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(ABSTRACT) 

Pellet group surveys were conducted on. 21 transects in February-March, 1985, and 

January-March, 1986, to estimate relative deer densities on eleven study areas on the 

Jefferson National Forest, southwestern Virginia. Habitat data were collected on the same 

transects in July-September, 1985. Additional habitat information was measured from aerial 

photographs and USDA Forest Service compartment maps. These data were used to develop 

eleven multiple linear regression models and one pattern recognition (PATREC) model for 

predicting deer winter habitat quality, based on the assumption that relative density of deer 

is a good indicator of habitat quality. The densities of evergreen broad-leaved shrubs and 

"Nonforage" shrubs, basal area, mean distance to a field, and percent slope were among the 

most important variables selected in the regression model building process. Six variables 

were selected for use in the PATREC model: mean tree diameter, oak basal area, basal area 

of "Other Winter Forage" tree species, density of "Nonforage" shrubs, mean distance to a 

gated gravel road, and mean canopy closure. Spearman's rank correlations were used to 

compare the model outputs with estimated pellet group densities. All of the models had cor-

relation coefficients 2:: 0.60, four had correlation coefficients > 0.80. The models need to be 

validated, i.e. tested with independent data from areas outside the study sites. These tests 

will help refine the models and assess their effectiveness in other regions of the southern 

Appalachian Mountains. 
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Introduction 

The Forest and Rangeland Renewable Resources Planning Act of 1974 (RPA), as 

ammended by the National Forest Management Act of 1976 (NFMA), requires periodic as-

sessments of public forest lands to report current and expected uses, demands, and supplies 

of renewable resources (Peek 1986:39). This information is used to develop land and resource 

management plans for federal forest lands to #provide for multiple use and sustained yield of 

goods and services in a manner that maximizes long-term net public benefits in an environ-

mentally sound manne~ (USDA 1985b). In addition, NFMA provides for the federal government 

to encourage and assist landowners to manage their land in a similar manner (Peek 

1986:39). 

To meet this multiple-use mandate, planners need the ability to predict consequences 

of proposed management alternatives on all forest resources including outdoor recreation, 

range, timber, watershed, wildlife and fisheries. The Forest Service has selected wildlife 

management indicator species for evaluating the impact that management activities have on 

these and other species requiring similar habitat (USDA 1985a). Management plans favoring 

indicator species are developed under guidelines from NFMA that mandate providing for 

community diversity. These guidelines are based on the capability and suitability of the spe-
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cific land area to support viable populations (Dana and Fairfax 1980:329), requiring assess-

ments of both populations and habitats of indicator species. 

Habitat assessment for an area involves combining a knowledge of habitat needs of the 

species with inventories of habitat attributes to determine the suitability of the habitat for the 

species in question. Models relating wildlife to habitat have been developed for many species. 

These models can be used to assess current and future habitat conditions for the species. 

In southwestern Virginia, the white-tailed deer (Odocoi/eus virginiana) is one of eight 

indicator species for the Jefferson National Forest (USDA 1985a). No habitat model exists for 

white-tailed deer in the southern Appalachian Mountains, though models have been devel-

oped for a few other areas. Development of a deer habitat suitability model for this region 

would help the Forest Service and other landowners develop effective managment plans that 

consider the needs of white-tailed deer for their forest lands. 

The objectives of this study were to determine which environmental variables are rele-

vant to deer habitat suitability in the southern Appalachian Mountains, and to develop a 

habitat evaluation model from these variables. The flow of this thesis follows the stages of 

model development. The first section is a review of the literature on white-tailed deer habitat 

requirements and on habitat modeling. The subsequent sections describe the development 

of several deer habitat models for the southern Appalachian Mountains based on a field 

study conducted in southwestern Virginia. 
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Literature Review 

White-tailed Deer Ecology 

,· 

White-tailed deer are generalists that have adapted to a wide variety of habitats from 

southern Canada through the United States and Central America. Th_ey are_ fo~nd where 1 
sh~and--trees--are--available_JQLf9..9~.!!_fl~~9-~~r (Baker 198~t. Populations are highest 

where cover type diversity is high, especially in areas where small tracts of forest, brush and 

agricultural lands are interspersed (Severinghaus and Cheatham 1956). In the U.S., population 

densities tend to be highest in the East and Southeast (6-12 deer/km2), lower in the North and 

Central regions ( < 6 deer/km2 ), and uncommon or absent in the West (Baker 1984). Densities 

of 8 deer/km2 are generally considered above average (Giles 1978). 

Deer Populations in the Southeast 

In the southern Appalachian Mountains, deer populations have fallen and risen again 

since the arrival of European settlers. Deer were numerous when the colonists first settled in 
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the eastern U.S., but by the late 1600's, major declines in deer populations led to the passage 

of restrictive hunting laws in many of the colonies. Despite hunting restrictions, deer were 

nearly extirpated from the southern Appalchian Mountains by the early 1900's, due to limited 

enforcement of regulations and market hunting. In the early 1900's, deer populations in the 

region began to rise as more open and brushy habitat became available from extensive forest 

clearcutting (Shrauder 1984). At the same time, laws were more strictly enforced and re-

stocking of deer from areas of higher population densities began (Newsom 1969). Currently, 

deer populations in the southern Appalachian Mountains are lower than in the piedmont and 

the coastal plains (Shrauder 1984). 

In Virginia, deer populations declined rapidly in the 1700's and 1800's. In 1849, Virginia 

became the first state to institute seasonal deer hunting restrictions west of the Blue Ridge 

Mountains. Because of the extensive clearcutting in the 1920's, and the restocking efforts that 

occurred between 1931 and the 1950's, Virginia's deer population increased to greater than 

411,000 by 1975 (Peery and Coggin 1978:10). 

Limiting Factors 

Factors that potentially limit deer populations include: winter weather, quantity and 

quality of available forage, predators (including humans), disease and parasite infections, and 

intra- and interspecific competition (Shrauder 1984). Causes of deer mortality in Virginia, from 

highest to lowest proportion are: hunting, vehicle collisions, poaching, crop protection, mis-

cellaneous accidents, dogs, fences, train collisions, and crippling losses. Vehicle collisions 

accounted for more than 60%, poaching was estimated at 19%, and predation by dogs made 

up 2% of losses other than legal harvest in 1975 (Peery and Coggin 1978:46). In a study of 10 

southeastern states, Barick (1969) found that legal harvest accounted for 63% of deer mortality 

in the region. Predation and poaching rates were estimated at 8% and 20%, respectively. 
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Based on this information, it appears that predators (other than humans), disease, and 

parasite infections are not major limiting factors for deer in the region. Intra- and interspecific 

competition is minimal for deer in the southern Appalachians (Shrauder 1984), although 

rabbits, other small mammals, and some birds may compete with deer for food in localized 

areas, especially in winter (Whittington 1984). 

Although hunting is the major cause of qeer mortality, it is not the only factor controlling 

deer populations. Natality, immigration, and emigration are also important factors in popu-

lation dynamics. Habitat quality can have an important impact on these factors, especially 

natality in deer. The most important factors to consider when evaluating deer habitat are the 

quantity and quality of available food and cover. Measures of plant species composition, 

vegetative condition and successional trends, and the structure and variability of the forest 

stands can be used to evaluate these factors (Harlow 1984). 

Cover 

Cover is important to deer as protection from extreme weather and for escape from 

predators. Thermal cover becomes important when it enables deer to meet their basal energy 

requirements (Moen 1968). It is less important in the southern U.S. than in the North, because 

snow Is not persistent and deep, and temperatures are not as extreme. Lack of deep snow 

reduces the amount of energy needed to move in the winter, and increases the amount of food 

available, since it is not buried beneath snow. However, snow can be an occasional problem 

in the higher elevations of the southern Appalachian Mountains (Harlow 1984). Although there 

is no concentration of southern deer into winter "yards", there may be some shifting between 

cover types within a deer's home range to reach better food or cover (Zeedyk 1969). In the 

southern Appalachians, deer avoid exposed slopes and ridgetops during severe weather and 

concentrate in coves and on lower hillsides where laurel and rhododendron provide thermal 

cover (Ruff 1938). 
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Little is known of the importance of escape cover for deer in the Southeast. They are 

known to seek dense cover to escape dogs (Sweeney et al. 1971). Since forest land and dense 

shrubs are common in the region, escape cover is generally considered adequate (McGinnes 

1969, Halls 1978). 

Food 

Food resources are usually identified as the major factor determining deer habitat suit-

ability. Knowledge of the foods that deer will consume, and measures of the abundance of 

these foods can be used as indices of habitat condition. Good quality deer habitat is charac-

terized by a diversity of nutritious, palatable foods (Harlow 1984). 

Deer select the same types of foods throughout the Southeast, although they may forage 

in ecologically different areas (coastal plain, piedmont, or the mountains). i;;_r~~D le_ayg§.._Qf 

woody pl_r.rnts_ ~ret_he 1Tl()!>_t_~C'.>,IT'l~-~f1ly_1,1_seg _fgrage~J>_o_t_h_ Jo Jenn~ gf fr~q':l~r:ic1_()_f.~~-~~_r.r~_n~~ 

and volu_m"e. Leaves of evergreen plants and shrubs are used in winter, when green 

deciduous leaves are not available. Fruits and fungi are also favored foods, though their 

availability is limited. Hardened, woody twigs have the lowest frequency of occurrence and 

make up the smallest volume of the diet. Forbs, grasses, sedges, fungi, and dry leaves com-

bined composed 36% of the diet volume (Harlow and Hooper 1971). 

Cushwa et al. (1970) found that hardened, woody twigs made up less than 112 of 1% of 

the fall-winter diet of deer in the Southeast. These results were surprising, because woody 

browse has traditionally been ~onsidered an important component of deer diets. They found 

that woody twigs were consumed most often in the spring when the twigs are growing and 

succulent. They also found that green leaves of deciduous plants, fungi, and fruits were im-

portant food items. Acorns were eaten by deer in every season, and ranked high in diet vol-

ume in autumn and winter, depending on the size of the mast crop. In a study of rumen 
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contents collected in November and early December, 1966-1973, Harlow et al. (1975) found that 

acorns averaged 76% of the diet volume when mast was abundant. In years when mast pro-

duction was low, acorns were replaced by leaves of evergreen forbs (e.g., Gaultheria 

procumbens and Galax aphylla) and shrubs (e.g., Rhododendron spp.), and fungi. 

Agricultural crops, including annual grasses, are used as deer forage when they are lo-

cated close to forest cover types (Matschke et al. 1984, Shrauder 1984). Agricultural crops tend 

to be higher in digestible energy and protein than native forages, and they often are preferred 

by deer. 

Water is generally not E:onsidered a limiting factor for deer in the South. Deer use sur-

face water when it is available, but most of their water needs are met by succulent vegetation 

(Lay 1969). Deer can survive without free water for extended peri0ds of time if rainfall, hu-

midity, and plant succulence are relatively high (Marchinton 1969, Downing and McGinnes 

1976). 

The quantity of available food often is used as an index to deer habitat quality. The 
~----------- ------ - - -·----~ ----------------------· ----- - •. ·- - -- ·- --·---··-·----· .. ---·- ---~····-····>-··--·----·'·~---· 

amount of forage potentially available to deer can be estimated by using weight survey 

methods such as clip and weigh plots (Harlow 1977) and mast traps (Thompson and McGinnes 

1963). Subjective survey methods, based on occular estimations, also can be used (Harlow 

1984). 

