

avoided (p > 0.05) by mule or white-tailed deer. I did detect selection or avoidance for 3 

vegetation classes within the unsupervised classification. Nevertheless, classes were used 

the same by both deer species. Increased spatial image resolution is recommended for 

evaluating habitat for sympatric species. 

Introduction 

Use of geographical information systems (GIS) and satellite imagery to predict 

habitats may assist in quantifying available habitat for ungulate species (Johnson 1990, 

Simmons et al, 1992, Moody and Woodcock 1995, With 1997). Use of GIS for modeling 

potential available habitat and interactions among different wildlife species is increasing 

(Mack et al, 1997, Rushton et al, 1997, Cardillo et al, 1999). Satellite imagery is 

considered an accurate method for classification and measurement of vegetation 

(Simmons et al. 1992, Haines-Young 1992) and spectral signatures from satellite images 

can be used to classify cover types (Iverson et al. 1989). However, variations within 
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vegetative associations are difficult to classify and typography is not well represented as 

a landscape feature (Metzger and Muller 1996). Recent studies investigating 

effectiveness of satellite imagery to map vegetative stmcture indicate that the broader the 

vegetative community the more accurate the classification. Conversely, the more finite 

the vegetation association the less likely the classifications will be accurate (M. 

Kunzman, United States Geological Service, pers. commun.). 

Many studies have used GIS and satellite imagery to create predictive models of 

distribution and specific habitats for individual species (Hodgson 1988, Breininger et al. 

1991, Ferguson 1991, Buckland and Elston 1993, Andries et al. 1994, Austin et al. 1996, 

Hara and Seiki 1996, Bian and West 1997, Beard et al. 1999). Landscape, and 

environmental features can be used in GIS and remote sensing models to predict potential 

wildlife habitat (Agee et al. 1989, Pereira and Itami 1991, Herr and Queen 1993, 

Roseberry et al. 1994, Verlinden and Masago 1997). Remote sensing can be used to 

delineate habitat, species richness, distribution, landscape boundaries and many other 

landscape features (Pearce 1990, Homer et al. 1993, Metzger and Muller 1996, Cardillo 

et al. 1999, Estrada-Peiia 1999). However, vegetation mapping and modeling using GIS 

is difficult and frequently inaccurate (Pearce 1990, Metzger and Muller 1996), Davis and 

Goetz (1990) created a model for determining habitat suitability for live oak {Quercus 

agrifolia), but found that their model incorrectly classified 79% of the area where live 

oak occured. Conversely, Homer et al, (1993) accurately created a model predicting 

suitable habitat for sage grouse {Centrocercus urophasianus) in Utah. Despite difficulty 

creating accurate models, GIS and remote sensing models can be used to determine 

habitat availability for single species and possibly partitioning among species. 
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Supervised and unsupervised classifications are the most common methods for 

separating vegetation types using satellite imagery (Matthews 1991, Pearce 1990). 

ERDAS IMAGINE uses an ISODATA algorithm to generate unsupervised classifications 

(Smith and Brown 1997). Unsupervised classifications use arbitrary cluster means of 

available spectral signatures to generate the maximum number of classes allowed (Smith 

and Brown 1997), Conversely, supervised classifications represent recognized pattems 

from ground data that the computer can be trained to identify throughout the image 

(Smith and Brovm 1997), 

Knowledge about the distribution and habitat of animals is a basic requirement for 

creating effective management plans (Austin et al. 1996). In areas where species have 

historically been mutually exclusive it is important to understand what ecological or 

landscape parameters separate them. For animals that have large home ranges or occupy 

remote areas, it is difficult to acquire basic distribution information and species 

interactions (Austin et al. 1996), For these cases, remote sensing is more easily used to 

create predictive models for animal presence and use of areas (Austin et al. 1996). 

Human influenced landscape features (i.e., water, roads, stmctures, and habitat 

destmction) can also effect habitat selection by animals (Herr and Queen 1993, 

Rosenstock et al, 1999), Mule deer {Odocoileus hemionus eremicus) move greater 

distances from permanent water (Hervert and Krausman 1986) than would be required to 

cross an average white-tailed deer's {Odocoileus virginianus) home range, in Texas 

(Marchinton and Hirth 1984), In Arizona, Coues white-tailed deer {O. v. couesi) avoided 

areas > 1,2 km from available water sources (Ockenfels et al, 1991). 
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Diets have been described as similar between mule and white-tailed deer (Kramer 

1972, Mackie 1981, Geist 1998), but no studies have examined the influence of 

competition and drought on diets of sympatric deer populations. Years of low 

precipitation have been correlated with low productivity in white-tailed deer, while desert 

mule deer are less affected (Brown 1984, Smith 1984). I suggest that years of average or 

above average precipitation might have an effect on habitat use by both deer species. 

