
Ecology of the desert mule deer, Odocoileus
hemionus Crooki Mearns, in southeastern Arizona

Item Type text; Dissertation-Reproduction (electronic)

Authors Truett, Joe C. (Joe Clyde), 1941-

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 24/05/2023 20:27:45

Link to Item http://hdl.handle.net/10150/565272

http://hdl.handle.net/10150/565272


ECOLOGY OF THE DESERT MULE DEER, ODOCOILEUS HEMIONUS

CROOKI MEARNS, IN SOUTHEASTERN ARIZONA

by

Joe Clyde Truett

A Dissertation Submitted to the Faculty of the

DEPARTMENT OF BIOLOGICAL SCIENCES

In Partial Fulfillment of the Requirements 
For the Degree of

DOCTOR OF PHILOSOPHY 
WITH A MAJOR IN WILDLIFE BIOLOGY

In the Graduate College

THE UNIVERSITY OF ARIZONA

1 9  7 2



THE UNIVERSITY OF ARIZONA

GRADUATE COLLEGE

I hereby recommend that this dissertation prepared under my

direction by Joe Clyde Truett_________________________
entitled ECOLOGY OF THE DESERT MULE DEER. ODOCOILEUS HEXIOKUS

CROOKI MEARH3, g  SOUTHEASTERN AR1ZOHA____________
be accepted as fulfilling the dissertation requirement of the 

degree of Doctor of Philosophy_______ _____ _________

Date

After inspection of the final copy of the dissertation, the 

following members of the Final Examination Committee concur in 

its approval and recommend its acceptance:*

/ /  -  "7/

u - 2-"7/
II - % -11
11 "  \-l\

This approval and acceptance is contingent on the candidate's 
adequate performance and defense of this dissertation at the 
final oral examination. The inclusion of this sheet bound into 
the library copy of the dissertation is evidence of satisfactory 
performance at the final examination.



STATEMENT BY AUTHOR

This dissertation 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 bor
rowers under rules of the Library.

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

SIGNED:



ACKNOWLEDGMENTS

I would like to thank all of the personnel and graduate stu

dents at the Arizona Cooperative Wildlife Research Unit who helped 

with my project. Special thanks go to Dr. Lyle K. Sowls, my advisor, 

and to Dr. Lytle H. Blankinship, biologist, for their cooperation and 

assistance.

ill



TABLE OF CONTENTS

LIST OF TABLES

Page

vi

LIST OF ILLUSTRATIONS...........................................  vii

A B S T R A C T ....................    viii

INTRODUCTION.................................   1

Past and Present Status of Desert Mule Deer in Arizona
and Justification of Study ...............................  1

Objectives.................................   3

STUDY AREAS . . . . . .  .........................................  4

96 H i l l s ................    4
Eagle P e a k ..........................    7
Tucson M o u ntains......................     7

PROCEDURES...................................................... 10

Determining Deer Behavior....................      10
Recording Food Consumption .................................  10
Determining Palatability .....................................  12
Measuring Plant Cover, Composition, and Phenology ............   13
Appraising Deer-habitat Relationships Off the Study Areas . . 13

RESULTS.....................................................   16

Annual Cycle of Activity and Related Social Interactions . . 16
Females and Young ...............................   16
Adult Mal e s ................................................ 21

Microenvironmental Conditions and Their Influence on
.Deer Behavior............    24

Ambient Temperature and Solar Radiation ................. 24
Phases of the Moon ...............................   28
Wind Velocity and Direction ................................ 29
R a i n ............................................... .. . 29
Topography.......................................    31
Water Distribution and Permanence.........................  32

Deer Food Habits and Preferences........................... 32
96 Hills-Tucson Mountains ...............................  32
Eagle P e a k .........................................    33

iv



V

TABLE OF CONTENTS— Continued

Page

Effect of Plant Phenology and Growth on Food Preferences . . 37
Aspects of Deer-cattle Competition ......................... 47

DISCUSSION AND CONCLUSION: MULE DEER MANAGEMENT . . . . . . . . .  48

Annual Cycle of Deer Activity........ ......................  48
Parturition.............................................  48
Breeding Behavior and Deer Census ..................... .. 49
Breeding and Herding Behavior and Desirable Sex Ratios . 49

Microenvironment, Behavior, and Management ...........  .. 50
Habitat Requirements and Deer Management ................... 51

Availability of Drinking Water ..................  . . .  52
Accessibility of Adequate High-quality Food . . . . . . .  52
Amount and Yearly Distribution of Rainfall .............  53

Compatibility of Mule Deer Management Practices With 
Other Land U s e s .................... .................. .. 54

SUMMARY.......................................................... 55

APPENDIX: ANALYSIS OF PELLET TRANSECT RESULTS ................. 57

LITERATURE CITED 61



LIST OF TABLES

Table Page

1. Ground cover and percent composition of perennial 
broad-leaved plants and succulents on the 96 Hills 
Study Area ....................................... . . 6

2. Ground cover and percent composition of perennial 
broad-leaved plants and succulents on the Eagle 
Peak Study Area ................................... . . 8

3. Approximate conception dates and birth dates for 
ten desert mule deer in southern Arizona ........ . . 17

4. Length of time after sunrise deer were active 
before first bedding in morning, summer vs. 
winter ........................................... . . 25

5. Air temperatures at which deer first bedded down 
in the morning, summer vs. winter ................ . . 26

6. Comparisons of mean times deer bedded after sun
rise each moon quarter ........................... . . 30

7. Percent of diet and numerical preference ratings 
of all plants eaten by deer on the 96 Hills- 
Tucson Mountains study areas ..................... . . 34

8. Percent of diet and numerical preference ratings 
of' all plants eaten by deer on the Eagle Peak 
Study A r e a .......... ................ ............ . . 38

9. Seasonal palatability categories of major browse 
plants on the 96 Hills-Tucson Mountains study 
areas............ .. • • ■ ................. .. . . . . 39

10. Palatability categories of major browse plants on 
the Eagle Peak Study Area from mid-January to 
mid-July ......................................... . . 40

11. Deer preference of plant parts on all study areas . . . 41

vi



LIST OF ILLUSTRATIONS

Figure Page

1. Location of study areas in southeastern Arizona . . .  5

2. Arrangement of line-intercept transects for
determination of vegetation cover and composi
tion on the study a r e a s .............................  14

3. Average temperature at which deer first bedded
in morning during each m o n t h .........................  27

4. Seasonal composition of deer diet on 96 Hills- 
Tucson Mountains study areas (exclusive of Erio-
gonum fasciculatum)............................... . 36

5. Deer use of plants that were important in the 
diet during spring and early summer at 96 Hills
and Tucson Mountains........ .................. .. 43

6. Deer use of plants that were important in the 
diet during late summer, fall, and winter at
96 Hills and Tucson Mountains..................... . 44

vii



ABSTRACT

Desert mule deer (Odocoileus hemionus crook!) were studied on 

three areas in southeastern Arizona from 1966 to 1969. Deer behavior 

was analyzed and classified from field notes taken during observation 

periods. Diet of the deer was learned by recording time deer fed on 

each plant species and by examining plants for recent browsing by 

deer. Percent composition of each plant species was estimated by use 

of line-intercept transects. Preference shown each plant species by 

deer was estimated by the formula:

percent of plant species in diet 
percent composition of plant species

Desert mule deer does and young associated in groups larger than family 

size most of the year. Male deer normally remained aloof from these 

groups except during the breeding season, at which time they attended 

groups of does and young, but did not form harems. Warmer air tempera

tures in summer did not cause deer to curtail activities sooner after 

sunrise than in winter, but apparently influenced selection of feeding 

and resting sites during daylight hours. Phase of the moon did not no

ticeably affect daytime activity. High winds and heavy rainfall af

fected deer behavior noticeably. Topography and water availability 

appeared to affect deer use of their home range. Deer diet and food 

preference often changed drastically with changes in plant phenology 

and availability. On the 96 Hills-Tucson Mountains study areas, nine 

plant species formed over 80 percent of the year-round diet, but
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percent of each species in the diet varied considerably from season to • 

season. At the Eagle Peak Area, diet and food preference were strik

ingly different in the spring on two different vegetative types. Deer 

preferred fruits, flowers, and new growth to other plant parts.

Grasses were a very low percentage of the diet. Annuals formed only 

a small percentage of the diet because of their brief availability. 

Moderate overuse of desert range by cattle seemed to benefit desert 

mule deer by making more preferred foods available.



INTRODUCTION

Past and Present Status of Desert Mule Deer 
in Arizona and Justification of Study

The desert mule deer (Odocoileus hemionus crooki) was first of

ficially described by Edgar A. Mearns in early 1897 (Hoffmeister 1962). 

Hearns, accompanying the United States-Mexico Boundary Survey crew in 

the early 1890's, collected several <D. h^ crooki in southern Arizona 

and took notes on its distribution and habits. He reported seeing it 

in several locations in southeastern Arizona, but was impressed by its 

"gentleness and stupidity," which he thought would lead to its early 

extinction (Mearns 1907). Little can be inferred concerning its abun

dance at that time, although Mearns does say that he was describing the 

range of the deer, as known to him, with some detail. Then he names 

only five locations where he knew it to be, and only two places where 

he definitely saw the species in Arizona south of the Gila River.

