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INTRODUCTION 

The white-tailed deer (Odocoileus virginianus) is a wildlife 

species valuable to society in four main ways (Dasmann 1964:6-8): 

recreational, esthetic, economic, and scientific. The \..rhite-tail 

supplies recreation almost nation-\..ride for hunters as well as for 

observers and photographers of nature and adds esthetic appeal to wild­

lands for campers, picknickers, and sightseers (Lime and Cushwa 1969). 

As a game animal, the white-tail plays a large role in the support of 

local economies of many areas located in regions of \..-.ildlife concentra­

tion. The sport of deer hunting also stimulates the economies of 

larger towns through hunter expenditures for arms, ammunition, and 

supplies. Wild populations of deer also afford opportunities for 

scientific studies of natural community interaction, aiding man in 

grasping a better understanding of the dynamics and balances in these 

communities. 

The recreational and scientific values of the \vhite-tail have not 

been quantified. Such social values are not as easy to evaluate as 

are the monetary returns by hunters to the commerce of a state. In New 

York State alone, the monetary value of che resident deer herd as a 

state asset is estimated at over 1.1 billion dollars (Ruhl 1956:328). 

However, such estimates of monetary value based on sales of hunting 

supplies and accommodations need to be evaluated against the costs and 

losses experienced by other land uses and wildlife. Such losses include 

the effects of deer populations on agricultural and forest crops as well 

as on highway accidents. The role deer play in all these areas will 

determine the net value of a herd to society. 

1 
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In most states the number of hunters attempting to harvest deer 

has been increasing. However, as the intensity of hunting pressure 

increases in an area, the private landowners often become less '"illing 

to allow hunters access to their property (Kruzan and Harding 1970) • 

The state, in its legal position as custodian of the publicly-owned 

game resource, can respond to increasing hunter demand in three ways. 

TI1e first is to ignore the problem, letting the demand and supply come 

into natural equilibrium. The second and third alternatives, \vhich 

may be used together, are to reduce the demand by educating hunters to 

be satisfied with smaller bag limits, or to increase the supply of game 

for the hunters. 

Of these three alternatives the first is inappropriate in society 

today. With increasing populations and greater land use demands from 

many interest groups, wildlands need more and better managen~nt. The 

alternative of reducing demand will become more significant as popula­

tion increases. Hm"ever, the alternative of implemen tating demand­

reduction policies needs to be dealt '"ith by conservation educators 

and public relation specialists. 

The alternative of increasing the supply of game to meet the 

increasing demand is the strategy most often thought of by game 

managers. There are four major means whereby the supply of game 

available for hunters can be increased. These means may be undertaken 

in any combination and are: (1) to enter into some form of cooperative 

agreement with the private landowners (Kruzan and Harding 1970; Swanson 

1970); (2) to encourage the development of private shooting preserves; 

(3) to expand and intensify game management of publicly-owned lands 
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(Rasmussen and Doman 1947); or (4) to acquire more public land for 

hunters' use. The latter problem is the subject of this thesis. 

Land acquisition is an important problem for public wildlife 

agencies. Acquisition affects land use practices as well as the economy 

of the \vildland area. Management and use of the \vildlands will change 

due to the nature of the ownership of the land. Public ownership of 

vlildland may affect the economy by shifting the tax base of the polit­

ical subdivisions and by drawing recreationists into the area. 

Acquisition of land is an intra-agency problem as well. With 

limited funds, wildlife agency administrators need to decide if funds 

should be used for development of presently-o~>med land or for acquiring 

new real estate. To choose between these two alternatives, the admini­

strator must determine vlhich will give the greatest productivity per 

dollar expended. Another consideration, in light of present population 

increase, is that land is a basic resource and may not be available for 

acquisition in the near future. For these reasons criteria are needed 

for acquiring and developing land. It is necessary that these criteria 

be based on biological and sociological kno\dedge to allow estimation 

of the productivity of the land and effective utilization of that 

productivity by the public. This thesis specificly deals with evalu­

ating the biological productivity of land, thus establishing a basic 

criteria for the land acquisition decision. 

The productivity of a deer herd can be defined in several ways. 

The number of deer ki}_led per season is one of the best established 

measur~s of productivity. However, as more stress is being placed on 

non-consumptive wildlife recreational activities, sighting of deer by 
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the recreationist may become a more descriptive measure. In either 

case, the productivity of the herd is a function of the quantity of 

animals in the population, once other factors affecting the kills or 

sightings are defined. This productivity is also weighted to some 

extent by the quality of the animals in the herd as reflected in trophy 

value, meat quality, and appearance. The production unit of a wildlife 

species can then be defined as a quality-ranked interaction between man 

and the wildlife species which provides some product for man, be it 

sightings made, shots fired, animals harvested, or some other related 

unit. 

Production from wildlife differs from agricultural crop and 

industrial production in that, generally, there may be some wildlife 

production under conditions of no management. Wildlife production \vhich 

occurs in habitats not managed for \vildlife is the natural production 

of the habitat. This natural production is unstable because, as succes­

sion changes the habitat, the suitability of the habitat changes for 

a species of wildlife. ~Vildlife management enables man to stabilize 

habitat conditions so that wildlife populations can be stabilized. Some 

management practices, such as fertilization, allow increases in Hildlife 

production beyond the natural productivity of the land. Wildlife man­

agement, then, allmvs c.hanges to be made in the natural production from 

a habitat unit. The •·Jildlife production caused by management projects 

\vhich alter the habitat by habitat amelioration (fertilizing, feeding, 

etc.) or by altering the stage or rate of succession (burning, chaining, 

planting, etc.), thereby causing greater wildlife production than could 

be expected without such projects, is here termed the managed production. 
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Since '\vildlife production is composed of two types of production, 

natural and managed, each differing in the degree of management 

involvement, consideration of the relative returns of each type of 

production is important in order to relate them to the demand placed 

on wildlife resources by society. If a wildlife species' natural 

production in a habitat is sufficient to meet the expected recreational 

or other user demand on that area, any money expended to achieve a 

managed production increment will be wasted. There would be more 

animals available for the production of recreation but too few people 

to utilize the opportunities sufficiently to make the management 

expenditures worthwhile. Lobdell (1972) at Virginia Polytechnic Insti­

tute and State University developed criteria for optimizing the devel­

opment of the managed production. The problem remains, however, of 

evaluating the potential natural production of deer from a habitat, the 

theoretical production which might be realized if constraints such as 

predators, parasites, and poachers, as well as fluctuations in weather, 

forage production, and hunting pressure, etc., were eliminated. As 

mentioned previously, production from wildlife species is partially a 

function of quantity of animals present. Since the effect that other 

variables have on production have not been quantified, the best first 

approximation may be made by concentrating on the animal density 1vhich 

is a direct function of the land unit itself. 

The development of this hypothesis is theoretical, geared to 

elaborating the concept of potential. Nany of the wildlife population 

cow;trJi. ning Cdc tors listed can be modified by management investment. 

Thosl' th<Jt cannot, at·e stochastic, not usually under the in[ luence of 
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man, and represent the major dimension of uncertainty in the allocation 

decision. 

One factor in evaluating the animal density that can be stabilized 

on a unit of land is the energy environment of the animal population 

there. Energy is the basic medium of exchange in the existence of an 

organism. It is analogous to the dollar in economics. If an organism 

does not receive enough energy from its habitat to balance the energy 

requirements for living in the habitat, it will not survive. A popula­

tion of animals living in a poor habitat has relatively little energy 

income compared to energy expense just as people living in the ghetto 

have low dollar income compared to dollar expense. 

The knowledge of basic energy exchange may allow managers to make 

comparisons between areas based on estimated potentials. Such compari­

sons would be based on metabolizable energy available to animals from 

forage and the energy expense for living in each thermal-activity 

environment. Partitioning the energy dynamics of the animal-environment 

relationship may make it possible to evaluate the relative cost of 

providing energy for deer production by different development projects 

or by acquiring different land areas. In addition, the comparative long­

term efficiency of useful energy produced per dollar invested for acqui­

sition and development may be better evaluated. 

The purpose of this project was to develop a model which would 

incorporate the major environmental parameters which affect deer and 

shm11 hm11 these parameters and the deer interact to cause fluctuation in 

the balance of energy flow through the deer population. The second 
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objective was to develop that model into a system for evaluating the 

potential deer productivity of different land areas. 



LITERATURE REVIEW 

Interest in the bioenergetics of ecosystems is a recent development 

springing largely from the work of Lindeman (1942), Odum (1956), 

Slobodkin (1960), and others. The concepts of bioenergetics have held 

little interest to those in wildlife management until recently. These 

early studies were largely theoretical and dealt with lmver organisms 

and classically experimental populations. Recently~ however, the 

relationships bet\veen. the concepts and applied management have been 

articulated in lectures by A. N. Moen at Cornell Uni.versi ty, R. H. Giles, 

Jr. at Virginia Polytechnic Institute and State University, and others. 

~foen (1966) presented the use of bioenergetic concepts in studying 

\vhite-tailed deer behavior and habitat use. Moen also has in prepara­

tion a book discussing these concepts and their applications in wildlife 

management. Giles has a booklet in press (Virginia Agricultural 

Extension Service) containing several computer-gene'rated tables relating 

to deer-energy requirements. Verme (1968) used bioenergetic concepts in 

developing a winter weather severity index for winter deer yards in 

Michigan. However, there is still a sparseness of research on the 

bioenergetics of the larger wild animals. Such studies are limited by 

their inherent difficulty and expense. 

In this day of cybernetics, mathematical modeling adaptable to 

com~Juter use is gaining a strong foot-hold in the field of natural 

resource management. There are abundant applications of modeling in 

the literature. Hodeling and computer simulation are of ten used \vhere 

destructive sampling 1vould adversely alter the population studied, V.'here 

costs are prohibitive, where experimental controls cannot be feasibly 

8 
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obtained, or \vhere the theoretical limits of a system are sought. 

A comprehensive revie\v of modern computer simulation techniques 

is available in references by Churchman et al. (1957) and Naylor et al. 

(1966), General coverage of modeling in ecology and natural resource 

management has been provided by Watt (1968). The simulation of the 

management of white-tailed deer herds by means of computer has recently 

been explored by Hayne (1969) and Riffe (1970). Smart's (1970) work 

on a rabies simulation represents a local application of modeling on 

wildlife populations. Mechler (1970) developed mathematical models 

for predicting county deer harvests \vhich have been applied locally in 

a simulation mode. 

This study unites the development of ecological bioenergetics and 

modeling in an application of importance. There is currently a great 

interest in the use, disposition of, and acquisition of public lands 

(Aspinall 1970). The Federal Aid in Wildlife Restoration Act of 1937 

provides for land acquisition for wildlife purposes. Between the years 

1939 and 1967, $284.6 million were obligated to projects under the 

Federal A1d in Wildlife Restoration Act (USDI 1968). Of this amount, 

19 .2~~ '"as for land acquisition and 50.7% for development. Proper 

allocation of these Federal Aid funds for maximum effectiveness is 

a major concern. 

Host \vi1dlife agencies seek maximum effectiveness but the concept 

is complex and the methods for determining such effectiveness are 

difficult to apply. Maximum effectiveness of allocating funds may 

best be described as decision-making to select projects \vhich will, 

over a specified time period, provide the greatest return of product 
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(recreation hours, harvested deer, or other measures or groups of 

measures) per dollar expended for initial cost and cost of required 

development and maintenance. The ~ priori hypothesis is that the lands 

to acquire are those that best provide thermal-forage energy regimes of 

maximum opportunities to the largest number of target species. The 

success or productivity of a species is determined by the balance of 

the energy dynamics of that species in a given habitat. 

In this study, the target species considered is the white-tailed 

deer. This species was chosen for its importance nation-wide. The 

white-tailed deer is also ecologically prominent in most seral stages 

of many of the major North American biomes and is subject to management. 

FuTthermore, there is a substantial literature on the biology and 

ecology of deer which is required for successful, useful modeling to 

be accomplished. 

The major dimension of this problem is the modeling of the energy 

dynamics between a deer population and its habitat. The land acquisi­

tion problem, its rationale, and history are described by Susan Rayburn 

(1972). The economic considerations of this project are relatively 

simplistic and limited to an evaluation of cost of a unit of favorable 

energy balance for deer on an area of land. 

En~ Systems in Wildlife Populations 

The energy dynamics betv.reen an animal and its habitat are a 

function of the animal's biology and ethology and the physical environ­

ment available to the animal. This energy system can be analyzed as a 

system of i.nputs and cutouts, Hhich, if in balance, can sustain life. 

Once analyzed structurally, the components of the system must be 
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quantified. 

Energy Outputs 

• 
The basic outputs, or animal requirements for energy, are those 

for maintaining basal metabolism, stabilizing body temperature, and 

making body movements. Environmental conditions, particularly \vind, 

temperature and snow conditions, influence these requirements. 