Use of satellite imagery to separate habitats utilized by two sympatric species has 

not been conducted. Satellite imagery in wildlife management may improve the 

capability of field biologists to quantify habitat abundance and quality over larger spatial 

scales than previously possible (Donovan et al. 1988, Pereira and Itami 1991, Buckland 

and Elston 1993, Mladenoff et al. 1995, Garcia and Armbmster 1997, Knick and Dyer 

1997). This study will evaluate the effectiveness of satellite imagery to discriminate 

between habitats utilized by white-tailed deer and mule deer. 

I hypothesized habitats used by desert mule deer would possess different spectral 

signatures than habitats used by white-tailed deer. I examined habitat use by each deer 

species in relation to habitat availability based upon vegetation maps generated from 

satellite imagery and vegetation sampling. Lastly, I hypothesized that water availability 

was an important determinant of the distribution of each deer species. I tested the 

prediction that desert mule deer would occur farther away from available water than 

white-tailed deer. 
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Studv Area 

I conducted this study in the northwestem comer of Crockett County, Texas on 4 

ranches: Parker (4,451 ha), Andy Smith (4,618 ha), ATA (16,592 ha), and Shannon 

(West unit [4,856 ha] and Hershey unit [2,023 ha]). Ranches were spatially contiguous 

although land use pattems differed. Domestic livestock included cattle, sheep, and 

horses. Oil production was a major source of revenue from each of the ranches. Hunting 

was allowed throughout the study site, however, mule deer harvests were more heavily 

restrictive than those of white-tailed deer (M. Humphrey, Texas Parks and Wildlife, pers. 

commun.) because mule deer are not as productive as white-tailed deer (McCullough 

1987). 

Elevations in the study area ranged from 700 m to 915 m with the Pecos River 

serving as the southem perimeter of the study site. Most topography was in the 

southwest portion of the study area decreasing to open flat areas to the north. The closest 

weather station was the National Climatic Data Center in Big Lake, Texas recording 

average rainfall at 48.8 cm annually. A majority of the armual rainfall was received from 

April through October with winter months receiving 10 cm from November through 

March. Water was available throughout the study area from water troughs provided for 

domestic livestock. 

County road 208 north from highway 190 comprised the westem boundaries of 

the study area. Highway 190 served as a cormective southem border where the Pecos 

River crosses the highway. The northem boundary was the north end of the ATA and 

Andy Smith ranches. Vegetation ranged from Juniper {Juniperus spp.) grasslands in the 

highest elevations, mesquite {Prosopis spp.) and mixed shmb in the lower drainage areas, 
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and tarbush {Flourensia cernua) in the open flats of the north and south portions. I used 

10 vegetation associations to classify the study area; mesquite /juniper, juniper, hackberry 

{Celtis spp.)/mixed shmbs, tarbush/mesquite, juniper/yucca {Yucca spp.), mesquite/mixed 

shmbs, juniper/mixed shmbs, mesquite/prickly pear {Opuntia spp.), tarbush/mixed 

shmbs, and mixed stand (no dominant woody plants). 

Methods 

Landsat 6 Thematic Mapper (TM) data acqufred in 1995 was obtained from the 

Texas Cooperative Fish and Wildlife Research Unit at Texas Tech University. 

Aforementioned imagery appeared to provide the best spatial and spectral resolution 

(0.09 ha,/30 m pixels) of satellite data available for a habitat assessment. The perimeter 

of each ranch was flown on 6 January 1999 and recorded with GPS to determine exact 

boundaries. Line files were recorded, differentially corrected and converted into 

ARC/ESfFO coverages. Flights were contracted through Concho Aviation INC, and 

flown in a 2-seat Robinson helicopter. Flights were conducted < 100 m over existing 

fence lines and roads. These coverages were overlaid on the TM data to delineate the 

entire study area. 