These observations indicate that it was somewhat scarce. Bailey (1931) 

reports on the occurrence of these deer in 1908 in southwestern New 

Mexico. He says they were reported to be "formerly more abundant," and 

were "nearly exterminated in some locations there, and had completely 

disappeared from others" (p. 34). Probably similar conditions prevailed 

in adjacent southeastern Arizona.

In the late 1920's and early 1930's, the mule deer in southern 

Arizona were reported as being rather scarce (Redington 1930), and be

ing gradually killed out (Tinker 1929). O'Connor (1939) reported that

1
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the desert mule deer in Arizona were greatly depleted (in the early 

1930's). In 1929 the desert mule deer was given complete protection 

from hunting by Arizona law (Clark 1953), apparently because of its 

scarcity (Eager 1930). Following these protective measures, deer ap- 

peared to increase (O'Connor 1939).

In southeastern Arizona mule deer have probably been more 

numerous during the last two decades than at any time during the last 

100 years. This increased abundance is probably due to several fac

tors: (l) increased protection of deer from over-hunting, (2) exten

sion of the geographical range of the mule deer into new areas, and (3) 

improved carrying capacity of the range in many areas. There are nu

merous historical reports (Mearns 1907, Bailey 1931, Tinker 1929, 

O'Connor 1939) which indicate that hunting was a major factor in limit

ing the numbers of mule deer in past years. The evidence for a range 

extension of the species is based largely upon reports from long-time 

residents of Arizona who have in recent years seen mule deer occupy 

areas where they could not be found formerly. Some written reports de

scribe areas that were not mule deer range at the time the reports were 

written (Nichol 1934, Anonymous 1931), but which now support popula

tions of mule deer. I obtained information in the present study which 

led me to believe that reported changes in vegetation in southeastern 

Arizona during the past three-quarters of a century (Hastings and 

Turner 1965, Humphrey 1958) have improved the range as mule deer habi

tat.
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The desert mule deer today is a relatively abundant, widely 

distributed wildlife species, enjoyed by both hunters and nonconsump

tive wildlife users. More knowledge of reasons for its abundance and 

distribution would profit both groups of people. Successful game man

agement programs to insure the availability and abundance of mule deer 

to wildlife users require certain kinds of information about these deer. 

Objectives of my study were formulated specifically to discover some 

habitat requirements and behavioral patterns that might be used in mak

ing sound management plans.

Obiectives

Objectives for this project were (l) to describe social behavior 

of desert mule deer thought to be important to practical management of 

deer herds, (2) to study the effects of local environmental factors on 

deer activity and distribution, (3) to analyze diet and food prefer

ences of wild desert mule deer populations in southeastern Arizona, and 

(4) to relate my findings to practical management of deer herds on 

southeastern Arizona rangelands.



STUDY AREAS

I carried out the study on two major study areas and one sup

plementary area in desert mule deer range (Figure l). Vegetative cover 

and composition were different on each of the two principal areas. 

However, the plant composition of each area was similar to that of 

large areas of desert mule deer habitat in southeastern Arizona. I 

collected additional data from the Tucson Mountains, which closely re

sembled the 96 Hills Study Area, and, where appropriate, lumped these 

additional data with data of the 96 Hills area.

96 Hills

The 96 Hills Study Area was located in a range of granitic 

hills about 20 miles southeast of Florence, Arizona. Elevations on the 

area were between about 2800 feet and 4000 feet, and topography was 

rough and broken to gently rolling. Almost flat outwash slopes bounded 

the area on the east and west, and hills of similar topography and veg

etation to the study area extended to the north and south.

The vegetative cover and plant composition of the area were 

measured by 4200 feet of line-intercept transects (Table l). The tran

sects were located in seven clusters of six 100-foot transects.

Water was available to the deer on the area in ephemeral rain 

pools, one spring, and several stock ponds.
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Figure 1. Location of study areas in southeastern Arizona.
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Table 1. Ground cover and percent composition of perennial broad
leaved plants and succulents on the 96 Hills Study Area.

Plant Species Percent Percent
Cover Composition

Simmondsia chinensis 
Cercidium microphyllum 
Erioflonum fasciculatum 
Calliandra eriophylla 
Haplopappus laricifolius 
Prosopis juliflora 
Acacia greggii 
Opuntia engelmannii 
Janusia gracilis 
Eriogonum wrightii 
Ephedra viridis 
Lycium andersonii 
Franseria deltoidea 
Encelia farinosa 
Aloysia wrightii 
Brickellia sp. 
Fouquieria splendens 
Opuntia versicolor 
Galium stellatum 
Mirabilis bigelovii 
Ayenia pusilla 
Dodonaea viscosa 
Abutilon pringlei 
Gayoides crispum 
Lycium sp.
Echinocereus sp. 
Artemisia ludoviciana 
Mimosa biuncifera 
Opuntia fulgida 
Ferocactus wislizeni 
Lotus rigidus 
Carnegia gigantea 
Metastelma arizonica 
Menodora scabra

5.44 20.37
3.23 12.09
3.13 11.74
2.82 10.56
2.29 8.59
1.58 5.93
1.29 4.84
0.84 3.14
0.80 2.99
0.73 2.74
0.51 1.92
0.46 1.71
0.43 1.61
0.40 1.50
0.36 1.35
0.35 1.32
0.32 1.20
0.31 1.18
0.20 0.76
0.20 0.73
0.16 0.58
0.15 0.55
0.13 0.48
o.io 0.38
o.io 0.37
0.07 0.28
0.06 0.22
0.06 0.22
0.05 0.18
0.04 0.15
0.04 i 0.15
0.02 0.08
0.02 0.07
0.004 0.02

Total 26.70 100.00
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Eagle Peak

Rough limestone ridges, less rugged hills of shale, and brushy, 

eroded basins characterized this study area. The area encompassed a 

part of the north end of the Little Rincon Mountains, about 30 miles 

east of Tucson. Elevations were between 4000 and 5500 feet. Mountains 

and deeply eroded valleys surrounded the area on all sides.

Vegetative cover and composition, estimated from 6000 feet of 

line-intercept transects, are shown in Table 2. I divided the area into 

two obviously different vegetation types for purposes of vegetation 

analysis and food habits studies. I used ten clusters of six 100-foot 

transects, four clusters in the highlands (Cercocarpus-Vauquelinia veg

etation type) and six clusters in the lowlands (Acacia-Aloysia type). 

One spring and a perennial creek furnished water to deer on the area.

Tucson Mountains

I made a number.of observations on an area about 15 miles north 

west of Tucson in the Tucson Mountains. Because the vegetation and 

topography there were similar to that of 96 Hills, data from both areas 

were combined.
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Table 2. Ground cover and percent composition of perennial broad
leaved plants and succulents on the Eagle Peak Study Area.

Plant Species Percent Percent
Cover Composition

HIGHLANDS
Mortonia scabrella 7.10 30.20
Vauquelinia californica 3.10 13.19
Agave schottii 1.95 8.29
Gutierrezia sarothrae 1.28 5.44
Dasylirion wheeleri 1.10 4.68
Rhus choriophylla 0.99 4.21
Cercocarpus breviflorus 0.93 3.96
Salvia pinguifolia 0.80 3.40
Dalea formosa 0.73 3.11
Aloysia wrightii 0.69 2.93
Acacia constricta 0.62 2.63
Calliandra eriophylla 0.62 2.63
Nolina microcarpa 0.56 2.38
Rhus microphylla 0.53 2.25
Parthenium incanum 0.48 2.04
Opuntia engelmannii 0.38 1.62
Psilostrophe cooperi 0.30 1.27
Fouquieria splendens 0.27 1.15
Yucca arizonica 0.27 1.15
Choisya arizonica 0.17 0.72
Melampodium leucanthum 0.14 0.60
Sageretia wrightii 0.13 0.56
Quercus turbinella 0.09 0.38
Larrca divaricata 0.08 0.34
Menodora scabra 0.07 0.30
Echinocereus sp. 0.05 0.21
Zinnia pumila 0.04 0.17
Ceonothus greggii 0.03 0.13
Haplopappus tenuisectus 0.01 0.04
Hibiscus coultcri 0.005 0.02

Total 23.51 100.00
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Table 2.— Continued

Plant Species Percent Percent
Cover Composition

LOWLANDS

Acacia constricta 
Aloysia wrightii 
Nolina microcarpa 
Prosopis juliflora 
Gutierrezia sarothrae 
Agave schottii 
Parthenium incanum 
Yucca arizonica 
Mimosa biuncifera 
Calliandra eriophylla 
Mortonia scabrella 
Acacia greggii 
Fouquieria splendens 
Opuntia engelmannii 
Juniperus monosperma 
Cercidium floridum 
Rhus microphylla 
Condalia lycioides 
Zinnia pumila 
Haplopappus tenuisectus 
Dasylirion wheeleri 
Lycium sp.
Melampodium leucanthum 
Artemisia ludoviciana 
Salvia pinguifolia 
Rhus choriophylla 
Eriogonum wrightii 
Rhus trilobata 
Psilostrophe cooperi 
Garrya wrightii 
Opuntia spinosior 
Ferocactus wislizeni 
Baileya multiradiata 
Dalea formosa 
Agave palmeri 
Krameria parvifolia 
Janusia gracilis

Total

19.66 51.72
4.22 11.11
1.97 5.18
1.95 5.14
1.90 5.00
1.11 2.91
1.10 2.90
1.02 2.68
0.99 2.60
0.77 2.03
0.65 1.71
0.44 1.16
0.37 0.97
0.33 0.87
0.25 0.66
0.18 0.47
0.15 0.39
0.11 0.29 •
0.10 0.26
0.09 0.24
0.08 0.21
0.08 0.21
0.07 0.18
0.07 0.18
0.06 0.16
0.05 0.13
0.05 0.13
0.04 0.11
0.04 0.11
0.03 0.08
0.03 0.08
0.02 0.05
0.01 0.03
0.006 0.02
0.003 0.008
0.003 0.008
0.003 0.008

38.02 100.00



PROCEDURES

On my study areas, I spent 223 hours and 35 minutes observing 

deer and taking notes on their behavior and food consumption. I used 

food preference information from 52 observation periods to estimate 

deer diet during the study. I recorded deer feeding on plants 1,370 

minutes, and counted approximately 8,000 freshly eaten stems to use in 

estimating diet.

