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ABSTRACT
Development and Validation Test of a
Mule Deer Habitat Rule
by
Glenn Gephart, Master of Science
Utah State University, 1979
Major Professor: Dr. Michael L. Wolfe
Department: Wildlife Science
A mathematical description of Rocky Mountain mule deer (Odocoileus

hemionus hemionus) habitat was developed and subjected to validation

testing using correlation and multiple regression statistical techniques.
Data were collected on a central Utah study area, which was divided in-
to mountain and desert regions.

Data on deer utilization and several habitat components from 86
study plots visited in 1976 were used to develop a habitat rule. Data
from 46 study plots visited in 1977 were used to test the accuracy of
the rule. Deer utilization was determined from pellet group counts on
20 0.001 ha pellet plots at each study plot.

The regression model accounted for 53 and 43 percent of the respec-
tive variation in pellet group density in mountain and desert habitats
observed in 1976. However, the same model explained only 8 and 0.02
percenf, respectively, of the observed variation in the 1977 validation

test data.



ix

Reliability and applicability of statistical habitat models and

importance of validation of results are discussed.

(97 pages)



INTRODUCTION

The severity of the impact of mankind's activities upon the world's
resources and environment has increased drastically during the twentieth
century. Recognizing the demands of urbanization, population growth,
industrial expansion, technological advances, and resource exploitation,
Congress enacted the National Environmental Policy Act of 1969 (NEPA).
The act established a national policy of using all practical means to
create and maintain harmonious conditions between man and nature. The
declared purpose of NEPA includes requiring efforts to enrich the under-
standing of the ecological systems and natural resources important to
the nation. The Forest and Rangeland Renewable Resources Act of 1974
(RPA), citing the importance of the renewable resources in forests and
rangelands, required periodic assessments of the supply of anc demand
for these resources (Murphey 1977). However, no system capable of sup-
plying the understanding or assessments required by NEPA nd RPA pres-
ently exists.

In order to provide the methods and information needed to fulfill
the requirements of NEPA and RPA, the U. S. Forest Service (through the
Surface Environment and Mining Program) contracted with a multidisci-
plinary group from Utah State University to develop a scientific method,
QRD, and.an ecosystem classification and information system, ECOSYM
(Anonymous 1978, Davis and Henderson 1976). The acronym QRD stands for

question analysis, rules, data. Question analysis reduces a general



problem to the most specific questions possible. A rule is the formula
which includes those variables necessary to answer questions. It trans-
forms data into information from which answers can be developed. Data
are the information required for input into rules.
This research was a sub-project in the development of ECOSYM and

QRD. The ultimate objective was to construct a predictive rule which,
when supplied with data on key environmental components, would describe
the value of an area as habitat for Rocky Mountain mule deer (Odocoileus

hemionus hemionus).

The ECOSYM Concept

Davis and Henderson (1976) described the conceptual framework of
ECOSYM. The system obtains and delivers information to land managers by
means of a comprehensive framework of classification and mapping of
ecosystems. To provide the flexibility to serve the needs of a variety
of users over a broad geographical area, ECOSYM has three basic charac-
teristics: (1) basic components, (b) hierarchical structure, and (3)
objectivity. Basic components are non-integrated, uninterpreted data.
These components are bedrock, regolith, topography, climate, soil,
current vegetation, surface water, and biotic potential. ECOSYM, there-
fore, differs from classification methods such as Bailey's (1976) Eco-
Region, based on integrated components, or Davis's (1977) physiographic
classification of New York state, which uses only one basic component.
Hierarchical structure provides various levels of resolution of the com-
ponents. Thus, data to answer both detailed and more generalized ques-

tions are available from one system. Objectivity determines class



boundaries of components (e.g. plant community types) using measurable

criteria without interpretation.

Rules

Rules for wildlife species constitute conceptual models which ex-
press in semi-quantitative form the net habitat requirements for a given
species (Davis and Henderson 1976). Hence, rules could be used to des-
cribe the potential quality of a habitat for a species. Wolfe et al.
(1978) discussed the conceptual basis of rule development and utiliza-
tion of rules in resource management in detail.