We captured desert mule deer and white-tailed deer with net-guns (Krausman et 

al. 1985) in Febmary 2000. Deer were selected randomly to obtain a representative 

sample of both the white-tailed and desert mule deer population. Each deer was fitted 

with a Telonics © transmitter. During 2000,1 used radiocollared animals to relocate 

individuals. This was different from the 1999 season where I was required to search for 
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non-transmittered animals, I hiked or used horses to triangulate and approach animals in 

an attempt to obtain visual locations 

Visual observation (assisted with radiotelemetry in 2000) was the only method 

used for determining deer locations, I located deer from horse, foot, and vehicle. 

Because only non-startled deer locations were used to differentiate habitat use between 

the 2 species, search efforts were concentrated during crepuscular periods. During these 

periods animals were more active (Geist 1998) and more easily located when moving. 

Because of increased activity, crepuscular periods produced more locations per unit 

effort. Both years and deer activities such as bedded, standing and moving locations 

were combined when locations were interpreted with GIS, Search routes were 

determined by selecting roads or trails that appeared representative of vegetative and 

landscape differences occurring on each ranch. Because mule deer are more conspicuous 

than white-tailed deer and prefer more open vegetation (Geist 1998), distance from roads 

was an important environmental factor. To investigate any bias in sampling procedure 

between mule and white-tailed deer I compared distances from deer locations to the 

nearest road. 

To determine if habitat use by mule deer or white-tailed deer could be identified, 

ARC/INFO and ERDAS IMAGINE programs were used for digital image enhancement 

and classification. Vegetation was recorded at each deer location by primary and 

secondary plant species. Thirty-eight possible vegetative classes were generated. 

Distance estimates were determined from each deer location to the closest water and the 

closest road using ARC/VIEW Spatial Analyst. These distances were determined by 

spatially joining coverages using ARC/VIEW Geoprocessing Wizard. 
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Vegetative classes were determined based on ocular estimates of dominant and 

secondary vegetation abundance. Each deer location (UTM) was used as a marker to 

delineate a vegetation class for that location. All deer locations < 50 m from an existing 

road, and 100 m from permanent water were excluded from analysis because of signature 

variability. After the pixel was determined, the signature was expanded using Seed 

Properties of the ERDAS IMAGINE program. This allowed me to increase the Spectral 

Euclidiean Distance (standardized at 5 for each location) within the signature. Increased 

Spectral Euclidean Distance allows a greater percentage of pixels into each class, which 

increases statistical variation of the signature (Smith and Brown 1997), These locations 

were then averaged in the Signature Editor to produce a single signature representing a 

vegetation class. This process was duplicated for all vegetation classes represented by > 

15 locations. Ten vegetation classes met these criteria, the remaining 32 vegetative 

classes were lumped into the aforementioned existing classes. 

Once all unique vegetative class signatures had been recorded, a supervised 

classification was conducted to separate all pixels in the image into one of the 10 

vegetation classes, A second unsupervised model was generated with 10 unsupervised 

classes to compare to the vegetation classes in the supervised model. The unsupervised 

classification separated the image by automatically generating signatures, using the 

ISODATA algorithm (Smith and Brown 1997), categorizing each pixel into a 

predetermined number of naturally occurring classes (Mathews 1991). Ten unsupervised 

classes were selected to compare to the 10 from ground-tmthed samples. Mathews 

(1991) suggested the optimal number of classes for image interpretation was between 10 

and 20. 
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Once known vegetation had been used to conduct a supervised classification, the 

image was transferred as a grid into ARC/VIEW where known vegetation locations were 

overlaid onto supervised and unsupervised classifications. Study area coverages were 

then overlaid on the satellite image to provide area boundaries for calculating the 

proportion of each vegetation class within the study area. 

For both supervised and unsupervised classifications, mule and white-tailed deer 

locations were overlaid on separate vegetation classes and the total number of deer 

locations within each vegetation class was determined. Chi-square analysis was 

conducted to determine use versus availability of vegetation for both classifications (Neu 

et al. 1974), For each chi-square test with a significant T statistic, a Bonferroni normal 

statistic was used to calculate confidence intervals (Conover 1980), Using this technique, 

each vegetation class being selected or avoided by mule or white-tailed deer could be 

differentiated. 