Blaxter (1962) discussed these environmental variables and their 

influence on the energy dynamics of domestic ruminants. Gates (1970) 

developed a model for the thermal parameters which predict the thermal 

environmental extremes in which an animal can survive. However, this 

model is not very useful for evaluating the energy expenditures of 

animals in the normal range of thermal environments. Noen (1963a) 

presented a model of the thermal energy exchange bet\veen a deer and 

its environment. This model is of use in evaluating the energy output 

by deer in maintaining body temperature under a given set of thermal 

cond:i tions. 

Habitat _!.E_fluence on En~y Dynamics of \.Jildlife 

The habitat influences the energy output of an animal through its 

influence on wind, radiation, and snow accumulation and interactively 

through its influence on the behavior of the animal. Geiger (1965) 

and Sellers (1965) discussed the effect of plant canopies on wind flow 

and radiation near the ground. Hoen and Evans (1971) also discussed 

the effe~t of wind.breaks on wind flow in deer habitat. They point~d 

01.1t that the movement of air causing heat loss from the deer 1 s body Is 

nut th~ same as that measured at a weather station, due to the air flow 

in vertical ~urbulence patterns. 
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Lull and Relgner (1967) measured the radiation flux into mature 

oak and pine stands in New Jersey. Their study showed that during the 

growing season oak and pine stands respectively transmitted 53 and 73% 

of the radiation (total of shortwave, visible and lonjpoJave radiation) 

received in an open field. During the dormant season these stands 

transmitted 76 and 70% of the open field radiation. Moen (1968b) and 

Noen and Evans (1971) discussed the effect of winter night-time air 

te~perature on the infrared radiation from different cover types and 

in the open. They presented regression equations of field data on 

this relationship. 

Moen and Evans (1971) discussed the relation of environment to the 

accumulation and condition of snmoJ packs in deer habitat. Kelsall and 

Prescott (1971) reported on the effect of snmoJ density on the depth 

deer sink into the snow pack. Deer sank 87% of the snow pack depth when 

the snmoJ density was 0.10 to 0.19 g/ cc and only 47% when the density 

increased to 0.40 to 0.49. Verme (1968) discussed a device used for 

estimating the den·sity of snmoJ. This method consisted of a weighted 

pipe dropped into the snow from a standard height. This technique 

gave close correlation ~oJi th observed sinking of deer into the snow. 

Kelsall and Telfer (1971) discussed the physical adaptations of. 

big game species for snmoJ. Their results gave theoretical credence 

to the results Verme obtained. The basis for the close correlation 

betveen the measures of snow condition is that the load of weight to 

surface area is similar between the deer foot load and the pipe surface 

load on the snow. Kelsall and Telfer also found that the foot load 

on female elk was less than for male elk. This would compensate to 
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some extent for the lower chest height in females when traveling through 

harder snow packs. Such compensation is likely to be comparable to 

differences between sexes in the white-tailed deer. 

Rongstand and Tester (1969) reported on a study of the behavior 

of deer in Hinnesota and found a close relationship bet'\.;reen snmv 

accumulation and cover type used by deer. They observed an increase 

in the. use of cedar lmvland cover with snow depths over 10 inches. 

Kelsall and Prescott (1971) observed that deer moved to lower elevations 

(less deep sno\v condition) in maritime Canada '\vhen sno\v accumulation 

exceeded 8 inches. Gilbert et al. (1970) correlated changes in deer 

concentrations with snow depth approaching 20 inches. This is the depth 

at l.vhich deer have extreme difficulty in moving through an unbroken snow 

pack of low density and is related to the chest height of mature deer 

(Kelsall and Prescott 1971; Kelsall and Telfer 1971). The difference 

between these two classes of snow depth behavior is probably related 

to the degree of difficulty of movement confronting the deer. At the 

10 inch depth, deer may be more variable in their response due to the 

lesser h i.nderance to their movement than would be caused by a 20 inch 

snow pack. Also, at the lower snow depth, deer are not forced to con­

centrate in heavy cover although they are hindered in moving, \vhile c. 

20 inch snow forces them to the areas of lesser snow depth. 

-~~~?_E_gy Inpu~ 

To gain energy needed to balance the above outputs, the animal 

rnust expend energy. This energy expense occurs in moving to feeding 

areas, feeding, and escaping from danger. The energy gains are a 

function of the food habits of the animal and the metaboli.zable energy 
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in the ingested forage (Crampton and Harris 1969). The energy to meet 

primary needs must be furnished before energy can be used for grm·7th, 

reproduction or lactation (Blaxter 1962; Crampton and Harris 1969). 

Forage Utilization 

Many authors have dis cussed the importance of food for ••i ldlife. 

No doubt the number of forage surveys conducted over North America runs 

into the thousands. However, a large proportion of the forage research 

reported in the literature is restricted to woody browse" Research on 

foraging habits of deer should warn against such unbalanced research 

programs. Petrides (1941) reported that white-tailed deer in New York 

foraged on succulent plants, using woody browse little before the 

accumulation of snow. Kirkpatrick et al. (1969) studied the seasonal 

changes in the rumen contents of deer in the Southeast. They found that 

woody stems and buds constituted 1.5, 5.2, 6.3, and 9.1 percent of the 

spring, summer, fall, and \vinter rumen contents respectively. \·ihelan 

et al. (1971) reported a large utilization of green leaves and flowers 

(88%) in the spring diet of lead deer in western Virginia. From studies 

such as these, it is apparent that more consideration needs to be given 

the study of forage types other than browse. 

Fora~~ Availability 

Measures of forage production for Hildlife management planning 

should account for the production of available forage by forage types. 

The available forage l.s that portion of the growth of plants in the 

habitat which may be utilized by wildlife without detriment to the 

grm..:th of the plants i•1 subsequent years or to other management goals 

desired on the area. The concept of availability must include the total 
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management plans for the area dnd the interaction of different animal 

species \vith each other and the plant growth. The estimation of forage 

production by forage class type (browse, grass, herbs, mast, etc.) 

further allows the change in available forage to be evaluated over the 

season. Duvendeck (1964) outlined such a system for mast production. 

In the case of mast, 100% of the gross production could be consumed 

without hurting the growth of the mast-producing plants, yet only 10% 

is actually available to the deer due to insect destruction and compe­

tition with other animals (Duvendeck 1962). Coblentz (1970) reported 

that snow accumulation greater than 3 inches resulted in elimination of 

use of forage types other than browse. Before the snow, browse had 

constituted only 37% of the forage consumed. 

Emphasis here is placed on production of available forage. This 

is the only managerially functional concept, except for one that incor­

porates the aspects of game theory, involving a play against nature and 

the deer population. The game theory dimension and decision-making 

under conditions of uncertainty are not incorporated here. Morgan (1971) 

discussed the making of decisions under conditions of uncertainty by 

state fish and wildlife agencies. 

The concept presented in this thesis is one of habitat potential, 

a limit to populations as well as an upper criterion for managerial 

performance and budget allocation. Variable phenomena like hunting 

season kills or v.>eather may cause available forage to be under-utilized 

or over-ut~Ll ized. If this occurs, it does not make the manager '\.Jrong" 

but simply may explain why the available forage vlas not utilized as 

expected and may provide suggestions for alternative managerial 
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strategies to achieve better utilization of available forage. 

A measure of available forage production can provide a meaningful 

estimate ·of energy inputs for management planning. 

Forage Energy 

The actual energy input per individual animal in a population 

from a forage supply is dependent on intake and digestibility of the 

forage. Digestibility studies are common for domestic animals (Crampton 

and Harris 1969) but not for deer, which are more difficult to maintain 

for such study. Forbes et al. (1941) studied the digestive capacity of 

deer and concluded that the digestive eff~ciency of deer is of the same 

order as that of domestic ruminants. However, Short (1966) concluded 

that for digesting cellulose, cattle are more efficient than deer. 

Ullrey et al. (1964) and Ullrey et al. (1968) studied the 

difference in digestibility between cedar, aspen and balsam browse in 

an effort to evaluate the value of the bro~1se species as winter food 

for deer. However, the results were very variable. Snider (1971) 

reported the in vitro digestibility of forage used by deer in Missouri. 

Observations of deer rumen contents served as the basis for selecting 

from the field forage samples on which in vitro digestion trials were 

conducted. He found organic matter digestibility of forage classes 

as follows: forbs, 53.6%; fruits, 44.5%; leaves of woody species, 36.1%; 

and twigs, 25.2%. ~~elan (1971) reported in vitro digestibilitjes of 

diets selected by lead deer in Virginia. \•lhelan' s results were similar 

t0 those calculated by Snider. 
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Succession 

For the continuance of good deer hunting on an area, management 

plans mus·t be made to keep a desirable habitat mixture about constant, 

though each sub-area may change '"ith time. Grange (1949) expounded 

on the inter-relationship between plant succession and game production. 

Giles and Snyder (1970) discussed a means to achieve such a stable 

forage production on western ranges. With this system a game manager 

can simulate various management techniques and predict the effect that 

management will have on the deer herds of the area in the future. In 

order to achieve a stable, balanced habitat mixture, information is 

needed on the effect of management practices on the succession of forest 

types. 

This thesis presents a model of the effect habitat, climate, and 

forage availability have on the energy inputs and outputs of a deer herd. 

The model integrates the relationship between these variables over the 

seasons of the year. From such a model, estimates of the balance of 

energy input and output can be made. These estimates provide insight 

into the magnitude and nature of energy available for the potential 

prod,Jction of deer. By use of the Giles-Snyder technique of succes­

sional projection, these estimates of energy balance (energy available 

for the potential production of deer) are projected into the future. 



TECHNIQUES k~D PROCEDURES 

This study is based entirely on work reported in the literature. 

The literature of deer ecology \vas studied, emphasizing behavior; 

food habits; measures of forage quality; nutritional requirements; 

deer-environment energy exchange; effects of altitude, aspect, and 

exposure on vegetation and energy exchange; and the changes in 

veget~tion associated with ecological succession. 

After an initial, general study of the literature, the ecological 

variables that were to be considered in evaluating the potential of 

an area for deer production \vere identified. The variables so identi­

fied \vere those which are known to have a major influence on the animal­

environment energy exchange and which can be measured readily and 

inexpensively on a unit of land. Fig. 1 outlines the approach taken 

in the development of the land evaluation model. This development will 

be followed in the text. 

First, a list was prepared of the ecological variables identified 

from the literature. Then a study of previously reported bioenergetic 

models (Moen 1968a; Gates 1970) was undertaken. The listed variables 

\vere subsequently compared in light of these models to evaluate their 

importance and their interactions in the energy dynamics of the white­

tailed deer. 

It was necessary that some variables be dropped from further 

consideration due to limited information on their energy value to deer. 

Other variables '"ere also dropped due to the complexity and cost of dota 

collection which has limited their measurement on lands alrcadv mmed 

and managed by game agencies. 

18 
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Fig. 1. Flow chart of the development of the potential biological 
productivity land evaluation model. 
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A mathematical model was constructed for determining the avail­

ability of energy on a land unit, usable by a deer population for 

production. Finally, a heuristic computer model was built for 

evaluating the variables which were identified as having a strong 

influence on the energy available to deer. This model takes the data 

supplied by a land evaluator describing the basic properties of a unit 

of land and converts them into indices of energy potentially available 

to deer for conversion into production useful to man. The computer 

model was \vritten in Fortran IV and run on an IBM Nodel 370 computer 

at the Virginia Polytechnic Institute and State University. 

A >wrk form was prepared for evaluating the potential of a tract 

of land for deer productivity. This form furnishes the needed inputs 

for the above computer program to evaluate the tract. 

Variables Influencing the Energy Flm.: of_~ peer Population 

The factors which were identified as affecting the potential 

productivity of an area of land, by influencing the energy flow of deer 

in the habitat, are presented in Table 1. Potential productivity of a 

deer herd may be conceotualized as the production achieved when all the 

energy >.:rhich is available for conversion, is converted into sor.1e form 

of product for man. The energy available for conversion into recreation 

is a function of the total energy available to a population of animals 

and the energy required by tl1ose animals for normal maintenance in that 

habitat. 

Such energy might be measured as the energy required for achieving 

a giv0n probabilitv o[ sighting a deer feeding in spring, for producing 

~ h~~vestcd animal, for generating a quality-ranked man-hour o[ 
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Table 1. Factors which are of major importance in 
affecting the productivity of a deer population. 