Determining Deer Behavior

I used 7-power binoculars and a 20-power spotting scope to aid 

in observing deer behavior. Changes in social behavior with season of 

the year, size of deer groups, and interactions among deer within groups 

were specifically noted.

Observations were usually made on the first undisturbed group 

of deer seen each day. I changed directions of search each day so that 

locations of observations were scattered rather than clumped together 

on the study areas.

Recording Food Consumption

Time that deer spent feeding on each species of plant was re

corded during the observation periods. I used a stop watch to record 

feeding time of a deer on each species of plant that I could identify 

while the deer was in view. This method was first used by Dixon (1934).

10
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Plants in the area occupied by the deer while they fed were 

examined for use following most observation periods. Amount of each 

plant species consumed was estimated by counting the number of stems 

freshly cropped by deer. The number of stems bitten from each species

was calculated as a percent of the total stems counted.
;

I undoubtedly obtained a more accurate picture of deer diet by 

using both the feeding-minutes method and the browsed-stem method than 

if I had used only one or the other. For example, low-growing plants 

or those hidden from view could usually not be identified from a dis

tance. By use of the feeding-minutes technique, I either failed to 

note these at all when deer ate them, or recorded them as unknowns.

But they could later be detected by the browsed-stem method.

On the other hand, deer use of most fruits and some flowers 

could often not be detected at all by the browsed-stem method but was 

easily seen by the feeding-minutes technique.

I averaged estimates obtained by both methods to give a more 

reliable estimate of food consumption. If use on a certain species 

during a feeding period was detected by only one of the two methods,

I used the percent estimated by that method as the "average." If use 

on a plant species was detected by both methods, I took the actual 

average of the two estimates.

I estimated the percent of each plant species in the entire 

season's diet by averaging the percentages recorded for that plant 

during each single observation period during that season.
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Determining Palatabillty

Cook and Stoddart (1953) say that for a palatabillty or prefer

ence classification to be correct, relative percentage of utilization 

must be observed where all studied species are equally abundant. Such 

a natural situation probably does not exist. So they suggest that, for 

practical purposes, palatabillty or preference should be placed in four 

categories: good, fair, poor, or worthless, rather than trying to at

tach an exact figure.

Stoddart and Smith (1955, p. 131) state that an animal's diet 

will be a product of (a) his forage preference and (b) the available 

forage. Having estimations of (1) diet and (2) the available forage 

(plant species composition), I used the formula

Palatabillty percent of plant species in diet 
percent composition of plant species

to aid in determining plant species preference by deer. Van Dyne and 

Heady (1965) used the same formula to estimate plant species preference 

by cattle and sheep. For placement of a plant species into one of the 

four palatabillty categories suggested by Cook and Stoddard (1953), I 

used the following values:

Numerical rating from formula Palatabillty category

1.00 and greater Good

.50 - 1.00 Fair

.00 - .50 Poor

00 Worthless



Measuring Plant Cover, 
Composition, and Phenology

13

Cover and composition of perennial vegetation (exclusive of 

grasses) on the study areas were estimated by the line-intercept method 

(Canfield 1950). I did not include measurements of grass abundance in 

this paper because available grasses were rarely eaten by deer. Line- 

intercept transects were each 100 feet long and were in clusters of six 

transects per cluster (Figure 2). A pellet-group transect was used as 

the base line for each cluster (see Appendix for pellet transect re

sults).

I subdivided each major study area into approximately equal di

visions and established one cluster randomly within each subdivision. 

Seven clusters were established on the 96 Hills area and ten clusters 

were used on the Eagle Peak area.

Phonological development of each major browse species was re

corded immediately following food habits observations of deer and at 

other times independently of deer observations. I tried to obtain a 

year-round picture of the phenology of each major browse plant so food 

habits and preference of plants by deer could be correlated with plant 

growth.

Appraising Deer-habitat Relationships 
Off the Study Areas

I visited many other areas of mule deer habitat in southeastern 

Arizona during the study. During surveys of other areas I noted major 

plant species present, which plants were dominants, degree of use by 

herbivores on plants, and general vigor of major browse species. Signs
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Figure 2. Arrangement of line-intercept transects for determination of vegetation cover and 
composition on the study areas.

A deer pellet-group transect was used as a base for each cluster of plant 
transects.
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of abuse of vegetation by either deer or cattle were carefully exam

ined.

I made notes on abundance of deer sign (tracks and droppings) 

and number of deer seen per survey and used these notes as a subjec

tive index to deer abundance.

I tried to appraise critically vegetation composition and range 

condition and relate these to mule deer presence and relative abundance 

on these areas. Later I compared my notes on other areas with my find

ings on the study areas to try to strengthen my conclusions about desert 

mule deer-range relationships.

15



RESULTS

Annual Cycle of Activity and 
Related Social Interactions

Females and Young

The parturition of wild desert mule deer in southeastern Ari

zona extends from about July 1 to August 31. Swank (1958) reports that 

the majority of fawns are born during the last half of July and the 

first half of August.

Parturition dates for ten southeastern Arizona mule deer and 

the method I used for determining these dates are given in Table 3. A 

gestation period of 200 days, as found by Nichol (1938) for Arizona 

mule deer, was used to estimate the approximate birth dates for em

bryos collected. Embryos were aged by using the criteria of Hudson and 

Browman (1959). The average of these ten dates was July 16.

Of seven yearling and adult does killed on the Santa Rita Ex

perimental Range on December 20, 21, and 22, 1968, three had ovulated. 

If these three were successfully bred, they should all have dropped 

fawns on or before July 10. The other four would have fawned later 

than July 10.

The preceding data on estimated birth dates of fawns indicate 

a peak in the parturition period of desert mule deer about two weeks 

earlier than that reported by other authors (Swank 1958, Lang 1957). 

However, Swank says in the same paper that the peak of conception of 

central Arizona mule deer is about January 1, which would place the

16



Table 3. Approximate conception dates 
Arizona.

and birth dates for ten desert mule deer in southern

Date of Conception Method Used in Collection or
Birth Date Calculating Dates Observation Location

July 4 December 16 Observed birth of young 96 Hills Area

July 4 December 16 n  i i  i i  i i ii ii  ii

July 6 December 18 Ageing of embryos3 Santa Rita Mountains

July 6 December 18 i i  i i  i i i i  ii i i

July 11 December 23 Observed day-old fawn Eagle Peak Area

July 18 December 30 Ageing of embryos Santa Rita Mountains

July 26 January 7 i i  i i  i i i i  i i  n

July 27 January 8 n i i  i i i i  i i  i i

July 27 January 8 i i  i i  i i i i  i i  i i

August 2 January 14 Observed day-old fawn 96 Hills Area

a. A gestation period of 200 days was used in estimating birth dates of embryos
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peak of parturition about July 19, only three days later than my esti

mate if the gestation period is assumed to be 200 days.

Several authors have reported that females seek isolation im

mediately preceding birth of their young (Robinette 1966, Dixon 1934, 

Dasmann and Taber 1956). If does on my study areas did this, it was 

only for a brief period of time. I did not observe them actually seek

ing isolation to give birth; however, of seven does seen with fawns 

which were judged to be several days old or less, none were with other 

deer.

Apparently fawns a few weeks old or less were frequently left 

alone by their mothers. I observed ten young fawns which obviously had 

been temporarily abandoned by the doe. In one instance, twin fawns 

less than 24-hours old were left alone from dawn to dusk, approximately 

14 hours.

Five different young fawns I observed moved about frequently 

when they were left alone during daylight hours, seeking shady places 

by creeping beneath bushes and small trees. Dixon (1934) observed this 

type of behavior in day-old fawns in California mule deer.