Results 

In 1999 I measured 92 white-tailed locations and 170 mule deer locations. In 

2000, 80 radiocollared individuals were monitored: 40 mule deer and 40 white-tailed 

deer, I recorded 75 mule deer and 42 white-tailed deer locations. An additional 254 deer 

locations were recorded of deer in flight (used to determine general presence/absence 

pattems for both species throughout the study area). The original 379 locations (n = 262 

in 1999; n = 117 in 2000) were used for habitat analyses. There were 76 known 

pennanent water sources on the study site (Fig 3.1), There was no difference (P = 0.89) 

between average distance to water from mule deer locations and those from white-tailed 

40 



deer locations. Average distance from mule deer to water was 1,253 m (Fig 3.2), while 

average distance from white-tailed deer to water was 1,264 m (Fig 3.3), Both deer were 

similarly distributed (X^= 2,53, 8 df, p > 0,25). More than 100 roads were recorded and 

buffered to determine distances (Fig. 3.4). There was no difference (P = 0.54) between 

distances mule and white-tailed deer were found from existing roads. Average distances 

for mule and white-tailed deer to the nearest road were 610 m (Fig. 3.5) and 566 m (Fig. 

3.6), respectively. 

Three hundred sixty-one samples were used to represent 10 vegetative classes 

with sufficient samples to enter supervised classifications (Fig. 3.7). With supervised 

classifications more than 70% of the entire study area fell into juniper/yucca and 

juniper/mixed shrub (Table 3.1), while no unsupervised class exceeded 17% of the 

available study area (Table 3.2). 

Mule deer and white-tailed deer utilized habitats disproportionately to availability 

in both supervised and unsupervised classifications (Tables 3.3, 3.4, 3.5 and 3.6). 

Despite an overall difference in use versus availability, using supervised classification no 

individual vegetation class was selected or avoided (p > 0.05) by mule or white-tailed 

deer (Tables 3.3 and 3.4). Conversely, using unsupervised classification class 10 was 

used in greater proportion to availability and class 3 was avoided (Tables 3.5 and 3.6). 

Class 4 was also avoided by white-tailed deer, but not by mule deer (Table 3.5 and 3.6). 

Discussion 

Average distance and distribution of both deer species from water was similar. 

Many factors might have contributed to the overlap of distance distributions between deer 

41 



species. There is debate in the literature on whether deer need free-standing water. 

White-tailed deer appear to need water more than mule deer, but both species will use it 

if available (Rosenstock et al. 1999), Water was abundant on my study site and was used 

by both species. To determine if water influenced deer distribution and habitat use in this 

sympatric deer population, it would be necessary to manipulate the distribution of water, 

which was beyond the scope of my study. 

Because most of my data during 1999 were collected from roads during 

crepuscular time periods I was concemed that perhaps deer locations and activity pattems 

may have been biased by my data collection methods. However, since both deer species 

were located similar distances from roads this was probably not a factor in this study. 

Both white-tailed and mule deer did not use vegetation in relation to availability 

for both supervised and unsupervised classification. However, I could only determine 

selection or avoidance for 3 vegetation classes within the unsupervised classifications. 

Vegetation classes that were selected disproportionately to availability appeared to be 

adjacent to available water (Pecos River) and in heavily vegetated riparian areas 

(referenced from known locations). Furthermore, the least vegetated region of the study 

area was avoided by both species. 

Decreasing scale in which habitats are surveyed inversely impacts the accuracy of 

identifying specific habitat types (Hen- and Queen 1993). Studies investigating the 

ability to accurately identify vegetation and habitat types suggested unacceptable levels 

of variation when trying to identify specific vegetation at small scales (Mayer 1984). 

Kunzman (unpublished data) suggested there was a linear relationship between broadness 

of vegetation classification and accuracy of remote sensing models. Mayer (1984:101) 
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defined remote sensing as "..the process of acquiring information about a subject without 

actually coming into contact with it," Although the ground measurements I collected at 

each deer location increased the amount of information about each site, they also 

decreased the scale to which I could compare with the vegetation classes. 

The greatest impact to the effectiveness of remote sensing to explain deer habitat 

use between deer species in my study appeared to be a lack of measurable stmctural 

differences in habitats used by the two species (data presented in Chapter 1), Hodgson et 

al, (1988) reported a similar finding for wood stork {Mycteria americanan) foraging sites. 

Broad scale, unsupervised habitat classifications coupled with ground-tmthing may allow 

identification of potential deer habitat over large geographic areas in regions where deer 

species do not overlap. Regions similar to my study area would be considered peripheral 

habitat for both species, potentially predicting habitat overlap areas. 

