
Influence of the Hayden-Rhodes aqueduct
on use of habitat by desert mule deer

Item Type text; Thesis-Reproduction (electronic)

Authors Domler, Laurie Ann, 1960-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 13:55:54

Link to Item http://hdl.handle.net/10150/291516

http://hdl.handle.net/10150/291516


INFORMATION TO USERS 

This manuscript has been reproduced from the microfilm master. UMI 

films the text directly from the original or copy submitted. Thus, some 

thesis and dissertation copies are in typewriter face, while others may be 

from any type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 

copy submitted. Broken or indistinct print, colored or poor quality 

illustrations and photographs, print bleedthrough, substandard margins, 

and improper alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand corner and 

continuing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in reduced 

form at the back of the book. 

Photographs included in the original manuscript have been reproduced 

xerographically in this copy. Higher quality 6" x 9" black and white 

photographic prints are available for any photographs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly to 

order. 

UMI 
A Bell & Howell Information Company 

300 North Zeeb Road, Ann Aibor MI 48106-1346 USA 
313/761-4700 800/521-0600 





/ 

INFLUENCE OF THE HAYDEN-RHODES AQUEDUCT ON USE OF HABITAT BY 

DESERT MULE DEER 

by 

Laurie Ann Domler 

A Thesis Submitted to the Faculty of the 

SCHOOL OF RENEWABLE NATURAL RESOURCES 

In Partial Fulfillment of the Requirements 
For the Degree of 

MASTER OF SCIENCE 
WITH A MAJOR IN RENEWABLE NATURAL RESOURCE STUDIES 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

19 9 5 



UMI Number: 1378297 

UMI Microform 1378297 
Copyright 1996, by UMI Company. All rights reserved. 

This microform edition is protected against unauthorized 
copying under Title 17, United States Code. 

UMI 
300 North Zeeb Road 
Ann Arbor, MI 48103 



STATEMENT BY AUTHOR 

This thesis has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of 
Arizona and is deposited in the University Library to be made 
available to borrowers under the rules of the Library. 

Brief quotations from this thesis are allowable without 
special permission, provided that accurate acknowledgment of 
source is made. Requests for permission for extended 
quotation from or part may be granted by the head of the major 
department or the Dean of the Graduate College when in his or 
her judgment the proposed use of the material is in the 
interest of scholarship. In all other instances, however, 
permission must be obtained from the author. 

APPROVAL BY THESIS COMMITTEE 

This thesis has been approved on the date shown below: 
, / 

J?/f̂  — /> A/'TS ~ S ) 
?aul R.Krausman,Thesis Director, Date 
Professor of Wildlife and Fisheries Science 

Ranciy GirhtrTett, Associate~"Professor of 
Landscape Architecture 

William W. Shaw, Professor of Wildlife and 
Fisheries Science 

\< M 9s 
Date 

Date 



/ 

3 

ACKNOWLEDGMENTS 

I thank my advisor, Dr. Paul R. Krausman, for his guidance and 

support throughout my masters project. I thank Dr. Lee Graham 

for giving me the opportunity to learn GIS and my committee 

members, Dr. William Shaw and Dr. Randy Gimblett. I thank Dr. 

Richard Etchberger for his ideas, support, and encouragement, 

and Craig Wissler for teaching me ARC/INFO. I also thank my 

parents, Joseph and Marlene Domler, for their constant love 

and support throughout graduate school and my life. Funding 

for this study was provided by the U.S. Bureau of Reclamation 

and the School of Renewable Natural Resources, University of 

Arizona. 



4 

TABLE OF CONTENTS 

LIST OF FIGURES 6 

LIST OF TABLES 7 

ABSTRACT 9 

INTRODUCTION 10 

STUDY AREA 14 

METHODS 15 

RESULTS 
Home-ranges 21 

females 21 
males 22 

Distance to Water 22 
females 22 
males 23 

Distance to Washes 23 
females 23 
males 24 

Deer Distance to the Canal 24 
Vegetation use Versus Availability 25 

females 25 
males 25 

DISCUSSION 
Home-ranges 26 

Distance to Water 27 

Distance to Washes 28 

Deer Distance to the Canal 29 

Vegetation use Versus Availability 30 



/ 

5 

TABLE OF CONTENTS — continued 

MANAGEMENT IMPLICATIONS 31 

APPENDIX A 
Harmonic mean 50 

APPENDIX B 
Home ranges of mule deer in the Belmont and Big 
Horn mountains, Arizona, 1981-1984 and 1989-1991....52 

LITERATURE CITED 106 



6 

LIST OF FIGURES 
Figure Page 

1. The Hayden-Rhodes Aqueduct of the Central 
Arizona Project 33 

2. Location of water catchments in the Big Horn 
and Belmont mountains, Arizona 34 

3. Study area located in the Big Horn and 
Belmont mountains, Arizona 35 

4. Number of locations necessary to accurately 
describe seasonal home-range sizes of desert 
mule deer in the Belmont and Big Horn 
mountains, Arizona 36 



/ 

LIST OF TABLES 
Table Page 

1. Dates water catchments were established 
in the Belmont and Big Horn mountains, 
Arizona 37 

2. Number of locations of desert mule deer by 
season before (pre, 1981-1984) the Hayden-Rhodes 
Aqueduct was built in the Belmont and Big Horn 
mountains, Arizona 38 

3. Number of locations of female desert mule deer 
by season after (post, 1989-1991) the Hayden-
Rhodes Aqueduct was built in the Belmont and 
Big Horn mountains, Arizona 39 

4. Number of locations of male desert mule deer 
by season after (post, 1989-1991) the Hayden-
Rhodes Aqueduct was built in the Belmont and 
Big Horn mountains, Arizona 40 

5. Seasonal mean home-range size (Km2) of 
desert mule deer in the Belmont and 
Big Horn mountains, Arizona, before 
(pre, 1981-1984) and after (post, 1989-1991) 
the Hayden-Rhodes Aqueduct was completed. 
Minimum convex polygon (MCP) and Harmonic mean 
(HM) values are presented 41 

6. Number of locations of female mule deer < 1 km 
of the Hayden-Rhodes Aqueduct by season in the 
Belmont and Big Horn mountains, Arizona, 1981-
1984 42 

7. Number of locations of desert mule deer < 1 km 
of the Hayden-Rhodes Aqueduct by season in the 
Belmont and Big Horn mountains, Arizona,1989-
1991 43 



/ 

8 

LIST OF TABLES — Continued 
Table Page 

8. Utilization-availability data for vegetation 
associations by season in the Belmont and 
Big Horn mountains, Arizona, before 
(pre, 1981-1984) canal completion. 
Utilization is based on 1,236 locations of 
6 female desert mule deer 44 

9. Habitat use by female desert mule deer in 
the Belmont and Big Horn mountains, Arizona, 
before (pre, 1981-1984) completion of the 
Hayden-Rhodes Aqueduct 45 

10. Utilization-availability data for 
vegetation associations by season in the 
Belmont and Big Horn mountains, Arizona, after 
(post, 1989-1991)canal completion. Utilization 
is based on 1,236 locations of 10 female desert 
mule deer 46 

11. Habitat use by female desert mule deer in 
the Belmont and Big Horn mountains, Arizona, 
after (post, 1989-1991)completion of the 
Hayden-Rhodes Aqueduct. S = habitat use > 
expected. A = habitat use < expected. Blanks 
indicate use was proportional to availability... 47 

12. Utilization-availability data for vegetation 
associations by season in the Belmont and 
Big Horn mountains, Arizona, after (post, 1989-
1991) canal completion. Utilization is based 
on 847 locations of 6 male desert mule deer 48 

13. Habitat use by male desert mule deer in the 
Belmont and Big Horn mountains, Arizona, 
after (post, 1989-1991) completion of the 
Hayden-Rhodes Aqueduct,(S = habitat use > 
expected., A = habitat use < expected. Blanks 
indicate use was proportional to availability... 49 



/ 

9 

ABSTRACT 

I studied 1,472 locations of desert mule deer 

(Odocoileus hemionus crooki) (1M, 6F) before completion of 

the Hayden-Rhodes Aqueduct (HRA) (pre-HRA, 1981-1984), and 

2,330 locations (6M, 10F) after completion of the Hayden-

Rhodes Aqueduct (post-HRA, 1989-1991) to examine habitat 

use. I used a Geographic Information System to measure and 

analyze deer locations by season, sex, and year. I compared 

home-range size, distance to water catchments, distance to 

washes, vegetation use versus availability, and deer 

interactions <1 km from the canal between the periods. 