Habitat Factors 

Food production 
Cover availability 
Habitat interspersion 
Topography 
Soils 
Climate 
Parasites available 
Nuisance insects 

Population Factors 

Sex ratio 
Age ratio 
Natality 
Hortality 
Disease 
Parasite load 
Behavior of subspecies 
Endocrine balance and fluctuation 

Management factors 

Hanagement of habitat 
~1anagemen t of harvest 
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recreation from a particular deer population, or for a combination of 

these and other measures. The factors listed in Table 1 influence 

the energy available for production by causing variation in the energy 

required by a population for living in the habitat or by causing 

variation in the energy available to the population in forage. The 

individual factors will be discussed in relation to their influence 

on the inputs and outputs of energy from the deer-habitat energy system. 

This research deals with the habitat factors which affect the 

natural potential of land for producing deer. Therefore, the population 

factors and management factors Hill not be discussed in detail. Simply, 

once a unit of land is identified, the management of that u~it will 

determine how a deer population interacts with the physical and biotic 

environment to attain some level of productivity. The optimum management 

of the habitat and population mi~ht be defined as that cost-effective 

management which allows the population to reach and stabilize a net 

productivity (natural plus managed) equal to the demand placed on the 

habitat and population by society. This is to be maintained over time 

and at the least cost. 

Habitat Factors Not Considered 

Of the nine habitat factors listed in Table 1, parasites available, 

nuisance insects, and predators \vill not be considered in land evalu-

ation for the following reasons. Due to the interaction of nutritional 

level on susceptibility to parasites and the complications of determining 

a peculation's actual parasite load, it was considered that this factor 

should b(' omitted. f.n some areas available parasites \vill affect the 

productivity of the population, as in the case of lone star ticks in 
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Oklahoma (Bolte et al. 1970) .· Hore important is the parasite load on 

the population which affects the energy drain from the population. 

Nuisance insects are known to influence the behavior of deer and thereby 

their energy drain. Hm\'ever, due to the difficulty in quantifying the 

magnitude of this drain, and the infeasibility of doing so on lands 

simply under consideration for acquisition, it was considered best 

to omit it. 

Predators, other than dogs and poachers, do not appear to have 

large effects on huntable deer populations in most areas (Cain 1972: 

191-194) . This is in part due to the low population level of natural 

deer predators in most areas. In addition to the low predator densities, 

Mech and Frenzel (1971) found that wolves killed deer \vhich hunters were 

least successful in harvesting. Deer over 5-1/2 years old constituted 

48}~ of wolf kills but only 10% of hunter kills. Therefore, many of 

the deer killed by Halves are of ages not normally harvested by hunters. 

Poachers may have substantial effects on deer mortality, as indicated 

by the 1-:ork of Vilkitis (1971). In some areas, domestic dogs are blamed 

for high rates of deer mortality. However, there is some question as 

to the significance of dogs in influencing deer populations (Perry and 

Giles 1970). The sociological relations of these losses need to be 

considered more before a quantitative measure of them can be made. 

Deer-Habitat Energy_ Svstem 

As discussed previously, the dynamic energy system existing between 

a deer population and its habitat can be visualized as a system of 

inputs and outputs. The inputs and outputs are measured in units of 

energy. Energy inputs are the energy received by a deer population from 
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the habitat. This is used to meet the needs of the deer's energy 

outputs. Energy output from the population is the energy expended 

by the population for maintaining the basal metabolism of the body; 

for maintaining the body temperature; for use by the animals for 

activity; and for the production of replacements for exhausted or 

shed body tissue. 

In the development of thi!:; model, the energy system is partitioned 

into three subunits. These divisions are: (1) energy requirements 

for sustaining the basic needs of deer in a given habitat (energy 

outputs); (2) energy available to the deer from the habitat, through 

forage (energy inputs); and (3) the balance of the energy outputs and 

inputs over the seasons (potential productivity energy model). The 

development of these three units of the total model and hm..r they relate 

to each other ~..rill be discussed in the follmving sections. The computer 

program of the model is in Appendix Table 1. 

Energy Outputs 9.i_ Deer 

Basal Metabolism 

Silver et al. (1969) reported major differences in fasting metabolic 

rate (FMR) of deer in summer and winter coats. These metabolic rates 

v1ere: 

52.2 Kcal/kg/24 hr Summer coat 

33.8 Kcal/kg/24 hr Winter coat 

In many cases metabolic rate is defined on the basis of metabolic size 

of an animal (w 0. 75). However, in agreement with Silver, metaboJic 

r<)te Is here expressed as a function of we:i.ght. Silver (1969:493) 

stated: "A large difference in FMR of deer in summer and winter coats 
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tends to override the differenLes attributable to size. The data 

show only a slight tendency for higher heat production per unit of 

weight in deer of smaller size. Metabolic rate is, therefore, 

perhaps more realistically expressed as heat production per unit of 

weight." Furthermore, when I compared Mrs. Silver's published data for 

adult deer by use of regression analysis, the equation for FMR as a 

function of body weight had a smaller residual mean square than did 

the equation using metabolic size. The correlation coefficient (R) for 

winter coats \vas 0.70 and that for summer coats was 0.82 (rounded to two 

decimal places), when metabolic rate was expressed as a function of body 

weight or metabolic size. 

The energy requirement for basal metabolism is a constant minimum 

energy requirement. Though this energy can be used in maintaining body 

temperature at loH ambient temperatures, other energy requirements are 

additive to this one. 

Moen (1968a) summarized the relationship betv1een the deer in 

thermal equilibrium and the thermal environment as: 

Hhere H 
n 

H 
e 

H 
m 

1-I 
s 

H + H H ± H (1) n e m s 

net heat exchange by radiation, conduction and convection 

heat lost by surface and respiratory evaporation 

heat produced by metabolic processes 

heat storage change in body. 

This thermal energy exchange bet\veen the deer and its environment 

can be partitioned into the various components by the follo-....Ting three 

equations (Moen 1968a). These are respectively the thermal energy 
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losses by radiation, conduction, and convection. 

Radian~ Energy Exchange 

Radiation, the transfer of energy in waves propagated as a result 

of movement of molecules and at.oms, is dependent on the effective surface 

temperature of the deer and surface area participating in radiative heat 

loss (the radiation profile). The effective surface temperature itself 

is a function of the movement of heat from the body core to the radiative 

surface (Blaxter 1962:124) and of the temperature and air flow across 

the radiative surface (Stevens and Moen 1971) and radiation absorbed 

from the environment. The energy loss from an object by radiation is 

expressed as: 

Q = EaT 
r 

Where Q = radiation flux in calories 
r 

F emissivity of the surface 

8 -2 1 1 a= Stefan-Boltzmann constant (4.93 x 10- Kcal m hr- k- ) 

T temperature of the surface (K, or °C + 273.2). 

(2) 

The net radiation exchange is the difference bet~·leen the radiant 

energy lost from the animal and that absorbed from the environment. The 

environmental radiation received is in the form of infrared radiation 

from the surrounding habitat and sky, and during the day, from short\vave 

and visib:~e light radiation absorption. Hm,,ever, the absorption co-

efficient for visible light and short\,,ave radiation is not the same as 

for longwave infrared radiatim1. Infrared radiation is almost entirely 

absorbed by hair, Hhich has an emissivity coefficient of approximately 

1.0. The other Have lengths are more poorly absorbed. Blaxter (1962: 

160) reported emissivities in the solar radiation \•Jave lengths as being 
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0.78 and 0.83 for coats of red cattle. 

Gates (1970) and Moen (1968a) implied that environmental radiation, 

once absorbed, is entirely useful to the deer. Hm.,rever, due to the 

insulative effect of the coat, much of this energy is immediately re­

radiated or conducted back to the habitat. This was accounted for by 

Moen in his discussion of net radiation. Blaxter (1962:161) discussed 

the actual energy gained from solar radiation by sheep. For a sheep with 

a 4 em fleece in still, humid air, the heat absorbed through the hair 

coat is approximately one-tenth (0.09) of the radiation absorbed at the 

fleece surface. \vi th a slight breeze (300 ft/min), this value falls by 

half, to about one-twentieth (0.04). These estimates were made at 32°C. 

For deer in winter thermal conditions, these values would likely be 

lower, due to greater convection in the colder air (see equation 4). 

Stevens and Moen (1970) also showed evidence for this occurrence. Since 

Moen's model does not contain a term for estimating the net radiation 

from an animal's surface, it was decided to use the lower value of 4% of 

the radiant energy absorbed at the surface to partially account for 

lower temperatures and air flow in the deer's habitat. 

C~1ductive Energy Exchange 

Conductive heat transfer js accomplished by collisions between 

oscillating molecules, transferring energy. As equation 3 shows, this 

energy transfer is a function of the conducting surface area and the 

temperature gradient between the surfaces participating in the exchange. 

Thus a deer standing would conduct heat to the ground only through 

the hooves \vhi1e a bedded deer would conduct heat through a much larger 

surface area. The energy loss from a body by conduction is expressed as: 
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Q = K A £1T/D 
c 

Where Q = calories of heat conducted 
c 

K thermal conductivity coefficient 

A area 

L:.T temperature difference bet\veen the t\vO surfaces (°C) 

D distance between the t\vO surfaces. 

(3) 

At present, little information has been presented in the literature 

on the conductive characteristics of deer. Moen and his associates are 

studying these characteristics at Cornell University (:Hoen and Evans 

1971). Hov;ever, at this time, the conductive energy exchange portion of 

Moen's model will not be used. For purposes here, it is assumed that the 

deer is standing, conducting energy only through its feet to the ground. 

This small amount of energy is ignored. 

Convective Energy Exchange 

Convective heat transfer occurs when molecules move from one 

place to another. Equation 4 sho\-JS that aside from surface area exposed 

to convection and the temperature gradient between the convective 

surface and the fluid, convective heat loss is proportional to a convec-

tion coefficient. The value of this coefficient is dependent upon the 

sizE, shape, roughness, and orientation of the animal's surface. Moen 

approximated the convection coefficient for deer by using the coefficient 

for a 12 inch diameter cylinder from a table by Blaxter (1962:152). 

Convection coefficient values are given in Table 2. The energy loss from 

a body by convection is expressed by: 

( ~) 

lvl>e- rr' o . -- 'h calories transferred by convection 
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Table 2. Effect of wind velocity on the convective heat loss 
from a 12 inch diameter cylinder (B1axter 1962:152). 

Wind velocity Convective heat transfer 

mph -2 -1 -1 Kcal m 24h c 

0.5 45 

1.0 67 

2.0 135 

4.0 225 

6.0 288 

8.0 351 

10.0 413 

12 .o 468 



H = convection coefficient 
c 

A area 
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t.T temperature difference bet>veen the surf ace of the convector 

and fluid ( °C) 

Thermal Hodel 

Hoen approximated the energy loss by a deer to its environment 

using the above equations and stated that this needs to be equal to the 

energy released by the animal's metabolism if that animal is to maintain 

a stable body temperature in any thermal environment. This relationship 

is expressed in the following equations: 

E = E 
d m 

S E a T 4 + S H t.T + I(Tb-T ) + H S r s t c a e t 

E 
m 

Hhere Ed energy drain (loss) to the environment 

S R 
r e 

E energy released in the metabolic activity of the deer 
m 

S radiation profile (0.85st 
r 

E emissivity of deer hair 

S f B 1 (4.93 X lo-S Kcal m-2 hr-l k-l) 0 = .te an- o tzmann constant 

T surface temperature of deer 
s 

St total surface area of deer 

H convection coefficient of the deer 
c 

'l =mass uf fuod ingested 

Tb "" body temperature (°C) 

(5) 

( 6) 

(7) 
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T air temperature (°C) 
a 

H evaporative heat loss 
e 

Hb basal metabolic rate 

Hf = heat increment for diet level 

H heat increment for activity 
a 

R environmental radiation to the deer. e 

These equations are similar to those presented by Moen (1968a). Those 

values not defined or explained previously are explained in the follo\ving 

paragraphs. 

Su~face Temperature ~ Deer 

Moen (1968b) has reported on the relationship between the air 

temperature and surface temperature of deer in still night air. He 

presented an equation \vhich describes this relationship. This is: 

Y = 6.559 + 0.944X (8) 

\~here Y surface temperature of the deer (°C) 

X temperature of the air (°C). 

Stevens and Moen (1971) reported on studies made with a physical 

deer simulator exposed to different wind velocities. They reported a 

marked change in the surface temperature to air temperature relation 

as the wind velocity increased from 2 mph to 7 mph. 