Because I found limited differences in vegetation associations used by each deer 

species (Chapter 2) it was not surprising that remote sensing did not result in 

distinguishing habitat differences for each species. The next step if satellite imagery and 

remote sensing were to be used to separate sympatric deer species would be to include 

higher resolution spatial data and a wider array of secondary database attributes to more 

succinctly define habitat type at a landscape level. However, even this resolution may 

not explain spatial and temporal differences between deer species in sympatric areas. 

High canyons, bluffs, and slopes with dense vegetation have been considered 

exclusive habitat for white-tailed deer, whereas open, rolling, desert foothills and flats 

were exclusive for desert mule deer (Krausman and Abies 1981, Geist 1998). Despite 

apparent differences in habitat preferences, tiiese 2 species are sympatric throughout 
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much of their range (Kramer 1973, Hanley 1982, Stubblefield et al. 1986, Wiggers and 

Beasom 1986, Elenowitz and Humphreys 1989, Rollms 1989, Derr 1991, Geist 1998), 

although little is known about their spatial and temporal interactions (Kramer 1973). 

Topography and behavior were the most obvious mechanisms separating deer 

species in Big Bend National Park, Texas (Krausman and Abies 1981), but others (Allen 

1968) ruled out competition between the species due to minimal use of common 

resources. However, both species actively competed for resources in the same area and 

competitive exclusion may eliminate white-tailed deer in the San Cayetano Mountains, 

Arizona (Anthony 1972). Species that use the same resources cannot exist together for 

long without one competitively excluding the other (i.e., Gause Principle [Gause 1934, 

Schoener 1982]). 

Environmental factors can also impact the habitat use pattems of deer species 

(Rosenstock et al, 1999). During 1998, 1999 and 2000 the study area received, 28, 30 

and 33 cm of rainfall respectively, while the average for that area was 49 cm. Years of 

low precipitation have been correlated with low productivity in white-tailed deer, while 

desert mule deer were less affected (Brovm 1984, Smith 1984). Therefore, my study 

results may only be applicable to drought periods in this area. 

Management Implications 

The use of satellite imagery to differentiate habitat between sympatric species 

should be carefully considered before any project is started. Spatial resolution (pixel 

size) may have contributed to the difficulty of separating individual vegetation classes 

between deer species. Using a higher resolution image (decreased pixel size) could 
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provide increased information about ground differences that could then be used to 

delineate potential habitat variations. Nevertheless, limited habitat variability between 

sympatric species could render satellite imagery inadequate for separating deer habitat in 

this area. 

For managers to effectively use TM imagery for habitat evaluations, broad scale 

objectives should be the focus of classification efforts. Using available resources, micro-

site management using satellite imagery is not reasonable or cost effective when studying 

habitat for sympatric species. Investigating habitat variability across animal distributions 

is more likely to provide new insight into habitat selection and variability among species. 
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Figure 3.1. Example of buffer zones generated around known 
permanent water sources. Each water was surrounded by a 3 km 
buffer used to determine distance of deer locations to the closest 
permanent water within the Crocket County, Texas study area during 
1999 and 2000. Each contour line represents 100 m, and each color 
represents 500 m. 

* Each point represents a deer location. 

46 



to 
.o 
o 
o 
o 

<=0 (500,1000] (1500,2000] (2500,3000] > 3500 
(0,500] (1000,1500] (2000,2500] (3000,3500] 

DISTANCE 

Figure 3.2. Distribution of mule deer locations (all activities 
combined) in relation to distance from permanent water sources in 
Crocket County, Texas during 1999 and 2000. 
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Figure 3.3. Distribution of white-tailed locations (all activities 
combined) in relation to distance from permanent water sources 
in Crocket County, Texas during 1999 and 2000. 
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Figure 3.4. Distribution of roads and 3 km buffer zones within the 
Crocket County, Texas deer study area during 1999 and 2000. Each line 
represents 100 m, and each color change represents 600 m. 
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Figure 3.5. Distribution of white-tailed deer locations in 
relation to distances from closest road in Crocket County, 
Texas during 1999 and 2000. 
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Figure 3.6. Distribution of mule deer locations in relation 
to distances from closest road in Crocket County, Texas 
during 1999 and 2000. 
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Figure 3.7. Supervised classification of 10 vegetative classes 
in relation to mule and white-tailed deer locations in the 
Crocket County, Texas deer study area during 1999 and 2000 
(mule deer and white-tailed deer locations are represented by 
white and red points, respectively). 
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Table 3.1, Composition of 10 vegetative classes based upon 
supervised classification of Landsat imagery in the Crocket 
County, Texas deer study area during 1999 and 2000. 