Forage quality also is used as an index to habitat potential. High quality forage must 

contain sufficient protein, digestible energy, and various nutrients for growth and reprod-

uction. Wallmo et al. (1977) developed a model to predict deer carrying capacity of an area 

based on deer energy and protein requirements. Harlow (1984) demonstrated how this model 

can be applied in the Southeast. 
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Harlow et al. (1975) found that diets containing acorns were higher in nitrogen-free ex-

tract, soluble carbohydrates, and crude fat, had lower mineral content, and were more di-

gestible than mast-free diets. The lower digestible energy content of mast-free diets may be 

an important factor in determining whether deer meet energy requirments during winter in 

years of poor mast production. They did suggest that if the supply of evergreen plants and 

shrubs, mushrooms, and grasses was adequate, deer suffered no ill effects, even in years of 

acorn production failures. 

Reproduction 

Nutrition is important not only for individual animal health, but also for reproduction. Age 

of females at puberty is influenced by nutritional level, most likely digestible energy 

(Kirkpatrick 1975). On low quality range few female fawns will breed (Severinghaus and 

Cheatham 1956). Abler (1974) related this to digestible energy. Ovulation rate in adult does 

seems to be regulated by digestible energy in the diet one to two months prior to breeding. 

Sufficient energy and protein in the latter third of pregnancy is important in reducing stillbirths 

and postnatal mortality of fawns (Kirkpatrick 1975). 

Soil fertility may influence forage quality. Low fertility sites may produce low quality 

forage which can result in a low range carrying capacity for deer (Coffman 1968, Smith 1974, 

Shrauder 1984). Phosphorus is a component of soil fertility that is recognized as particularly 

important to deer (USDI 1983). Site index, a measure of site quality based on the height of 

dominant forest trees at a given age, has been used to predict forage production, but it has 

proven to be less effective than percent canopy cover, tree basal area, and slope position for 

such predictions (Conroy et al. 1982, USDI 1983). 
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Home Range 

Deer tend to use the same home range for many years. The area must be large enough 

to provide the animal with its life requisites: home ranges tend to be larger in poorer quality 
~ 

habitats (Marchinton and Hirth 1984). '''The average home range radius does not generally 

exceed 1.6 km in nonmigratory populations (Severinghaus and Cheatham 1956). Telemetry 

studies have shown that home ranges in the South vary in size from 59 ha in the Georgia 

Coastal Plain (Marshall and Whittington 1969) to 520 ha in the Ozark pine-hardwood uplands 
...i.-~;K 

(Cartwright 1975)."'''Marchinton (1968) noted that the average size of home ranges in t.he 

piedmont, riverbottom, sandhill, and semi-mountainous terrain of Georgia, Alabama, and 

Florida was 87 ha, Bucks may double the size of their home ranges during the rut (USDI 1983). 

Because home ranges are relatively small and tend to overlap, a high degree of 

interspersion of food and cover is important. Home ranges are usually elongated in shape 

(Marchinton and Jeter 1967). In areas where cover types are arranged linearly, as in the 

Ridge and Valley physiographic province, elongated home ranges maximize available 

resouces while minimizing movement and energy expenditure (USDI 1983). 

Deer tend to use different parts on the home range at different times of day (Marchinton 

and Hirth 1984(1n hilly terrain they often bed at higher elevations during the day and move 

to lower elevations to feed and bed at night (Marchinton and Jeter 1967). t'Deer use forest 

openings, cuts, and agricultural fields at night when they are less visible in these open areas 

(Marchinton and Hirth 1984). 
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Effects of Silviculture on Forage Production 

Deer habitat quality is related to the compositon, age arrangement, and successional 

stage of the cover types in the area. As habitat diversity increases, deer food resources also 

tend to increase. Different successional stages, provided by sivicultural practices, provide a 

variety of foods that are available at different times of year (USDI 1983). 

The focus of most studies of the effects of silvicultural practices on deer habitat has been 

on forage production. Crawford (1976) found that understory vegetation is related to stand 

type, structure, disturbance, and site in Appalachian oak-pine stands:..?cutting increases the 
- .I; 

amount of understory vegetation, and, therefore, forage for deer. :;.olncreases are greatest on 

high quality sites and minimal on poor sites (Crawford 1971). Forage is significantly related to 

forest characteristics in natural, second-growth, mixed pine-hardwood stands~*"Abundance of 

forbs and grasses is inversely related to basal area, age, DBH, and height of the stand, and 
.. ----··--------

positively related to pine density. Woody forage is positively related to hardwood density, age, 

DBH, and basal area (Hurst et al. 1980). Although the forests of the the Southern Appalachian 

Mountains are not generally mixed pine-hardwood types, these relationships might also be 

true for other forest types. 

& . . 
Clearcuts are used by deer more than the surrounding forest, due to the presence of 

large quantities of prefe[@d forage (Blymyer 1976)f When clearcuts are too small ( < 0.4 ha) --
overbrowsing and overstory competition reduce the amount of available forage in 2-3 years. 

Serntrresearchers have _!Yggested tb.fil_ when clearcuts are too large ( > 20 ha if circular, or -wider than 180 m if elongated in shape) they become too dense to attract deer in 3-5 years -----·-----.. ~--------
(Harlow and Downing 1969, McGinnes 1969, Blymyer 1976).fo'Blymyer suggested that cuts ---
should be limited to 8-12 ha in size and that they should be linear in shape with a width less 
~----=----------·-·· ·---~-----····--> '" 
than 180 m. Heavy selection cuts may be better for deer than clearcuts, because they remain 
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Summary 

Food is generally considered to be the most important factor in determining deer habitat 

quality. Predation, severity of winter, and competition are considered minimal in the South-

east. The quantity and quality of available forage can be measured and compared to the re-

quirements of deer to predict habitat quality. Forage availability is related to forest 

characteristics such as density, age, size, successional stage and species composition. These 

relationships can be used to predict habitat quality for deer. 

Habitat Modeling 

Models can be used to predict a species' response to its environment. Such predictions 

are useful for inventory, impact assessment, mitigation, and wildlife management studies 

(Thomas 1982). Predictions can be based on analysis of energy-flow, populations, or habitat 

quality (USDI 1980). 

Human activities affect the flow of energy through the ecosystem. Analysis of changes 

in energy flow have been used in small, well defined systems such as some aquatic 

ecosystems. This approach requires data that can be difficult and extremely expensive to 

collect. 

A second approach, population estimation, is appealing, for it provides estimates of ac-

tual changes in animal numbers from changes in the ecosytem. Population estimation often 

relies on indirect inventory methods (e.g., pellet group or track counts), because animals tend 

to be mobile, secretive, and often live in habitats that make actual counts difficult. Population 
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models also require information on natality, mortality, immigration, and emigration, which can 

be difficult and expensive to assess and require several consecutive years to aquire. 

<1 A third type of model is based on habitat quality. Knowledge of the species' habitat re-

quirements and data on the quantity and quality of resources available in the area, are used 

to assess habitat suitability. Since human activities affect the physical and biological features 

of an area, they indirectly influence animals through changes in habitat conditions 

(Schamberger and O'Neil 1986). Habitat models are less time consuming and less costly to 

develop than the other two types. Habitat information is currently available for many species 

and is relatively easy to collect when it is needed. 

Habitat modeling has drawbacks, however, because habitat quality may not be the only 

factor important in predicting species' responses to ecosytem changes. Predation, inter- and 

intraspecific competition, mortality, natality, weather and other factors that affect species' re-

sponses often are not included in habitat models (Schamberger and O'Neil 1986). VanHorne 

(1983) discussed factors that contribute to a lack of correlation between animal abundance and 

habitat quality. She listed three environmental factors: highly seasonal habitat, unpredictabil-

ity over time, and environmental patchiness, that may cause this lack of correlation. Species 

that are generalists or that exhibit social dominance or high reproductive potential may occur 

in high numbers in low quality habitat. VanHorne noted that a better measure of habitat quality 

should include mean survival probability and mean productivity combined with knowledge of 

population density. 

What is needed is an approach that takes into account the population method's advan-

tage of results of estimates of animal numbers and the habitat method's advantages of time 

and cost effectiveness (USDI 1981). We need to understand the relationship between habitat 

and populations, that is, the relationship between the supply of resources available from the 

habitat and the life reqirements of the species (Moen 1973:333). The unifying concept is car-

rying capacity (USDI 1981). Carrying capacity has many definitions, and can be difficult to 
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quantify. For modeling purposes carrying capacity can be defined as the number of animals 

that an area can support, based on energy and physiological requirments over a defined pe-

riod of time (Giles 1978:195). 

There are no 'standard methods for measuring carrying capacity. Ecologists working 

with ungulates have traditionally based carrying capacity on estimates of caloric and nutri-

tional values of the forages available in the habitat (Moen 1973:365-370). This is an estimate 

of "potential" carrying capacity, because competition, predation, and other nonhabitat factors 

that affect animal populations are not included in the estimate (USDI 1981). 

Because habitat models deal in potential population levels, they are not true carrying 

capacity models. They are constrained to the habitat features that are thought to be important 

to the species and to the specific planning or management needs. The models are designed 

to assess potential changes in habitat quality and availability due to changes in land use 

practices (Schamberger and O'Neil 1986). Habitat models are simplifications of the system. 

Although they do not describe all interactions with the high confidence levels, precision, and 

certainty of science, they are useful as predictive tools for decision making in the planning 

process. Models can "intergrate scientific and common sense knowledge as well as theory, 

hunches and expert opinion to forecast alternative future images" (Romesburg 1981). 

Habitat Model Development 

There are several types of habitat models including word, mechanistic (graphical), 

multivariate statistical models, and pattern recognition Bayesian probability (PATREC) models 

(USFWS 1981). The mechanistic, multivariate, and PATREC approaches are the most com-

monly used. 
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The first stages of model development are similar for all types (Figure 1). First the model 

objectives are set, including species, season, and geographic area of applicability. An impor-

tant part of setting the model objectives is defining the acceptable model outputs, that is, the 

reliability that the model should attain given the time, information and funding available. For 

example, desired outputs may rank study sites similarly to a ranking by a species authority, 

or they can be more precise and predict carrying capacity with some degree of confidence 

(e.g., a population estimate within 10% with 90% confidence) (USFWS 1981). 

The next stage of model development is identification of the model variables· based on 

habitat features that: 

the wildlife species responds to 

are easily measured or estimated 

are predictable for future conditions 

can be affected by management activities 

can be influenced by planning and management decisions 

(Schamberger and O'Neil 1986). Variable selection should take into account important biotic 

and abiotic features, seasonal requirements, and spacial relationships (USFWS 1981). Com-

monly used variables include: vegetation stucture, forage quantity and quality, interspersion, 

and physical habitat features (e.g., distance to a permanent water source). 

The next stage of development, structuring the model, differs for each model type. Gen-

erally, the relationships between the habitat variables and habitat quality are determined, then 

the variables are combined to estimate habitat suitability. The mechanical approach relies 

on graphical displays. The PATREC and multivariate approaches use mathematical ex-

pressions to describe the relationships. 

Literature Review 14 



Set Model Objectives 
Define ideal and acceptable model outputs 

Define geographic area of model applicability 
Define season of applicability 

Identify Model Variables 
Seasonal habitat 

Life requisites 
Spacial relationships 

I Structure the Model I 

Document the Model I 

Verify the Model I 
Figure 1. Flow chart of habitat model development. 
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Mechanistic Models 

Suitability index graphs are developed in the mechanistic approach for each variable. 