Home-range sizes did not change significantly (P < 0.05) as 

a result of completion and operation of the HRA. Deer were 

closer to water catchments in the warmer seasons before 

completion of the HRA, but farther from water in the warmer 

seasons after completion of the HRA. Deer locations <1 km 

from the HRA increased after completion and operation of the 

HRA. Deer were probably relying on areas <1 km from the 

canal for forage and thermal cover. 
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INTRODUCTION 

The Central Arizona Project (CAP) is one of the largest 

water delivery systems in the western United States. The CAP 

is a concrete-lined aqueduct system that originates at the 

Colorado River and terminates south of Tucson, Pima County, 

Arizona. A segment of the CAP, the Hayden-Rhodes Aqueduct 

(HRA), extends from Lake Havasu, La Paz County, to the start 

of the Salt-Gila Aqueduct, 40 km northwest of Phoenix, 

Maricopa County, Arizona (Fig. 1). The HRA is 179 km long, 

with a depth >5.7 m, a base >7.3 m, and a top width >24.4 m. 

Construction of the canal occurred from 1979 to 1987. In 

1985, water was added to the canal. 

The HRA traverses approximately 2 00 km of desert mule 

deer (Odocoileus hemionous crooki) habitat. Free water is 

attractive to deer and the canal may be considered an 

attractive nuisance for animals trying to drink from it 

(Rautenstrauch and Krausman 1989). Canals can also act as 

barriers to wildlife movement and may be a source of 

entrapment for animals attempting to cross them (Busch et 

al. 1984). 

From 1985 to 1987 Krausman et al. (1991) reported 116 

deer drownings (29M, 63F, 24 yearlings) along the HRA. A 

majority of deer were found in the canal during summer when 

temperatures were high and free-standing water was limited. 

Rautenstrauch and Krausman (1986) documented ungulate losses 

in canals in the western United States and presented ways to 
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minimize losses. Fences, canal crossings, and alternative 

water sources were recommended as mitigation measures for 

the HRA to reduce the influence of the canal on deer 

(Krausman 1985). 

Fences were built as mitigations to reduce mortality 

(Krausman and Etchberger 1993). Fencing was constructed 

along >200 km of the canal to prevent entry of ungulates. 

Construction of the fence began in 1986 and was completed in 

1988. Carmichael (1991) documented the effect of fencing as 

a mitigative measure to reduce mule deer mortality along the 

HRA, and found it effective in keeping deer out of the 

canal. Before fencing was constructed, <60 deer/summer were 

rescued from the HRA; after fencing, <5 deer/summer were 

rescued from the HRA (Krausman et al. 1991). To facilitate 

movement across the canal, The Bureau of Reclamation (BR) 

constructed wildlife crossings, however, crossing structures 

were rarely used by mule deer (Cashman and Krausman 1991, 

Krausman and Etchberger 1993). 

The BR also constructed water catchments to divert deer 

away from the canal. Prior to the construction of the HRA, 

7 catchments existed in the study area. After construction, 

11 catchments were located throughout the study area (Table 

1, Fig. 2). Water is an important habitat feature, 

especially in drier months when deer are dependent on 

permanent water sources. Hervert and Krausman (1986) found 

that female deer in the Belmont Mountains visited a water 
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catchment >1 time/day, and consumed 5.0-5.5 L/day. 

Movement, distribution, and habitat use of mule deer 

are important to determine if mitigation measures are 

effective in diverting deer from the HRA. Locating animals 

using telemetry provides objective information for studies 

of animal distribution over time, because independent 

locations of individual animals may be obtained. Such 

information can be used to calculate the home range of an 

animal. Burt (1943) defined an animal's home range as "That 

area traversed by the individual in its normal activities of 

food gathering, mating and caring for young." This 

definition has been re-examined in respect to "normal 

activities." Home-range estimates should consider areas 

that an animal normally uses (White and Garrott 1990). 

Home ranges of desert mule deer in the Belmont and Big 

Horn mountains are large (x = 89.5 km2) compared to deer in 

less arid environments (Krausman 1985). Home-range size of 

desert mule deer may be a function of finding available 

water and forage (McNab 1963). 

Many studies have been conducted on the effects of 

water availability on habitat use (Hervert and Krausman 

1986, Rautenstrauch and Krausman 1989). McNab (1963) 

hypothesized that animals in xeric regions have larger home 

ranges than conspecifics in more mesic regions. 

Rautenstrauch and Krausman (1989) tested McNab's hypothesis 

and found that mule deer in King Valley, Yuma County, 
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Arizona had larger migratory home ranges than most other 

migratory and non-migratory deer in more mesic regions. 

Rautenstrauch and Krausman (1989) found that deer in xeric 

regions migrated to areas with permanent water or restricted 

their movements to portions of their home ranges that 

contained permanent water. Hervert and Krausman (1986) 

observed mule deer movement to water sources outside of 

diurnal home ranges, when commonly used water catchments 

were closed. Rodgers et al. (1978) found that deer in 

southeastern Arizona remained within 2-3 km of permanent 

water during dry periods, but did not make extensive changes 

in their home ranges to do so. 

The objectives of my study were to compare locations of 

desert mule deer before (pre-HRA, 1981-1984) 

and after (post-HRA, 1989-1991) completion of the HRA to 

determine how the canal and mitigation measures have 

influenced desert mule deer habitat use. 

Mule deer inhabiting xeric regions typically respond to 

dryer, hotter conditions during the year by exhibiting 

several behavioral adaptions such as migration or 

restriction of home-range close to available water, use of 

vegetation or microclimate for thermal cover, and reduced 

activity during hot periods. 

By comparing pre- and post-HRA home ranges I test the 

hypotheses that animals in a water-limited area (pre-HRA) 

will shift their home range to an area of greater water 
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availability (post-HRA), and that with the addition of 

water, home-range sizes will be smaller. My objectives were 

to compare seasonal home-ranges, seasonal distances to water 

catchments, vegetation use versus availability, and the 

number of locations near the HRA (<1 km) before and after 

construction of the canal to examine habitat use. 

STUDY AREA 

The study area was located in the Belmont and Big Horn 

mountains (1,316 km2), Maricopa County, Arizona (Fig. 3). 

The HRA traverses the southern portion of the study area. 

The study area was within the Mohave Sonoran Desert habitat 

province (Wallmo 1981). Elevations ranged from 426 m on 

creosote bush (Larrea tridentata^ flats to 1,050 m at Big 

Horn Peak. The average annual precipitation was 

approximately 20 cm, occurring mainly in winter and late 

summer (Hervert and Krausman 1986). Temperatures often 

exceeded 45C in summer (Krausman 1985). Land forms 

consisted of volcanic or alluvial flats with intermittent 

washes changing abruptly to precipitous volcanic or granitic 

mountains. There were 2 general soil categories recognized 

in the Belmont region. The Rillito-Gachado-Rock Outcrop 

Association was present on the shallow loam soils found on 

the mountain slopes and lower hills. The soil profile of 

both associations was calcareous and alkaline (U.S. Soil 
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Conservation Service 1973). 