When fawns became a few weeks old, they began to follow their 

mothers from place to place. Commonly two or sometimes three adult does 

and their fawns grouped together soon after the fawns began following 

their mothers. Such a group fed, moved, and bedded together. Dixon 

(1934) found that California mule deer sometimes fed in larger groups 

than family groups, and Dasmann and Taber (1956) found the same among 

blacktailed deer. But the latter authors say that there is no good
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evidence that herding, in which several family groups associate to

gether in a more or less permanent band, occurs in Odocoileus. Graf 

(1956) states that Odocoileus in North America have no organized social 

groups, or at best associate in larger than family groups only in 

favorable feeding or resting areas. Numerous observations of deer on 

my areas showed that they usually exhibited greater cohesiveness and 

interdependence than either Dasmann and Taber or Graff indicated was 

characteristic of Odocoileus. Of 277 adult does classified during my 

study, 221 were in groups containing more than one adult doe, and only 

56 were in groups containing a single adult doe.- These multiple-doe 

groups moved as a social unit to all outward appearances. The number 

of single-doe groups would have been less if does with very young fawns 

had been excluded from the total.

In September and October, yearling does often accompanied the 

groups of adult does and fawns. During the rest of the year until the 

beginning of the parturition period the following summer, the doe-fawn

yearling female groups were the normal social groups, although various 

combinations of males, females, and young were occasionally seen. The 

largest aggregation of does, fawns, and yearlings I saw which appar

ently moved and fed as a group was seventeen individuals. Groups seen 

containing female deer averaged 3.8 deer in size on a year-round basis. 

The fideltiy of individual deer to specific groups is not known.

I estimated the time of breeding of does by two methods: (l)

back-dating known or estimated times of fawn birth by 200 days (approx

imate gestation period), and (2) noting when bucks exhibited pre-mating 

behavior to individual does (close pursuit, attempts to mount, etc.).
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If data in Table 3 represent a reliable sample of parturition 

dates, the majority of does are probably bred in late December and 

early January.

Severinghaus (1955) describes a method of determining estrus in 

does by watching the behavior of bucks toward the does. Between Decem

ber 8 and March 6 I made 15 observations of buck behavior toward does 

that I thought indicated estrus in does (from Severinghaus*s criteria). 

Swank (1958) found almost exactly the same breeding season for Arizona 

mule deer in chaparral areas as my field observations showed. He found 

that the breeding season probably ended by February 20, slightly earlier 

than my latest observation. However, I made only one observation of 

sexual excitement in bucks toward does later than February 20, and that 

was on March 6.

Disregarding the March 6 observation, which was probably unusu

ally late, the mean date for observed active sexual behavior of bucks 

toward does was January 4. Back-dating of embryos, shown in Table 3, 

gave an average conception date of December 28 for ten does. The aver

age of these two estimates is January 1, which is exactly the date that 

Swank (1958) said was approximately the peak of conception of central 

Arizona mule deer.

The structure of doe-fawn groups apparently did not change dur

ing the breeding season, except that bucks were often present. A buck 

sometimes briefly pursued a doe, causing her to abandon the group tem

porarily, but she quickly would return to the group. No noticeable 

change occurred in the general composition of these groups of deer
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during the spring pregnancy period. Adult males usually were absent 

from these groups until the next breeding season.

Adult Males

Clark (1953) observed that antler shedding commenced shortly 

after the end of the breeding season. Dasmann and Taber (1956) found 

that California blacktailed deer dropped antlers about a month after 

cessation of sexual activity. In my study it appeared that male deer 

began shedding their antlers in late March, about a month after the 

bucks ceased to accompany does. On March 10, I saw an antlerless buck 

with an injured left rear foot; possibly the injury caused him to shed 

his antlers early. Of five adult bucks I saw on March 30, three had 

shed their antlers. A larger buck seen on April 8 had shed his antlers. 

On April 22, I saw a large buck that still had his antlers.

New antler growth began in early May. I saw a buck on May 9 

and one on May 10; their new antlers were fuzzy knobs, barely visible 

from a distance. Six bucks seen the first half of June had new ant

lers in velvet from 4 inches to 10 inches long.

The period of time during which desert mule deer bucks are 

antlerless is relatively short compared to deer with earlier breeding 

seasons. This can probably be explained by the work of Waldo and Wis- 

locki (1951). They show that antler shedding results from decrease in 

testosterone level in bucks following the breeding season, but that in

itiation of antler growth is probably of pituitary origin, caused by 

seasonal phenomena (probably day length). The increasing day length 

that probably initiates antler growth follows the breeding season of
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desert mule deer more closely than it does the breeding season of most 

other North American Odocoileus.

The formation of "bachelor groups" of bucks during the period 

of antler growth has been described by numerous authors (Clark 1953, 

Dasmann and Taber 1956). Of 50 bucks I saw during the period of antler 

growth, 31 (62%) were in "bachelor groups" of two or .more bucks, 13 

(26%) were alone, and 6 (12%) were with does and young deer. The larg

est number of bucks I saw together was 5; the average size of buck 

groups was 2.8.

Soon after antlers hardened and were polished, external signs of 

increased hormone activity became noticeable in bucks, especially the 

larger ones. Their necks were much larger and more antagonism was shown 

toward other bucks. On November 11 and 12, 1966, of 48 hunter-killed 

bucks 2% years old and older that I examined, 34 (70.8%) had obviously 

enlarged necks. All of these deer were from southeastern Arizona.

Swank (1958) said that bucks in central Arizona chaparral showed notice

able swelling of the neck by mid-December. I first noticed these symp

toms of sexual activity about mid-November during my field study.

Clark (1953) and McLean (1940) describe formation and mainten

ance of harems by mule deer bucks during the breeding season. I found 

no evidence of harems during the breeding season, but found a system of 

breeding similar to that described by Dasmann and Taber (1956) for 

blacktailed deer. Females and young were in groups about the same size 

and composition as pre- and post-breeding-season groups. Bucks appar

ently traveled from group to group seeking does in estrus. I saw two
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different bucks leave groups of does and young and go elsewhere (during 

the breeding season). Another buck entered a group of does and young 

that I was watching; he came from a distance, and the manner in which 

the group reacted to his arrival indicated that he had not been with 

them immediately previous to my observation. A buck that I could posi

tively identify was seen with at least two different groups of does, 

and once alone, during the breeding season. Two or three bucks were 

frequently found with a group of does and fawns. The dominant buck 

made no attempt to herd the does together or to drive other males away 

from the herd. He sometimes closely followed a female, often causing 

her to temporarily leave the herd. But normally he made no aggressive 

movements toward other bucks unless they approached him or the female 

he was following.

Three fights observed between males were pushing contests, car

ried on with antlers placed together. In no instance were bucks seen 

contesting for female deer; in two cases no does were in the near vi

cinity during fights between bucks. Generally instead of fighting, 

bucks asserted dominance by using aggressive displays, as found by Das- 

mann and Taber (1956) in blacktailed deer.

I saw more bucks per doe during the breeding season than at any 

other time of year. During the breeding season (December, January, and 

February) 20.5% (26 of 127) of adult deer classified were bucks; bucks 

were only 14.4% (38 of 226) of the deer seen during the rest of the 

year on the study areas. However, these proportions of bucks per doe 

were not significantly different at 95% confidence.
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Microenvironmental Conditions and Their 
Influence on Deer Behavior

Ambient Temperature 
and Solar Radiation

Deer on my study areas moved about and fed each day from day

light, or before daylight, to varying lengths of time thereafter before 

bedding down. Fifty-eight groups of deer bedded down an average of 130 

minutes after sunrise (i 82.7 minutes at 95% confidence) (Table 4).

Air temperature and directness and amount of solar radiation 

often seemed to be important in regulating deer activity during day

light hours, so I attempted to correlate these with amount of deer ac

tivity. The ambient temperature at which deer groups first lay down in 

the morning was recorded (Table 5). Each group was treated as a single 

observation since almost invariably all deer in a group lay down within 

a very brief time interval.

The average temperature at which deer groups first bedded each 

month is shown in Figure 3. The temperature for summer months was 

higher. Table 5 shows that the difference between summer and winter 

months mean bedding temperature was highly significant.

I tried to find whether the higher air temperature and the more 

direct angle of the sun caused deer to curtail activities and lie down 

earlier in the day in the summer than in the winter. Lengths of time 

after sunrise at which deer bedded down in cool months (October through 

April) and in hot months (May through September) were statistically 

compared (t-test for difference in means) (Table 4). No difference 

could be detected. Deer thus seemed to remain active about the same
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Table 4. Length of time after sunrise deer were active before first 
• bedding in morning, summer vs. winter.

Minutes Deer Were Active
October through April May through September

88
72

Oct. 130 
127 
149

Dec.
159
174
98
142

Jan.
106
65
204
119

209
152

Feb. 249 
91 
200

May 144
164

103
92

June 131
132 
141

163
means not significantly 101

different at 95% 116
confidence 197

198
t = 1.064 Aug* 164

86
93 
51 
74 
84 
10

Mar.

80
79
121
267
113
105
123
119
138
108

183
c , 141Sept. 60

141

x = 120.4

67
173
193

Apr. 152 
128 
134 
144

x = 136.5
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Table 5. Air temperatures at which deer first bedded down in the morn
ing, summer vs. winter.

October through April 
Temperature °F

May through September 
Temperature F

means significantly 
different at 99.97. 

confidence

t = 13.95

May 72
72

78
76

June 80 
80 
80

Aug.

79 
72 
81 
83 
77 
74 
72 
81 
77 
81 
82
80

Sept.
84
70
71 
71

x = 77.1

x = 56.4



TJ 66

Jan, Feb, Mar. Apr. May June July Aug. Sept. Oct

MONTH
Figure 3. Average temperature at which deer first bedded in morning during each month. N)̂1



28
length of time after sunrise regardless of air temperature or time of 

year.