A basic hypothesis of rule development is that habitat value for a

given species is some function of environmental components:

Habitat value = f(component 1, component 2, ...., component n)

The form of the function f and the identification of environmental com-—
ponents must be determined for each species. The validity of this hy-
pothesis is supported by numerous studies. The general habitat require-
ments for any species are food, water, cover, and interspersion
(Dasmann 1964). Shannon et al. (1975) considered habitat selection an
expression of a complex response to a large number of intrinsic and ex-
trinsic variables which define the functional environment for an animal.
Hirst (1971) described a natural community as a multivariate complex
with the distribution of any specific organism therein being a func-
tion of the distribution of one or more biotic or physical factors.

This multivariate concept of habitat is similar to the multidimensional

definitions of niche by Hutchinson (1958) and ecotope by



Whittaker et al. (1973). Webb (1948) and Loveless (1964, 1967) con-
sidered an understanding of the basic environmental needs of mule deer
fundamental to intelligent management. McConnell and Smith (1970) ana-
lyzed pellet group frequency distributions for deer and elk (Cervus
canadensis) and concluded that deer responded more to environmental
than social forces.

Rules in the ECOSYM concept can provide resource managers with in-
formation necessary to answer three categories of questions: (1) out-
come; (2) place; and (3) action (Davis and Henderson 1976).

Outcome Questions: Rules may predict the effects of an activity

on a certain site. Example: What would be the changes
in habitat value resulting from a clearcut of a specific
watershed?

Place Questions: If an outcome is desired from a given action,
rules can determine which areas have the necessary charac-
teristics. Example: Where could deer be successfully
introduced?

Action Questions: Which management actions will provide a
specific outcome on a specific site. Example: What
habitat component can be changed to enhance the habitat
value in a certain locale?

Thus, equipped with a rule and acknowledging time, feasibility, and
economic constraints, managers may make effective, sound decisions with-
out being personally familiar with the species or process involved.

Puglisi and Hassinger (1977) described a method whereby important



habitat components identified by rules could be inventoried from aerial
photographs. Rules which have been constructed during development of
ECOSYM are aesthetic visual vulnerability (Gropper and Fuhriman 1978),
mass failure (DeGraff 1978b), surface erosion and runoff (Wigington and
Hart 1978), range productivity (Roberts and Workman 1978), timber pro-

duction (Kerr and Henderson 1978a), grey-headed junco (Junco caniceps)

habitat (Grainger 1978), and snowshoe hare (Lepus americanus) habitat

(Wolfe et al. 1978).

The rule concept is not unique to ECOSYM. Stocker and Gilbert
(1977) developed a rating system for white-tailed deer (Odocoileus
virginianus) habitat in Ontario. Habitat resources considered important
to evaluate the potential of an area as white-tailed deer habitat were
identified from the literature. A list of biological uses was developed.
Biological use was defined as 'use of the habitat to derive benefit for
a biological function" (Stocker and Gilbert 1977:434). Compatibility
matrices were constructed to establish the relationship between habitat
resources, biological uses, and habitat types (Stocker et al. 1977).
These matrices were used to rate 100 ha winter and summer habitat cells
in five qualitative classes from optimum to unsatisfactory. Analysis of
corresponding deer densities and movements to validate the system has
not been completed.

Slough and Sadlier (1977) used multiple regression techniques to
construct a land capability classification system for beaver (Castor
canadensis) in British Columbia. Land capability is the inherent capac-

ity of land to provide the biophysical requirements for production of



specific resources. Slough and Sadlier (1977) stressed the importance
of objective quantification as is also stressed in ECOSYM (Davis and
Henderson 1976).

Studies by Ffolliott and Patton (1975) and Patton (1977) illustra-

ted the development and use of rules for Abert squirrels (Sciurus aberti)

in Southwestern United States. These investigators employed production
rating functions to provide simple decision models which describe rela-
tionships between wildlife and other resources. Ffolliott and Patton
(1975) graphically illustrated the relation between volume classes of

ponderosa pine (Pinus ponderosa) which optimize food and nests for

Abert squirrels and those which optimize timber production. Thus,
managers can coordinate both wildlife needs and timber harvest sched-
ules. Patton (1977) developed a simple habitat evaluation technique
using cover, food, and stand diversity components. The technique could
provide managers with the information needed to maintain or improve
habitat quality as well as predict the effects of management programs
on a given site.

Black et al. (1976) assumed that forage, water, and cover are the
usual limiting factors for elk and mule deer. Optimal amounts, types,
and juxtaposition of cover, forage, and water were identified from the
literature. Three functions for cover were identified: (1) concealment,
(2) moderation of thermal extremes, and (3) parturition sites.