I used the vegetation associations described by 

Krausman and Etchberger (1993): burrobush (Ambrosia 

deltoidea) - foothills, montane, transition, and creosote 

(Fig. 3). The creosote association includes creosote bush 

and burrobush and covers approximately 71.6% of the study 

area. Drainages throughout the creosote flats are dominated 

by foothill palo verde (Cercidium floridunU and desert 

ironwood IOlneya tesota). 

METHODS 

I used locational data collected for 1 male and 6 

females (Table 2) from 1981 to 1984 (pre-HRA) (Krausman 

1985), and 6 males (Table 3) and 10 females (Table 4) from 

1989 to 1991 (post-HRA) (Krausman and Etchberger 1993). 

Data consisted of Universal Transverse Mercator (UTM) 

location, animal number, sex, and vegetation association for 

each location. Seasons (winter = Jan-Mar, spring = Apr-Jun, 

summer = Jul-Sep, autumn = Oct-Dec) were established by 

Krausman (1985) based on animal behavior, temperature and 

precipitation data from the Aguila weather station, Arizona, 

from 1975 to 1979. 

I used ARC/INFO (Environmental Systems Research 

Institute (ESRI), 1992), a vector-based Geographic 

Information System (GIS) to digitize 7.5 minute topographic 
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maps into 4 seperate coverages: vegetation association 

boundaries, water catchments, water courses (washes), and 

the HRA. I ground-truthed vegetation association boundaries 

and water catchments using a Global Positioning System (GPS) 

(Trimble Engineering, Sunnyvale, Calif.). I modified 

vegetation boundaries and water catchment locations on the 

vegetation and water catchment coverages accordingly. 

I calculated home ranges seasonally for male and female 

desert mule deer before and after the HRA was completed. I 

entered data consisting of UTM location, sex, season, year, 

and vegetation association into a database and imported each 

file into the Map and Image Processing System (MIPS) version 

3.1 (Microimages Inc. 1992), a raster-based GIS, and McPAAL 

version 1.2 (Conservation and Research Center, National 

Zoological Park, Smithsonian Institution, Wash., D. C.), a 

home-range calculation program. I calculated home ranges 

for each animal by season with MIPS using the minimum convex 

polygon (MCP) (Southwood 1966) and calculated the harmonic 

mean (HM) (Dixon and Chapman 1980) using McPAAL (Appendix 

A) . 

The MCP method is non-parametric, simple to understand, 

and easy to calculate. The MCP method has been criticized 

because the size of the home range can increase as more 

locations are recorded (White and Garrott 1990). I used 

Mares et al. (1980) method (Fig. 4) to examine the 
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relationship between percent change in home-range size and 

number of locations needed to adequately describe the size 

of home ranges. I calculated home-range sizes with adequate 

numbers of locations/season (n > 10/season). 

Geographic Information Systems have, in recent years, 

profoundly changed resource data collection, analysis, and 

decision-making (Berry 1993). Ecologists have been 

relatively slow to use GISs in their research applications, 

largely because of the lack of user-friendly software and 

the perception that GIS is simply a utility for creating and 

viewing maps (Johnson 1993). One computational feature 

basic to any GIS package is the ability to measure distance 

and area (August 1993). Once spatial databases are created 

and linked using overlay operations with a GIS, a broad 

range of ecological problems can be addressed regarding how 

features are related in time and in space (Johnson 1993). 

Distances and areas can be measured and characterized based 

on the attributes of the surrounding region (Berry 1993). I 

used GIS to examine the spatial and temporal relationships 

and characteristics of desert mule deer in relation to my 

study area. I imported each home range created in MIPS into 

ARC/INFO. I wrote a simple macro language (SML) program to 

construct maps of the location of each home range by season 

for each year for each animal and to obtain the area (km2) 

of each seasonal home range. 
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I compared pre- and post-HRA home ranges of desert mule 

deer to examine shifts and seasonal and yearly fidelity. I 

compared home- range sizes (pre- and post-HRA) with analysis 

of variance (ANOVA) and Tukey's range test. I treated males 

and females separately because their seasonal use of 

habitats is different except during the rut (Krausman 1985, 

Hervert and Krausman 1986, Ordway and Krausman 1986, 

Krausman and Etchberger 1993). 

I imported animal location (UTM) data from MIPS into 

ARC/INFO. I used ARC/INFO because it is primarily a vector-

based GIS that allows analysis of data through topology, or 

the spatial relationships between adjacent coverage features 

such as points or lines (Environmental Systems Research 

Institute 1992). In addition, distance (or length) 

measurements are easily derived in vector systems. I used 

ARC/INFO to calculate the distance of each animal location 

(pre-HRA, n = 1,338; post-HRA, n =2,330) to the nearest 

water catchment for each season. I eliminated 61 post-HRA 

locations because they fell outside the study area. I used 

an equal number of randomly generated UTM locations 

distributed within the study area to determine if animal 

locations were significantly closer to water catchments than 

random locations. I used ARC/INFO to calculate the number 

of points that were closest to each catchment before and 

after construction of the HRA. I constructed database files 
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of animal locations and an equal number of random points by 

sex, season, and year. I used ANOVA with Tukey's range test 

to determine if distance to water catchments between seasons 

was significantly different (P < 0.05). 

Krausman (1985) found that >70% of radio-collared deer 

used washes as thermal cover and movement corridors. Albert 

and Krausman (1993) found that washes in the Belmont 

Mountains contained significantly more forage biomass than 

flats in every season. I examined the distance of deer to 

the nearest wash and compared distances by season and by the 

vegetation association. I used ARC/INFO to calculate the 

distance of each animal location to the nearest wash for 

each season before (n = 1,338) and after (n =2,330) 

construction of the HRA. I obtained an approximate distance 

of each animal location to the nearest wash because I could 

only digitize a wash as the width of the digitizing cursor, 

regardless of its actual width. I used an equal number of 

randomly generated UTM locations within the study area to 

test if animal locations were significantly closer to washes 

than random locations by sex, season, and year. I used 

ANOVA with Tukey's range test to determine if distance to 

washes between seasons was significantly different (P < 

0.05) . 

The majority of deer habitat occurred on the north side 

of the HRA (Hervert and Krausman 1986, Krausman and 
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Etchberger 1993). Krausman and Etchberger (1993) 

hypothesized that deer may have been crossing the canal to 

gain access to agricultural areas. Krausman (1985) found 

that deer crossed the HRA in all seasons, however, there 

were few locations (<2%) of deer south of the HRA. Water 

catchments were constructed north of the canal to divert 

animals and encourage them to rely on alternative water 

sources. 

I compared the number of pre- and post-HRA animal 

locations found on the south side of the HRA to determine if 

and in what seasons desert mule deer were crossing the 

canal. I also compared the number of pre- and post-HRA 

animal locations <1 km from the canal. 

I compared use of vegetation association versus 

availability by season and year using chi-square analysis. 

I obtained the area of each vegetation association by using 

the "frequency" (Environmental Systems Research Institute 

1992) command to compute the area (m2) of each association. 