The dependent variable of the graphs is a suitability index (SI) scaled from O (totally unsuit-

able) to 1.0 (optimum suitability). SI is a unitless scale based on the assumption that there is 

a relationship between the independent variable and some measure of habitat suitability. The 

measure of habitat quality may be habitat use, animal abundance, or some index of physio-

logical well-being (Schamberger and O'Neil 1986). The graphs can be constructed by (1) 

graphing the species' response against the variable measurements, or (2) drawing graphs 

based on general statements from the literature or on information from a species authority. 

The SI scores for a study area are determined from the graphs by comparing area habitat 

characteristics with the relationships depicted in the graphs. 

The relationships between variables are then described by considering limiting factors, 

cumulative and compensatory relationships, and spacial relationships. The final result is a 

habitat suitability index (HSI) scaled from 0 (unsuitable) to 1.0 (optimum suitability). If the 

variable with the lowest SI is important enough to the species to override the other variables, 

then the HSI is equal to the SI of the limiting factor. Cumulative relationships occur when a life 

requisite can be met by one or a combination of several variables. In this case the HSI is equal 

to the sum of the Si's for the individual variables, provided that the HSI is less than or equal 

to 1.0. In compensatory relationships, a low SI for one variable is offset by a high SI of one 

or more other variables, and HSI can be calculated as the weighted mean of the variables. 

Spatial relationships take into account home range size and the interspersion of life requisites 

within the assessment area. If one or more life requisites are separated by distances greater 

than the longest home range axis, then the HSI equals 0.0. If all life requisites are distributed 

evenly across the area and are separated by some optimal distance, then the HSI equals 1.0. 

The HSI decreases as the distance between life requisites increases. When many variables 
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are used to calculate an HSI, one or several of these variable relationships may occur, and 

the final HSI may be based on a combination (e.g., weighted mean) of these methods. 

Multivariate Models 

Multivariate statistical methods can be used to determine which variables are most 

useful for predicting habitat suitability. Both regression and discriminant analysis techniques 

can be used (USFWS 1981). Johnson (1981) suggested that multiple regression may be better 

than looking at each variable separately, because the variables may be intercorrelated. 

Discriminant analysis ususally is used with presence or absence data (Johnson 1981). 

Multivariate models are based on empirical observation or statistical inference concerning 

habitat variables rather than theoretical relationships (USFWS 1981). Regression models were 

chosen for use over discriminant analysis, because presence or absence data were not ap-

propriate for our sampling techniques. An index of habitat quality (e.g., animal abundance, 

habitat use, or physio,logical condition indices) is regressed with the habitat variables. The 

results (for these models the results are predictions of pellet group densities) are converted 

to HSl's using the equation (USFWS 1981): 

Predicted value Predicted Pellet Group Density 
HSI= ~~~~~~~~~~ = 

Maximum Observed Value Maximum Observed Pellet Group Density 

PATREC Models 

PATREC models assess habitat based on patterns of habitat characteristics (Williams 

et al. 1977). The method uses both objective data and the subjective judgement of the modeler 

and species authorities to calculate the probability that an area can support a high population 
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of the species given the habitat features of the tract (Wilson 1983, Flather and Hoekstra 1985). 

A major assumption in PATREC modeling is that the highest densities of animals are found in 

the highest quality habitat. 

PATREC model development can be broken down into five steps (Figure 2). First, the 

range of densities is divided into habitat suitability classes (HSC's). The number of HSC's 

depends on the level of predictability desired (Wilson 1983). For this study two HSC's, high and 

low relative densities of deer pellet groups, were used. The second step is the calculation of 

prior probabilities (PP's), i.e., estimates of the probability that the assessment area will be 

suitable habitat based on prior knowledge of population densities in the area. PP's are cal-

culated as the percentage of the area that biologists believe support high and low population 

densities. When this information is not available, a PP value of0.5 for both high and low HSC's 

can be used. High and low PP's must sum to 1.00 (Wilson 1983). Next, pertinent habitat fea-

tures are measured on study areas, and these data are used to derive conditional probabili-

ties (CP's) for the high and low HSC's. CP's are derived from the frequency of occurence of 

a habitat feature in areas representative of either high or low HSC's, and represent the overall 

chance that the area being evaluated belongs in the high or low HSC based on the habitat 

feature. The data for each habitat feature are partitioned into two or more classes that illus-

trate differences between areas with high and low population densities (Wilson 1983). 

Finally, posterior probabilities, which represent the overall probability of the area under 

investigation having either a high or low potential population density, are calculated from the 

CP's and PP's using Bayes' Theorem: 

P(S)P(E/S) 
P(S/E) = 

P(S)P(E/S) + P(U)P(E/U) 
where 

P(S/E) = Posterior probability for suitable habitat given sample result E 

P(S) = Prior probability of suitable habitat 
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Define Habitat Suitability Classes 

Calculate Prior Probabilities 

Measure Habitat Features on Study Areas 

Derive Conditional Probabilities 
From Study Area Data 

Calculate Posterior Probabilities 
Using Bayes' Theorem 

Figure 2. Flow chart of PATREC model development. 
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P(U) = Prior probability of unsuitable habitat, P(U) = 1 - P(S) 

P(E/S) = Likelihood of sample result E given suitable habitat = high CP 

P(E/U) = Likelihood of sample result E given unsuitable habitat = low CP 

Sources of Other Deer Models 

Several models have been developed to assess habitat potential or to estimate the 

number of deer that an area can support. They fall into two categories, those that assess 

forage and cover availability (Giles and Snyder 1970, Whelan et al. 1979, Armbruster 1985, 

Short 1985), and those based on energy and protein requirements (Rayburn 1972, Moen 

1973:365-389, Wallmo et al. 1977, Mautz 1978, Harlow 1984, Short 1985). The models range in 

complexity from. simple graphical models based on expert opinion (Armbruster 1985) to ex-

tremely complex models based on estimates of the amount of metabolizable energy available 

in the habitat (Moen 1973:365-389, Short 1985). Variables used to determine habitat suitablity 

in these models include: 

percent canopy cover of overstory oaks 

average DBH of overstory oaks 

site index 

number of oak species per unit area 

oven-dry weight of natural vegetation known to be important to deer forage, Oct.-Mar. 

quantity of individual classes of suitable forage (vegetation whose digestibility 

in autumn-winter is :::; 40%) available within 1.5 m of the ground 

apparent digestibility of each forage class 

metabolizab_le energy value of each forage class 

abundance of each forage class 

overstory spedes composition 
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number of important food plant species 

openings (percent of the forest with < 10% canopy cover). 

No models exist for the southern Appalachian Mountains. A simple, practical model 

would be useful to land managers in the region. The model should be composed of variables 

that are relatively easy to measure and that are related to forage availability, without the need 

for time consuming weight measurements or chemical analysis. This will help insure that the 

model is practical to use {i.e., managers will be more inclined to use a model that is easy to 

use and that does not require large amounts of time spent collecting data). The following 

sections of this thesis descibe the development of such a model. 
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Study Area 

The study was conducted on the Blacksburg Ranger District of the Jefferson National 

Forest in Montgomery, Giles and Craig counties, southwestern Virginia (Figure 3). The Dis-

trict is located in the Ridge and Valley Physiographic Province of the southern Appalchian 

Mountains, which is characterized by long, parallel ridges and valleys composed of 

interbedded sandstone, shales and carbonates. As a result of severe uplifting and folding and 

differential weathering rates, the ridges are generally sandstone and shale while valley bot-

toms are limestone. Streams are abundant in the region, but flows are low in late summer 

even in years of average rainfall (USDA 1985a). 

The soils are shallow to moderately deep, well drained, have a fine, loamy texture, and 

are derived from sedimentary rocks. Only 25 % of the soils have moderate to high potential 

for productivity (site index 70-90 (21-27 m) for upland oaks, base age 50). Approximately one 

half of the land has slopes greater than 35%, resulting in medium to very rapid runoff (USDA 

1985a). 

Elevations in the District range from 450 to 1280 meters. Average annual temperature in 

the region is 7° C. Average annual rainfall in Giles County is 89 cm (USDA 1985a). 

Study Area 22 



Jefferson National Forest ,/ , 
rV 

\ 
WEST VIRGINIA ,' VIRGINIA 

\ 

KENTUCKY ~ 
, ' _/' ~ 

-L:.., ______ -

T E N N E S S E E ,' ,,, 

I 
I , 

.Lynchburg 

NORTH CAROLINA 

Blacksburg Ringer 
- - ········-··-J)_ta~_~_!c..L -

Figure 3. Location of the Blacksburg Ranger Distict of the Jefferson National Forest, Virginia. 
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Most of the lands were clearcut between 1910 and 1940 and abandoned. (Newsom 1969). 

Today the area is mainly covered by Appalachian mixed hardwood forest, composed primarily 

of upland oaks (Quercus spp.), yellow-poplar (Liriodendron tulipifera), and hickories (Carya 

spp.) interspersed with pitch pine (Pinus rigida), Table Mountain pine (Pinus pungens), Virginia 

pine (Pinus virginiana) and white pine (Pinus strobus). Eighty percent of the timber is greater 

than 50 years of age. The understory primarily is composed of blueberry ( Vaccinium spp.), 

huckleberry (Gaylussacia spp.), mountain laurel (Kalmia latifolia), rhododendron 

(Rhododendron spp.) and forbs. Much of the land in the valley bottoms is privately owned, 

agricultural (hay and pasture) land. 

Even-aged timber managern(!nt has been the dominant silvicutural system used since 
, .. .., ..... -- .. _ .... 

1964 on the Jefferson National Forest. The current management plan calls for continued 
- ·-~ . . .. . ... , . - - ' ,. .. -· . 

even-aged management w!th clearcutting as the. primary harvest roeth9~, Cle.arcvts are not 

to exceed 40 acres in size. Because 56% of the forest land suitable for timber management 

is in the 40-70 year age class, improved age-class distribution is needed to reach the long-· .. -. - . . ..... -. .-- . ·- -.··- •, · ..... 

term objectives of sustained yield and harvesting timber prior to wood decay and tree mor-
., __ - - ... '• - ··----.- . ·-· .. _ -·-

tality. A rotation schedule of 60 to 120, years depending ()n stand type Cll'!d site. quality, has 

been developed to facilitate this. changf!_ in age-class .distibution. Average rotations for cove 
-··----.. -~-----·~ , .... - . 

hardwoods, average-site hardwoods, and white pine are 80 years. Upland hardwood will be 

harvested on an average 100 year rotation (USDA 1985b). 