Although deer remained active, year-round, about the same length 

of time after sunrise, important seasonal differences in behavior of 

deer appeared to minimize seasonal differences in heat loads to which 

the deer were exposed. On cold mornings deer usually moved and fed 

most of the time in open sunlight and in areas protected from strong 

winds. They often bedded in direct sunlight. On warm mornings they 

infrequently exposed themselves to sunlight for long periods of time, 

often feeding on north- and west-facing slopes in dense vegetation.

They moved quickly from one shaded area to another, and almost always 

bedded in deep shade.

There was much seasonal variation in amount of daytime activity 

of deer after the initial bedding period in the morning. On hot days 

in the summer, after the first time they bedded, deer I observed usu

ally moved only to seek a cooler bedding place. Sometimes they fed 

briefly about midday, and often fed very briefly at other times when 

they changed bed sites. Of deer I observed, most moved about and fed 

more throughout the day during cool days than they did during hot days.

Phases of the Moon

Buss and Harbert (1943) found that the number of deer at a 

salt-lick in the evening in Washington showed a striking correlation 

with moon phase. They concluded that deer change the time of their 

feeding activities depending on changes in phases of the moon. I com

pared length of time deer fed in mornings before bedding in the



29

half-month preceding the full moon to time they fed in the morning in 

the half-month following the full moon. A test for difference in the 

mean times of each period (Table 6) showed no difference (f = .80 at 

95% confidence). I concluded that, if moon phase influenced period of 

feeding activity, its influence was masked by factors that I did not 

measure.

Wind Velocity and Direction

Deer movement was noticeably affected only if wind speed was 

high (over 15 to 20 m.p.h.) and air temperature was low (about 45 F or 

lower). Under these conditions deer actively sought shelter on the lee 

side of hills, in protected valleys, and in other places where there 

was little wind. I saw groups of deer quickly change their direction 

of movement when they were suddenly exposed to strong, cold winds. A 

recurrent, strong east wind during winter on the 96 Hill Study Area 

sometimes seemed to restrict deer to sheltered locations, mostly on 

west-facing slopes, during cold, windy periods.

Rain

I observed deer responding to the beginning of light rainfall 

by getting up and feeding. If they were already feeding when rain be

gan, they continued feeding.

All deer that I observed during heavy rain (groups of deer on 

three occasions) lay down when the rain started and arose again when it 

stopped. They made no effort to seek shelter under vegetation but lay 

down wherever they happened to be when it started raining.
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Table 6. Comparisons of mean times deer bedded after sunrise each moon 
quarter.

New Moon 
First Quarter

First Quarter 
Full Moon

Full Moon 
Third Quarter

Third Quarter 
New Moon

Minutes After Sunrise At Which Deer Groups First Bedded
209 163 101 116
249 197 198 141
80 183 65 60
79 159 267 141

119 174 113 204
144 98 105 152
164 106 152 123
88 121 128 138

67 92 134
x = 141.5 173 131 144

193 132 74
103 141 84
164 93 10
86 51 200
91 119 127

108 x = 125.9 "x ss 124.8

New Moon

72
130
H I

x = 133.2 

- Full Moon Full Moon - New Moon

x = 135.6 x = 125.3

Means not different 
at 95% confidence

t' = 0.80
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Topography

Topography influenced deer distribution and behavior in two ob

vious ways: (1) directly, by affording a means of thermoregulation,

and (2) indirectly, by affecting vegetation availability and palatabil- 

ity in several ways.

Deer were seen feeding on sunny slopes for longer durations 

during daylight hours on cool days than on hot days. North-facing 

slopes or other slopes that faced away from the sun seemed to be fa

vored for feeding and bedding when air temperatures were high. Deer 

that I saw were frequently bedded in the shade of huge boulders or be

neath rock ledges during hot days but almost never during cool periods.

Vegetation diversity, plant vigor, and plant use by herbivores 

on the study area was intimately associated with topography. The rocky 

hills had a much greater variety of palatable plant species than did 

the nearby flat or rolling areas. North-facing slopes often supported 

several plant species that did not grow on south-facing slopes, and 

vice versa. Areas with many rock outcrops and boulders sometimes ex

hibited a greater density of some preferred plant species and a lower 

density or absence of others than did unbroken terrain. Rough or steep 

topography reduced or prevented cattle use of some areas. Julander and 

Robinette (1950) and Glendening (1944) noted the reluctance of cattle 

to use steep slopes. Variations in cattle use dependent on topography 

affected plant occurrence, density, and vigor on different topographic

sites.
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Deer responded to these effects of topography on plants in 

their use of plants. Specific use of plants by deer will be discussed 

later.

Water Distribution and Permanence

To discover relative abundance of deer in an area from time to 

time, I noted abundance of sign (fresh tracks and droppings) and fre

quency with which deer were seen. When water was abundant on the study 

areas, deer or fresh sign could be found anywhere food was abundant.

In dry periods, especially in early summer, when the only available 

water sources were sometimes two miles apart or more, deer seemed to be 

numerous near water. In dry periods I seldom found them in areas most 

distant from water, even though adequate food was available in such 

areas. Swank (1958) and Clark (1953) found this to be true in their 

studies of Arizona mule deer. In western Texas, Brownlee (1968) states 

that desert mule deer populations show a great density decrease in an 

area if water supplies are cut off. Welch (1960) said that white- 

tailed deer (Odocoileus virginianus cousei) in southeastern Arizona 

moved closer to permanent water during the early summer dry period.

Deer Food Habits and Preferences 

96 Hills-Tucson Mountains

Information about deer diet obtained on these two areas was 

combined, since both areas appeared similar in plant cover and composi

tion. One exception to this similarity was the occurrence at 96 Hills 

of Eriogonum fasciculatum as a prominent browse species and its absence



in the Tucson Mountains. The combined data, therefore, excludes 15. 

fasciculatum as a portion of the diet. Its percent occurrence in the 

deer diet at 96 Hills is shown separately at the bottom of Table 7. 

Table 7 shows the estimated percentage of each plant species in the 

diet during each season and the numerical preference rating for each 

plant species.

I divided the year into four segments as a basis for showing 

diet change with seasonal change in vegetative phenology on the 96 

Hills-Tucson Mountain areas, (l) The period February 1 to April 30 ap

proximated the time of spring growth of plants on the study areas.

(2) May 1 to July 15 was a hot, dry period during which most vegetative 

growth slowed or stopped, except for fruit and leaf growth of some 

deep-rooted plants. (3) From about July 15 to October 15, plants grew 

and matured in response to late summer rains and warm weather. (4) 

October 16 to January 31 was a cool season when growth of most plants 

either slowed or stopped.

Figure 4 shows use by deer of the nine major food plants com

mon to the 96 Hills and Tucson Mountains during each period of the 

year. These nine species made up over 80% of mule deer foods on a 

year-long basis (excluding Eriogonum fasciculatum at 96 Hills).

Eagle Peak

Deer diet at the Eagle Peak area was intensively studied only 

between late January and mid-July. Not enough data were taken to show 

valid results about changes in diet during that period.
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Table 7. Percent of diet and numerical preference ratings of 
96 Hills-Tucson Mountains study areas.

Feb. 1 - Apr. 30 May 1 - July 15 
Plant Species Percent Preference Percent Preference

of Diet Rating of Diet Rating

Simmondsia chinensis 47.5 2.33 52.4 2.57
Calliandra eriophylla 0.8 0.08 7.3 0.69
Eriogonum wrightii 13.1 4.78 1.7 0.62
Ferocactus wislizeni 0.0 0.00 0.0 0.00
Ayenia pusilla 0.2 0.34 2.8 4.83
Janusia gracilis 0.0 0.00 2.0 0.67
Prosopis iuliflora 3.7 0.62 13.4 2.26
Acacia greggii 6.6 1.36 5.2 1.07
Metastelma arizonica 1.4 4.28 0.0 0.00
Lotus rigidus 2.4 16.00 2.2 14.60
.Opuntia fulgida 0.0 0.00 4.0 22.20
Opuntia versicolor 0.5 0.42
Cercidium microphyHum 2.5 0.21 2.9 0.24
Cuscuta spe 0.8 -
Lycium andersonii 0.4 0.23
Sphaeralcea coccinea 2.4 -
Dyssodia porophylloides 0.1 -
Stephanomeria pauciflora 0.3 - 0.3 -
Dalea pringlei 1.1 - 0.3 -
Mirabilis bigelovii 0.4 0.55
Porophyllum gracile 0.2 -
Fouquieria splendens 2.2 1.83 0.7 0.58
Encelia farinosa 2.8 1.86 0.1 0.06
Zinnia pumila 0.1 -
Amsinkia sp. 0.4 -
Franseria confertiflora 0.0 -
Erodium cicutarium 3.3 -
Erigeron sp. 0.3 - -

plants eaten by deer on the

July 15 - Oct. 15 Oct. 16 - Jan. 31 
Percent Preference Percent Preference 
of Diet Rating of Diet Rating

11.8 0.58
16.9 1.60
0.0 0.00
16.9 112.70
24.6 42.40
6.8 2.27
0.2 0.03
0.4 0.08
7.0 100.00
0.0 0.00
1.9 10.60
1.9 1.61