I then used a point-in-polygon command called "intersect" 

(Environmental Systems Research Institute 1992) to determine 

the type of vegetation association that each animal point 

was located in. To avoid bias associated with testing 

habitats with no locations, I analyzed habitats by season 

with and without habitats that contained no locations 

(Spencer 1987) using chi-square analysis. Alldredge and 
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Ratti (1986) describe a doubtful vegetation community as one 

that is very common but seldom used. I identified the 

burrobush-foothills community as a doubtful community and 

excluded it for purposes of calculating resource selection. 

I used Bonferroni confidence intervals (Byers et al. 1984) 

to determine which habitats were used seasonally more than 

their availability (selected), which were used less than 

their availability (avoided), and which associations were 

used in proportion to their availability. 

RESULTS 

Home-ranges 

Females. — The MCP estimates of female mule deer mean 

seasonal home-range size were not significantly different 

between seasons before or after completion of the HRA (Table 

5). I did not find any significant differences in home-

range size before or after completion of the HRA (P = 

0.4541). One female mule deer (no. 4870) had seasonal home 

ranges significantly larger (x = 81.12 km2, P < 0.05) than 

any other female. 

Average home-range sizes for females ranged from 2.5 

km2 (n = 14) in summer of 1984 to 101.2 km2 (n = 17) in the 

summer of 1981 before completion of the HRA. After 

completion, average home range for females ranged from 5.6 

km2 (n = 26) in the autumn of 1991 to 172.6 km2 (n = 20) in 
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the summer of 1990. 

Males. — The MCP estimates of male mule deer mean 

seasonal home-range size after completion of the HRA were 

significantly larger in winter (x = 128.6), than in spring 

and autumn (Table 5). I did not have an adequate sample to 

compare pre- and post-HRA completion home-range sizes for 

males. Males had larger average seasonal home-ranges (P < 

0.0001) than females. Average home-range size ranged from 

6.2 km2 (n = 23) in spring 1991 to 320.8 km2 (n = 16) in 

summer 1990. I did not have an adequate sample size to 

compute pre-HRA home-ranges, or compare pre and post-HRA 

home-range sizes for males. 

Distance to Water 

The average distance of male and female mule deer to 

the nearest catchment was significantly closer in every 

season and year than randomly located points (P < 0.05). 

Females. -- Before the HRA was completed, mean 

distances of female deer to the nearest water catchment were 

3.17, 2.39, 1.86, and 3.25 km in winter, spring, summer, and 

autumn, respectively. Female deer were significantly closer 

to the nearest water catchment (P < 0.05) in spring and 

summer than other seasons. Overall, females were a mean 

distance of 2.67 km from the nearest water catchment. 
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After the HRA was completed, mean distances of female 

deer to the nearest water catchment were 2.6, 2.9, 3.1, and 

2.5 km for winter, spring, summer, and autumn, respectively. 

Mean distance to the nearest catchment was significantly 

farther in summer (P < 0.05) than in other seasons. Female 

deer were located a mean distance of 3.1 km from the nearest 

water catchment. 

Males. -- After the HRA was completed, mean distances 

of male deer to the nearest water catchment were 3.6, 3.6, 

4.1, and 3.4 km in winter, spring, summer, and autumn, 

respectively. Males were significantly farther from the 

nearest water catchment (P < 0.05) in the summer than other 

seasons. Male deer were located a mean distance of 3.6 km 

from the nearest water catchment. 

Distance to Washes 

Females. — Before the HRA was completed, female deer 

were significantly closer to washes than random points in 

winter 1981, 1983, and 19 84, and summer and autumn (P < 

0.05) every year. Female deer were significantly farther 

from washes when in the montane vegetation association (P < 

0.05) than other vegetation associations. 

After the HRA was completed, female deer were 

significantly closer to washes than random points in spring 

of 1989 and 1990, and in summer of every year (P < 0.05) 
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than random points. Female deer were farther from washes 

when in the montane vegetation association than other 

vegetation associations. 

Males. -- Males were significanlty closer to washes 

than random points in summer (P < 0.05). Male deer were 

farther from washes when in the montane vegetation 

association than in other vegetation associations. 

Overall, there was no clear pattern of deer distance to 

washes in any season. 

Deer Distance to the Canal 

Prior to the completion of the HRA, Krausman (1985) 

found that deer rarely crossed the canal (<2% of locations). 

I found that prior to completion of the HRA, 40 of 1,338 

(3.0%) animal locations within my study area were <1 km of 

the HRA (Table 6). Of those 40 locations, 13 (29.5%) were 

<0.5 km. Five of the locations <1 km (12.5%) were south of 

the HRA. After the HRA was completed, 226 of 2,328 animal 

locations (9.7%) were <1 km of the HRA, and of those 226, 82 

(36.3%) were <0.5 km of the HRA (Table 7). Thirty-nine of 

the 226 locations <1 km (17.3%) were south of the HRA. 

There were no significant seasonal differences in the 

number of deer located <1 km of the HRA except summer (n = 

3, P <0.05) when deer locations <1 km from the HRA were 

significantly less than other seasons. One female mule deer 
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(D19) spent 24.6% of her time within 1 km of the HRA. 

Vegetation Use Versus Availability 

Females. — Before the HRA was completed, female mule 

deer did not use vegetation associations in proportion to 

their availability in winter (x2 = 54.10, 4 df, P <0.0001), 

spring (x2 = 24 3.21), summer (x2 = 92.16), or autumn (x2 = 

67.24) (Table 8). Overall, females selected or used the 

transition association in proportion to avalability and 

avoided the creosote flats association in all seasons (Table 

9) • 

After the HRA was completed, females did not use the 

vegetation associations in proportion to their availability 

in winter (x2 = 453.71, 4 df, P = <0.0001), spring (x2 

=281.81), summer (x2 = 214.55), or autumn (x2 = 152.88) 

(Table 10). Females continued to avoid creosote flats and 

selected the transition association every season except 

autumn and winter 1991. The montane association was 

selected in autumn of 1989 and 1990, and summer of 1990 and 

1991 (Table 11). 

Males. — After the HRA was completed male mule deer 

did not use vegetation associations in proportion to their 

availability in winter (x2 = 53.40, 4 df, P = <0.001), 

spring (x2 = 21.77), or autumn (x2 = 37.78) (Table 12). 
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Overall, males used vegetation associations in proportion to 

their availability except winter, when the transition 

association was selected (Table 13). 

DISCUSSION 

Home-ranges 

There is little evidence to suggest that subspecies of 

mule deer are habitat specific (Wallmo 1978). Desert mule 

deer inhabit xeric regions and are known to exhibit several 

behavioral adaptions to heat and drought, including 

decreased daytime activity (Ockenfels and Bissonette 1982), 

use of vegetation for thermal cover (Krausman 1985), and 

movement or shift of home range towards available water 

(Rautenstrauch and Krausman 1986). Previous studies also 

suggest that home-range size for deer increases as the 

distance between necessary resources (food or water) 

increases (McNab 1963, Mackie et al. 1980, Albert and 

Krausman 1993). Overall, completion and operation of the 

HRA does not appear to have affected the home ranges of 

deer, as they continued to occupy the same areas after its 

completion as before completion (Appendix B). Seasonal 

home-range size did not change as a result of completion of 

the HRA and water catchments, suggesting that available 

free-standing water in the area was probably adequate before 

completion of the HRA. 
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Female deer remained closer (x = 2.1 km) to water in 

the hotter, dryer months before completion of the HRA, but 

remained approximately 2.5-3.0 km from water catchments each 

season after completion of the HRA. An increase in the 

number of water catchments in the study area may allow deer 

to be less dependent on specific catchments in hotter 

months. 