Various correlation and multivariate statistical techniques have
been used to investigate animal-habitat relationships. Species studies
include snowshoe hare (Meslow and Kieth 1971), woodpeckers (Conner and

Adkisson 1977), several small forest mammals (Miller and Getz 1977),



livestock and big game (Julander and Jeffery 1964, Mueggler 1965, Cook
1966, Anderson et al. 1972, Terrel 1973, Hudson 1975, 1977, Shannon

et al. 1975, Hudson et al. 1976), and African ungulates (Hirst 1971,
Schijf 1978).

The previously cited studies indicate a high probability that
rules can be constructed for stenotypic species which have a single,
easily identifiable limiting habitat component. Analysis of the limit-
ing factor provides an analysis of habitat quality for such species.

An important question, and a major hypothesis tested in this study, is
whether rules can be developed for eurytypic species which have broad
ecological tolerances and complex habitat requirements.

Two basic approaches to rule development can be identified. Wild-
life-habitat relationships may be derived from existing literature
(Black et al. 1976, Stocker and Gilbert 1977, Wolfe et al. 1978), or
they may be quantitatively measured in the field (Slough and Sadlier
1977, Patton 1977). In this study, an extensive literature review pro-
vided a preliminary identification of the determinants of mule deer
habitat quality. A field study was then conducted in which habitat com-
ponents and deer utilization of habitat were measured. Statistical
analysis described the relationships between habitat components and
utilization, which were used to develop a rule. Finally, an independent
set of data was used to validate the rule.

Three criteria support the selection of mule deer for this study:
(1) the species is of considerable economic and aesthetic importance;

(2) it has been the subject of numerous studies which provide the basis



for preliminary identification of habitat components; and (3) it in-
habits a broad spectrum of habitats, exhibits migration, and exploits
numerous food species, thereby testing the capabilities of rule develop-

ment.

Objectives

1. To determine from the literature those environmental para-
meters which appear to be determinants of mule deer habitat.

2. To measure habitat parameters and corresponding utilization
by deer on a specific study site.

3. To construct and validate a predictive rule which, when sup-
plied with data on key environmental parameters, will des-

cribe the value of an area as mule deer habitat.



LITERATURE REVIEW

The Rocky Mountain mule deer inhabits most of the western United
States and Canada. It has the widest distribution of any North Ameri-
can big game subspecies (Cowan 1936, 1956). Mule deer habitat is gen-
erally described as open forests and brushlands in hilly and rugged ter-
rain (Cowan 1956, Einarsen 1956). However, responses to and tolerances
within different parts of its range show wide variations (Smith 1952,

Hill 1956, Martinka 1968, Miller 1970, Anderson et al. 1972, and others).

Habitat Parameters

A review of the literature identified a series of variables as
potential components for a habitat rule: (1) opening and mix of shrub
and timber types; (2) proximity of feeding areas to cover areus; (3)
migration routes; (4) presence of preferred forage species; (5) height
of forage species; (6) range productivity; (7) plant community type;
(8) optical density and cover of plant communities; (9) snow character-
istics; (10) temperature; (11) solar radiation; (12) wind; (13) aspect;
(14) slope; and (15) elevation.

Components of both summer and winter habitat should be analyzed.
Winter range has commonly been suggested as the limiting factor for mule
deer because often during winter; (1) forage abundance and nutritional
quality are lowest, (2) snow limits the amount of available range and
covers much of the existing forage, and (3) there is a greater dissipa-

tion of body heat due to cold ambient temperatures (Robinette et al.
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1952, Julander 1966, Loveless 1967, Gilbert et al. 1970, Moen 1973,
Wallmo et al. 1977). However, Julander et al. (1961) noted variations
in productivity which they attributed to summer range condition. Al-
though winter ranges may be depleted, animals migrating from good summer
range in a better nutritional plane have generally higher reproductive
success. Stocker and Gilbert (1977) listed several mutually exclusive
uses of summer and winter habitat. Exclusive summer uses were parturi-
tion, lactation, weaning, breeding, and protection from insects. Ex-
clusive winter uses were gestation and protection from deep snow, wind

chill, and low temperatures.