Class ID 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Total 

Supervised vegetation 
classes 

Mesquite/Juniper 
Mesquite/Prickly Pear 
Mesquite/mixed shmbs 
Juniper 
Juniper/Yucca 
Juniper/mixed shrubs 
Tarbush/Mesquite 
Tarbush/mixed shrubs 
Even stand mixed shrubs 
Hackberry/mixed shrubs 
NA 

Area (meters) 

99900 
748800 
5739300 
30202200 
117795600 
116544600 
45999000 
11022300 
1793700 
357300 
330302700 

Percent o f total 
area 

<1 
2.27 
1.74 
9.14 

35.66 
35.28 
13.93 
3.34 
<1 
<1 
100 

Table 3.2. Composition of 10 vegetative classes based 
upon unsupervised classification of Landsat imagery in 
the Crocket County, Texas deer study area during 1999 
and 2000. 

Class ID 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Total 

Unsupervised Vegetation 
Classes 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

NA 

1 Area (meters) 

8082000 
23440500 
42471900 
26480700 
57366000 
43542000 
41982300 
45585900 
33637500 
7713900 
330302700 

Percent o f 
total area 

2 
7 

13 
8 

17 
14 
13 
14 
10 
2 

100.0 

* computer generated vegetation classes, no known vegetation association 
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Table 3.3. Occurrence of mule deer in relation to 10 supervised vegetation 
classes in Crockett County Texas, 1999 and 2000. Where habitat use differed 
from availability selected habitats were denoted by a plus sign and avoided 
habitats by a minus sign. 

Vegetation 
class 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Total 
;i'^=19.7;df 

Percent 
available 

vegetation 

0.00 
0.02 
0.02 
0.09 
0.35 
0.34 
0.14 
0.03 
0.01 
0.00 
1.00 

mule 
deer 
per 

class 

0 
0 
3 
15 
59 
80 
41 
12 
3 
0 
213 

= 9;P= 16.92 

Percentage used 
by mule deer 
per vegetation 

0 
0 
0.01 
0.07 
0.28 
0.38 
0.19 
0.06 
0.01 
0 
1.00 

class 
(P.) 

Expected 
number of 
mule deer 

0 
4 
4 
19 
75 
73 
30 
6 
2 
0 
213 

Confidence 
interval on 

proportion of 
occurrence (pi) 

0 
0 

0.009 < p3 < 0.030 
0.021 <p4<0.119 
0.194 <p5< 0.366 
0.280 < p6 < 0.470 
0.114 <p7< 0.266 
0.014 <p8< 0.106 
0.009 < p9 < 0.030 

0 
NA 

Selection 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Table 3,4. Occurrence of white-tailed deer in relation to 10 supervised 
vegetation classes in Crockett County Texas, 1999 and 2000, Where 
habitat use differed from availability selected habitats were denoted by a 
plus sign and avoided habitats by a minus sign. 

Vegetation 
class 

1 
2 
3 
4 
5 
6 
7 
g 
9 
10 
Total 
X' = 25;df= 

Percent 
available 

vegetation 

0.00 
0.02 
0.02 
0.09 
0.35 
0.34 
0.14 
0.03 
0.01 
0.00 
1.00 

9;P= 16.92 

White-
tailed 

deer per 
class 

0 
0 
5 
10 
26 
42 
28 
8 
2 
0 
121 

Percentage 
deer/ 

0 
0 
0.04 
0.08 
0.22 
0.35 
0.23 
0.06 
0.02 
0 
1.0 

of 
vegetation 
class 
(Pi) 

Expected 
number of 

white-
tailed deer 
0 
2 
2 
11 
43 
41 
17 
4 
1 
0 
121 

Confidence interval 

on proportion of 
occurrence (pi) 

0 
0 

-0.010 <p3< 0.058 
0.011 <p4< 0.149 
0.114 <p5< 0.326 
0.228 < P6 < 0.472 
0.123 <p7< 0.338 
-0.001 <p8< 0.121 
-0.016 <p9< 0.056 

0 
NA 

Selection 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Table 3.5, Occurrence of white-tailed deer in relation to 10 supervised 
vegetation classes in Crockett County Texas, 1999 and 2000. Where 
habitat use differed from availability selected habitats were denoted by a 
plus sign and avoided habitats by a minus sign. 