Mean seasonal home-range sizes for males pre- and post-

HRA could not be compared, however, male mean seasonal MCP 

home-range size was significantly greater in winter than in 

spring and autumn. An increase in home-range size in winter 

can be attributed to rutting activities (Rodgers et al. 

1978, Albert 1993) . 

Distance to Water 

Female deer were closer to water catchments in warmer 

months than cooler months before completion of the HRA but 

farther from water catchments in the summer after completion 

of the HRA. Fox (1992) suggested that larger mean distances 

to water in the summer and autumn results from a decrease in 

the number of water sources available to deer in the study 

area. Increased distance from water catchments in warmer 

months may also result from lack of available forage. 

Albert and Krausman (1993) found that the least amount of 

available biomass in the Belmont Mountains occured in summer 
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(10.5g/m2). Mule deer may be more dependent on finding 

available forage than available water and thus traveling 

greater distances in dryer months in search of food. 

After completion of the HRA, males were located 

significantly farther (x = 3.47 km, P < 0.005) from water 

catchments than females. My results are consistent with 

Hervert and Krausman (1986), who found males in the Belmont 

Mountains to be generally farther from water than does. A 

larger body size and lower water requirements probably allow 

males to be farther from available water than females 

(Hervert and Krausman 1986). 

Hanson and McCulloch (1955) reported that mule deer in 

Arizona brushlands centered their home ranges around 

watering sites when surrounded by suitable habitat. In 

contrast, my results are consistent with studies of mule 

deer in arid environments (Rodgers et al. 1978, 

Rautenstrauch and Krausman 1989) where available water is on 

the periphery of home ranges. 

Distance to Washes 

Krausman et al. (1985) found mule deer in Big Bend 

National Park, Texas, to be less dependent on riparian 

washes than conspecifics in southwest Arizona, where 

riparian washes were found to contain significantly more 

plant diversity and density than interwash areas. I did not 
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find any distinct patterns that indicate deer were closer to 

washes in any vegetation association, however, I found deer 

consistantly farther from washes in the montane association 

than any other vegetation association. A greater mean 

distance from washes in the montane association may be the 

result of higher plant density and diversity in interwash 

areas. Albert (1992) found that as elevation and/or 

northern exposure increased in the Belmont Mountains, the 

density of range ratany (Krameria parvifolia), brittle-bush 

IEncelia farinosa). and buckwheat (Erigonum spp.) increased. 

Deer may find these plant species more palatable and rely on 

them when in more montainous areas. 

I did not find any seasonal patterns of animal 

locations relative to washes except in the montane 

association, when females were closer to washes in spring 

and farthest in winter. Deer could be relying on washes for 

forage in the spring and taking advantage of the emergence 

of forbs and grasses in the interwash areas during winter. 

Deer Distance to the Canal 

I expected that the addition of water catchments north 

of the HRA would divert deer away from the HRA. I found 

that deer came <1 km of the HRA more often after completion 

of the HRA than before. An increase in deer use adjacent to 

the HRA could be a result of the habitat in these areas. 
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Krausman et al. (1993) found that the area north of the 

canal to have a higher quantity and species diversity of 

desert vegetation than vegetation south of the canal. Mule 

deer may be taking advantage of "green up" areas along the 

north side of the HRA. These "green up" areas provide 

forage, cover, and temporary water sources for deer. I 

found deer interactions with the canal to be higher in 

winter months. Deer may also attracted to these areas by 

the availability of forbs, and temporary sources of water 

brought on by winter rains. 

My results indicate a higher percentage of collared 

deer locations were south of the HRA after completion and 

operation than before. Cashman (1991) found that deer 

crossed the canal when bridges or overchutes were in 

proximity to water catchments and agricultural areas. The 

addition of concrete overchutes may be facilitating deer 

movement south of the canal, however, there were too few 

locations south of the canal to determine if the overchutes 

influenced deer movement. 

Vegetation Use Versus Availability 

Habitat use by mule deer in the study area has been 

documented by Krausman (1985), Fox (1992), and Krausman and 

Etchberger (1993). My results are consistent with these 

studies, indicating that males occupy open, mountainous and 
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non-mountainous habitat, while females will mainly inhabit 

mountainous areas. 

Several reasons can be attributed to sex-related 

habitat use (Ordway and Krausman 1986, King and Smith 1980, 

Fox 1992). In general, females in the Belmont and Big Horn 

mountains may be taking advantage of more abundant forage 

and cover in montane and transition areas. Males may occupy 

areas of less abundant vegetation than females, and obtain 

nutritional requirements through traversing more area to 

find available forage. 

Females did not use vegetation associations in 

proportion to their availability to a greater extent after 

completion of the HRA than before completion. An increase 

in the amount of available water may allow females greater 

mobility to search for more nutritious forage and cover for 

their young. 

MANAGEMENT IMPLICATIONS 

The availability of free-standing water for desert 

ungulates has often been cited as the limiting factor in 

arid environments (McNab 1963, Krausman 1985, Brownlee 

1979). Man-made water developments have been added in xeric 

areas as a means of deterring ungulates from other water 

sources such as canals. My results show that the addition 

of 4 water catchments after completion of the HRA did not 
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divert desert mule deer away from the canal. Conversely, a 

larger percentage of deer were located < 1 km of the HRA 

after its completion than before. I also found that mule 

deer were farther from water catchments in the dryer months 

after completion of the HRA than before. 

Increase in home-range size may result from a lack of 

available forage (McNab 1963, Mackie et al. 1980). Past 

studies in the Belmont Mountains have suggested that mule 

deer home-range size will increase when available forage is 

scarce (Krausman 1985). Vegetation used for thermal cover, 

predator avoidance, or fawning sites will also influence 

deer movements. 

It is possible that additional water catchments are of 

little value if deer are unable to fulfill their nutritional 

requirements due to lack of available forage. Future 

studies on deer movements and water availability in arid 

environments should give equal consideration to the 

importance of vegetation, and the role it plays in limiting 

deer numbers. 
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Figure I. The Hayden-Rhcxies Aqueduct of the Central Arizona Project. 
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Table 1. Dates water catchments were established 
in the Belmont and Big Horn mountains, Arizona. 

Water catchment no. Date 

Pre-canal 

601 5 Jan 1962 

602 4 Jan 1962 

603 18 Jan 1962 

604 27 Jan 1962 

660 April 1964 

661 12 Apr 1964 

811 May 1976 

Post-canal 

946 9 Feb 1987 

947 20 Feb 1987 

948 23 Mar 1987 

969 29 Mar 1988 



Table 2. Number of locations of desert mule deer by season before (pre. 1981-1984) the Hayden-Rhodes Aqueduct was built in the 
Belmont and Big Horn mountains, Arizona. 

Months and year 

Animal 1981 1982 1983 1984 
number 

Male 

Female 

Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct-
Mar Jun Sep Dec Mar Jun Sep Dec Mar Jun Sep Dec Mar Jun Sep Dec 

39 5 25 17 16 18 15 8 7 10 13 

16 30 20 34 40 12 16 13 15 14 13 12 11 

19 29 91 94 38 19 48 28 19 17 18 12 10 14 12 13 

23 19 56 19 18 18 12 10 13 11 14 

25 13 17 13 11 12 12 13 10 14 12 10 13 10 

76 14 15 12 10 14 12 14 

77 12 14 12 10 13 13 13 
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Table 3. Number of locations of male desert mule deer by season after (post, 1989-1991) the 
Hayden-Rhodes Aqueduct was completed in the Belmont and Big Horn mountains, Arizona. 