Total Surface Area of Deer 

The surface area of the deer can be approximated from an equation 

reported by Moen (1968a): 

Y = 0.879 + O.Ol6X (9) 
,., 

\~lwrc Y total surf1ce area (m') 

X = \vei.ght of del~r (kg). 
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Body Temperature 

The average body temperature of \vhite-tailed deer subjected to low 

temperatures in a respiratory chamber was reported by Silver (1971) to 

Evaporative Heat Loss 

Evaporative heat loss from deer has not been reported. However, 

in sheep (Blaxter et al, 1959) this energy loss can be reduced by the 

-2 -1 animal to 10.33 Kcal m hr , remaining fairly stable below 20°C, This 

is the value used by Moen in his calculations. Under hyperthermal 

conditions, sheep in air containing water vapor at a pressure of 20 mm Hg 

-2 -1 can lose up to 75 Kcal m hr of heat energy by evaporation of water 

from the respiratory tract and skin (Blaxter 1962:138). These extremes 

seem to set reasonable limits for consideration when studying the deer~ 

Heat Increment for Diet 

The heat increment for dietary level (Hf) is that energy vhich is 

produced by the digestion and absorption of ingested food. This heat 

increment is energy not useful to the deer other than for maintaiui.ng 

body temperature. Blaxter (1962:141) tabulated the FVili of sheep at 

different dietary levels. Prom these values, the heat increments (ratio 

of dietary level to FMR) for fasting, maintenance, and full feed are 

respectively 1.00, 1.47, and 1.88. 

Heat Increment for Activitv 

The heat increment for activity (H ) is that energy which is 
a 

produced by the animal 1 s musculature in movement (standing, \valking, 

running). Crampton and Harris (1969:151) gave the ratios of oxygen 

consumption while an antmal is active to that while it is standing, as 
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in Table 3. A similar ratio between standing and reclining in sheep and 

cattle is 1.1. If these ratios are expressed as the ratio of oxygen 

consumption at a given activity to the oxygen consumption in the lying 

position, they ~vould be as in the lo\ver half of Table 3. The energy 

requirement for activity, which is discussed later, will be used as the 

estimate of this parameter. 

Use of the Thermal Model 

This model of the energy exchange between the deer and its thermal 

environment can be used to predict the energy balance bet\veen a deer and 

its environment as was done by Moen (1968a). If the deer is in an 

environment '"here the energy loss (drain) as predicted by Equation 7 is 

greater than the energy production as predicted by Equation 8, then the 

metabolism of the deer would need to be increased to furnish the energy 

difference once a minimum body temperature is reached. On the other 

hand. in a hyperthermal situation, if Equation 7 predicts a value less 

than Equation 8, then heat loss by the deer must be increased by evapo-

ration, panting, or posture once a maximum body temperature is reached. 

Both cases assume that the goal is maintenance of a relatively constant 

and narrm.; range of body temperature. 

Moen's model of the flow of energy from deer forms the basis for 

determining the energy output from deer. The values used for tempera-

ture, 1vind flov, and radiation are supplied by other portions of the 

model, which alter the climatic description of the land unit. The 

climatic description of the land unit and h01~ this 5_:-J.put data is modi-

fied. by habitat conditions to give an estimate of the effective climatic 

conditions on deer is discussed in a later section. 
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Table 3. Relative increase in the metabolic rate of domestic 
ruminants due to degree of activity (Adapted from 
Crampton and Harris 1969:151). 

Increment expressed as an increase over the metabolic rate of 
the animal in the standing position 

Walking 

Susta.ined heavy work (6-10 hr/day) 

Maximum activity per day 

Maximum energy during maximum 
brief effort 

2.0 

3.0-8.0 

20.0 

100.0 

Increment expressed as an increase over the metabolic rate of 
the animal in the lying position 

Standing 

Walking 

Sustained heavy work (6-10 hr/day) 

Haximum activity per day 

Haximun energy during maximum 
brief effort 

1.1 

2.2 

3.3-8.8 

22.0 

110.0 
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Activity Energy Requirement 

Blaxter (1962:103-115) discusse~ the energy expended by sheep 

in body movement. These estimates of energy expense are those which 

could be used for estimates of deer energy expense since little is 

known of related values in deer. Since the basal metabolism and anatomy 

of sheep and deer are quite similar, it is believed that little differ­

ence will be found bet>-.reen these estimates and measurements made with 

deer. 

As mentioned previously, \-Then an animal makes body movements there 

is heat energy released 1vhi.ch may be used to maintain body temperature 

or which must be dissipated to the environment. The energy required by 

sheep for making horizontal and vertical movements as reported by 

Blaxter (1962: 108) are presented in Table 4. Bla'!:ter (p. 109) summa­

rized the difference between species as follows: 

" • Between species the energy cost of moving 1 kg of 

the body horizontally is fairly constant, declining slightly 

in the larger animals. The energy cost of vertical movement 

is also much the same in all species, and the efficiency of 

muscular work expressed in terms of \vork done per calorie 

of energy expended is about 30% in all. 11 

Giving an example of sheep under range conditions, Blaxter esti­

mated an increased energy requirement of only 20% above basal for 

movement. A similar estimate can be made for the minimum energy 

.requirement: for activity in deer. This is presented in Table 5. The 

min:im!J.'Ti activity is e.stim:-1tecl as fo.llot.·lS: HarcU_ngton (1968) observed 

an average minimum total distance moved in 24 hr of about 2700 m in a 
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Table 4. Energy required by sheep in making horizontal and 
vertical movements (Blaxter 1962:108) 

Speed of 
movement 

24 m/min 

48 m/min 

Calories required to 
move 1 kg of sheep 
1 m horizontally 

0. 61+/--0 .10 

0.69+/-0.10 

Calories required to 
move 1 kg of sheep 
1 m vertically 

Gradient 

1 in 22 1 in 11 

5.1+/-1.3 4.4+/-1.3 

6.4+/-1.3 5.4+/-1.3 
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Table 5. Estimate of minimal energy requirement for 
activity of a 50 kg deer in one day.* 

Energy expense 

FMR 

Standing 

Hovement 
Horizontal 

Vertical 

Total energy expended 

Increase over FMR 

* See text for discussion. 

Hours 

24 

15 

Meters Kcal 

1690 

103 

2700 82 

100 32 

1907 

113% 
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telemetry study. In hilly country a vertical movement of 100 m would 

be conservative. For our estimate, energy requirements for movement 

are from Table 4 for a velocity of 48 m/min and a gradient of 1 in 22. 

Standing requires approximately one-tenth of the FMR requirement 

(Table 3). FMR is calculated for a 50 kg deer in winter coat. Fifteen 

hours of standing were assumed, as Blaxter did for sheep. 

The example for deer (Table 5) is comparable to \vhat was reported 

by Blaxter. However, it should be noted that horizontal movement was 

minimal, since the study was conducted by telemetry. The distance moved 

depended on the time interval bet,...,een radio locations of the deer (Heezer 

and Tester 1967). Also, due to differences in behavior during the season 

and between populations, the value could change. 

At this time it may not be feasible to make separate estimates of 

the energy used by deer in moving through different habitats. Such an 

estimate using telemetry data is minimal, dependent on many factors, 

and would require much expense for pre-acquisition land appraisal. 

1he alternative to the calculation of this energy requirement on differ­

ent areas of land is to assume an average requirement for both areas. 

Moen (1968a), concerned only with deer in a standing posture, used 

a correction factor of 1.1 times basal metabolism for estimating the 

energy required for activity. Moen's value is more comparable to the 

estimate herein (Table 5) than is Blaxter's value of 1.2. Hm.,rever, 

knowing that the estimate is minimal, it is believed that Blaxter's 

estimate would be more representative of natural conditions for deer. 

Therefore, the estimate of energy required by deer for activity will be 

1.2 times basal metabolic rate, for snow-free conditions. Herein, this 
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value is the maximum mean, daily activity energy production usable in 

maintaining body temperature. 

Snow Influence on Activity Energy Requirement 

As discussed in the literature review, deer change behavior pat­

terns as the snow depth increases. The snow depths of 10 and 20 inches 

appear to be specific points of influence on deer behavior (Kelsall and 

Prescott 1971; Kelsall and Telfer 1971). Though there is no data on the 

energy requirement of animals in snm·l, a first approximation of this 

energy requirement can be made from this observed influence of snmv on 

deer behavior and knm,rn energy requirements for different levels of 1vork 

(Table 3). 

Deer do not appear to encounter difficulty in moving through soft 

snow until it is about 10 inches deep. When the snow depth approaches 

20 inches, deer encounter great difficulty in traveling off established 

trails. It is assumed that walking in snow up to 8 inches deep, requires 

2.0 times the basal metabolic rate energy requirement. As the snmv 

approaches 20 inches in depth, an energy requirement of 6 times basal 

metabolic rate :is assumed. This value is the middle of the range of 

the energy required by an animal in sustained heavy work, as discussed 

earlier. From this, Fl.g. 2 can be constructed on the assumption that 

the change bet1veen these snmv depth limits is linear. 

This i_s a first approximation of energy required for walking in 

snmv. Eowever, as the snow depth increases, the distance of movement 

or the area in lvhich movement occurs decreases, according to the obser­

vations or Rongst~d and Tester (1969) and others. 

Deer will lose more energy under snow conditions than under snow-
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free conditions. If the animal was to move about as much as normal, 

energy would be lost in a manner similar to that displayed in Fig. 2. 

If the animal reduces activity, thereby reducing energy expense, it does 

so at the expense of forage energy intake. The point at which it would 

be more profitable (energy-wise) for the deer to "hold up" would be 

\vhere more energy is expended in moving than gained from ingested forage. 

For the purposes of this model, it is assumed that the level of 

activity \·Jill be the same for snm .. '-free and snovJ-pack conditions. This 

assumption, though not biologically descriptive, should give an estimate 

of the relative effect of snow-pack conditions on deer. The use of this 

assumption under-estimates the decrease in forage energy intake by the 

population and over-estimates the degree of activity of the population 

as the snow depth increases. Though the changes in these parameters are 

not likely to be linear, they \vill to some extent compensate for the 

lack of behavioral descriptiveness of the interaction. 

Fig. 2 shm..;rs the estimated effect snmv has on the instantaneous 

energy requirement for movement. The right-hand axis of Fig. 2 repre­

sents the effect the snow may have on the daily activity energy require­

ment. The daily en(.;rgy requirement v1as obtained by using the above 

assumptions and calculations similar to those shown in Table 5. 

The activity energy requirement of deer is predicted as described 

by Fig. 2 and data supplied on the snow conditions of the evalueted 

land area. 

~..':~~E_ .~I!.~.! -~.! i rna U c _D_e s c~~~~-P.S~-~~ 

The seasonal climate of an area can be described in terms of the 

temperature, radiation, wind, and precipitation over that area. These 
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factors have major impact on deer through the loss or gain of energy 

(Hoen 1968a; Gates 1970). Verme (1968) reported on a weather severity 

index for deer in Michigan. In this study he measured five variables 

to estimate thermal flux. These variables were: temperature, wind, 

solar radiation, snow fall and relative humidity. In multiple regression 

analysis these variables accounted for 88% of the variation in air chill 

as measured by an instrument knmvn as chillometer. (For further dis­

cussion of the chillometer, see Verme 1968). In terms of partial cor­

relation coefficients, temperature and \,>ind greatly affected heat loss. 

Solar radiation, snov:fall and relative humidity were comparatively minor 

agents. However, since the chillometer was shielded, overhead effects 

of radiation and precipitation were appreciably reduced. 

Moen's deer energy dynamics model integrates these climatic values 

for deer if the appropriate input data are available. The means of 

obtaining data for this model and how habitat factors modify the \veather 

station climate are discussed below. 

Temperature 

The mean, monthly maximum and minimum temperature as observed at the 

nearest representative weather station are the input data for temperature 

conditions found on the appraised land unit. The use of these tempera­

ture data allows an accurate estimate of the mean temperature as well as 

the mean monthly extremes (U.S. Department of Agriculture 1941:690). 

These data are readily available and applicable for the model used. 

Ozoga (1968) reported that the mean temperature of different deer 

habitats was similar, only the range of temperature differing (Table 6). 

J!m,,evcr, deer- can change their effective mean temperature by using the 
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Table 6. Cover-type influence on winter microclimate 
in Michigan (Ozoga 1968). 

Cover-type 

Open field 

Conifer forest 
Sapling 
Pole 
Mature 

Hardwoods 
Mature 

Nixed woods 
Mature 

-

Wind 
flow* 

4552 

373 
118 

22 

1262** 

631 

* Miles in 52 days. 

** Estimated from text. 

Mean Jan 
temperature(F) 

Max : ~lin 

25.5 3.9 

23.9 3.2 
22.4 3.4 
23.3 6.2 

22.3 4.3 

23.0 3.8 

Mean snow 
depth (ft) 

l. 71 

2.42 
1.97 
1.33 

1.52 

1. 79 

Mean sink 
in snoH*** 

.59 

. 82 

.60 

.46 

.67 

.60 

*''n~ Feet to V.'hich a standard ~veight sank in the sno\v similar to 
the depth deer sank in the snow. 
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different habitats during different portions of the day. Therefore, 

an estimate of mean temperature conditions alone will not be sufficient. 