Hunting pressure information was obtained from the Virginia Commission of Game. and 

Inland Fisheries (unpubl. rep.). Hunting pressure was estimated in 1982-1984 during the deer 

hunting season by counting vehicles on roads that pass through National Forest lands 

(Table 1). Counts were conducted between 0630 and 1030. Hunting pressure was lowest in 
------·----~------~--·--···---~~·"•' ·- - ··-~·····-·· ·-·- .... - -·;-

.!~-~- P.C>VE!rty Cre~k area, followed by John's Creek and Craig Creek. Stony Creek had the 

highest hunting pressure of all the study areas (Table 1). 
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Table 1. Hunting pressure during the 1982-1984 deer hunting seasons on the Blacksburg Ranger 
District, Montgomery, Giles and Craig Counties, Virginia. ' 

Hunters/km of road2 

Road Segment 1982 1983 1984 

Craig Creek Area 
VA 621 Craig Creek 24 
P188-1 Brush Mountain 2 

Poverty Creek Area 
FS-269 Poverty Creek 2 
FS-808 Pandapas Pond3 16 

Stony Creek Area 
VA 636 Stony Creek 33 28 24 
FS 734 Rocky Mountain 28 24 28 
P260 Olean 4 

Johns Creek Area 
VA 601 Rocky Gap to VA 632 13 

1 As estimated from road surveys by the Virginia Commission of Game and Inland Fisheries. 
2 Based on an average of 2.5 hunters per car. 
3 This road leads to a picnic area where hunting is prohibited. 
The number of cars may be an overestimate of hunting pressure for this road. 
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Methods 

Data Collection 

Eleven study sites were chosen on the Blacksburg District (Figure 4). Criteria for se-

lection included: estimated deer density, access, and the ability to pinpoint the area on maps 

and aerial photographs. Areas were selected to sample a wide variety of deer densities (as 

estimated by the Virginia Commission of Game and Inland Fisheries) and thus, presumably, 

a variety of habitat qualities Two other important considerations in site selection were that the 

areas be within Forest Service boundaries and that no timber harvesting was planned for the 

area during the study. 

Pellet Group Survey 

Several methods for estimating deer populations have been used to study deer popu-

lations in the Southeast: track counts, pellet groups surveys, deer drives, harvest data, strip 
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Figure 4. Location of the study areas and transects on the Blacksburg Ranger District of the 
Jefferson National Forest, Virginia. · 
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counts, and mark-recapture studies (Overton 1971). Pellet group surveys (Neff 1968) were se-

lected to estimate relative deer densities on the study areas, because pellet group surveys 

are commonly used, relatively inexpensive to conduct, and have been tested and reviewed 

by many researchers, including those conducting studies in the Southeast (Downing et al. 

1965, Jenkins and Marchinton 1969, Overton 1971, Kinningham et al. 1980). 

In February and March, 1985, 21 transects were established on the eleven study areas. 

Each transect extended from the valley bottom to the ridgetop in a direction diagonal to the 

main contours of the mountainside to avoid following a spur ridge or hollow up the 

mountain-side. Transects varied in length from 898 - 2508 m depending on the valley width. I 

established 0.004-ha (0.01-ac) circular plots (3.57 m radius) at 100-m intervals (slope distance) 

along the transects, beginning a random distance from the starting point. The number of deer 

pellet groups on top of the leaf litter were recorded for each plot (Overton 1971). The center 

of each plot was marked with vinyl flagging so that it could relocated for future sampling. A 

total of 370 plots was sampled in winter, 1985. 

In January-March, 1986, pellet group surveys were conducted on the relocated plots and 

on new plots located halfway between the original plots. The new plots were established to 

increase the sample size. A total of 730 plots was sampled in winter, 1986. An attempt was 

made to conduct summer pellet group surveys in June, 1985, but few pellets were found due 

to rapid decomposition of pellets in the summer. 

Vegetation Survey 

The original 1985 pellet group survey plots (n = 370) were revisited during July-

September, 1985, to collect habitat information. At each plot center, cover type, percent slope, 

aspect and canopy closure were recorded. Aspect and slope were measured by facing down 
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slope at the plot center and sighting on a person standing 50 m away using a compass and 

a clinometer. Slope postion was recorded in two ways: main slope postion was recorded as 

crest, upper third, middle third, or lower· third; position on the spur ridge was recorded as 

crest, upper third, middle third, lower third, or hollow. 

The center of the plot also served as a center point for a horizontal point sample (Husch 

et al. 1972:260-286) using a 2.5-m2 /ha prism to sample trees ;:::: 3 cm diameter breast height 

(dbh, 1.3 m above the ground). Species and dbh were recorded for each tree. These data were 

used to estimate the number of trees and basal area per hectare, and mean tree diameter. 

The shrub layer, defined as all woody and nonwoody plants 2:: 0.5-m tall and less than 

3-cm dbh, was sampled by the point quarter method (Brower and Zar 1977:81-86). A point-

quarter sampling point was located at a random angle within each compass quadrant at a 

random distance s 25 m from the pellet-group plot center. Species, total height, crown depth 

and crown diameter were measured for each shrub in addition to the distance from the sam-

ple point. These data were used to estimate density, frequency, and coverage of shrubs. 

Each point-quarter sampling point also served as the center of a 1-m2 plot on which 

cover was estimated for each herb species. All plants, woody and non-woody, < 0.5-m tall 

were considered herbs. Coverage of the species within the plot was rated on the following 

scale: < 1 % , 1-5%, 6-25%, 26-50%, 51-75%, 76-95%, > 95% (Mueller-Dombois and 

Ellenberg 1974:59-60). Figure 5 shows the layout of the pellet group and vegetation plots. 

Map and Aerial Photograph Information 

The transects were located on U.S.G.S; 7.5-minute quadrangles with Forest Service 

Service cover types and compartment boundaries superimposed, and on color-infrared aerial 
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100 m 

A 

50 m 

Figure 5. Layout of pellet group survey and vegetation plots.: A - Pellet group survey plot, every 
50 m. B - Horizontal point sample plot, every 100 m. C - Point quarter sampling point. 
D - Herb plot 1-m2• 
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photographs of the study areas (seal~ 1:15840). At 200-m intervals along the transects the 

shortest distance to each of the following features was measured: permanent water, paved 

road, ungated gravel road, gated gravel road or horse trail, edge of a clearcut ~ 6 years of 

age, and edge of a field ;:::;. 0.25 ha in size. The distances were averaged to estimate a mean 

distance to each feature for each transect. 

On the quadrangle maps, a 1600-m wide corridor was drawn centered on the transect. 

Within this corridor two estimates of interspersion were made: the number of Forest Service 

cover types divided by the total number of stands, and the number of points where three or 

more cover types meet divided by the area of the corridor (Giles 1978:159). 

Statistical Analysis 

For analysis, tree, shrub, and herb species were placed into categories reflecting deer 

food habits in the southern Appalachian Mountains (Harlow and Hooper 1971). The tree cate-

gories were: oaks, evergreen broad-leaved species, conifers, other winter forage species, and 

other hardwood species. The shrub categories were: evergreen broad-leaved species, other 

winter forage species, and nonforage species. Herbs were divided into winter forage species 

and nonforage species. These categories are described in Table 2. 

A total of 37 habitat characteristics (4 categorical and 33 continuous variables) was used 

in analysis for each plot (Table 3). Means of the continuous variables were calculated for 

each of the 370 vegetation plots and for the 21 transects. The 1986 pellet group data were 

summarized by plot and transect. The 1985 pellet group data, however, were summarized only 
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:S:: Table 2. Tree, shrub, and herb categories based on winter food habits of deer In the Southern Appalachian Mountains (adapted from Harlow 
;. and Hooper 1971). 
0 a. 
IO 

w 
N. 

Trees Categories 

Oaks 
Red oak 
Scarlet oak 
Chestut oak 
White oak 
Black oak 
Bear oak 

Quercus rubra 
Quercus coccinea 
Quercus prinus 
Quercus alba 
Quercus velutina 
Quercus i/icifolia 

Evergreen Broad-leaved Species 
Great rhododendron Rhododendron maximum 
Mountain rhododendron Rhododendron catawbiense 
Mountain laurel Kalmia latifolia 

Conifers 
White pine 
Pitch pine 
Table mountain pine 
Virginia pine 
Shortleaf pine 
Eastern hemlock 
Red cedar 

Pinus strobus 
Pinus rigida 
Pinus pungens 
Pinus virginiana 
Pinus echinata 
Tsuga canadensis 
Juniperus virginiana 

Other Winter Forage Species 
Hawthorn Crataegus spp. 
Flowering dogwood Cornus f/orida 
Cherry Prunus spp. 
Red maple Acer rubra 
Yellow poplar Liriodendron tulipifera 

Other Hardwood Species 
all other species not listed in the above tree categories 

Shrub Level Categories 

Evergreen Broad-leaved Shrubs 
Great rhododedron Rhododedron maximum 
Mountain rhododendron Rhododendron catwbiense 
Mountain laurel Kalmia latifolia 
Pieris Pieris f/oribunda 

Other Winter Forage Species 
all tree species listed in the categories other than "Evergreen 
Broad-leaved Species" and "other Hardwood Species" 
Winged sumac 
Staghorn sumac 
Grasses and Sedges 
Smooth sumac 
Christmas fern 
Wood ferns 
Marginal woodfern 
Lady fern 
Cinnamon fern 
Sensitive fern 
Bracken fern 
Ebony spleenwort 
Polypody 
New York fern 
Hay-scented fern 
Maidenhair fern 
Rattlesnake fern 

Non Forage Species 

Rhus copallina 
Rhus typhina 
Gramineae, Cyperaceae 
Rhus glabra 
Polystichium acrostichoides 
Dryopteris spp. 
Dryopteris marginalis 
Anthyrium filix-femina 
Osmunda cinnamomea 
Onoclea sensibilis 
Pteridium aquilinum 
Asplenium platyneuron 
Polypodium spp. 
Thelypteris novaboracensis 
Dennstaedtia punctilobi/a 
Adiantum pedatum 
Botrychium virginianum 

all other species not listed in one of the 
the above shrub level categories. 



31:: Table 2. continued. 
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Herb Layer Categories 

Winter Forage Species 
all tree and shrub level species listed in the categories above 
other than "Other Hardwood Species" and "Non Forage Species". 
Fungi 
Wild indigo 
Wintergreen 
Trailing arbutus 
Common cinquefoil 
Partridgeberry 
Striped wintergreen 
Pippsissewa 
Vetch 
Tick trefoil 
Bush clovers 
Hairy bush clover 

Non Forage Species 

Baptisia tinctoria 
Gau/theria procumbens 
Epigaea repens 
Potentilla simplex 
Mitchel/a repens 
Chimaphi/a maculata 
Chimaphi/a umbellata 
Vicia spp. 
Desmodium nudiflorum 
Lespedeza spp. 
Lespedeza hirta 

all other species not listed above 



by transect due to unexpected problems in recording data. A pooled estimate of pellet group 

density was calculated for each transect based on the combined data from both years. 

Chi-square heterogeneity tests were used to determine if pellet groups were found dis-

proportionately on plots with particular cover types, slope positions or aspects. For this 

analysis, presence or absence of pellet groups based on the 1986 pellet group survey was 

considered, not the total number of pellet groups found on the plot. 

Multiple linear regression (MLR) was used to model the relationships between the 

number of pellet groups found on a plot and the habitat variables measured at the plot. The 

maximum coefficient of determination (max-R) method of variable selection was used in con-

junction with Mallow's Cp statistic to determine the best fitting regression equation (Ott 

1984:460-464). In the max-R method, R2 was computed for each model. Those models with the 

highest R2 values were examined to determine the number and identity of variables to include 

in the model. The Cp statistic measures the joint contribution of bias and variance in the 

model: 

Cp = SSEp I S - (n-2p) 

where: 

SSEp = sum of square error for a model with p parameters 

S = mean square error from the regression equation 

n = number of variables being considered for inclusion in the model 

The best model should have Cp approximately equal to p (Ott 1984:460-464). 