Months and year 

1989 1990 1991 

Animal Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct-
number Mar Jun Sep Dec Mar Jun Sep Dec Mar Jun Sep Dec 

4070 17 18 17 19 

4100 18 14 22 16 19 18 23 23 16 16 

4530 17 15 20 23 25 19 

4930 10 15 11 21 16 16 18 19 5 13 14 

5030 18 21 18 23 15 15 14 

5340 15 18 20 



Table 4. Number of locations of female desert mule deer by season after (post, 1989-1991) the 
Hayden-Rhodes Aqueduct was completed in the Belmont and Big Horn mountains, Arizona. 

Season and year 

1989 1990 1991 

Animal Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct-
number Mar Jun Sep Dec Mar Jun Sep Dec Mar Jun Sep Dec 

4020 25 21 18 17 27 25 26 11 

4120 13 20 20 23 21 16 20 28 26 21 

4180 16 19 17 21 17 18 5 

4190 24 18 17 18 

4570 17 22 21 20 18 23 26 26 26 

4850 12 17 18 24 18 18 17 26 24 22 23 

4870 13 20 19 22 24 25 11 

4890 12 17 

5090 19 15 16 24 27 23 26 

5890 18 17 17 22 25 26 21 



Table 5. Seasonal mean home-range size (km2) of desert mule deer in the Belmont and Big Horn mountains, Arizona before (pre, 1981-1984) and after 
(post, 1989-1991) the Hayden-Rhodes Aqueduct was completed. Minimum convex polygons (MCP) and Harmonic mean (HM) values are presented. 

SEASON 

Jan-Mar 

No. No. 
S.E. deer locations 

Apr-Jun 

No. No. 
S.E. deer locations 

Jul-Sep 

No. No. 
S.E. deer locations 

Oct-Dec 

No. No. 
S.E. deer locations 

Male 

Post-

MCP 128.6 35.5 6 

HM 72.9 27.5 

193 41.0 13.9 7 

22.9 6.2 

223 81.7 27.2 7 

53.1 20.0 

260 42.9 10.8 7 

25.9 6.1 

214 

Female 

Pre-

MCP 18.8 2.6 6 

HM 11.2 2.2 

272 19.4 4.5 

13.8 3.7 

406 18.8 6.1 

15.7 7.8 

324 19.0 2.8 

10.0 2.0 

234 

Post-

MCP 24.5 7.5 8 

HM 22.1 10.0 

311 25.3 3.5 

17.1 3.2 

396 29.5 7.6 9 

20.9 5.4 

401 27.5 5.1 

15.9 3.9 

332 



Table 6. Number of locations of desert mule deer <_ 1 km of the Hayden-Rhodes Aqueduct by season in the Belmont and Big Horn mountains, 
Arizona, 1981-1984. 

Months and year 

1981 1982 1983 1984 

77 

Animal Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct-
number Mar Jun Sep Dec Mar Jun Sep Dec Mar Jurr Sep Dec Mar Jun Sep Dec 

19 2 1 1 2 2 4 1 3 

23 1 2 4 1 1 

2 5  1 2  1 1 1  2  

ts) 
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Table 7. Number of locations desert mule deer _< 1 km from the Hayden-Rhodes Aqueduct by season in the 
Belmont and Big Horn mountains, Arizona, 1989-1991. 

Months and year 

Animal 1989 1990 1991 

number 

Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct-

Mar Jun Sep Dec Mar Jun Sep Dec Mar Jun Sep Dec 

Male 

4100 72 9335 8517 

4530 3 3 1 2 

4930 2 1 

4950 1 4 2 1 3 

5030 4 2 2 

5340 4 7 5 

Females 

4120 1 1 2 2 2 2 1 

4570 5 753 644 12 

4850 1 3 1 

4870 5 1 4 5 5 

4890 2 4 

5090 2 5 3 5 6 4 12 



Table 8. Utilization-availability data for vegetation associations by season in the Belmont and Big Horn mountains, Arizona 

before (pre, 1981-1984) canal completion. Utilization is based on 1,236 locations of 6 female desert mule deer. 

Season 

Jan-Mar* 

(n = 272) 

Apr 
(n = 

*Junb 

406) 

Jul-Sepc 

{n = 324) 
Oct-Decd 

(n = 231) 

Vegetation 

association 

Area 
(km2) 

( % )  

Exp. 

use* 

Obs. 

use* 

Exp. 

use 

Obs. 

use 

Exp. 

use 
Obs. 

use 

Exp. 

use 

Obs. 

use 

Burrobush-

foothills 10.48 0.008 2.18 2 3-25 12 2.60 3 1.85 2 

Montane 170.00 0.136 37.00 64 55.22 64 44.10 74 31.42 41 

Creosote 

flats 943.40 0.716 139.44 141 290.70 175 231.98 156 165.40 119 

Transition 183.10 0.139 37.81 65 56.43 155 45.04 91 32.11 72 

' Chi-square = 54.10 (P < 0.05 = 7.815. 3 df). 
b Chi-square = 243.21. 
c Chi-square = 92.16. 
d Chi-square = 42.44. 
a Expected use. 

' Observed use. 



Table 9. Habitat use by female desert mule deer in the Belmont and Big Horn mountains, Arizona, before completion of the Hayden-Rhodes 

Aqueduct, 1981-84 (S - habitat use > expected. A = habitat use < expected. Blanks indicate use was proportional to availability). 

1981 1982 1983 1984 

Vegetation Jan- Apr- Jul Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct-

association Mar Jun -Se Dec Mar Jun Sep Dec Mar Jun Sep Dec Mar Jun Sep Dec 

P 

Montane S S S * 

Creosote 

flats AA A AAA AAAA A A * 

Transition SS S SSSS S * 

* Indicates no data. 



Table 10. Utilization-availability data for vegetation associations by season in the Belmont and Big Horn mountains, Arizona after 

(post, 1989-1991) canal completion. Utilization is based on 1,422 locations of 6 female desert mule deer. 

Season 

Jan-Mar" Apr-Junb Jul-Sepc Oct-Decd 

tn = 189) (n = 208) In = 244) (n = 206) 

Vegetation Area Exp. Obs. Exp. Obs. Exp. Obs. Exp. Obs. 

Association (km2) (%) use* use* use use use use use use 

Burrobush-
Foothills 10.48 0.008 2.18 1 3.16 1 3.10 1 2.60 3 

Montane 170.0 0.136 42.16 128 53.72 79 52.63 113 44.70 103 

0 

Creosote 

Flats 943.4 0.716 221.96 57 282.82 153 277.10 151 235.56 137 

0 

Transition 183.1 0.139 43.09 125 54.91 162 53.79 122 45.70 86 

0 

* Chi-square = 453.72 (P < 0.05 = 7.815, 3 df) 
b Chi-square = 133.70 
c Chi-square = 180.09 
d Chi-square - 122.80 

* Expected use 

' Observed use 

ON 



Table 11. Habitat use by female desert mule deer in the Belmont and Big Horn mountains, Arizona, after 

(post, 1989-1991) completion of the Hayden-Rhodes Aqueduct (S = habitat use > expected. A = habitat 

use < expected. Blanks indicate use was proportional to availability). 

Season and year 

1989 1990 1991 

Vegetation Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct-

association Mar Jun Sep Dec Mar Jun Sep Dec Mar Jun Sep Dec 

Montane * S S S S S 

Creosote flats "AAA AAAA AAA 

Transition • S S S SSSS SS 

" Indicates no data. 



Table 12. Utilization-availability data for vegetation associations by season in the Belmont and Big Horn mountains, Arizona 

after (post, 1989-1991) canal completion. Utilization is based on 847 locations of 7 male desert mule deer. 