The use of the monthly mean extremes is used for this purpose of esti-

mating the effective mean temperature on deer. 

Radiation 

Moen (1968b) reported the nighttime infrared radiation production 

from three cover types in relation to temperature. The cover type 

equations are: 

Open field 

Hard•..rood 

Y =o((-10.9 + l.OOOX) + 273.0) 4 

Y =a((-5.6 + 0.964X) + 273.0) 4 

Cedar Y =o((+0.2 + 0.962X) + 273.0) 4 

Where Y infrared radiation (Kcal M- 2 Hr-1) 

X air temperature (°C). 

Moen and Evans (1971) reported further infrared radiation-air 

(10) 

( 11) 

(12) 

temperature relations for open field conditions derived from data extend-

ing over a wider range. of air temperatures than used for the above 

equations. They also reported the outgoing ground radiation as \vel1 as 

the incoming radiation. Equation 13 describes the relationship between 
_,., 

nighttime air temperature and incoming infrared radiation in Kcal m ~ 

-1 hr . Equation 14 is for outgoing radiation or the radiation from snow-

covered ground in this case. These equations are used for predicting 

the infrared radiation in the deer habitat from the air temperature. 

Thus: 

Incoming 

Outgoing 

Y =o((-0.049 + 1.03X) + 273.2) 4 

Y =a((-8.92 + l.lOX) + 273.2) 4 

(13) 

(14) 
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Lull and Relgner (1967) studied the daytime radiation flux into 

mature oak and pine stands in New Jersey. The energy values measured 

are summarized in Table 7. Measurements of this nature \vill vary from 

place to place due to differences in cloudiness and latitude. However, 

the values reported by Lull and Relgner are a good approximation of the 

expected radiation coming into deer habitat. The values in Table 7 for 

shortwave and visible radiation are used herein to approximate the 

non-infrared radiation in the deer habitat. \fuen land units within a 

small area are being compared, the difference between the radiation 

coming into a habitat type on the different areas should not be great. 

Wind 

Geiger (1965:312-314) has several graphs of wind flow through 

differing forest canopies. Diminuation of wind at 1 m above the ground 

to that of 2 m above the forest canopy ranged from 17% for a 65 year-old 

pine forest with an association of different age fir understory, to only 

67% for a similar pine forest with no understory. It should be noted, 

though, that the \vind speed at 2 m above the forest canopy is nost 

likely less than the wind speed over an open field, due to the friction 

caused by the uneven canopy top. 

Sellers (1965:149) presented an equation for predicting Hind flow 

over land surfaces: 

U = U'/K (Ln Z/ZO) 

Where U = wind velocity at height Z 

U' = friction velocity 

K von Kormon constant (0.4) 

Z height in centimeters 

(15) 
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Table 7. Mean daily incoming solar radiation in 
mature oak and pine stands in New Jersey 
(Lull and Relgner 1967). 

Energy flmv in 2 
KcaJ./m /day 

Season Open Oak Pine 

Shortwave radiation 

Grmving 5250 2050 3410 
Dormant 3610 2780 2210 

Visible radiation 

Growing 5280 1020 2870 
Dormant 3600 1970 1860 

----

Longwave radiation 

Growing 4430 4770 4530 
Dormant 2690 2750 2890 
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z0 roughness parameter of surface, the height at which velocity 

is zero. 

Table 8 gives roughness length for various surfaces as reported by 

Sellers (1965:150). 

Ozoga (1968) reported the effects different cover types used by 

deer have on the flow of wind. His results are presented in Table 6. 

The input used by the model herein developed is the mean monthly open 

field wind flow reported at the nearest representative \veather station. 

These data are modified by the general observations of Geiger (1965) and 

Ozoga to estimate the \vind flow through the various deer habitats. The 

equation of Sellers (1965) is used to estimate the \vind flow at the 

height of deer in the open, 

Hoen and Evans (1971) discussed some of the limitations of \vind flm.,r 

predictions in deer habitat. The estimate used herein is a general mean 

wind flow and does not account for variations observed in the habitat 

due to blow-through, slope, exposure, vertical turbulence, or air 

movement due to thermal air drainage on otherwise still nights. 

Precipitation 

Precipitation directly influences the energy loss from an animal 

due to increased evaporative and conductive heat loss. This form of 

energy loss is not accounted for in this model. The energy loss due 

to precipitation in the form of snow as it affects energy cost for 

walking and degree of movement is considered, and is discussed else\·lhere. 

For a proper integration of the influence of climatic variables on 

the energy exchange of deer (besides knowing what effect the various 

cover types have on modifying the climate), it is necessary to know the 
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Table 8. Roughness lengths for various land surfaces 
(Sellers 1965:150). 

Type of surface H(cm) z0 (em) 

Fir forest 555 283 

Citrus orchard 335 198 

Large city (Tokyo) 165 

Corn 300 

us.2 = 35 em/sec 127 

u5.2 198 em/sec 71.5 

Corn 200 

u 4. 0 29 em/sec 84.5 

u4.o = 212 em/sec 74.2 

Wheat 60 

UL7 = 190 em/sec 23.3 

ul.7 1384 em/sec 22.0 

Grass 60-70 

u2.o 148 em/sec 15.4 

uz.o = 1343 em/sec 11.4 

u2.o = 1622 em/sec 8.0 

5-6 0.75 

4.0 0.14 

2.3 0.32 

Alfalfa brome 15.2 
u2 . 0 = 260 em/sec 2. 72 

u2.o = 2625 em/sec 2.45 

Smooth desert 0.03 

Dry lake bed 0.003 

Tarmac 0.002 

Smooth mud flats 0.001 
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proportion of time the deer spends in the various cover types. The 

use of the various cover types will be dependent on factors such as 

forage supply in the cover types, psychological desire for a cover 

type (as during hunting season), protection from adverse weather con­

ditions, ease of access to a cover type, and other variables. Most 

of these factors have not been studied quantitatively in relation to 

their influence on deer use of cover. 

Moen (1966) observed that deer on a high plane of nutrition in 

Hinnesota had a high resistance to adverse weather conditions. The 

population studied by Moen spent most of their time outside of forest 

cover, feeding on crop wastage, retreating to the forest only during 

severe storms. This was at a time \vhen snow conditions reached 15 

inches in undrifted areas. Rongstad and Tester (1969), on the other 

hand, found a closer relation than did Moen of the use of dense protec­

tive cover by deer due to snow accumulation during the winter in a 

population not able to feed on crop wastes. Table 9 presents the use 

of cover types as observed by these authors. 

Due to the variability of cover types available and the effect of 

factors influencing changes, it is difficult to make a generalized 

statement of the percent of time spent by deer in various habitats. 

For the purposes of this model, the proportioning of habitat type use 

within a subunit of the unit being evaluated will be carried out on the 

basis of mean monthly snow depth. (If an entire portion of the area 

being evaluated is likely not to be used, this can be so indicated so 

thc.t "it is not considered as being available to the deer.) For a month 

having a mean snow depth equal to or greater than 10 inches, use of the 
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Table 9. Proportion of time spent by deer in various 
cover types in relation to snow depth 
(Adapted from Rongstad and Tester 1969). 

Cover type Snow depth (inches) 

0-3 5-7 10-20 20-40 

Daytime 

Cedar lowland 44. 63. 73. 81. 
Non-cedar lowland 21. 26. 21. 13. 
Upland 35. 11. 6. 6. 

Nighttime 

Cedar lmvland 17. 55. 70. 83. 
Non-cedar lowland 17. 17. 20. 13. 
Upland 66. 28. 10. 4. 
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most favorable cover available will be proportioned as observed by 

Rongstad and Tester (1969). During periods of light snow cover, the 

cover use is proportioned relative to the forage available in that 

cover type during that month. This is comparative to the general trend 

observed by Moen (1966) for deer on higher planes of nutrition. This 

trend may not hold for deer on lm.,rer quality diets since the deer 

would encounter unfavorable thermal microenvironments at temperatures 

higher and wind speeds lower than ~.,rould deer on a higher plane of 

nutrition. However, as discussed in a following section, this model 

assumes that the model deer is managed so as to keep it on a maintenance 

diet. 

Energy Input to Deer 

Forage production is the only energy input considered in estimating 

the productivity of a deer herd. Moen (1968a) pointed out that abundance 

of high quality food, such as harvest-wasted corn and soybeans, can to 

some extent replace cover requirements. Ho-v1ever, in the natural envi­

ronment of the deer, such high quality food is not frequently available 

during seasons of adverse weather. 

The forage energy input into a deer herd is not equal to the gross 

energy of the forage supply, since not all of this energy is available 

for use in body functions. The partitioning of the gross energy into 

its available and unBvailable fractions is shm..m in Fig. 3. In the case 

of meat-type livestock, only a part of the net energy is directly used 

for production (growtl1 and fattening). The remaining net energy is the 

energy cost of "overhead." HoHever, for wildlife this overhead energy 

is available for conversion to some forms of production. This concept 
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Gross Energy 

Fecal energy 
A. Food residues 
B. Metabolic products 
C. Gas 

Urine energy 

Heat increment 
A. Digestive fermentation 
B. Nutrient metabolism 

Naintenance 
A. Basal metabolism 
B. Maintaining body 

temperature 
C. Activity of 

maintenance 
D. Other body and 

behavioral 
maintenance 

Digestible energy 

Metabolizable energy 

! 
Net energy 

Productive energy 
A. Growth 
B. Fattening 
C. Fetus production 
D. Milk production 
E. Activity which 

produces recreation 
for man 

Fig. 3. Partitioning loss and use of gross energy intake 
of a deer population (Adapted from Crampton and 
Harris 1969:140). 
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is discussed further in a later section on the productivity model. 

Digestible Forage Energy 

Gross energy of most herbaceous materials is approximately 

4000 cal/g. Hough (1969) reported a range of 3501 to 5244 cal/g in 

plant material in the southern Unit~d States. Major variations in 

gross energy can be attributed to variation in oil and ash content. 

Table 10 shows that little relationship exists between gross energy and 

digestible energy available from forages used by deer. It is well 

known that proximate analysis data do not give reliable information for 

predicting digestibility of a forage. Most analysis of deer forage has 

been done by the proximate analysis method. In Van Soest method of 

determination of forage quality (Van Soest 1967) provides more infor­

mation about the digestibility of a forage. However, since little 

information obtained by this method is available for forages, it cannot 

now be considered for use. 

It was decided to use the general forage type digestibility 

reported by Snider (1971) for the first approximation of forage energy 

available from the habitat. Part of the reason for this decision was 

that evaluating the species composition and abundance in a habitat would 

be too expensive to consider in appraising land for acquisition. 

General forage classification and abundance can be approximated in the 

field and the effect that succession will have on forage production can 

be projected by use of the Giles-Snyder technique(l971). Combining the 

use of this estimate of forage production over time and Snider's general 

forage class digestibilities, provides a way to project the digestible 

energy production in a habitat over a given planning horizon. 
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Table 10. Gross and digestible energy for some forages used by 
white-tailed deer. 

Forage type Gross Digestible Percent of Source 
energy energy gross 

cal/gram cal/gram digestible 

Formulated 4407 2750 62.4+/-1/5 Ullrey et al. 
ration 3480 56 .S+/-1.1 Ullrey et al. 

Forbs 53.5 Snider 1972 

Fruits 44.5 Snider 1972 

Leaves of 
Woody species 36.1 Snider 1972 

Browse 
General 25.2 Snider 1972 
Balsam 2600* 33+/-4 Ullrey et al. 

-153+/-104 Ullrey et al. 
Cedar 2370 39+/-3 Ullrey et al. 
Jack pine 2490* 44+/-6 Ullrey et al. 
Aspen 2590* 29+/-14 Ullrey et al. 

-379+/-299 Ullrey et al. 

Pasture 
Alfalfa 4560** 2557 55.6 Crampton and 
Bluegrass 4597** 2278 49.6 Harris 1966 

* Wet weight basis. 

** Dry weight basis for sheep. 

1968 
1969 

1968 
1968 
1968 
1967 
1964 
1964 



55 

Metabolizable Energy Production 

Since it is the metabolizable energy rather than the digestible 

energy used by the deer, it is necessary to estimate the portion of the 

digestible energy which is metabolizable. 

Ullrey et al. (1970) reported that the diet he used in studying 

the metabolizable energy requirements of deer had 82% of the digestible 

energy metabolizable. Upon inspection of tables of forages and sup­

plements (Crampton and Harris 1969), it was found that this ratio of 

metabolizable to digestible energy was 0.82, or very close for agro­

nomic feeds, be they concentrates or roughages. However, the data for 

some browse show that this ratio may vary appreciably over the season 

for such material (Table 11). The values in this table range from 54 to 

88% of the digestible energy being metabolized. Of the nine species or 

growth stages, six were comparable to 82% of the digestible energy being 

metabolized. Therefore, the estimate used herein is that all forages 

have 82% of their digestible energy metabolized. No doubt this is an 

over-estimate in the case of some browse species; however, due to the 

variability observed, it is believed that this is model and therefore 

a good, working, first approximation. 