Principle components analysis .(PCA) was used to reduce the dimensionality of the data 

set and to describe the underlying structure of the variables (Johnson 1981). The first five 

factors were used as variables in MLR for both the plot and transect level analyses. 

A Fisher's Protected LSD test was used to test the hypothesis that pooled pellet group 

densities did not differ amoung transects. Multiple linear regression was used to describe the 
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Table 3. Variables used in the habitat analysis. 

Distance to a paved road 
Distance to an ungated gravel road 
Distance to a gated gravel road or horse trail 
Distance to a field > 1/4 ha in size 
Distance to a clearcut < 6 years of age and > 1/4 ha in size 
Distance to permanent water 
Number of places where 3 or more cover types meet within a 1600-m 

corridor centered on the transect 
Number of cover types within the corridor described above, divided by 

the number of stands within the corridor 
Cover type. 
Slope 
Percent canopy closure 
Aspect 
Number of trees per ha 
Mean tree dbh (cm) 
Basal area (m2/ha) 
Percent total herb coverage 
Shrub density (number per ha) 
Basal area of oaks 
Basal area of evergreen broad-leaf species 
Basal area of other deer winter forage species 
Basal area of conifers 
Basal area of other hardwood species 
Number of oak trees per ha 
Number of evergreen broad-leaf trees per ha 
Number of other deer winter forage trees per ha 
Number of other hardwood trees per ha 
Number of conifer trees per ha 
Number of non deer forage trees per ha 
Mean dbh of oak trees 
Mean dbh of evergreen broad-leaf trees 
Mean dbh of other deer winter forage trees 
Mean dbh of other hardwood species trees 
Mean dbh of conifer trees 
Mean dbh of non deer forage trees 
Density of evergreen broad-leaf shrubs 
Density of other deer forage species shrubs 
Density of non deer forage species shrubs 
Coverage of evergreen broad-leaf shrubs 
Coverage of other deer forage species shrubs 
Coverage of non deer forage species shrubs 
Percent cover of deer forage species in the herb layer 
Percent cover of non deer forage species in the herb layer 
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relationship between the mean pellet group density and the continuous habitat variable 

means for each transect (n = 21). The map variables were included in this analysis as well as 

the first five PCA factors. The max-R method and Mallow's Cp statistic were used to determine 

the best fitting models. 

Transects were arranged in ascending order by mean pellet group densities and then 

divided into "high" and "low" density categories based on a natural break in the data. 

Wilcoxon rank sum tests were used to test the hypotheses that there were no differences in 

habitat variable means between the two density categories. Spearman's rank correlations 

were used to compare the regression and PATREC model outputs with estimated pellet group 

densities. 

Variable transformations were used when necessary to meet the assumption of 

normality in the MLR and LSD procedures. SAS (1985) and NPSP (Pirie 1984) computer pro-

grams were used to analyze the data. 
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Results and Discussion 

Pellet Group Surveys 

The 198S-1986, pooled pellet group data were used to calculate the mean number of 

pellet groups per hectar~ for each transect {Table 4); means ranged from 16 to 396 pellet 

groups per hectare. Significant differences were found among some of the study areas 

{Table 4, Fisher's Protected LSD test). The Johns Creek transects {10N, 10S) had the highest 

densities. The Stony Creek transects {8N, 8S, 9S, 11 N) and two of the Craig Creek areas (2, 

6N) also had higher densities than the Poverty Creek (1, 3N, 3S, 4N, 4S) and the remainder of 

the Craig Creek transects (SN, SS, 6S, 7N, 7S, 12). These generally agree with population es-

timates provided by the Virginia Commission of Game and Inland Fisheries (unpubl. rep.). 

Two of the Stony Creek transects {9N, 11S) also had low to mid pellet group densities. 
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Table 4. Winter pellet group densities on the study areas based on pooled data from 1985 and 
1986. 

Pellet groups I ha Significant 
Transect n, 95% Confidence Interval Difference2 

3n 35 15.8 ± 3.3 a b c 
4n 48 17.1 ± 3.3 a b c 
1 74 31.9 ± 2.3 a b c 
3s 38 34.4 ± 7.4 a b c 
Sn 60 59.9 ± 4.1 a b c d 
12 75 71.5 ± 4.1 a b c d 
7n 54 75.6 ± 7.2 a b c d 
7s 47 76.0 ± 8.9 a b c d 
Ss 70 80.1 ± 5.3 a b c d e 
9n 41 93.0 ± 10.3 a b c d e 
6s 58 100.6 ± 8.5 a b c d e 
11s 33 107.6 ± 13.9 a b c d e 
2 63 124.5 ± 6.8 b c d e f g 
8s 36 126.5 ± 10.5 b c d e f g 
4s 47 139.8 ± 23.8 a b c d e 
6n 59 196.4 ± 17.0 c d e f g 
8n 62 207.1 ± 9.5 d e f g 
9s 27 251.5 ± 28.9 d e f g h 
11n 62 251.5 ± 16.2 d e f g 
10n 66 357.6 ± 16.8 g h 
10s 45 395.9 ± 24.6 g h 

1 Sample sizes vary due to differences in transect length and valley width. 
2 Transects with the same letters do not differ significantly (a = 0,05). 
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It is assumed in the following analyses that pellet group density is a good index of rela-

tive abundance of deer. This approach often has been employed (Neff 1968), because deer are 

secretive and mobile, and, therefore, difficult to census. The method is more reliable for esti-

mating relative density of deer than actual numbers, because no reliable factor exists for 

converting numbers of pellet groups per unit area to numbers of deer. 

Habitat Modeling 

A major assumption in habitat model building is that relative abundance of animals is 

positively related to habitat quality. Flather and Hoekstra (1985) noted that ha~itat modeling 

a~sumes that it is adaptive for an animal to select a specific site over another, which in-

creases its chances of survival and reproduction. Natural selection favors those individuals 
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that· select better habitats; therefore, population densities should be high in good quality 
c___,,_~------ ~ _, ,, ~ 

habit~.! (Pianka 1974:104). While this seems to be a rational approach, VanHorne (1983) 
.......... -

stressed the need to consider that several factors may contribute to high population densities 

in lower quality habitat including highly seasonal habitat use, environmental unpredictability, 

and social dominance. 

Specific seasonal habitats do not appear to be important to deer in the Southeast, where 

deer generally do not change their home ranges seasonally (Shrauder 1984). McCullough 

(1984) noted that environmental variability does not seem to affect deer populations except in 

the extremes of their geographic range (e.g., deserts, the far north). He found that populations 

fluctuate in response to excess resource availability, but that environmental variability is 

usually not sufficient to cause large population fluctuations. Marchinton and Hirth (1984) re-

ported that social dominance interactions are the major cause of dispersal in deer, with fe-

males being much less likely to disperse than males. They also noted that social dominance 

is strongest during the rut and fawning seasons, but movements outside normal home ranges, 

induced by social interactions at these times, are often only temporary (i.e., for the duration 

of the rut or fawning season). For these reasons, along with budgetary and time constraints, 

the habitat models developed here are based on the assumption that deer abundance is a 

good indicator of habitat quality. 

Three approaches were attempted for habitat modeling: mechanistic (graphical), re-

gression, and PATREC models. Model outputs that ranked the study areas similarly to the 

order of pellet group densities were considered acceptable. The mechanistic method was not 

successful, but the regression and PATREC approaches provided workable models. The re-

suits are discussed below. 
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Mechanistic Model 

The mechanistic approach to habitat model building is based on developing suitability 

index graphs that depict the relationships between some measure of habitat quality and each 

habitat variable (USFWS 1981). Relative density of pellet groups was chosen as an index to 

deer abundance, and, therefore, an index to habitat quality based on the assumptions de-

scribed previously. Transect mean pellet group density was used as the dependent variable, 

and the habitat variables as independent variables in the graphical approach (four examples 

shown in Figure 6). No clear relationships between single habitat variables and pellet group 

densities were found by using this graphical method. This may be due to the small size (n = 21) 

of my sample. Another consideration could be that no single habitat variable has a strong in-

fluence on pellet group density. 

Multiple Linear Regression Models 

The MLR method is not based on single variable relationships with habitat quality; in-

stead, it assesses the combined effects of several variables. This seems to be a better ap-

proach to modeling deer habitat quality than the mechanistic method, because pellet group 

densities were not highly correlated with single variables, and because deer probably respond 

simultaneously to several variables. 

The 1986 pellet group and vegetation data were analyzed on a plot basis (n =370) to 

determine if patterns of micro-habitat use by deer could be detected. Principal components 

analysis (PCA) was used to reduce the dimensionality of the data set, and the first five cor:n-

ponents were used as variables in multiple linear regression {MLR) at the plot level. No sig-

nificant relationships {a s 0.05) were found between the number of pellet groups found on a 

plot and the variables measured at the plot. Presence or absence of pellet groups on each 
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Figure 6. Sample suitability index graphs developed by plotting pellet group densities against 
habitat variables, Jefferson National Forest, Virginia. 



plot was used in Chi-square analyses of the categorical variables. No significant results (a 

~ 0.05) were found for aspect, slope postion, or cover type. 

Plot level analysis is probably too fine a scale for measuring deer habitat preference 

because deer range over large areas, and because they may not defecate in areas in pro-

portion to the amount of time spent in them. Pellet groups may be concentrated in some areas 

(e.g., bedding sites) or they may be widely scattered if deer defecate while moving from one 

preferred habitat to another. Deer may also defecate at particular times of day, and pellets 

may not occur in some areas that are frequented at other times. Lyon (pers. commun.) noted 

that deer spent much of their time in agricultural fields on the Virginia coastal plain, but she 

did not find pellets in the fields. Analysis on a transect level appears to more appropriate for 
\ 

the study of deer habitat, because it is a scale that is closer to the deer home range size. It 

assesses the habitat based on relative deer abundance rather than site use. Abundance is 

easier to measure than site preference using the pellet group survey method. To measure 

habitat preference on a micro-habitat scale, telemetry would be a more appropriate method. 

MLR also was used to analyze the data on a transect level. The habitat variables and 

first five PCA components were used in the analysis (see Appendix). The densities of broad-

leaved evergreen shrubs and "Nonforage" shrub species were selected most often in the 

modeling process {Table 5). Basal area of all trees 2::. 3 cm dbh , mean distance to a field, 

the density of "Other Winter Forage" shrubs, the density of evergreen broad-leaved trees, and 

slope also were selected for several models. The three best 2-, 3-, and 4-variable models, and 

the two best 5-variable models {based on high R2 values) were selected for further study (Ta-

ble 6, also see Verification and Validation section). 

Evergreen broad-leaved shrubs and trees are useful for assessing deer habitat because 

deer rely on evergreen plants as important winter food sources (Harlow and Hooper 1971). 

The "Other Deer Winter Forage" shrubs variable is also important as a food source. High 
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Table 5. Variables selected in the MLR model building process for white-tailed deer habitat in 
southwestern Virginia. 