Season 

Jan-Mar" 

(n - 189) 

Apr-Junb 

(n - 208) 

Jul-Sepc 

(n = 244) 

Oct-Decd 

(n = 206) 

Vegetation 

Association 

Area 
(km2) (%) 

Exp. 

use" 

Obs. 

use1 

Exp. 

use 

Obs. 

use 

Exp. 

use 

Obs. 

use 

Exp. 

use 
Obs. 

use 

Burrobush-

Foothills 10.48 0.008 1.51 2 1.66 3 1.95 3 1.70 3 

Montane 170.00 0.136 25.70 28 28.28 17 33.18 23 28.80 51 

Creosote 

Flats 943.40 0.716 135.30 99 148.90 138 174.40 183 151.00 112 

Transition 183.10 0.139 28.27 60 28.90 50 33.90 35 29.50 40 

" chi-square = 53.40 (P < 0.05 = 7.815, 3 df) 
b chi-square - 21.77 
c chi-square = 4.17 
d chi-square = 37.78 
a expected use 

' observed use 



Table 13. Habitat use by male desert mule deer in the Belmont and Big Horn mountains, Arizona, after 
(post, 1989-1991) completion of the Hayden-Rhodes Aqueduct. (S = habitat use > expected.A = habitat use 
< expected. Blanks indicate use was proportional to availability. 

Season and year 

1989 1990 1991 

Vegetation Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct-
Association Mar Jun Sep Dec Mar Jun Sep Dec Mar Jun Sep Dec 

Montane * A A 

Creosote * A A 
Flats 

Transition * S S 

* Indicates no data. 

-FC. 
VO 
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APPENDIX A 

Harmonic Mean 

Animals do not utilize their home-range area with equal 

intensity, usually concentrating where resources are most 

abundant (Dixon and Chapman 1980). The point of greatest or 

concentrated activity has been considered the center of 

activity (Dixon and Chapman 1980). Several non-parametric 

home-range estimators are available that attempt to indicate 

the home-range center of activity, and are useful in 

eliminating outlying points, or "outliers." Many estimators 

eliminate outliers by computing a home range using 95% of 

the locations (Jennrich and Turner 1969, Samuel and Garton 

1985, Dixon and Chapman 1980), however, not all species use 

their home range similarly that a 95% probability home-range 

estimate could be used universally. In addition, there is 

no biological justification for 95%; this figure has 

probably been adopted by biologists because of P = 0.05 in 

statistical tests (Garrott and White 1990). 

The harmonic mean method (HM)(Dixon and Chapman 1980) 

is a home-range estimator used to determine home range based 

on the area or areas of greatest use. This method estimates 

home range through areal movements and offers an 

approximation of an animal's activity center (Dixon and 



51 

Chapman 1980). The HM method has become one of the more 

commonly applied estimators in recent literature (Boulanger 

and White 1990). I used the HM estimate to eliminate 

outliers using 95% of the core locations (also known as a 

95% isopleth). 

RESULTS 

Females. — Before the completion of the HRA, 

average seasonal home-range sizes using the HM method ranged 

from 0 . 4  km 2  (n = 1 2 )  in summer 1 9 8 3  to 1 2 7 . 7  km 2  ( n  =  1 7 )  

in summer 1981. After completion, average home-range sizes 

ranged from 5.6 km2 (n = 26) in autumn 1991 to 172.6 km2 (n 

= 2 0 )  in summer 1 9 9 0 .  

I did not find any significant differences in home-

range size before or after completion of the HRA (P = 

0.7499). One female mule deer (no. 4870) had seasonal home 

ranges significantly larger (s = 68.6 km2) than any other 

females. 

Males. — I did not have an adequate sample size to 

compare pre- and post-HRA completion home-ranges for males. 

Males had larger average seasonal home-ranges (P < 0.0001) 

than females. Harmonic mean estimates ranged from 4.2 km2 

(a = 14) in winter 1991 to 181.0 km2 (n = 19) in autumn 

1990. 
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1 

i 

Period Home-range size (km2) 

Jan-Mar 13.9 

Apr-Jun 17-0 

Jul—Sep 10.3 ^ 

Oct-Dec 20.6 0 

PH water catchment M Hayden-Rhodes Aqueduct 

kilometers 

10 

Fig. 1. Home-ranges of a female desert mule deer (no. 16) in the Belmont Mountains, Arizona, 1981. 
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Period Home-range size (km2) 

HID Jan-Mar 5.1 

^ Apr-Jun 11-7 

H Jul—Sep 11.9 -

U Oct-Dec 17.0 ° 

[*"] water catchment Hayden-Rhodes Aqueduct 

kilometers 

10 

Fig. 2. Home-ranges of a female desert mule deer (no. 16) in the Belmont Mountains, Arizona, 1982. 
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Period Home-range size (km2) 

Jan-Mar 90 

Apr-Jim 18-5 

Jul—Sep 11.9 kilometers 

Oct-Dec 3.8 

H water catchment ^ Hayden-Rhodes Aqueduct 

10 

Fig. 3. Home-ranges of a female desert mule deer (no. 16) in the Belmont Mountains, Arizona, 1983. 
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Period 

Jan-Mar 

1 Apr-Jun 

H Jul—Sep 

^ Oct-Dec 

Home-range size (km2) 
45.4 

61.9 

46.3 

20.1 

kilometers 

0 10 

Q water catchment ^ Hayden-Rhodes Aqueduct 

Fig. 4. Home-ranges of a female desert mule deer (no. 19) in the Belmont and Big Horn Mountains, Arizona, 1981. 
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Period Home-range size (km2) 

Jan-Mar 31.6 

Apr-Jun 69.9 

Jul—Sep 29.1 

Oct-Dec 17.0 

0 water catchment Hayden-Rhodes Aqueduct 

kilometers 

0 10 

Fig. 5. Home-ranges of a female desert mule deer (no. 19) in the Belmont and Big Horn Mountains, Arizona, 1982. 
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C,V' 
W  ̂

Period Home-range size (km2) 

H] Jan-Mar 23.1 

H Apr-Jun 39.4 

n Jul—Sep 16.3 kilometers 

il Oct-Dec 11-0 ° 

[£\ water catchment  ̂ Hayden-Rhodes Aqueduct 

Fig. 6. Home-ranges of a female desert mule deer (no. 19) in the Belmont and Big Horn Mountains, Arizona, 1983. 
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Period Home-range size (km2) 

Jan-Mar 14.5 

H Apr-Jun 9.0 

|§ Jul—Sep 12.9 

13 Oct-Dec 2.3 

R water catchment 

kilometers 

0 10 

^ Hayden-Rhodes Aqueduct 

Fig. 7. Home-ranges of a female desert mule deer (no. 19) in the Belmont and Big Horn Mountains, Arizona. 1984. 



Period Home-range size (km2) 

JD Jan-Mar 19.9 

H Apr-Jun 27.9 

H Jul—Sep no data ( 

H Oct-Dec 24.1 

R water catchment g 

kilometers 

10 

^ Hayden-Rhodes Aqueduct 

Fig. 8. Home-ranges of a female desert mule deer (no. 23) in the Belmont Mountains, Arizona, 1982. 



Period Home-range size (km2) 

Jan-Mar 29.1 

Apr-Jun 23.6 

Jul—Sep 15.8 ^ 

Oct-Dec 20.9 0 

Hm water catchment ^ Hayden-Rhodes Aqueduct 

kilometers 

10 

Fig. 9. Home-ranges of a female desert mule deer (no. 23) in the Belmont Mountains, Arizona, 1983. 