Estimation of Forage Production 

The land evaluation needs to provide an estimate of the available 

forage production by the various forage classes. The capability to 

furnish these estimates will depend on previous forage surveys in 

similar cover types, as well as experience of the land appraiser. 

There are numerous articles in the literature on amounts of forage 

produced per acre in different habitat types. Of these, of special 
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Table 11. Relationship bet,~een the digesti.ble and metabolizable 
energy of some '"estern browse species (Crampton and 
Harris 1969). 

Species Forage type Energy* Percent** 
Gross Dig. Met. Dig. Met. 

Salvia sp. Browse, dormant 3847. 1582, 854. 41. 54. 

Artemisia spp. Browse, early 1060. 639. 502. 60. 79. 
Browse, immature 803. 658. 82. 
Browse, mid bloom 1314. 1077. 82. 
Browse, mature 1477. 1211. 82. 
Browse, dormant 3877. 1751. 964. 45. 55. 
Browse, dormant 1446. 1186. 82. 

Atriplex spp. Browse, dormant 2771. 1119. 990. 40. 88. 
Brm~se, dormant 2906. 1006. 704. 35. 70. 

* On an as-fed basis for sheet. 

** Percent gross energy that was digestible and the percent of the 
digestible energy that was metabolizable. 
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importance in providing the above estimates are the studies in \vhich 

are reported the production of browse and grass and forbs for different 

cover types. Murphy and Crawford also reported (1970) the effect of 

crown closure on forage production. 

Soil quality has been cre<!ited with a strong influence on game 

production through its influence on forage quality. Hov;ever, measure­

ments of browse chemical composition (Murphy 1970) have not shmvn 

differences between areas of different levels of deer productivity. 

There does appear to be a relationship between soil quality and land 

use. Murphy stated that, "Soil fertility is related to quality of deer 

range by its influence on land use." Thus, soils of high quality tend 

to be under cultivation to a greater extent than lovJ quality soils. 

This may provide higher quality forage than is available under •wodland 

conditions, as observed by Moen, increasing the deer range quality 

even though it may decrease the absolute range area available. Also, 

areas which Here at one time in agriculture and then abandoned, have 

good range conditions. This is due to forage production and cover 

availability found in these areas in the earlier stages of succession. 

:Cn areas Hhere the main vegetative types are of a Hoodland nature, 

soil quality may affect the quantity of forage produced if not quality. 

The rate of succession in communities can be expected to be influenced 

by soil quality. 

Due to the scarcity of information directly relating soil quality 

to forage quality or quantity produced, and since soil quaEty will be 

reflected to some extent in land use patterns, successional stages in 

some forests and expected r::J.te of successiort, soil quality \vas not used 
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as a direct measure of habitat quality in this work. 

Forage ptiliza_tio_~ 

For a discussion of herbivore forage utilization, three definitions 

must be agreed upon (Mott 1960). These are stocking rate, grazing pres­

sure, and carrying capacity. Nott defined them as follows: 

Stockin~ rate. The number of animals per unit area of land 

(e.g. head per acre, head per hectare, or the reciprocal, 

acres per head). This tenn bears no relationship to the 

amount of forage. 

Grazing pressure. The number of animals per unit of available 

forage. 

Carrying _capacJ-_~. The stocking rate at the optimum grazing 

pressure. 

The optimum gra:d ng pressure is here considered to be the grazing pres­

sure at which all forage managerially or physically available (see 

previous discussion) for the deer is utilized. Thus, the same habitat 

may have different optimum grazing pressures for different managerial 

goals, this occurs by defining forage availability on the basis of the 

managerial goal. Thi.s definition of optimum grazing pressure is used 

since potential productivity is of concern. Without complete utili­

zation of the available forage energy, potential can not be reached. 

Therefore, to mea.sure potential productivity, the potential forage energy 

input must be used. 

For a given set of climatic and habitat-cover conditions, the forage 

supply and utilization determines the potential productivity of the 

habitat. Thus, by defining managerial goals for an area, the available 
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forage base for deer can be defined. This forage base in conjunction 

with the energy requirement of the animals ,,rill define the carrying 

capacity or stocking rate desired at the optimum grazing pressure. 

This stocking rate will define the level of potential production of 

deer. To modify the potential deer production from an area, the manager 

can increase the forage base by increasing the absolute amount of 

herbage or by re-defining the managerial goals. 

Seasona~ Forag.5:_ Supplies 

The utilization of forage by deer differs between the summer and 

\vinter seasons. In summer, as a population feeds, plant grov1th will 

replace at least part of what is consumed. If the population is at 

a high grazing pressure, the portion of consumed forage that is replaced 

will be low. At a low grazing pressure, a higher proportion of consumed 

forage will be replaced. However, in the winter season, there will 

be no replacement of consumed forage. The forage supply will be contin­

ually decreasing, with some forage types being consumed at higher rates 

than others. As snoH accumulates, the grazing pressure increases and 

is concentrated on a few forage types. 

In evaluating the seasonal forage supplies, a distinction must be 

made between the forage available for summer feeding and the forage 

growth to be accumulated for winter. A given forage type may be avail­

able for either season (browse and some grasses like fescue), for only 

the summer (fungi and some grasses), or for fall and ,,·inter only (mast). 

The absolute production of some forage types \vi_ll be dependent on 

util-L~:a:.:icm, as for gras2es (especially so in the exampLe of pasture 

land management), or it may be independent of utilization, as is mast. 
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It is beyond the scope of this thesis to deal with the effect utiliza­

tion has on present and future production of forage plants. However, 

in estimating the forage available for utilization by deer, considera­

tion must be made of the forage base required for the maintenance of 

good plant grmvth and the managerial goals for an area. 

This model assumes that the reported forage production is available 

at the beginning of each season and is used by the population as re­

quired. The utilization of the various forage types is discussed below. 

Forage type production and rate of forage consumption must be 

considered when evaluating the availability of forage over the season. 

For the sunnner season, it is assumed that all the forage is utilized in 

proportion to its preference-ranked availability. In cases where 

natural phenological events occur in the summer, \vhich may greatly 

change the forage energy supply, the model will not be descriptive. 

However, the effects of events such as these can be limited to some 

ext~:;nt by the evaluators defining the months in v.'hich growth is well 

begun and in •.vhich gro'l-rth ceases. These points in the year are used 

to define the beginning of the summer a.nd winter seasons, respectively. 

The utilization of forage during part of the winter months affects 

the subsequent availability of forage. If the rate at \vhich a forage 

type is used is known, the availability over each month of the season 

can be determined. HarJ.ov1 (1971) reported on a detailed study based 

on rumen analysis of food habits of deer in the Southeast. He empha­

sized that surveys of forage And feeding habits must distinguish between 

the classes of forage. Harlow grouped forages in several classes. For 

purposes here, these classes were lumped into three general classes 
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comparable \vith the classes used by Snider (1.971). These classes are: 

woody browse, the twigs and buds of woody plants; succulents, leaves 

of woody species, grasses, and fungi; and fruits, consisting of all 

fruits and nuts. No distinction is made between succulent or hardened 

tv1igs, or succulent or dry leaves, since season Hill largely influence 

the availability and use of one or the other. Table 12 presents Harlm"' s 

findings as grouped by these definitions. The arithmetic means of 

spring and summer values and the fall and winter values are reported 

as the growing season and dormant season means respectively and are those 

values used in the model. 

To estimate the utilization over the 'dnter, the relative consump­

tion rates of the three forage types is supplied. This can be done by 

using the values from Table 12 or values determined independently. The 

model assumes that the winter consumption of forage will not exceed 

5.0 lb. of forage per 100 lb. of body \Y'eight, if this is not supplied 

by the land evaluator. This value is the higher value reported by 

Ozoga and Verme (1970) for deer entering the \Y'inter in different body 

conditions. Those being in better condition consumed less forage chan 

those in poor condition. Fer consumption during tiraes 1.-1ith rwre than 

3 inches of snmv on the ground, all foraging is assumed to be from 

bro1vse and succulents (assuming them to be leaves of evergreens). 

Coblentz (1970) observed this to occur Hith •Thite--tailed c1.eer. HO\,-ever, 

he did not d.istinguish bet~.;een 1voody and leafy browse. 

Consumption is calcu.lated so that the inf,~ste.J metabolizable energy 

in a month is equal to the energy requirement of the deer in that month 

as calculated by the preceec!ing thermal-act.ivity energy model. Th:i.s 
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Table 12. Percent volume occurrence of forages, grouped 
in three general classes, as found in deer 
rumens in the Southeast (Adapted from Harlm,• 
1971:59). 

Season Woody Succulents Fruits 
Browse 

------

Southern Appalachins 

Spring 6.4 86.6 7.0 
Summer 2.7 9L6 5.7 

Growing season mean 4.6 89.1 6.4 

Fall 3.0 42.8 54.1 
Winter 4.9 78.8 14.7 

Dormant season mean 4.0 68.8 34.4 

Coastal plain 

Spring 7.5 91.0 1.5 
Summer 11.3 67.6 20.3 

Growing season mean 9.4 79.3 10.9 

Fall 12.6 54.7 32.7 
1-Jinter 5.2 84.7 10.1 

Dormant season mean 8.9 69.7 21.4 
_ ... _____ . _______ -----------------

Piedmont 

Spring 10.1 38.9 3.0 
Summer 3.6 78.7 17.3 

Growing season mean 6.9 82.8 10.2 

Fall 5.2 24.5 70.3 
Winter 4.9 73 .o 22.1 

Dormant season mean 5.1 Lf8. 8 46.2 

----------------
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assumes that the deer regulates its intake near maintenance, if 

possible (Hoen 1966:77). The consumed energy is subtracted from the 

available forage by forage type proportional to the expected utilization. 

''~ere behavior limits intake below the required maintenance level, the 

lov1er rate of intake is used. 

Estimates of the present and the successional maximum surnmer and 

winter available forage production, in different cover types are to be 

made by the land evaluator and given as data inputs to the model. The 

successional changes in forage production and cover are estimated by use 

of equations presented by Lobdell (1972). This successional projection 

of forage production allows an estimation of the natural potential 

production on an area over a given time span, thus allowing for an esti­

mation of the potential productivity which may be available ,.,Tithout 

expending funds for development. 

Productivity Xodel 

A model of the effect of energy inputs and energy outputs on 

production, needs to be developed to interpret calculations made from 

the preceding thermal and forage energy relations. 

Production from wildlife populations differs from the production 

of livestock in that, for wildlife, production is measured in units 

other than the weight of animals harvested from the habitat. The 

concept of wildlife production has been generalized in the term, man­

days of recreation. This is a complex function. For the hunter, the 

man-day is partly composed of production subunits, which are sightings 

made, shots fired, and animals harvested. The actual production of a 

wildlife population \vould be the integration of all the quality-ranked 
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production units formed over a period of time. The potential produc­

tivity of the population would be the summation of all the quality­

ranked production units which could be produced from the population 

\vithout detriment to the achievement of long-term managerial goals. 

There are two classes of production interactions: consumptive and 

non-consumptive. For deer, the main non-consumptive production units 

are the sightings of deer or deer signs. The consumptive production unit 

for this species is a harvested deer. 

The energy expended by a wildlife population in the actual forma­

tion of a unit of production is variable. Non-consumptive interactions 

may or may not cause energy losses from the population above those re­

quired for normal maintenance. Watching deer from a blind without 

disturbing the animals would cause no additional energy drain. However, 

unsuccessful shots at deer would cause increased energy drain from the 

population by increasing the activity of the animals, The consumptive 

man-animal interaction of harvesting deer v10uld reduce the population's 

standing biomass energy. A large animal harvested removes more energy 

than a small animal. 

:-1easures of the instantaneous energy expense to a wildlife popu­

lation in forming production units, are important for understanding the 

impact which various forms of harvesting have on the population energy 

requirement. However, they are not too meaningful by themselves for 

determining energy potentially available for forming production units 

of sightable or harvestable deer. 
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_!ndex To Potential Productivi_~ 

Non-consumptive Production 

The energy potentially available to a population of deer for pro-

duction, is a function of the normal energy requirement of the population 

living in a habitat energy system, and the additional energy requirement 

placed on the population by man in harvesting or obtaining production 

units. The energy available from a habitat for forming non-consumptive 

production may best be measured as the number of animals which can be 

maintained in the habitat. The favorability of the habitat (cover and 

aceess conditions), vleather, and human social conditions will determine 

the actual production achieved by influencing deer utilization by man. 