Variable Name Variable Description Transformation 

Number of pellet groups per hectare 

Distance to a gated gravel road or horse trail 

Distance to a field ;:::: 1/4 ha in size 

square root 

log 

none 

PELLETS 

GATED 

FIELD 

CUT Distance to a clearcut ~ 6 years of age and ;:::: 1/4 ha in size none 

SLOPE Percent slope 

CANOPY Percent canopy closure 

TREES Number of trees per ha 
BA Basal area ofall trees ;:::: 3 cm dbh (m 2/ha) 

OBA Basal area of oaks ;:::: 3 cm dbh (m2/ha) 

OFBA Basal area of other deer winter forage species 

ETREES Number of evergreen broad-leaf trees per ha 

ESHRUBS Density of evergreen broad-leaf shrubs (#/ha) 

OFSHRUBS Density of other winter forage species shrubs (#/ha) 

NFSHRUBS Density of nonforage species shrubs (#/ha) 

NFHERBS Percent cover of nonforage species in the herb layer 
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none 

log 

square root 

none 

square root 

square root 

square root 

square root 

square root 

square root 

arcsin 
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Table 6. Multiple linear regression models developed from transect mean pooled pellet group data amd the habitat variable means. 

Model Regression Equation R2 

M1 PELLETS = 5.3980XOFBA + 0.1188XESHRUBS - 6.5978 0.43 

M2 PELLETS = 0.0943XESHRUBS - 0.1445XNFSHRUBS + 12.9852 0.54 

M3 PELLETS = 0.6783XBA - 0.0088XFIELD - 3.0934 0.43 

M4 PELLETS = -0.2718XSLOPE + 7.2319XETREES + 0.1728XESHRUBS + 6.2642 0.63 

MS PELLETS = 0.0978XESHRUBS - 0.1711XNFSHRUBS - 3.0638XTREES + 36.0724 0.69 

MB PELLETS = -0.0100XFIELD + 0.9622XBA - 81.5277XCANOPY + 40.8833 0.75 

M7 PELLETS = -0.2773XSLOPE + 6.0830XETREES + 0.1660XESHRUBS - 0.0716XOFSHRUBS + 10.6756 0.71 

MB PELLETS = 0.1610XESHRUBS - 0.1030XNFSHRUBS - 0.2343XSLOPE + 4.4567XETREES + 13.8535 0.78 

M9 PELLETS = -0.0132XFIELD + 0.0030XCUT + 1.1802XBA - 146.1794XCANOPY + 74.3540 0.89 

M10 PELLETS = -0.0143XFIELD + 0.0033XCUT + 0.7660XGATED + 1.2274XBA - 144.2449XCANOPY + 68.3172 0.92 

M11 PELLETS = 3.9915XOBA + 0.1006XESHRUBS - 0.1384XNFSHRUBS - 32.5471XNFHERBS - 3.5488XTREES + 28.8792 0.79 



densities of nNonforage" shrubs are indicative of lower quality habitat, because as this cate-

gory increases in density, forage availability decreases. 

Basal area of all tree species is important for predicting mast production (Armbruster 

1985) because most of the forest trees in the region are oaks. Basal area tends to be higher 

in mature stands, and mast production generally increases with tree age. The basal area of 

oaks was selected as a variable in only one of the "best" models. This may be due to the 

presence of oaks throughout most of the cover types in the region. Since total basal area was 

usually one of the first variables to enter a model, the addition of the oak basal area variable 

would do little to enhance the model. 

Because basal area entered the model before oak basal area, it may be important to 

deer habitat suitability in ways other than its relationship to mast production. Basal area is 

a measure of stand density, which is important in forage production. Deer consume the green 

and dry leaves of many deciduous tree species. An increase in basal area may increase the 

availability of this forage class to deer. This may help explain why the "Other Winter .Foragen 

basal area variable was important in one of the models. 

The mean distance to a field is a useful variable for predicting habitat quality because 

deer tend to move into open areas, including hayfields, pastures, and other agricultural 

openings, at night to forage (Marchinton and Hirth 1984). Clearcuts also are used by deer, 

because they provide an abundance of forage. A short mean distance to a clearcut would be 

a positive indication of forage availability. Canopy closure is also related to forage availability. 

As canopy closure increases, the amount of sunlight reaching the forest floor decreases, re-

sulting in different species composition, and less understory and herb growth, and therefore, 

less forage. 

Low total number of trees per hectare is indicative of higher quality habitat. This may 

be due to the greater availability of herbs and green leaves of deciduous woody plants, both 
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preferred forages, in open, less dense stands. Also, tree density is inversely correlated with 

dbh; high density areas of small trees would have low mast potential, and thus provide less 

mast. High "Nonforage" herb coverage lowers habitat quality, possibly due to competition 

with preferred species. 

Slope was an important factor in several of the models. This may be related to site 

quality. The best sites for tree growth are found on the gentle slopes at low elevations where 

soils are deeper. The regression coefficient for slope is negative, suggesting that deer prefer 

better quality sites. Gated roads provide and long linear "edges" where many forage species 

grow in abundance, and may be preferred over ungated roads by deer because of the lack 

of traffic disturbance. 

Aspect, cover type, and slope position were not analyzed on a transect basis because 

these are categorical variables. Number of trees per hectare and mean diameter were not 

analyzed by vegetation category because these variables were highly correlated with basal 

area. I felt that basal area was the best overall measure to use, because it is a combination 

of number of individual trees and their diameters. Basal areas of the conifers and "Other 

Hardwood Species" categories were not selected in the model building process, possibly due 

to the inclusion of mean basal area for all species in the models. Also, conifer basal area is 

positively related to evergreen broad-leaved shrub density, one of the major model variables. 

Inclusion of conifer basal area would add little to the model if the evergreen shrub density 

was already included. Because the evergreen shrubs are common winter forage, they are the 

logical choice of the two variables. Overall shrub density was probably not selected for sim-

ilar reasons. The importance of total herb cover and "Winter Forage" herb coverage appear 

to be outweighed by "Nonforage" herb coverage. 

The interspersion indices were not selected for the models. These are rough estimates 

made from maps that were not highly detailed, and the indices did not tend to vary much be-

tween the study areas. Distance to permanent water did not appear to be important, which 
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is supported by the literature. Deer obtain most of their water needs from vegetation 

succulence (Lay 1969). 

PATREC Model 

A PATREC model also was developed from the pellet group and habitat variable data 

(Table 7). The range of pellet group densities was divided into two habitat suitability classes 

(HSC's) based on a natural break in the densities: "high" ( > 110 pellet groups/ha) and "low" 

( ~ 110 pellet groups/ha). Nine of the transects fell into the "high" category (transects 2, 8S, 

4S, 6N, 8N, 9S, 11S, 10N, 10S), and the remaining 12 transects were placed into the 

"low"category (3N, 4N, 1, 3S, Sn, 12, 7N, 7S, SS, 9N, 6N, 11S). Prior probabilities (PP's) were 

based on these numbers; 9 of 21 were in the high category, and 12 of 21 were in low density 

areas, PP(high) = 0.4 and PP(low) = 0.6. 

Next, Wilcoxon Rank Sum tests were used to test the hypotheses that the individual 

habitat variables did not differ between the two HSC's. Six variables were found to differ (a 

~ 0.20) between areas with high and low pellet group densities: mean tree dbh, oak basal 

area, "Other Winter Forage" basal area, density of "Nonforage" shrubs, mean distance to a 

gated gravel road or horse trail, and mean canopy closure. The a=0.20 level was used to 

insure that several variables were included in the model, and because for habitat modeling, 

a planning tool, a=0.20 is a reasonable confidence level. The range of values of each variable 

was partitioned into three classes, that illustrate differences between areas with high and low 

pellet group densities, and conditional probabilities (CP's) were calculated for each class for 

both HSC's (Table 7). 

The mean dbh and oak basal area variables in the PATREC model are probably impor-

tant because of their relationships with mast production. High mean dbh and high oak basal 
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area are both related to increased mast production (Armbruster 1985), and the CP's for both 

variables reflect these positive relationships. The basal area of "Other Winter Forage" trees 

is evenly distributed across all three categories of the high HSC, but the highest CP for the low 

HSC is for low basal area of "Other Winter Forage" .. This reflects the importance of higher 

values of "Other Winter Forage" basal area for good quality habitat. 

Low density of "Non Forage" shrubs appears to be indicative of high habitat suitability. 

This may be due to "Non Forage" species competing with forage species for growing space. 

thus reducing food availability. High mean distance to a gated gravel road or horse trail is 

indicative of low habitat suitablity, probably because forage availability increases along 

roadsides where herbs and brush grow in increased light created by the road cut. In contrast, 

high mean canopy closure ( > 85%) is_ indicative of high habitat suitablity. This may be related 

to mast production. Maximum mast production is achieved by the dominant oak trees with 

large canopies (Armbruster 1985). Mature oak stands with high canopy cover probably 

produce high mast yields. 

The PATREC model developed for predicting winter deer habitat suitability is presented 

in Table 7. An example of how the conditional probabilities are combined in Bayes' Theorem 

to estimate a posterior probability, the probability that the area belongs in the high HSC, is 

illustrated in Table 8. 

Model Verification and Validation 

Model verification is the process of determining if the models produce reasonable re-

sults. I used Spearman's rank correlations to assess whether the eleven regression models 

and the PATREC model ranked the study areas in the same order as the estimates of pellet 

group densities (Table 9). Correlations for the regression models were calculated from the 
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Table 7. Components of a PATREC model for white-tailed deer habitat assessment in south-
western Virginia. 

Geographic Area: Ridge and Valley Province of southwestern Virginia. 
Species and Season of Applicability: White-tailed deer winter habitat. 
Prior Probabilities: High population = 0.4 

Low population = 0.6 
Habitat Suitability Classes 

High Population Low Population 

Feature 
1. What is the mean dbh of all trees 

;:::. 3 cm dbh on the tract? 

a. < 21.0 cm 
b. 21.0 - 26.0 cm 
c. > 26.0 cm 

2. What is the basal area of oak trees 
~ 3 cm dbh on the tract? 

a. < 11.0 m2 per ha 
b. 11.0 - 13.0 m2 per ha 
c. > 13.0 m2 per ha 

3. What is the basal area of other deer 
winter forage tree species ~ 3cm dbh on 
the tract? 

a. < 1.0 m2 per ha 
b. 1.0 - 5.0 m2 per ha 
c. > 5.0 m2 per ha 

4. What is the density of "Non Forage" 
species shrubs on the tract? 

a. < 4000 per ha 
b. 4000 - 7000 per ha 
c. > 7000 per ha 

5. What is the mean distance to a gated 
gravel road or horse trail? 

a. < 200m 
b. 200 - 500 m 
c. > 500m 

6. What is the mean canopy closure of 
of the tract? 

a. < 80% 
b. 80 - 85% 
c. > 85% 

Results and Discussion 

Conditional Conditional 
Probabilities Probabilities 

0.11 
0.45 
0.44 

0.22 
0.33 
0.45 

0.33 
0.33 
0.34 

0.44 
0.45 
0.11 

0.33 
0.33 
0.34 

0.22 
0.11 
0.67 

0.25 
0.67 
0.08 

0.58 
0.25 
0.17 

0.67 
0.17 
0.16 

0.09 
0.58 
0.33 

0.17 
0.33 
0.50 

0.17 
0.58 
0.25 
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Table 8. Sample calculations for estimating PATREC posterior probabilities using the data from 
transect 105 in deer habitat model for southwestern Virginia. 

Variable 

Mean dbh = 25.0 cm 
Oak basal area = 13.69 m2/ha 
"Other Forage" basal area = 1.50 m2/ha 
Density of "Non Forage" shrubs = 6680/ha 
Mean distance to a gated gravel road or 

horse trail = 314 m 
Mean canopy closure = 78% 

CP(high} 

0.45 
0.45 
0.33 
0.45 

0.33 
0.22 

CP(low} 

0.67 
0.17 
0.17 
0.58 

0.33 
0.17 

Posterior Probabilities: Bayes' Theorem is used to calculate a posterior probability which 
is the overall chance that the tract of land being evaluated has a high population potential, 
given the pattern of habitat features present. 