Period Home-range size (km2) 

Jan-Mar 21.8 

Apr-Jun 9-8 

Jul—Sep 2.5 

Oct-Dec no data 

[T] water catchment 

kilometers 

10 

Hayden-Rhodes Aqueduct 

Fig. 10. Home-ranges of a female desert mule deer (no. 23) in the Belmont Mountains, Arizona, 1984. 



Period Home-range size (km2) 

ffi]] Jan-Mar no data 

11 Apr-Jun 7-2 

H Jul—Sep 101-2 

Pi Oct-Dec 39.2 

[T] water catchment 

kilometers 
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Fig. 1L Home-ranges of a female desert mule deer (no. 25) in the Belmont and Big Horn Mountains, Arizona, 1981. 
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Fig. 12. Home-ranges of a female desert mule deer (no. 25) in the Big Horn Mountains, Arizona, 1982. 
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Fig. 13. Home-ranges of a female desert mule deer (no. 25) in the Big Horn Mountains, Arizona, 1983. 
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Fig. 14. Home-ranges of a female desert mule deer (no. 25) in the Big Horn Mountains, Arizona, 1984. 
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kilometers 

3"" ~~ *10 

Fig. 15. Home-ranges of a male desert mule deer (no. 39) in the Belmont and Big Horn Mountains. Arizona, 1983. 
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Fig. 16. Home-ranges of a male desert mule deer (no. 39) in the Belmont Mountains, Arizona, 1984. 
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Fig. 17. Home-ranges of a female desert mule deer (no. 76) in the Belmont Mountains, Arizona, 1983. 
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Fig. 18. Home-ranges of a female desert mule deer (no. 76) in the Belmont Mountains, Arizona, 1984. 
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Fig. 19. Home-ranges of a female desert mule deer (no. 77) in the Big Horn Mountains, Arizona, 1983. 
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Fig. 20. Home-ranges of a female desert mule deer (no. 77) in the Big Horn Mountains, Arizona, 1984. 
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Fig. 21. Home-ranges of a female desert mule deer (no. 4020) in the Belmont Mountains, Arizona, 1990. 
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Fig. 22. Home-ranges of a female desert mule deer (no. 4020) in the Belmont Mountains, Arizona, 1991. 
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Fig. 23. Home-ranges of a male desert mule deer (no. 4070) in the Big Horn Mountains, Arizona, 1990 
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Fig. 24. Home-ranges of a male desert mule deer (no. 4070) in the Big Horn Mountains, Arizona, 1991. 



Period Home-range size (km2) 

Jan-Mar no data 

Apr-Jun 21.4 

Jul—Sep 171.4 

Oct-Dec 18.7 

["*"] water catchment 

kilometers 

0 10 
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Fig. 25. Home-ranges of a male desert mule deer (no. 4100) in the Belmont and Big Horn Mountains, Arizona, 1969. 
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Fig. 26. Home-ranges of a male desert mule deer (no. 4100) in the Belmont and Big Horn Mountains, Arizona, 1990. 
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Fig. 27. Home-ranges of a male desert mule deer (no. 4100) in the Belmont and Big Horn Mountains, Arizona, 1991. 
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Fig. 28. Home-ranges o( a female desert mule deer (no. 4120) in the Belmont Mountains, Arizona, 1989. 
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Fig. 29. Home-ranges of- a female desert mule deer (no. 4120) in the Belmont Mountains, Arizona, 1990. 
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H Jul-Sep 10.2 
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Fig. 30. Home-ranges of a female desert mule deer (no. 4120) in the Belmont Mountains, Arizona, 1991. 
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Fig. 31. Home-ranges of a female desert mule deer (no. 4180) in the Big Horn Mountains, Arizona, 1990. 
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Fig. 32. Home-ranges of a female desert mule deer (no. 4180) in the Big Horn Mountains, Arizona, 1991. 
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H Apr-Jun 17.5 

H Jul—Sep 27.5 

H Oct-Dec 44.1 
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Fig. 33. Home-ranges of a female desert mule deer (no. 4190) in the Belmont and Big Horn Mountains, Arizona, 1990. 



Period Home-range size (km2) 

Jan-Mar no data 

Apr-Jun 28.5 

Jul—Sep 54.5 

Oct-Dec 51.6 

|~*1 water catchment 

kilometers 

0 10 

W| Hayden-Rhodes Aqueduct 

Fig. 34. Home-ranges of a male desert mule deer (no. 4530) in the Belmont and Big Horn Mountains, Arizona, 1990. 
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Fig. 35. Home-ranges of a male desert mule deer (no. 4530) in the Belmonl and Big Horn Mountains, Arizona, 199L 
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Fig. 36. Home-ranges of a female desert mule deer (no. 4570) in the Belmont Mountains, Arizona, 1990. 
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Fig. 37. Home-ranges of a female desert mule deer (no. 4570) in the Belmont Mountains, Arizona, 1991. 
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Fig. 38. Home-ranges of a female desert mule deer (no. 4850) in the Belmont Mountains, Arizona, 1989. 
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Fig. 39. Home-ranges of a female desert mule deer (no. 4850) in the Belmont and Big Horn Mountains. Arizona, 1990. 
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Fig. 40. Home-ranges of a female desert mule deer (no. 4850) in the Belmont Mountains, Arizona, 1991. 



Period Home-range size (km2) 

Jan-Mar no data 

Apr-Jun 64.9 

Jul-Sep 172.6 

Oct-Dec W4.1 

[T] water catchment 

kilometers 

10 

^ Hayden-Rhodes Aqueduct 

* Hone rante exceeds study aret boundaries 

Fig. 41. Home-ranges of a female desert mule deer (no. 4870) in the Belmont Mountains, Arizona, 1990. 
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Fig. 42. Home-ranges of a female desert mule deer (no. 4870) in the Belmont Mountains, Arizona, 1991. 
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Fig. 43. Home-ranges of a female desert mule deer (no. 4890) in the Belmont Mountains, Arizona, 1989. 
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Fig. 44. Home-ranges of a male desert mule deer (no. 4930) in the Belmont and Big Horn Mountains, Arizona, 1989. 
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Fig. 45. Home-ranges of a male desert mule deer (no. 4930) in the Belmont and Big Horn Mountains, Arizona, 1990. 
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Fig. 46. Home-ranges of a male desert mule deer (no. 4930) in the Belmont and Big Horn Mountains, Arizona, 199L 
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Fig. 47. Home-ranges of a male desert mule deer (no. 4950) in the Belmont and Big Horn Mountains, Arizona, 1991. 



/ 

99 

Period Home-range size (km2) 

Jan-Mar no data 

Apr-Jun 50.4 

Jul—Sep 52.4 

Oct-Dec 25.7 

kilometers 

0 10 

[*] water catchment ^ Hayden-Rhodes Aqueduct 

Fig. 40. Home-ranges of a male desert mule deer (no. 5030) in the Belmont and Big Horn Mountains, Arizona, 1990. 
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Fig. 49. Home-ranges of a male desert mule deer (no. 5030) in the Belmont and Big Horn Mountains, Anzona, 1991. 
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Fig. 50. Home-ranges of a female desert mule deer (no. 5090) in the Belmont Mountains, Arizona, 1990. 
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Fig. 51. Home-ranges of a female desert mule deer (no. 5090) in the Belmont Mountains, -Arizona, 1991. 
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Fig. 52. Home-ranges of a male desert mule deer (no. 5340) in the Belmont and Big Horn Mountains, Arizona. 1990. 
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Fig. 53. Home-ranges of a female desert mule deer (no. 5890) in the Belmont Mountains, Arizona, 1990. 
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Fig. 54. Home-ranges of a female desert mule deer (110. 5890) in the Belmont Mountains, Arizona, 1991. 
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