However, once these conditions are set, the production achieved should 

be proportional to the size of the deer herd conceptualized as: 

X 
s 

Where X = the total sightings made 
s 

X the population size 

F(X, S) (16) 

S the effect that the physical environment and human behavioral 

conditions have on deer sightings. 

Equation 16 could be used to predict the non-consumptive production 

of a deer herd if the number of deer \vere knm-m and the function F(S) 

quantified. It is not the purpose here to try to quantify F(S), which 

is dependent on the resource-user population characteristics, the habitat 

characteristics which affect sightings and use, and variables which 

fluctuate yearly, such as 1veather, leisure time, and the reputation of 

an 2rea for recreationist success. This function is being studied by 

E. F. Bell at Virginia Polytechnic Institute and State University (pers. 
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comnl.). Equation 16 provides a concept of the measurement of potential 

non-consumptive production of deer. The concept is discussed later. 

Consumptive Production 

The energy potentially available to a wildlife population for the 

production of harvestable animals is a measure of the energy available 

for forming consumptive recreation. This is the energy available to 

the deer herd for the development of fetuses and for the maintenance and 

growth of young. 

Herein, the energy potentially available for forming consumable 

production is studied only for stable population-habitat conditions 

(i.e., stable grazing pressure). This limitation was made because, in 

the natural condition, the actual desired harvest in a year may differ 

from the potentially consumable harvest due to changes from stability. 

In a habitat which has fewer deer than can be readily maintained by a 

forage supply increasing vJith Sl!ccession, the manager may prefer to 

leave some of the produced young to increase the size of the herd. In 

the case of a herd '"hi ch is 1-'lrger than that I·Jhich can be maintained, 

the manager may try to crop more deer than can be produced by the energy 

available in that year. 

For the stable carrying capacity condition, the energy usable from 

the habitat. for the production of fmm deer is the difference bet,,r~en 

the energy available for sustaining a population tbrouP,.h the critical 

season of the area and that available during the fav..rn grmving season. 

The utilization of this potential harvestable energy is dependent on 

a variety of factors, such as fal.<TUS needed as replacements for natural 

mortality, herd management, and nutritive factors of the forage. 
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Ullrey et al. (1967) have shown that fawn growth rate is dependent 

on protein level as well as energy. Though protein cannot be ignored, 

in many cases the forages available to deer contain levels of crude 

protein (12%) sufficient to maintain active, though not maximal, growth. 

This is especially so in the summer and early fall (Hhen mast is avail-

able). Protein is not here considered to be a major limiting factor to 

grm.;th. As more is learned about the grov.,th requirements of fm .• '!ls, 

factors, such as protein, may be reconsidered and if appropriate, added 

to the model. 

Total Production 

From the above discussion and equations, it can be seen that the 

total quality-ranked productivity of a wildlife population can be 

expressed as: 

Qp = 0 X + Q X total ·s s h h 

Where QPt . 1 = total, quality-ranked production ot:a 

Qs the quality ranking of sighted animals 

Qh the quality ranking of harvested animals 

X the number of sighted animals 
s 

xh the number of harvested animals. 

The quality ranking factors Qs and Qh need to be in units such 

(17) 

that the quality-ranked production of the two production types are in 

the same or equatab le units. Lobdell (1972) provides a methodology 

for such quantification. 

The production provided by a deer population is a function of 

quantity and quality of animals interacting with man. Each human pop-

ulation will have a different utility associated with young or old, 
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does or well-antlered bucks. Thus the value of Qs and Qh will usually 

differ for each population of deer and resource-users. 

It is not the purpose of this thesis to quantify the quality­

ranking of the different sexes and ages of deer. However, a model 

containing a factor of quality-ranking is needed to emphasize the fact 

that there exists a conversion of energy for quality. Thus for a given 

forage supply and thermal energy requirement, there ,.;rill be a balance 

bet,,•een the quantity and quality of animals that may be grmm in the 

habitat. The manager may adjust that balance to suit the needs of the 

people he serves. 

Mott (1960) developed a model for livestock \vhich shows the three­

way balance which exists between stocking rate of animals (quantity), 

production per animal (quality), and production per acre of pasture 

habitat (total production). This is presented graphically in Fig. 4. 

The three axes are represented on a ratio scale as follows: X is 

the ratio of observed stocking rate to the stocking rate at the optimum 

grazing pressure; Y is the ratio of the product per animal actually 

obtained to the product per animal obt:ained at the optimum grazing 

pressure; and Z is the ratio of the product per acre actually obtained 

to the product per acre obtained at the optimum grazing pressure. 

When the axes are in such units, the products per animal (Y) can 

be expressed as: 

y = K - .ABX ( 18) 

::!ott (1960) stated that the product per acre (Z) is simply the stocking 

rate (X), multiplied by the product per animal. Hott, then.'fore, 

expressed the product per acre as: 
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X Z = X(K-AB ) (19) 

For meat-type livestock, quality is closely correlated with the 

product per animal (Y) or rate of gain. The total dollar value of a 

crop of grazing calves is the price received for a given quality times 

the number of calves sold at that quality. This is the case in deer 

production, although the social value of the production is not reducible 

to dollars and the quality per deer may not be as closely related to 

the rate of gain as in cattle. As with livestock, the rate of gain of 

deer v.Till be inversely related to the grazing pressure. Petersen et al. 

(1965) discussed the theoretical consideration of this relation. The 

reader interested in further development of this relation is referred 

to the papers by Mott (1960) and Petersen et al. (1965). 

Standard Deer 

Since the total production from a wildlife population is dependent 

on the population characteristics, size, the number of harvestable 

animals, and the quality of the animals (Equation 17), it is necessary 

to hold these variables stable if comparisons of different areas are to 

be made. If this were not done, but rather the measures of these 

variables (such as sex and age ratios and population size) were used for 

different populations, in different habitats, the environmental complex 

determining the potential productivity would be masked. Until the 

quality-weighting factors of Equation 17 are available, an estimate of 

the potential productivity of a habitat can be made only by an inde.x 

of some standard population. 

h'hen. the comparison between the potential productivity of t\..ro or 

more habitats is desired, the population variables may be eliminated 
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from consideration. The population variables can be managed to develop 

different balances between quantity and quality in the harvest. That is, 

a new balance may be developed between the two to give a higher quality 

of, or a more desired type of production. 

For these reasons, a "standard deer" is used in modeling the deer-

environment energy system. This deer is defined as a 50 kg, female deer 

which is maintaining a constant body weight, and is not pregnant or 

lactating. These characteristics define the quality of the animal. For 

the purposes of estimating the energy required by a standard deer in a 

given habitat, calculation of the thermal-energy requirement (Equatior: 

6) is made on the basis of a standing deer. This definition allov.'S the 

calculation of an index of animals supportable by a habitat. This index 

is not the number of animals one will find in the habitat. Rather, the 

standard deer unit is a measure of the energy potentially available for 

maintaining and growing deer. This unit reduces the energy variations 

in climate, cover, and forage production to a unit of energy available 

for the production of wildlife biomass and recreation. The standard 

deer unit can be converted into potential deer of natural characteris-

tics, if the energy requirements of those deer are sho~l. 

Potential Productivity Index 

Energy in Biological Production 

The system of energy inputs and outputs is important in evalua(ing 

the productivity of animals. The balance beti,'een the inputs and oucputs 

are rarely constant. Fluctuations are caused in the inputs by seasonal 

changes of forage supply and quality. Energy output fluctuations are 

caused by sedsonal changes in climate~ activity, stage of pregnancv or 



72 

lactation, and grm.,rth rate of young. 

For the wildlife population, three conditions of the energy input­

output balance may exist. When energy input is less than energy output 

in a population for a significant part of the year, individuals will 

lose weight. If the condition is more severe, the population mortality 

\vill increase, bringing the energy input and output into balance. 

~~en, over the year, energy input is equal to the energy output 

needed to maintain a stable population condition, the population will 

maintain itself with possible fluctuations in the body condition of 

the individuals but \vill not produce a harvestable surplus of animals. 

An exception to this would occur if all natural mortality could be 

replaced by the harvest. Hm.,rever, such a case is unlikely. The popu­

lation existing under such a stable energy balance could be used to 

produce some harvestable production, but it would only be at the expense 

of the stable population conditions. If a harvest were to be made, the 

population being reduced, an energy imbalance of inputs exceeding outputs 

required for population stability would probably occur. The excess 

energy will result in increased body vigor of individuals and increased 

production or sunrival of fa\vns. These animals will either increase the 

population or will be available for harvest. 

Only when energy inputs are greater than the energy outputs re­

quired for maintaining population stability will there be sufficient 

energy available for producing a harvestablc surplus. Under these 

conditions, young can be produced, which are available for harvest 

without detriment to population stability. If natural mortality were 

limited to death from old age end the requirements for energy were 
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those of basal metabolism, general activity, and the climatic-thermal 

energy loss, the energy in excess of the output requirement and 

available to the wildlife, would be the energy potentially available 

for harvestable production. The energy available for non-consumptive 

production would be the energy used in maintaining the base population. 

However, the harvestable animals can also supply potential non­

consumptive production prior to their harvest. 

This model evaluates the energy potentially available for produc­

tion by means of the standard deer unit. The estimation of the energy 

potentially available for production is composed of three considerations: 

1) estimating the standard deer population sustainable by the 

habitat through the winter; 

2) estimating the standard deer population sustainable by the 

habitat during the summer; and 

3) interrelating 1 and 2. 

Seasonal Standar~ Deer Population 

The energy available for sustaining a standard deer population 

(hereafter abbreviated SDP) in either season is a function of the 

balance between the energy required for maintaining the basal metabolism, 

body temperature, and activity requirements of the population, and the 

metabolizable energy available from the forage. The energy requirement 

for living in a habitat is calculated from the evaluator-supplied 

climatic and habitat data. The climatic data used in Equaticn 6 is 

the climatic data furnished, modified by the habitat and behavi.or as 

discussed previously. The metabolizable energy available over th~ 

season is the metabolizable forage production available in the fall, 
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as influenced by consumption and snow conditions. 

The availability of forage in any given month depends on the 

initial forage supply and the rate of consumption of the various forage 

types. The rate of consumption depends on the size of the deer popu-

lation. To account for this, an iterative process is used for calcu-

lating the SDP stocking rate for the winter season. 

The first estimate of the SDP which can be sustained over the \Vinter 

season is expressed by the ratio of the metabolizable forage energy 

available in the fall to the suw~ation of monthly energy requirement of 

one standard deer, assuming that the total forage supply is utilized. 

For a given set of habitat and climatic conditions, the winter SDP will 

be maximal only when the utilization of forage is maximal. However, 

due to snow accumulation and the unequal use of the different forage 

types, it is not always possible to have complete utilization. The 

winter SDP was first estimated by: 

SDP 
w 

ME w 

Where SDP = standard deer population sustainable in winter (w) w 

l1E = metabolizable forage energy available in the fall 
w 

m the first month of the winter season 

n the last month of the winter season 

ERSD. =energy requirement of a standard deer in month j. 
J 

(20) 

This estimate of the potential winter SDP is then used to assess 

the interaction of snow and animal foraging on the availability of 

forage through the season. Monthly calculations of the SDP energy 
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requirement are made over the season. The energy needed to maintain 

the energy balance of the population for the month is then subtracted 

from the metabolizable forage energy available. This reduction of 

available forage energy is made by forage type, proportional to the 

expected consumption. The availability of forage in any month then, 

is determined by the snow depth and previous calculated utilization. 

Under mild climatic conditions and little or no snmv, a calculation 

such as the above should result in no remaining forage at the end of 

the \vinter season. Hmvever, as mentioned previously, deer \·Jill not al­

ways consurue sufficient forage to meet their requiremeat, due to a 

behaviorally limited intake or due to the unavailability of forage. 

If the energy requirement is greater than the energy that can he con­

sumed by the SDP due to behaviorally limited intake, the energy deficit 

(difference between the energy which will be ingested and the energy 

requirement) is summed over the season as a negative energy balance 

(NEBl). If the energy requirement is greater than 1.;hat can be sup­

plied by the available forage to the SDP, then the deficit is sinilarly 

su~rned as a separate negative energy balance (NEB2). lhese two indices 

describe the relationship between the SDP, the climatic severity. and 

the forage production by forage type. 

The successive estimate of the winter SDP is made, using the 

information obtained on the eff.ects \vhich sho"' and utilization had on 

forage availability. An estimate is made of the number of standard deer 

\.;hlch could have been supported at the ca1culated energy requirel~<·:'nt on 

:-111 an:nunt of energy cqu.iva.lc>nt to the energv dt:ficit accumu.Lated uue to 

lack o.f forage (NEB2). Tlds estimate i.s calculated as: 
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NEB2 
SDP' SDP - (21) 

SDP 

Where SDP' = the new estimate of the sustainable SDP 

SDP = the previous estimate of the SDP 

NEB2 = absolute value of the portion of the energy requirement 

of the SDP which was not satisfied due to the lack of 

available forage 

ERSDP = energy requirement of the SDP in month j 

m first month of winter season 

n = last month of winter season. 