0.6
3.0 1.75

0.5 -

0.2 0.17

5.2 0.26
13.0 1.23
3.1 1.13

34.7 231.30
8.5 14.70
5.7 1.91
0.0 0.00
1.5 0.31

14.9 212.80
0.0 0.00
3.5 19.4

£



Table 7.— Continued

Feb. 1 - Apr. 30 May 1 - July 15 July 15 - Oct. 15 Oct. 16 - Jan. 31 
Plant Species Percent Preference Percent Preference Percent Preference Percent Preference

of Diet Rating of Diet Rating of Diet Rating of Diet Rating

Lesquerella gordoni 2.5 
Menodora scabra 1.4 
Descurainia pinnata 0.0 
Sisymbrium irio 0.2 
Condalia lycioides 0.6 
Artemisia ludoviciana 0.1 
Echinocereus sp. 0.1
Krameria parvifolla 
Haplopappus gracile 
Acacia constricts 
Carnegia gigantea 
Evolvulus arizonicus 
Brickellia multiflora 
Opuntia engelmannii 
Bouteloua filiformis 
Carlowrightia arizonica 
Boerhaavia intermedia 
Hibiscus coulter! 
Amaranthus fimbriatus 
Euphorbia polycarpa 
Kallstroemia grandiflora 
Olneya tesota 
Haplopappus laricifolius

70.0

0.3
0.2
3.3
0.9

0.7

0.1 - 4.2

0.1
3.0 2.27
1.2 0.38
0.2
0.7 - 3.3
0.5
0.1 -  1.1
0.2
0.2
0.2

0.2
1.1 0.13

Eriogonum fasciculatum 26.7 
(96 Hills only)

0.0 0.00 3.512.27 6.7 0.57 41.2
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Simmondsia chinensis Ferocactus wislizeni E 3
Prosopis juliflora □ Ayenia pusilla CEB
Acacia greggii dun Janusia gracilis EZ3
Eriogonum wrightii Metastelma arizonica o o
Calliandra eriophylla r~j

OTHER OTHER OTHER OTHER

Feb. 1 - May 1 - July 16 - Oct. 16 -
Apr. 30 July 15 Oct. 15 Jan. 31

SEASON OF YEAR
Figure 4. Seasonal composition of deer diet on 96 Hills-Tucson

Mountains study areas (exclusive of Eriogonum fascicu- 
1aturn).
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Table 8 lists all food items I saw deer eat or which had been 

browsed by deer under observation at the Eagle Peak area. I divided 

the area into two vegetative types, one dominated by Acacia constricta 

(lowlands) and one dominated by Mortonia scabrella and Vauquelinia 

californica (highlands). These areas differed considerably in plant 

composition (Table 2). Percent of diet and numerical preference rating 

are given for plant species on each vegetative type in Table 8.

Tables 9 and 10 are simplified palatability charts of major 

browse plants at 96 Hills-Tucson Mountains and Eagle Peak, respectively. 

I used the categories of good, fair, poor, and worthless, as suggested 

by Cook and Stoddart (1953), to indicate apparent palatability of each 

plant species to deer during a particular period of the year. The rel

ative values of numerical ratings from Tables 7 and 8 served as a basis 

for assigning each plant to a specific category.

Effect of Plant Phenology and 
Growth on Food Preferences

Food preferences by deer on the study areas changed drastically 

with changes in phenology and vigor of major browse species. In general 

the most preferred plant parts were flowers and/or fruits. New stem 

and leaf growth was next in preference. Old mature leaves and stems 

were eaten very little. Table 11 indicates the apparent preference of 

deer for the major browse species on the study areas at various stages 

of plant growth.

Seasonal use of important browse plants can be seen in Figure 

4. Figures 5 and 6 show that the principal browse plants on the 96



Table 8. Percent of diet and numerical preference ratings of all plants eaten by deer on the 
Eagle Peak Study Area.

Plant Species
Basins and Low Hills Limestone Ridges
Jan.

Percent 
of Diet

20 - July 15
Preference
Rating

Jan. 20
Percent 
of Diet

- July 15
Preference
Rating

Acacia constricta 14.9 0.29 2.1 0.80
Cercocarbus brevifloras 0.0 0.00 32.0 8.08
Vauauelinia californica 0.0 0.00 28.6 2.17
Calliandra erioobvlla 7.6 3.70 0.0 0.00
Prosonis iuliflora 9.1 1.77
Krameria narvifolia 15.5 1,000.00
Rhus micronhvlla 10.1 25.89 1.4 0.62
Anisacanthus thurberi 4.3 - .

Dalea formosa 4.9 245.00
Baileva multiradiata 8.7 -

Fouauieria solendens 6.7 6.90
Ouercus turbinella 15.0 39.40
Agave nalmeri 10.00 -

Mortonia scabrella 7.9 0.26
Nolina microcaroa 2.6 1.09
Agave schottii 1.0 0.34 0.2 0.02
Rhus chorioDhvlla 0.2 0.05
Condalia Ivcioides 3.1 10.68
Juniperus monosnerma 0.5 0.75
Mimosa biuncifera 1.3 0.50
Rhus trilobata 5.5 5.00
Zinnia numila 1.4 5.38
Acacia ereeKii 0.8 0.69
Erioeonum wriehtii 1.2 9.23
Artemisia ludoviciana 0.4 • 2.22
Lenidium so. 0.2 -

Bouteloua erionoda 0.2 -
Bouteloua curtinendula 0.1 -

Unknown forb 2.5 - wco



Table 9. Seasonal palatability categories of major browse plants on the 96 Hills-Tucson 
Mountains study areas.

Plant Species February 1- 
April 30

May 1- 
July 15

July 16- 
October 15

October 16- 
January 31

Simmondsia chinensis Good Good Fair Poor

Calliandra eriophylla Poor Fair Good Good

Eriogonum wrightii Good Fair Worthless Good

Ferocactus wislizeni Worthless Worthless Good Good

Ayenia pusilla Poor Good Good Good

Janusia gracilis Worthless Fair Good Good

Prosopis juliflora Fair Good Poor Worthless

Acacia greggii Good Good Poor Poor

Metastelma arizonica Good Worthless Good Good

Lotus rigidus Good Good Worthless Worthless

Opuntia fulgida Poor Good Good Good

Eriogonum fasciculatum Good Fair Worthless Good



Table 10. Palatability categories of major browse plants on the Eagle Peak Study Area from 
mid-January to mid-July. —  Palatability ratings apply only to the plant part or 
condition indicated in certain species.

Plant Species Basins and Low Hills Limestone Ridges

Acacia constricta Poor Fair
Cercocarpus breviflorus —— Good
Vauquelinia californica — Good
Calliandra eriophylla Good ——
Prosopis juliflora Good ——
Krameria parvifolia Good ——
Rhus microphylla (fruit, young leaves) Good Fair
Anisacanthus thurberi Good —-
Dalea thurberi Good --
Baileya multiradiata (young plants, flowers) Good --
Fouquieria splendens (flowers) Good — —
Quercus turbinella (very young leaves) —— Good
Agave palmer! (flower stalk) — Good
Agave schottii (flower stalk) Good Good
Hortonia scabrella (flowers) -- Poor
Nolina microcarpa (flower stalk) — Good



Table 11. Deer preference of plant parts on all study areas

Plant Species

Sinanondsia
chinensis

Calliandra
eriophylla

Eriogonum
wrightii

Ferocactus
wislizeni

Ayenia
pusilla

Janusia
gracilis

Prosopis
juliflora

Acacia
greggii

Good Fair Poor

Flowers 
Green fruits 

New leaves and stems

Flowers
New leaves (summer)

Flowers
New leaves and stems 

(spring)

Flowers and fruits

New leaves and stems

New leaves and stems

Flowers 
Green fruits 

New leaves and stems

New leaves 
Green fruits

Maturing leaves

New leaves (spring)
Mature leaves (fall 

and winter)

New leaves and stems 
(summer)

Maturing leaves and 
stems

Dried fruits 
Mature leaves and 

stems

Mature leaves 
(spring)

Dormant stems

Dormant leaves 
and stems

Mature fruits

Mature leaves 
and fruits

Worthless

Cactus body

Mature leaves 
and stems

Mature stems



Table 11.— Continued

Plant Species Good Fair Poor

Metastelma
arizonica

New leaves and stems

Eriogonum Flowers
fasciculatum New leaves and stems

Lotus
rigidus

Flowers
New leaves and stems

Mature leaves and 
stems

(young, vigorous 
plants)

Mature leaves and 
stems

Opuntia
fulgida

Fruits

Acacia
constricta

New leaves 
Green fruit

New stems

Krameria
parvifolia

New leaves and 
stems

Cercocarpus New leaves and stems
breviflorus

Mature leaves and 
stems

Vauquelinia New leaves and stems
californica

Mature leaves and 
stems

Mature leaves 
and stems

Mature leaves 
and stems 

(old, decadent 
plants)

Mature leaves 
and stems

Mature leaves 
and stems

Worthless
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Simmondsia chinensis 
Prosopls juliflora 
Acacia gregRii 
Eriogonum wrightii

Feb. 1 - May 1 - July 16 -
Apr. 30 July 15 Oct. 15 •

SEASON OF YEAR
Oct.
Jan.