Plant community interspersion

Opening and mix of shrub and timber types and proximity of feeding
areas to cover areas are measures of plant community interspersion
(edge). Interspersion is important because it combines areas which
serve several crucial functions (e.g. feeding, parturition, bcdding,
escape, thermal insulation). Protective cover adjacent to adequate
forage is critical to deer survival during severe winters (Julander
1966). Black et al. (1976) considered the ratio and arrangement of
forage and cover areas to be the keys to predicting effects of timber
management decisions on deer and elk. Several studies have concluded
that deer are reluctant to move far into clearings from wooded areas
(Reynolds 1962a, Clary and Larson 1971, Leopold and Barrett 1972,
Terrel 1973). Taber and Dasmann (1958), Reynolds (1966b), and
McCaffery and Creed (1969) suggested various opening sizes and shrub-
forest mixtures for black-tailed deer (9. h. columbianus), mule deer,

and white~tailed deer respectively.
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Migration routes

Mule deer have distinct local home ranges (White 1960, Robinette
1966), yet usually exhibit seasonal migration between suitable winter
and summer ranges (Richens 1967, Franzen 1968). When habitat require-
ments are satisfied year-round, deer are non-migratory (Mackie 1970,
Dusek 1975). Migration corridors are influenced by topography. In
areas of low relief, there is little orientation due to mountains or
watersheds (Gruell and Papez 1963, Verme 1973). 1In areas of bold re-
lief, topographic structure may limit migrations (Gilbert et al. 1970).
However, Richens (1967) noted migrations over ridges and canyons in
northeastern Utah. The proximity of winter and summer ranges and the
routes between them seem critical because a suitable summer or winter
range has no value if it is topographically isolated. However, no part
of the study area in the present study appeared to be topographically

isolated.

Forage

Forage is the major factor influencing summer deer distribution and
one of the major factors affecting winter distribution in western
North America (Loveless 1964, Julander 1966, Mackie 1970). Because no
one forage species contains the correct balance of nutritive elements
to sustain health over a long period of time, deer are broad spectrum
feeders (Hill 1956, Loveless 1967). After reviewing 99 quantitative
food habits studies, Kufeld et al. (1973) listed 788 plant species util-
ized by mule deer. Utilization of a given species varies with avail-
ability and season (Smith 1952, Hill 1956, White 1960, Martinka 1968,

Goodwin 1973, Dusek 1975).
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Big sagebrush (Artemesia tridentata) is the most commonly listed

browse species. Other important species over most mule deer range in-
clude mountain mahogany (Cercocarpus spp.), cliffrose (Cowania

Mexicana), bitterbrush (Pursia tridentata), and serviceberry (Amelan-

chier alnifolia). Juniper (Juniperus spp.) and pinion pine (Pinus

edulis) supply emergency forage during severe winter periods (Julander
1966). However, the relative importance of species varies for different
parts of the range. Highly palatable species in one area may have low
utilization in other areas (Hill 1956, Martinka 1968, Kufeld et al.
1973). Therefore, the findings of food habits studies may have limited
applicability (Smith 1952).

Presence of palatable forage does not insure good habitat a priori.
Plant height and range productivity affect the quantity and quality of
available forage. Because snow is present on many parts of mule deer
winter range, a food plant with a low, horizontal life form will have
no forage value after a snowfall. Robinette et al. (1952) and Julander
et al. (1961) found correlations between herd condition and range con-

dition on winter and summer range areas, respectively.

Plant community type

Although plant community types do not provide the detailed infor-
mation contained in species lists, they are more easily determined and
provide more flexibility than species lists when used in habitat evalu-
ation. Several studies furnish evidence of the utility of plant com-
munity types. Smith (1952), Martinka (1968), and Dusek (1975) detected

preferences for community types. Martinka (1968) concluded that
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seasonal differences in elevation reflected preferences for community
types rather than climatic variables. The ponderosa pine-Rocky Moun-

tain juniper (Juniperus scopulorum) and douglas fir (Pseudotsuga

menziesii)-Rocky Mountain juniper habitat types received the most use

of eight cover types in the Missouri River Breaks, Montana (Mackie 1970).
Thirteen subdivisions within South Dakota ponderosa pine forest signifi-
cantly affected the distribution and density of pellet groups

(Thilenius 1972). Stocker and Gilbert (1977) described different bio-

logical uses for the community types of Stocker et al. (1977).