Bayes' Theorem: 

P(S/E) = 

where: 

P(S)P{E/S) 

P(S)P(E/S) + P(U)P{E/U) 

P{S/E) = Posterior probability for suitable habitat given sample result E 
P(S) = Prior probability of suitable habitat 

= 0.4 
P(U) = Prior probability of unsuitable habitat, P(U) = 1.0 - P(S) 

= 0.6 
P{E/S) =Likelihood of sample result E given suitable habitat 

= {0.45)(0.45)(0.33)(0.45)(0.33){0.22) = 0.00218317 
P(E/U) =Likelihood of sample result E given unsuitable habitat 

= (0.67)(0.17)(0.17)(0.58)(0.33)(0.17) = 0.0006300 

{0.4)(0.00218317) 
P{S/E) = = 0.697896 = 0.70 

(0.4)(0.00218317) + {0.6)(0.0006300) 
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model outputs and the transformed mean pellet group densities, because the models are 

based on transformed variables and parametric multiple linear regression. The PATREC 

model correlation was calculated from the untransformed mean pellet group densities, be-

cause the PATREC model was built by using a nonparametric statistical approach and 

untransformed data. I note this here because Spearman's correlation is based on ranks, and 

the untransformed transect pellet group density ranks are not identical to the transformed 

ranks, due to rounding error in calculations of the means. 

Correlations were lowest for models M1, M7, and the PATREC model (0.63, 0.60, and 

0.62, respectively). Models M8, M9, M10, and M11 had the highest correlations with pellet 

group densities (0.84, 0.88, 0.96, and 0.89, respectively). The same four models also have the 

highest R2 values (0.78, 0.89, 0.92, and 0.79, respectively) (Table 6). 

Models M8 and M11 are composed of variables that require intensive sampling in the 

field including tree and shrub densities and percent "Nonforage" herb coverage. The variables 

in models M9 and M10 can measured from maps and aerial photographs. Some adjustment 

to estimates of canopy closure may have to be made, because the models were built from 

measurements taken in the field, not from photographs. A correction factor could be devel-

oped by estimating from aerial photographs and then going into the same areas and meas-

uring canopy closure in the field. Basal area can not be measured readily from maps or 

photographs, but it is often available from stand information compiled by foresters. When this 

information is not available, it is relatively easy to measure in the field. 

The models need to be validated with data from other areas in the southern Appalachian 

Mountains, because the data used here to verify the models are the same data used to build 

the models. Testing the models with information from other areas would help determine if 

these models can be used outside the small area of southwestern Virginia where they were 

developed. Pellet group densities and the habitat model variables should be measured on a 

number of sites with a wide range of relative deer densities. Spearman's rank correlations 
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::u Table 9. Comparison of habitat model predictions and pellet group densities based on Spearman's Rank Correlation. 
ID 
Ill c ;:; Pellet Transformed PA TR EC IA 
Ill Groups Pellet Group Regression Model Predictions Posterior :::s a. Transect per ha Density M1 M2 M3 M4 MS M6 M7 MS M9 M10 M11 Probabilities c 
iii" n c 3N 1S.S 1.6 1.0 -1.S 2.2 4.9 1.0 2.9 S.4 0.7 o.s 0.3 1.6 0.12 Ill 
Ill 4N 17.7 1.5 3.2 2.4 3.3 3.9 1.4 3.S S.O 2.S 2.9 2.2 1.S 0.03 c:r 
:::s 1 31.9 2.3 4.9 5.2 6.2 4.0 4.2 4.3 S.O 4.7 2.0 1.7 3.4 0.83 

38 34.4 2.0 7.1 5.0 3.0 4.1 3.7 4.0 S.O 3.4 2.1 1.9 3.0 0.10 
SN S9.9 3.9 7.0 4.3 4.4 S.6 6.3 5.2 9.6 S.O 4.4 4.3 S.O 0.12 
12 71.S 4.2 s.o 6.2 S.1 4.2 S.8 6.9 8.0 4.S 6.7 6.6 3.9 0.08 
7N 7S.6 4.0 3.7 3.9 2.9 2.8 3.2 2.4 6.9 3.0 4.9 4.4 3.4 0.06 
78 76.0 3.8 4.2 7.0 4.5 5.8 6.9 3.2 8.7 S.6 3.6 4.2 6.7 0.02 
SS S0.1 4.4 3.4 4.9 3.6 1.3 4.2 2.5 S.3 2.0 2.6 3.6 3.S 0.10 
9N 93.0 4.7 6.4 7.2 7.1 S.7 6.2 7.3 11.4 S.4 1 6.4 0.62 
68 100.6 S.O 5.4 7.0 6.2 4.9 5.5 4.4 7.8 4.9 3.1 4.1 4.8 0.52 
11S 107.6 S.4 7.6 6.7 6.7 4.0 6.S 6.4 S.O S.6 S.S 6.S S.7 0.76 
2 124.S 6.7 S.3 7.3 S.4 S.6 6.5 7.7 12.2 8.8 7.4 7.S 6.6 0.95 
SS 126.5 7.0 9.4 S.3 S.O S.6 8.0 5.S s.o 6.1 S.4 0.97 
4S 139.S 4.S S.8 4.1 9.1 4.7 1.S S.O S.6 4.0 S.7 4.S 3.0 0.66 
6N 196.4 7.S 4.9 6.0 5.7 6.4 S.4 4.7 10.3 6.3 7.6 6.S 7.2 0.90 
SN 207.1 9.6 6.2 S.8 S.3 6.9 S.6 3.9 9.8 7.0 7.1 0.99 
9S 2S1.S 10.4 10.9 10.0 9.0 7.3 11.3 10.5 10.2 9.4 9.S 0.99 
11N 251.S 9.4 7.0 6.6 9.S 6.3 6.3 9.2 10.3 7.S S.S S.2 S.4 O.S7 
10N 357.6 13.S 6.S 10.6 6.4 11.S 12.4 10.S 14.S 13.7 11.6 12.0 12.9 0.59 
10S 39S.9 14.2 10.S S.7 S.6 13.9 10.1 11.6 16.9 12.0 13.8 14.0 12.9 0.70 

8pearman's 
Rank Correlation 0.63 0.7S 0.72 0.69 0.76 0.70 0.60 0.84 0.88 0.96 0.89 0.62 
Coefficient2 

1 Missing values for models M9 and M10 on lines 8N, SS, 9N, 9S, because mean distance to a clearcut was unobtainable. 
2 Correlations for the regression models were based on transformed mean pellet group density means. The PATREC model 
correlation was calculated by using the untransformed pellet group densities. 
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could be used to assess whether the model outputs ranked the areas similarly to the pellet · 

group densities. The information collected in these validation tests could be used to adjust the 

models, and to determine which of the models are most practical for use in the field. 

These models can be used to assess current and future habitat conditior.s for white-

tailed deer in the mountains of southwestern Virginia and, with additional testing and refine-

ment, other areas in the southern Appalachian Mountains. Assessing current habitat 

conditions is important for determining which areas are suitable for deer use. This informa-

tion can be compared with management objectives to determine if current land management 

is meeting the objectives. If better habitat conditions are desired, then the models can be 

used to assess the effects of a variety of management alternatives on deer habitat quality. 

The models can also be used to estimate the effects of succession on deer habitat 

quality, since one management alternative is to do no habitat manipulation. With this infer-

mation land managers will be able to make better informed management decisions. The 

models can also be used to assess the impacts on deer habitat quality of management prac-

tices not directly aimed at deer management, allowing coordination between multiple uses 

of the land. 

Knowledge of deer habitat quality can also be combined with population data to deter-

mine if changes in population manipulation are in order. For example, if habitat quality is high 

and populations are low, overhunting may be a problem. Low habitat quality and high popu-

lation density may indicate overpopulation due to inadequate harvest or to an influx of deer 

from an adjacent area. 

Wildlife management i~_ b~sed on human objectives, wildlife populations, and habitat 
:-:--;"'\ --·- ,.. -·~···--· ... -- " ""· -· . 

\'./v·:.. ('.....,Ir__,,· 
{Giles 1978). Man~ge_rs need information on all three aspects in order to make informed de-

cisions. Making management choices without considering one or more of the aspects can lead 
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- to unsatisfactory results. The habitat models developed for white-tailed deer in southwestern 
-------·-·-----.·-~,- ""'" ___ ....... '<'•• _. 

Virginia will help land managers in the region to select management alternatives. 

Summary 

Three approaches to habitat modeling were attempted: mechanistic, regression, and 

PATREC models. The mechanistic method was not successful because no clear relationships 

were found between single habitat variables and pellet group densities. Multiple linear re-

gression models were developed from transect mean pellet group densities and habitat vari-

able means. This approach produced better results than the mechanistic method, because it 

assesses the combined effects of several habitat variables. Eleven models were discussed. 

The densities of evergreen broad-leaved shrubs and "Nonforage" shrubs were among the 

most important variables selected in the model building process. A PATREC model was also 

developed. It contains six variables: mean tree diarne!~r. oak bas<!l_i!_r~a. basal area of "Other 

Winter Forage" tree species, density of "Nonforage" shrubs, mean distance to a gated gravel 

road, and mean canopy closure. Spearman's rank correlations were used to compare the 

model outputs with estimated pellet group densities. All of the models had correlation coeffi-

cients 2:: 0.60, four had correlation coefficients > 0.80. The models need to be validated, i.e., 

tested with independent data from areas outside the study sites. These tests will help refine 

the models and assess their effectiveness in other regions of the southern Appalachian 

Mountains. 

The models might also be improved by collecting habitat variable data in the winter, in-

stead of the summer. This would be a better way of determining actual forage availability in 

winter. More detailed measurements of forage quantity might also improve model predictions: 

however, there may be a trade-off between better model predictions and the amount of effort 

needed to make the predictions (i.e., time spent collecting information). 
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The models presented in this thesis are based on the assumptions that pellet group 

sounts are a good indicator of relative abundance, and relative abundance of deer is a good 

indicator of habitat quality. I have discussed several problems with this assumption. Improved 

models could be developed by accounting for mean survival and mean productivity of deer. 