16 - 
31

Figure 5. Deer use of plants that were important in the diet during 
spring and early summer at 96 Hills and Tucson Mountains,
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Calliandra eriophylla 
Ferocactus wislizeni 
Ayenia pusilla 
Janusia Rracilis 
Metastelma arizonica

Feb. 1 - May 1 -
Apr. 30 July 15

SEASON
July 16 - 
Oct. 15

OF YEAR
Oct. 16 - 
Jan. 31

Figure 6. Deer use'of plants that were important in the diet during 
late summer, fall, and winter at 96 Hills and Tucson 
Mountains.
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Hills-Tucson Mountains areas were either primarily spring-early summer 

foods or late summer, fall, and winter foods, but that a particular 

species was seldom of great importance year-round. During each season, 

a combination of several plant species, rather than only one or two 

species, was important in the diet. Slmmondsia chinensis in the spring 

was the only single species that composed as much as half of the diet. 

The season of greatest preference by deer was almost always the period 

of most rapid growth of edible parts of a plant. Simmondsia chinensis. 

Prosopis juliflora. and Acacia greggii bore flowers and fruits and ac

quired most of their growth in the spring. (Simmondsia showed some 

growth again following late summer rains.) Eriogonum wrightii was also 

primarily an early spring producer, but grew some following summer 

rains.

Ayenia pusilla. Janusia gracillis, and Metastelma arizonica 

grew most in late summer. Calliandra eriophylla blossomed in early 

spring and grew intermittently until the following winter, but the most 

rapid and abundant growth followed the summer rains. Ferocactus wis- 

lizeni blossomed and bore fruit in late summer. Its fruit was usually 

available until sometime in the winter or early spring.

Eriogonum fasciculatum (see Table 7 for use) at the 96 Hills 

seemed to blossom and produce new leaves and stems following adequate 

rains at almost any time of year. Deer used it most during winter and 

very early spring when other preferred foods were not abundant.



Adequate year-round data were not obtained at the Eagle Peak 

area to relate use to seasonal changes in phenology of major browse 

species there.

Vigor and stage of growth of preferred plants affected their 

use by deer. The more vigorous growing plants of a species were almost 

always preferred to decadent or dormant individuals. I used vigor to 

indicate rate of growth or forage production of a plant. Probably 

plants of higher vigor were preferred because they had more new growth 

of stems and leaves and more fruit production than less vigorous plants. 

Preference by deer for young, growing parts of plants has been noted by 

several authors (Reynolds and Sampson 1943, Leopold 1950, Taber 1956).

Perennial plants that showed exceptional vigor were usually 

either (l) relatively young plants, or (2) plants that had been hedged 

by deer or cattle. Very frequently I observed that deer sought out 

young plants or severely hedged plants (cattle were responsible for 

most of such severe browsing) and by-passed older plants that had not 

been browsed by cattle. I decided that deer preference for heavily 

browsed plants was probably caused by the greater production of fruits 

and new growth by such plants in many cases rather than by any inher

ent difference in palatability of the individual plants. Severely 

browsed plants of a species were always found at characteristic cattle 

resting places, i.e., saddles, gentle swales, level places among steep 

hills, and near water. Increased soil fertility caused by abundant 

cattle droppings might also have affected plant palatability in such
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Aspects of Deer-cattle Competition

I drew several conclusions about deer-cattle competition on the 

96 Hills Study Area. Very little cover of perennial grasses existed at 

96 Hills. Cattle, therefore, were forced to eat browse for a large 

part of the year, often competing directly with deer in areas where 

cattle were abundant. Many of the major browse species taken by deer 

were heavily used by cattle: Simmondsia chinensis. Calliandra erio-

phylla. Prosopis juliflora, Eriogonum wrightii. Lotus rigidus. and 

others. During periods of the year when cattle were heavily utilizing 

deer foods (usually in dry periods when annual weeds and grasses were 

not available to cattle), deer were nearly always found feeding in areas 

not heavily used by cattle. Exceptions occurred when deer were able to 

reach food not accessible to cattle. For example, deer sometimes stood 

on their hind legs to reach blossoms or fruit, or probed with their 

noses into dense or thorny plants to reach fruit or flowers.

I found, as did Glendening (1944), that areas of rough topog

raphy were relatively little used by cattle. Deer were able to escape 

excessive competition with the cattle by feeding mostly in the rougher 

areas of their home ranges. Plants in steeper, rougher areas also 

seemed to provide more lush forage during dry periods than did plants 

in areas less precipitous and rocky.



DISCUSSION AND CONCLUSION: MULE DEER MANAGEMENT

Annual Cycle of Deer Activity

Parturition

The parturition period of desert mule deer is apparently later 

in the year than that of most North American Odocoileus. except for some 

California blacktailed deer (Bischoff 1957) and the Coues whitetailed 

deer (McCabe and Leopold 1951).

Since the fawning period begins in midsummer, just before or 

about the same time summer rains begin in southeastern Arizona, it is 

generally assumed that the two are related. That is, fawns are dropped 

at the time of year when plant growth is lush, insuring better survival 

than if they were born earlier (Clark 1953). I compared my sample of . 

birth dates of fawns (Table 3) to dates when heavy rains first fell in 

summer in the areas where my samples were acquired. I examined weather 

records of a number of weather stations in southeastern Arizona for the 

past 20 years. I found that (l) heavy rains often began after the aver

age birth date of fawns in my sample, and (2) summer rains were usually 

quite localized, and that all areas probably would not receive adequate 

rains for lush plant growth until late summer. So a large percentage 

of fawns are often born before summer rains even begin, and assuredly 

before lush vegetation is available.

Verme (1962) found that the survival of fawns in Michigan was 

highly dependent upon plane of nutrition of does during pregnancy. He
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found that well-fed does gave birth to strong, healthy fawns which in

variably survived postnatal nutritional deficiencies. Summer rains in 

Arizona are probably not beneficial to fetuses of most pregnant does, 

since rains hardly start until fawns are born.

Undoubtedly, however, the plant growth from summer rains fur

nishes good food for fawns when they begin eating solid food. So fawn 

survival after the first several weeks of their lives might be closely 

tied to amount of plant growth following summer rains. But survival of 

young deer very early in their lives would likely be dependent upon 

other factors.

Breeding Behavior and Deer Census

Determination of sex ratios of desert mule deer herds by obser

vation is probably less biased toward one or the other sex during the 

breeding season, from about December 1 to mid-February, than at any 

other time of year. Hanson and McCulloch (1955) think that bucks are 

more likely to be seen than does during this period. But at all other 

times during my study, bucks seemed to be more difficult to find than 

does.

Breeding and Herding Behavior 
and Desirable Sex Ratios

The proper ratio of bucks:does for maximum production of deer 

depends largely upon the breeding behavior of deer. Since mule deer 

are polygamous, the optimum sex ratio depends on how many does can be 

serviced by one buck. In Washington and Oregon mule deer, sex ratios 

of one buck to 13 does has been reported, with no reduction in number
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of pregnant does (Robinette 1956). I have no information on what ratio 

would be desirable in desert mule deer, but some logical consequences 

of desert mule deer behavior may possibly be inferred. Several mature 

does are often found in a single group. A buck moving about seeking 

does in estrus may encounter several does at one time, thus increasing 

the efficiency of his search. So the tendency for does to group to

gether rather than be alpne possibly increases the breeding efficiency 

of bucks.

Microenvironment, Behavior, and Management

In my study, neither air temperature nor phase of the moon ap

peared to affect the time after sunrise at which deer first bedded down 

after feeding in the morning. But temperature seemed to affect activ

ity during most daylight hours. High temperatures and a sunny day 

caused deer to seek shade and remain bedded for most of the day. On 

cool days, deer fed and moved about more throughout the day than they 

did on hot days.

Deer sought shelter from cold, strong winds, and lay down dur

ing hard rains.

Local variations in climate should be considered by field work

ers when they are censusing deer. The number of deer seen by an ob

server walking any particular census route would probably vary with air 

temperature, time of day, cloud cover, and possibly effects of wind and 

rain. Such variability might severely limit the usefulness of census 

routes for estimating population trends.
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Topography affected deer distribution by causing (l) unequal 

distribution of deer numbers over large areas, and (2) local changes in 

deer distribution with changes in air temperature and solar radiation. 

Apparently these variations in distribution resulted from (l) food 

seeking or (2) comfort seeking by the deer, each of which could be 

satisfied under certain topographic conditions at different times of 

the day or year.

During summer days, deer were found more often on slopes facing 

away from the sun than on sunny slopes. Desert flats contained less 

deer browse and fewer deer than hills. These and other effects of 

topography on deer distribution should be understood before surveying 

areas for deer density.

Habitat Requirements and Deer Management 

Other results of my study which are important to management of 

desert mule deer as a harvestable game animal deal primarily with deer- 

habitat relationships. Manipulation of southern Arizona rangelands to 

increase mule deer population densities or to extend the present range 

of desert mule deer might involve several possibilities. But I must 

agree with Swank (1958) concerning such possible management procedures. 