Optical density of vegetation

Vegetation structure affects the ability of an area to serve
several of its major functions. Moen (1973) defined optical, mechani-
cal, and thermal density of cover. Structure affects the concealing
qualities of a stand and determines the mobility of an animal within a
stand. One of its major influences, however, may be its effect upon the
thermal insulation qualities of a stand, because thermoregulation is a
major physiological requirement during summer heat and winter cold.
Protection from wind chill and reduction of radiation heat loss have
been widely noted (Lindsdale and Tomich 1953, Richens 1967, Mackie 1970,
Miller 1970, Verma and Ozoga 1971, Ozoga and Gysel 1972, Terrel 1973,
Verme 1973). Indeed, protective cover is often more critical than food
(Hamerstrom and Blake 1939, Webb 1948, Krefting and Phillips 1970, Ozoga
and Gysel 1972). Densely vegetated areas may also serve as refugia

from summer heat (Lindsdale and Tomich 1953, Mackie 1970).
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Climate

The importance of microclimatic parameters of snow depth and hard-
ness, temperature, solar radiation, and wind was stressed by Loveless
(1967) in his extensive analysis of winter range and by others (Porter
and Gates 1969, Moen 1973). These factors influence heat bélance,
thermoregulation, available forage, and movement.

Snow depth and hardness are commonly mentioned as major influences;
they initiate summer and winter migrations, cover forage, and impede
or prohibit movement even at shallow depths (Smith 1942, Aldous 1945,
Robinette et al. 1952, Hill 1956, Dalke and Presby 1964, Loveless 1967,
Franzen 1968, Martinka 1968, Patton 1969, Gilbert et al. 1970, Miller
1970, Constan 1972, Terrel 1973, Verme 1973). Wallmo et al. (1977) con-
cluded that winter mortality is governed by snow conditions and winter
duration rather than total potential forage of a winter range.

Most studies citing snow as influential in deer habitat also con-—
sidered temperature, solar radiation, and wind important. Lindsdale and
Tomich (1953) noted an inverse relationship between activity and de-
creasing temperature, and an increased use of shade with increased tem-

perature. Desert mule deer (Odocoileus hemionus crooki) became noc-

turnal during the hot-dry season in southeastern Arizona (Anthony and
Smith 1977). Verme and Ozoga (1971) concluded that sharp drops in
temperature are more important than snow in prompting white-tailed deer
to seek physical comfort in sheltered yarding areas. Wind is a source
of convective heat loss and also blows snow from some areas, thus making
those areas available for use. Loveless (1967), Mackie (1970), Terrel

(1973), and others have reported avoidance of exposed areas during
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high winds. Stocker and Gilbert (1977) considered protection from wind

chill an important biological use of habitats.

Topographic effects

Slope (gradient), aspect (exposure), and elevation are fundamental
determinants of microclimatic conditions; and, therefore, the effects of
these parameters are difficult to distinguish from microclimate effects.
Topography also influences the type, size and arrangement of plant com-
munities. White (1960) stated that range use was influenced most by a
combination of topography and vegetation.

Effects of aspect vary with geographic location, season of use,
and plant community type. Harris (1959), Loveless (1967), and Mackie
(1970) measured the greatest deer use on southerly exposures; whereas
in New Mexico, Reynolds (1964) noted a 40-100 percent greater use of
northeasterly exposures than other aspects. Pellet groups counted by
Julander and Jeffery (1964) in Utah indicated preferences for south-
western slopes in summer and northwestern slopes later in the season.
Reynolds (1962b) found equal pellet groups per amount of forage per
hectare on north and south aspects in Arizona ponderosa pine communi-
ties. Utah pinon-juniper conversions increased use of south exposures
and decreased use of north exposures; effects varied on east and west
exposures (Terrel 1973).

Responses to slope and elevation are also varied. Studies by
Julander and Jeffery (1964), Mackie (1970), and Terrel (1973) indicated
slope preferences of greater than 11°, greater than 16°, and greater

than 15° respectively. Elevation can indicate preferences for valleys,



mid-slopes areas, and ridgetops (Julander and Jeffery 1964, Loveless

1967)..
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STUDY AREA

Location

Field research was conducted during the summers of 1976 and 1977
on the 13,000 ha ECOSYM study strip west of Price, Utah (Figure 1).
The strip includes portions of Sanpete, Carbon, and Emery counties.
The western area of the strip lies within the Price Ranger District,
Manti-LaSal National Forest. Land in the eastern sections is managed
by private individuals, the State of Utah, and the Bureau of Land Man-

agement.

Physiography

The entire strip lies within the Colorado Plateau geomorphic re-
gion (Thornbury 1965). The strip west of Castle Valley Ridge is on the
Wasatch Plateau, the northernmost part of the High Plateau section, and
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