Vegetation 

Class 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Total 

Percent 
available 

vegetation 

0.02 
0.07 
0.13 
0.08 
0.17 
0.14 
0.13 
0.14 
0.10 
0.02 
1.000 

White-
tailed 

deer per 
class 

5 
10 
8 
5 
12 
15 
13 
29 
15 
9 
121 

Percentage of 
deer/ 

vegetation 
class 
(p.) 

0.04 
0.08 
0.07 
0.04 
0.10 
0.13 
0.11 
0.24 
0.12 
0.07 
1.0 

Expected 
number of 

white-
tailed deer 

2 
8 
16 
10 
21 
17 
16 
17 
12 
2 
121 

Confidence interval 
on proportion of 
occurrence (pi) 

-0.010 < p i < 0.058 
0.01 l < p 2 < 0.149 
0.047 < p3 < 0.093 
-0.010 <p4< 0.058 
0.023 <p5< 0.177 
0.044 <p6< 0.216 
0.030 <p7< 0.190 
0.131 <p8< 0.350 
0.037 < p9 < 0.203 
0.047 < p,o < 0.093 

NA 

Selection 

0 
0 
+ 
+ 
0 
0 
0 
0 
0 
_ 

Jr=49.9;df=9;P= 16.92 

Table 3.6. Occurrence of mule deer in relation to 10 unsupervised 
vegetation classes in Crockett County Texas, 1999 and 2000. Where 
habitat use differed from availability selected habitats were denoted by a 
plus sign and avoided habitats by a minus sign. 

Vegetation 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

class 

Total 

Percent 
available 

vegetation 

0.02 
0.07 
0.13 
0.08 
0.17 
0.14 
0.13 
0.14 
0.10 
0.02 
1.000 

Mule 
deer per 

class 

3 
20 
9 
15 
26 
31 
25 
42 
33 
9 
213 

Percentage 
deer per 

vegetation cl 

0.01 
0.09 
0.04 
0.07 
0.12 
0.16 
0.12 
0.20 
0.15 
0.04 
1.00 

(P.) 

of 

lass 

Expected 
number 
of mule 

deer 

4 
15 
28 
17 
36 
30 
28 
30 
21 
4 
213 

Confidence interval 
on proportion of 
occurrence (pi) 

0.009 < p, < 0.030 
0.035 <p2< 0.145 
0.021 <p3< 0.059 
0.021 <p4<0.119 
0.057 <p5< 0.186 
0.089 <p6< 0.231 
0.057 <p7< 0.186 
0.123 <p8< 0.277 
0.081 <p9< 0.219 
0.021 <p,o< 0.059 

NA 

Selection 

0 
0 
+ 
0 
0 
0 
0 
0 
0 
-

7^~^ A"' = 36.1;df=9;P= 16.92 
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CHAPTER IV 

CONCLUSIONS 

When mule deer and white-tailed are sympatric, mule deer use habitats that were 

steeper, had relatively lower percent cover of shrubs, and had greater percentages of forbs 

than those used by white-tailed deer. White-tailed deer used areas that had greater 

percent shrub cover, and were generally located in flatter topography than that used by 

mule deer. Mule deer and white-tailed deer selected riparian habitats, and both avoided 

areas sparsely vegetated with creosote bush {Larrea tridentata). 

Thirty percent of the variation between locations of mule and white-tailed deer 

could be explained with a linear combination of cover of shrubs, slope, cover of forbs, 

and cover of grass, Schroder and Rosenzweig (1975) suggested species overlap in patchy 

environments might not be indicative of habitat selection, but rather movement through 

an area. For this reason, locations of moving animals should not be considered as 

important compared to locations of bedded or browsing animals. 

Although mule and white-tailed deer were not using habitats proportionately, I 

was unable to differentiate selection or avoidance of specific vegetation classes. No 

biological importance could be determined based on variation found using unsupervised 

classifications. Classifying knovm vegetation associations was difficult with satellite 

imagery and others have frequentiy found such classifications to be insufficient for fine 

scale evaluations (Pearce 1990, Metzger and Muller 1996). Increased spatial resolution 

of satellite imagery may help to differentiate habitat use between these 2 sympatric 

species assuming that they select habitats at finer scales than what I measured. Broad 
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habitat differences I found in this study, may be more important in explaining distribution 

of the 2 species. 
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