This would require long-term population studies, but could provide much more accurate model 

predictions. Telemetry studies to determine micro-habitat selection by deer could also be 

used to improve model predictions and move away from the assumption of relative deer 

density being an indicator of habitat quality. 
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Values 
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Table l. Habitat variables. 
Variable 

LINE 

MS LOPE 

MTCC 

MTIRHP 

MBAP 

MMDBH 

MT OBA 

MTEBLTH 

MTCBA 

MTODFBA 

MTOHWBA 

MTTD 

MTESDEN 

MTODFDEN 

MTNDFDEN 

MTTHC 

MTDFHC 

MTNDFHC 

MWATER 

MFIELD 

MCUT 

CT3HA 

TCTSTAND 

TMGATED 

TM GRAVEL 

TPG85 

TPGH865 

TPGHPOOL 

MFACTOR1 

MFACTOR2 

MFACTOR3 

MFACTOR4 

MFACTOR5 

Description Transformation 

Transect line number 

Mean percent slope none 

Mean canopy closure arcsin 

Mean number of trees per hectare sqrt 

Mean basal area of all trees ~ 3 cm dbh none 

Mean diameter breast high of all trees ~ 3 cm dbh none 

Mean basal area of all oaks ~ 3cm dbh log 

Mean number of evergreen broad-leaved trees ~ 3 cm dbh sqrt 

Mean basal area of all conifer trees ~ 3 cm dbh log 

Mean basal area of all other deer forage tree species ~ 3 cm dbh log 

Mean basal area of all other hardwood tree species ~ 3 cm dbh log 

Mean density of all shrubs sqrt 

Mean density of evergreen broad-leaved shrubs sqrt 

Mean density of other forage shrubs sqrt 

Mean density of nonforage shrubs sqrt 

Mean percent herb cover arcsin 

Mean percent cover of forage herb species arcsin 

Mean percent cover of nonforage herb species arcsin 

Mean distance to a permanent water source m none 

Mean distance to a field m none 

Mean distance to a clearcut m none 

Number of points where 3 or more cover types meet #Iha none 

Number of cover types divided by the number of stands sqrt 

Mean distance to a gated gravel road or horse trail log 

Mean distance to an ungated gravel road log 

Mean number of pellet groups/ha from the 1985 survey sqrt 

Mean number of pellet groups/ha from the 1986 survey sqrt 

Mean number of pellet groups 1985-1986 pooled data sqrt 

Mean principal components factor 1 none 

Mean principal components factor 2 none 

Mean principal components factor 3 none 

Mean principal components factor 4 none 

Mean principal components factor 5 none 
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Table 2. Habitat variables and tran~ect mean values. ,. 
LINE MS LOPE MTCC MTTRHP MBAP MMDBH MT OBA MTEBLTH MTCBA MTODFBA "ti 

"ti 
CD 
:J 01 26.80 0 .63 7.26 25.30 24.00 3. 69 0.00 2.16 1.50 Q. ;;c· .,.. 02 28.00 0 .62 7 .27 22.98 26 .62 3.48 0.34 2.0S 1.26 
x 3N 2S.83 O.S9 S.73 20.00 24.19 3.18 0.6S 1.40 1.28 DI 
D' ;::;: 
DI 3S 40. 77 0 .60 7.24 27.SO 26.03 2.91 0.00 3.24 1.40 .. 
~ 4N 2S. 75 0.59 7 .12 20.94 21.84 3.50 0.00 1.67 1.22 .. 
iii' 
D' 
ii' 4S 30.94 0 .64 7.57 27.03 21. 79 3.67 0.00 2.39 1.44 
In 
DI SN 27 .15 0.58 6.20 IS.SO 24 .13 2.,!?4 0.00 1.27 1.66 :J 
Q. ... SS 38.96 0.62 7.14 22.50 21.90 2.91 0.00 2.18 1.13 .. 
DI 
:J 

"' 6N 30.45 0 .62 6. u 21.12 29.49 3.S7 0.00 l.S8 1. 07 CD 
i:l. 
3: 6S S0.74 0.63 7.SO 21.18 20.30 3.49 0 .82 1.44 1.41 
CD 
DI 
:J 7N 28.89 0.60 7.08 17.64 19.92 3.16 0.00 1.14 1.35 
~ 75 48 .19 0.61 7.04 19.84 20.16 3.49 0.90 1.40 1.21 c 
CD 

"' 8N 31.33 0 .64 7.15 28 .10 27.03 3.80 1.19 1.50 2.31 

85 SS.00 0 .65 7.23 28.7S 2S.47 3.71 1.30 I.SS 2.34 

9N 37.78 0.61 7.41 2S.89 27.82 3.36 1.23 1.36 1.93 

9S 39.67 0.62 6.82 35.28 43.06 4.24 0.92 1.28 2.59 

ION 19.18 0.56 6.66 23.41 23.08 3.34 0. 7S l.3S 1. 78 

105 37.33 0.58 6.47 23.83 2S.Ol 3. 77 O.S6 1.48 1.41 

UN 21.57 0.63 7.12 26.19 24.64 3.28 0.00 2.13 1. 77 

us 29.27 0 .62 6.99 26.S9 25.78 3.96 0.00 0.90 1.90 

12 39.04 0.59 7.06 23.10 24.57 2.78 0.00 2.96 1. 06 



Table 2. continued 
)> 

MTOHWBA MTTD MT ES DEN MTODFDEN MTNDFDEN MTTHC MTDFHC MTNDFHC ,, LINE ,, 
ID 
:II 01 1.20 97.3S 28.90 Sl.33 72.86 0.29 0.16 0.22 c.. ;;c· 
="' 02 1.82 lOS.71 43.19 Sl.93 67.29 0.22 0.13 0.16 
::i: 0.17 Ill 3N 1.88 132.29 5.65 63.33 105.87 0.28 0.20 er 
;:;: 
Ill 3S 1.60 120.48 51. 75 S3.20 89.29 0.17 0.09 0.14 .. 
~ 4N 1.26 119. OS 26.91 63.94 90. 77 0.22 0 .11 0.19 .. 
iii' er 
ii' 4S 1.69 122.99 39.47 68.59 87 .26 0.22 0 .13 0.17 
In 
Ill SN 1. 71 136.S3 38.80 91.27 85.24 0.21 0.15 0.12 :II c.. 
-I SS l.8S 100.78 32.58 39.34 77.32 0.15 0.08 0 .12 .. 
Ill 
:II 
In 6N 1. 72 111. 86 48.69 39.S8 80.35 0.32 0.16 0.25 ID 
~ 
3: 6S 1. 30 93.SO 37.33 44.33 65.61 0.23 0.10 0.19 
ID 
Ill 
:II 7N 1. 73 119 .87 2S.68 70.45 79.79 0 .17 0.09 0 .14 
~ c 7S 1.28 93.8S 35.56 43.69 64.82 0.24 0 .13 0.18 
Cl) 
In 

8N l.S8 70.80 3.30 41.24 S2.10 0.20 0.12 0 .14 

as 1.60 82.11 27.97 45.24 S0.54 0.18 0.06 0.16 

9N 2.40 74.21 21.97 30.97 S4.61 0.23 0.17 0 .13 

9S 2.42 S2.23 29.97 11.96 39.83 0.29 0.03 0.29 

lON 1.65 70.37 29.44 41. 77 35.86 0.17 0.10 0.11 

lOS 1.39 140.37 79.45 49.28 81.29 0.18 0.09 0 .14 

llN 1.49 94.81 33.97 43.10 65.96 0.30 0.22 0.17 

llS 2.53 93.31 32. 75 31.62 64. 72 0.27 0.18 0.17 

12 1. 29 116. 38 49.39 S5.98 79.12 0.19 0.09 0.16 
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Table 

LINE 

01 

02 

3N 

3S 

4N 

4S 

SN 

SS 

6N 

6S 

7N 

7S 

8N 

8S 

9N 

9S 

lON 

lOS 

UN 

us 
12 

2. continued 

LINE MWATER 

01 S40.38 

02 22S.OO 

3N S62.SO 

3S S00.00 

4N 787.SO 

4S 7U. U 

SN 984.09 

SS 943.7S 

6N 947. 7 3 
6S 767.SO 

7N 82S.OO 

7S 62S.OO 

8N 638.64 

8S 4S8.33 

9N 410.71 

9S 380.00 

lON 803.12 

lOS 634.09 

UN 620.83 

us 957.69 

12 2S9.09 

MFIELD MCUT CT3HA TCTSTAND TMGATED TMGRAVEL 

896. lS 896.lS 0.04 0.43 S.41 6.01 

464.S8 920.83 o.os 0.36 S.77 6. 36 

933.33 22S.OO 0.19 0.32 6.lS S.42 

1421. 43 678.S7 0.03 O.S6 6.23 6.28 

887.SO 706.2S 0.10 0.36 s .17 6.34 

691.67 SS2.78 0.08 0.3S 4.29 S.9S 

343.18 279.SS 0.18 0.38 s. 73 6.80 

977. 08 lS00.00 0. lS 0.32 7.19 6.30 

627. 27 2200.00 0.14 0.32 4.17 6.80 

S72.SO 942.SO O.lS 0.34 6.80 6.04 

67S.OO 1940.00 0.10 0.36 S.06 6.S2 

668.7S 14SO.OO 0.03 O.Sl 6.SS S.82 

1206.82 0.08 0.2S 6.S8 7.Sl 

9S4.17 0.17 0.24 6.1.6 6.81 

832 .14 0 .12 0.21 6.78 7.84 

1340.00 0.10 0.31 6.82 7.76 

721.88 340.63 0.07 O.Sl 6.Sl 6.73 

S09.09 797. 7 3 O.lS 0.23 s. 7S 6.SS 
S83.33 929.17 0.07 0.3S 4.S3 6.38 

932.69 1065.38 0.04 0.40 6.99 6.72 

847.73 S90.91 0.14 0.24 5.83 7.06 



~ Table 2. continued. 
'a 
'a 
ID LINE TPG85 TPGH865 TPGHPOOL MFACTORl MFACTOR2 MFACTOR3 MFACTOR4 MF ACTORS ::r a. 
i<" 
~ 01 1.31 6.43 2.29 0.05 -o .13 0.03 0.35 -0.48 
:c 02 5.65 11. 72 6.66 -0.16 0.03 -0.16 -0.01 -0 .10 Ill 
D' ;:;: 

3N 1.97 3.37 1.57 -0.21 -0.03 -0.54 0.22 0.30 Ill ... 
~ 3S 4.43 0. 71 1.98 -0.45 -0.32 0.66 -0.07 0.08 .. 
iii" 
D' 4N 2.06 2.88 1.47 -0.28 0.29 -0.10 -0.24 -0.22 ii' rn 
Ill 4S 7 .37 6.99 4.51 -0.12 -0.01 0.35 0.02 -0.07 ::r a. 
-I SN 6.33 6.16 3.95 -0.74 -0.16 -1. 08 -0.01 0.73 .. 
Ill ::r rn 5S 4.61 8.75 4.40 -0.17 -0.20 0.32 -o .13 -0.05 ID 
~ 
:: 6N 7.81 14. 56 7.49 0.32 -0.42 0.09 0.60 0.25 
ID 
Ill 6S 3.09 11. 34 5.00 0.15 -0.06 0.43 -0.26 -0.01 ::r 
~ 7N 2. 75 9.53 3.98 -0.26 0.01 -0.26 -0.26 0.24 c 
ID rn 7S 5.21 8. 06 3.79 0.21 -0.22 0.02 -0.38 -0.10 

8N 10.49 13 .99 9 .63 0.55 0. 72 0.01 -0.25 -0.31 

8S 6.29 11.66 7.03 0 .64 0.25 0.28 -0.04 0.26 

9N 6.62 8.08 4.68 0.59 0.95 -0.06 0.00 0.56 

9S 19.38 10.56 10.40 1.62 -0.24 0.06 0 .65 0.72 

lON 14.31 19.67 13.49 0.14 0.30 -0.33 -o .15 -0.25 

lOS 16.98 18.50 14.15 -0.02 -0.37 0.43 -0.58 0.03 

llN 14. 71 11.60 9.36 -0.01 0.17 -0.37 0.33 -0.52 

llS 2.08 12 .17 5.40 0.32 -0.06 -0.26 0.26 0.17 

12 7.40 5.96 4.23 -0.68 -0.39 0.52 0 .13 -0.05 

en ..... 
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