He says that the deer population can undoubtedly be increased by one 

or more of several methods, but since the herd is at present being 

underharvested, it would be unsound economically to instigate intensive 

management practices now.
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Availability of Drinking Water

On my study areas, lack of adequate permanent drinking water 

apparently caused deer to congregate during dry seasons in areas near 

water. Browse in areas distant from water during those times was vir

tually unused. Dry periods were often times of poor plant growth. Use 

by deer of only part of their range during periods of poor growth of 

food species probably decreased the effective carrying capacity of the 

range. Strategic placement of permanent watering sites would probably 

increase deer densities on the study areas (and probably many other 

areas as well) by enabling the deer to more completely utilize the food 

resource during critical times.

Accessibility of Adequate 
High-quality Food

Deer on my areas were almost exclusively browsers. Use of an

nual plants was slight and restricted to very brief periods; use of 

grasses was almost nonexistent. In southeastern Arizona on my study 

areas and in all other areas that I saw, the best mule deer range had 

numerous and abundant woody plant species and often a scarcity of 

perennial grasses. The scarcity of grasses I attributed primarily to 

overuse by cattle in most cases. The presence of abundant shrubby 

vegetation might have been originally caused by intensive cattle use, 

and/or other factors (Humphrey 1958, Hastings and Turner 1965). I con

cluded that desert mule deer in southeastern Arizona were most numerous, 

in general, in areas where relatively dense stands of shrubby or woody 

vegetation prevailed. Management specifically for mule deer, therefore,
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would consist of maintenance of shrubby plant cover, probably to the 

detriment of good grass production. Most good mule deer areas visited 

were in such a condition.

In areas where cattle use of shrubby vegetation was relatively 

localized and moderately heavy, vigor of the plants used was notice

ably greater than that of unused plants. Deer preference for plants 

used by cattle was marked at certain times of the year, and production 

of good deer browse by such plants was obviously greater than that by 

plants not used by cattle. But in areas severely overstocked with cat

tle with resultant widespread and almost complete use of browse plant 

growth by cattle year-round, deer populations probably suffered. On 

the 96 Hills and Eagle Peak study areas, cattle use to the apparent 

benefit of deer populations occurred. In other areas seen, browse spe

cies were often severely overused over large areas, individual plants 

showed low vigor, or were dying from overuse, and deer populations 

often seemed abnormally low.

Amount and Yearly Distribution 
of Rainfall

Rainfall is thought by many workers to greatly affect mule deer 

populations in desert areas (Greenley and Humphreys 1964, Hancock 1964, 

Jantzen 1964). I have no information directly bearing on the influence 

of amount and distribution of rainfall on deer. However, plant produc

tion and vigor are affected greatly by rainfall, and several comments 

about deer foods and rainfall on my study areas should be made. Deer 

use of Simmondsia. Agave. Mortonia, Prosopis. Ferocactus. Acacia
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greggii. and several other species was restricted largely to fruits and 

flowers, which may be less abundant or lacking in dry years. Growth of 

leaves and twigs might be curtailed by drought, and deer ate only new 

growth on some plant species. Changes in rainfall patterns might, 

therefore, cause drastic changes in diet.

Compatibility of Mule Deer Management 
Practices With Other Land Uses

Management practices used for a game species should be compati

ble with other important land uses. Desert mule deer in southeastern 

Arizona apparently thrive on ranges considered "poor" from the stand

point of grass and cattle production. Maximum improvement of a range 

for best cattle production (by removing shrubby species and increasing 

grass and forb production) would probably be detrimental to mule deer, 

but perhaps beneficial to other wildlife species. The shrubby type of 

vegetation apparently conducive to relatively high mule deer popula

tions may not be desirable for watershed protection, ground water pres

ervation, or other land conservation measures. Mule deer habitat in * 

southeastern Arizona might have to be "degraded" to accommodate other 

uses of the land. Eventual return of the desert vegetation toward a 

climax condition may have to be accomplished to the detriment of mule 

deer populations as they exist now in many areas.



SUMMARY

The desert mule deer was apparently scarce in southeastern 

Arizona from 1890 to 1930. Since 1930 its numbers have increased to 

such an extent that it is now one of the most important game species 

in southeastern Arizona.

I studied social behavior and environmental influences on be

havior of deer during observation periods. Diet was estimated by us

ing feeding minutes and number of plant stems eaten. Food preference 

was the ratio of percent of plant in diet to percent of plant in the 

vegetative composition.

My data showed the peak of parturition of desert mule deer to 

be about mid-July, and the peak of conception to be about the first of 

January. Does and young deer associated in groups, and these groups 

were often composed of more than one family unit. Male deer accompan

ied these groups during the breeding season.

Ambient temperature and phase of the moon seemed to have little 

effect on length of time deer were active after sunrise. Higher tem

peratures did apparently cause deer to feed less in open sunlight.

Deer reacted to strong, cold winds by moving to more sheltered areas 

and lay down during heavy rains. Differences in topography allowed 

deer to select cooler or warmer sites as they chose and also affected 

distribution and palatability of vegetation used by deer. Deer seemed 

to concentrate around water during dry periods.
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During each season of the year, the majority of the deer diet 

was composed of about five or six plant species. Seldom did any one 

species make up over 507. of the diet. The kinds of plants eaten 

changed seasonally, but the number of important species used during any 

one season remained fairly constant throughout the study. The seasonal 

change in diet was apparently caused by changes in food availability and 

plant growth. Flowers, fruits, and new leaves and stems were highly 

preferred.

Deer sometimes avoided excessive competition with cattle by 

feeding in areas not frequented by cattle at times of the year when 

both animals ate the same foods.

Results of my study have some important management implications. 

The effectiveness of deer census routes for obtaining a population in

dex depends on the visibility of the deer. The air temperature, time 

of day, cloud cover, effects of wind and rain, and topography affect 

deer behavior and thus affect visibility. Strategic placement of water

ing sites would probably increase deer density. Maintenance of shrubby 

plant species and "overgrazing" by cattle in many areas probably bene

fit mule deer populations. Changes in rainfall patterns might cause 

drastic changes in deer diet and food preference. Land management 

which reduces the shrub cover and favors perennial grasses would prob

ably decrease mule deer densities in many areas in southeastern Ari
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APPENDIX

ANALYSIS OF PELLET TRANSECT RESULTS

Ten deer pellet-group transects were established on the 96 Hills 

Study Area and fifteen were established on the Eagle Peak Study Area. 

They were established to test the possibility of their use as a census 

technique for desert mule deer in southeastern Arizona.

Transects were established randomly within approximately equal 

subdivisions of the study areas, one transect per subdivision. Tran

sects were three feet wide and 1,452 feet long (Figure 2), and were 

permanently marked with iron stakes and plastic surveyor’s ribbon.

Each transect had an area of one-tenth acre. I cleared all deer pel

lets from the transects when I established them. Thereafter, each time 

I ran a transect, I counted the pellet groups on it and then removed 

them from the transect.

Table A-l shows the results of pellet-transect counts on both 

areas from January, 1967, to March, 1968, and gives results of an anal

ysis of their reliability during that time period. When estimating 

deer per section from pellet groups deposited, I assumed that deer def

ecated 13 times per day, as found by Smith (1964) and Colorado Game, 

Fish, and Parks Department (1965) for mule deer.

Approximately 6 to 8 of my transects could be run per day. It 

seemed to be desirable to run transects at least three times per year 

to prevent excessive loss of pellets through insect damage, runoff from
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Table A-l. Results of pellet-group transect counts, January 1967 - March 1968, on two areas.-- 
Totals are the sums of the results of three time periods at 96 Hills: January-July, 
July-October, October-March; and of two time periods at Eagle Peak: January-July,
July-March.

96 Hills
Transect
number 1 2 3 4 5 6 7 8 9 10

Total days 
elapsed 422 422 421 421 421 421 421 380 380 378
Number pellet 
groups 1 8 4 4 33 12 12 8 16 13

Calculated
deer/section 1.16 9.33 4.68 4.68 38.60 14.03 14.03 10.37 20.78 16.93

x = 13.46 deer/section i  6.72 at 957. confidence 
1 standard error = 3.36

Eagle Peak
Transect
number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Total days 
elapsed 437 437 437 437 437 437 437 437 437 437 412 412 411 412 395

Number pellet 
groups 3 2 4 14 15 18 16 17 1 10 10 9 7 5 17

Calculated
deer/section 3.38 2.26 4.59 15.77 16.93 20.30 18.05 19.15 1.13 11.27 11.95 10.75 8.39 5.98 21.20

x = 11.40 deer/section i  3.52 at 957. confidence
1 standard error = 1.76
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rainstorms, and concealment by growth of annual vegetation. If run by • 

a conscientious, experienced worker, pellet transects could be a valu

able method for estimating deer numbers as well as population trends in 

desert areas. The approximate number of pellet transects needed to 

achieve various levels of reliability in my areas is shown in Table

A-2.
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Table A-2. Calculated numbers of 1/10-acre pellet transects required 
to estimate deer densities on study areas three times per 
year at 95% confidence.

Deviation From Number of Total Hours to
Mean Density Transects Needed Run Transects

96 Hills

±  10% 259 390

+ 20% 65 98

±  30% 29 43

+ 40% 16 24

±  50% 11 16

Eagle Peak

±  10% 394 590

±  20% 98 147

±  30% 43 65

+ 40% 24 36

±  50% 16 24
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