This iterative procedure can be carried on to any length. As used 

herein, it was repeated until an estimate of the winter SDP is within 

5% of the previous estimate. 

_Climatic _Severity_ Index 

An index of the severity of a set of climatic and habitat condi-

tions can be expressed as a relation between the seasonal energy require-

ment and behavioral limitations to forage consum-otion. This relation 

has been estimated by the energy deficit due to behaviorally-limited 

forage intake (NEBl). The relative magnitude of this index is more 

meaningful if it is converted into an index of the proportion of ex-

pected body weight loss of the standard deer. This index is develop~d 

by assuming that all the body tissue catabolized to furnish this energy 

is fat and that all the body weight change is due to the loss of fat 

tissue. The constant used for the energy furnis1--,ed by a unjt of 

catabolized fat is 9.0 Kcal/g. Equation 22 represents this conversion 
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for a 50 kg deer. Equation 23 makes the desired calculation for the 

SDP, and is the reduced form of Equation 22. 

BWL = ((NEBl/9000)/50) 100 (22) 

B~-11 = NEBl/ (4500 SDP) (23) 

~.Jhere BWL the percent of body weight loss, for an individual or 

population 

NEBl the energy deficit due to behaviorally limited forage 

intake 

9000 Kcal of energy supplied per kg of fat catabolized 

SO= weight of a standard deer (kg). 

Summer SDP Index 

The suumer sustainable SDP is calculated as was the first estimate 

of the winter SDP. Hm·rever, the iterative procedure is not used. The 

limitations to be considered when evaluating the availability of summer 

forage have been discussed previously. 

§j_ght_able Dee_£ Index 

The calculated seasonal SDP's are used to estimate the energy 

potentially available for productivity in a habitat. One index to the 

potential production of sightable deer is the mean seasonal SDP's, 

that is: 

X s 
(SDP H ) + (SDP M ) 

s s w w -----
12 

Where X i.ndex to the ye:Hly 111ean potential SDP 
s 

SDP potential summer SDP 
s 

SDP potential winter SDP 
\v 

N number of months in summer season 
s 

(24) 
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M = number of months in winter season. 
w 

Poux (1972) observed that fawns were sighted more frequently in the 

population as they grew older. The peak was reached in December, at 

wlli ch time they were observed proportionally to their number. For this 

reason, the index as calculated in Equation 24 is not a direct repre-

sentation of sightable animals. The winter SDP index may be more appro-

priate for this use. For this reason, the winter SDP is reported as 

the sightable deer index. 

The potential sightable standard deer index should be proportional 

to the potential natural deer population if maintenance energy require-

ments are linear, \,Thich they do appear to approximate. 

l:larvestable Deer Index 

Once a portion of the available input energy has been assigned to 

the maintenance of potential sightable production, the energy remaining 

is available for the potential harvestable production. In the case 

of wild animals which give birth to the young in the spring, this energy 

used in the production of harvestable animals must occur as an excess 

during the sumrner season. For this reason, the index of energy avail-

abl'' for the potential production of harvestable deer is defined as the 

difference between the two seasonal SDP's, where the winter standard 

deer population is the index of energy used for sightable productivity 

(Equation 25). 

SDP 
s 

= 0.0 

SDP , SDP 2: SDP 
w s w 

(25) 

SDP < SDP 
s \v 

i.ndex to th·~ ycnrly harveBtablc energy production in standard 

deer units (Equation 17). 
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This definition of the harvestable productivity index makes it 

possible to calculate a zero productivity index when the winter SDP 

is greater than the summer SDP. Such a condition can occur in the 

field \,rhen a large mast supply is regularly available over the winter, 

or it may occur only theoretically if the estimates of summer forage 

production are too low, or winter forage too high. It is here assumed 

that the relative estimates of seasonal forage availability will be 

correct. For the natural case of a \.,rioter range sustaining more deer 

than the surmner range, che winter population is the population level 

which the range•can support. This would be so unless the natural 

mortality occurred in the summer and fawning occurred after the critical 

season. Since this case of mortality and fa\vning is unlikely, the 

definition of energy available for harvestable productivity is assumed. 

Under conditions of Hinter SDP being greater than summer SDP, the \·.'inter 

SDP is assumed to be J.imited to the summer SDP. 

Range Bala~ce Index 

The relative availability of energy for deer in the two seasons can 

be expressed as the ratio of the summer SDP to the winter SDP, and is 

termed the range baJ.ance index (':ill I). This is expressed in Equation 26. 

RBI 
SDP 

s 
SDP 

r...:: 

(26) 

This ratio gives an expression readily useful for analyzing the 

above consideration of a zero harvestable deer index. In the previc,us 

discussion, the condition of equal summer and ''inter SDP's (RBJ of 1.0) 

at first appears to i~:1ply that there is nc energy available for i-larvest-

able production. Such might be the case if management attempted tc use 
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all the energy available for maintaining a maximum stable population. 

Thus, this is an example of the second case of energy input-output 

balance discussed earlier (p. 72). By reducing the energy used for 

maintaining the stable population, decreasing the sigh table deer index 

(X or SDP ) , the energy available for the potential harvestable pro-
s w 

duction may be increased. 

The rate at ~o1hich management objectives dictate deer should be 

harvested, is termed the range utilization harvest rate. This is an 

expression of the level at which energy, in standard deer units, is to 

be harvested from the population. The range utilization harvest rate 

is analogous to managing a fav.'tl production level "Which will be utilized 

by man through a managed harvest. Thus, if a RBI for an area calculates 

at 0.9 but a range utilization harvest rate of 1.2 is needed to meet 

hunter demand, the Hintering popuL:l.tion needs to be decreased to be 

proportional to the st:EJTT',er popu.lation and production in a ratio of 1. 2. 

The assumption is that the quality of forage and other factors are such 

that this rate of fawning i.lnd fr.n·m grm.Jth can be attained. 

If it is assumed that a f ah•n grmo1ing up to the hunting season re-

quires the same energy as does its dam for maintenance, a range 11tili-

zation harvest rate of 1. 2 v10uld be comparable to harvesting about 1 7"{ 

of the pre-season population (0.2/1.2). The concept of range utilization 

harvest rate :i.s used to construct 2. matrix of alternative production 

indlces, for ~1ich a forage base can be managed, This is limited by 

the maxjmum RBI \,•hi.ch a population em utilize, dt1.e to its maxi~um 

Ln·:ning rate, the reC'_uirements of the fmms, and the incn::3se in body 

condition of the adults over the summer. 
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The limit to which the summer range can be utilized can be expressed 

as the ratio of the sunnner and winter requirements of a hypothetical 

population. This concept is expressed as: 

R 
SDP + (F N SDP ) 

\-1 H --- SPD 
w 

Where R "" the index expressing the maximum utilizable difference 

between summer and winter range conditions expressed in 

units of supportable standard deer 

F a conversion factor relating the mean energy requirements 

(27) 

of a favn to that of an adult or the relative number of adult 

deer which are supported by the energy requirement for a fa~m 

N = the ratio of fmms to the total adult population (R ) . a· 

Equation 27 can be reduced by factoring out the potential winter 

SDP, thus: 

R = 1.0 + (F N) (28) 

The factor F can be estimated from literature on deer and sheep. 

Table 13 expresses the relative energy requirement of lambs and fa, ... rns 

at a given rate of gai.n in terms of their dams' energy requirement. The 

young's weight is expressed as a percentage of the darn's weight. This 

table \,7as developed from data presented by Crampton and Harris (1969: 

434-~35) on sheep and by Ullrey et al. (1967 and 1970) on deer. 

In using Equation 28 and factors (F) from Table 13 for predictive 

purposes, it must be remembered that the seasonal means are less than 

the values tabulated. This is so since only post-\.;eaning \·-'eight .lambs 

and fa'.,'Tls are included in Table 13. To obtain an estimate of the F 

factor before weaning, this factor was calculated for pregnant and 
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Table 13. Relative energy requirements, in terms of 
the dam's energy requirement, of lambs and 
fmvns at a given rate of gain, when body 
Keight is expressed as a percent of the 
dam's weight. 

Body weight as 
percent 

of dam's ~veight 

38. 

43. 

so. 

57. 

60. 

62. 

67. 

71. 

47.4 

49.6 

Rate of 
gain 

(kg/day) 

Lambs 

0.14 

0.14 

0.09 
0.14 
0.18 

0.09 
0.18 

0.14 

0.06 
0.14 

0.09 
0.18 

0.06 
0.14 

Number of ''< 

females maintained on 
the energy required 

by one young 

o. 78 

0.87 

0.84 
0.99 
1.04 

0.94 
1.17 

1.14 

0.90 
1.11 

1.07 
1.32 

1.00 
1.24 

Fawns** 

0.14 0.94 

0.15 1.03 

0.18 1.02 

* This value used for F in Equation 27. 

** Calculated for 93 day mean ~·:eight and ~veight gain. 
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lactating e\V"es. 

Fig. 5 shm11s the relative energy required by ewe sheep at different 

stages of pregnancy and lactation. This is expressed as the ratio of 

the energy required at a given stage to that required by a dry ewe of 

the same \veight. This can be converted to an approximation of F by 

assuming one lamb per ewe and the applicability of these data to deer. 

Such an approximation is made and presented in Fig. 5 by the right-hand 

axis. The population proportionality factor, N, is the percent of 

pregnant does in the population. The conversion of the data '''as rr:ade 

using Equation 27. 

For the biologica.l maximum, this ratio can be expressed for a pop­

ulation of all females having an average of two fa\oms per doe. If a 

seasonal mean fawn veight of 43% of the doe 1 s lV"eight is assurr.ed, and a 

mean daily gain of 0.14 kg is assumed, by substituting in Equation 28, 

then: 

R = 0.94 (2.0 + 1.0) 

R = 2.82 

Poux (1972) reported [he population composition of a confined 

deer herd in Virginia which can be used to evaluate this ratio for a 

vlild population. Poux found that in the population under his observa­

tion, does constituted 65% of the adults and each doe averaged 0.58 

faHr..s, giving 0.38 fa\vns per adult. Using 0.94 again for F and sub­

stituting in Equation 28, the value of R is: 

R 0.94 (0.38 + 1.0) 

R 1.30 
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Fig. 5. Ratio of the energy requirement of pregnant or lactating sheep 
to that of the dry sheep, and the corresponding F value. 
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There are several factors to be remembered in interpreting the 

maximum seasonal difference calculated using the values of F in Table 

13 and Fig. 5. These are: when a doe is lactating and feeding one 

fmvn, she does not require as much energy as >vhen she feeds two fa1vns. 

The doe feeding tHo fawns will be more efficient; therefore, the value 

of F (Fig. 5) will be overestimated. During the latter half of lacta-

tion, the fmvn will consume fo:-age energy in o.ddition to the energy 

obtained from the milk, so using values only from Fig. 5 will under-

estimate the value of F. However, the values of F presented in Table 

13 and Fig. 5 can be used to estimate a mean F for a given set of condi-

tions. This can then be used in Equation 28 to estimate the desired 

balance bet\veen summer and winter range conditions for deer, expressed as 

the ratio of the tHo seasons' SDP carrying capacity. 

Habitat Evaluation Work Form ----- -----
The Hork form presented in Table 14 1..ras developed for collecting 

and keypunching data required by the program discussed in the text. 

The form is composed of tHo main sections. The first is a general 

description of the tract of land being evaluated. The second is a more 

detailed description of the various subunits into which the tract is 

divided for evaluation. 

~ene~l Tra~ Description 

On the form, some of the questions are followed by the card num~er 

and spaces on the card in vlhich the data are to be punches. In a 

series of similar data, the card spacing appears only under the first 

set u!- d<ll<.l. Tht~ remal.ni.ng data are to be punched on di.ff<:>rent cards 



Table 14. Habitat evaluation work form. 

T EVAUJATHJN 
THE GY t¥ 

! • r _, ___ ... ~--·--....,.,_--------,.,-.--.--... --"'-. 

~----------------·------~----. 
>--·---·· -----------~-... -* 

.,.._ _____________ ... ___ ~--~-,.,....,_· 
E _,.,, ___ ,..,.,......,.,.~.----...,--.-----------!$ 

J ---------~-. 

4~ ClJMATIC 01 RIPTI 

~E~ 

MAR 
APH 

__ ,. 

y 

--·-

.. . 
"' "' 
~ . 
" 

wom 
(MPH, __ .,._ 

---· ·-

---iJ!f-----·----·-

~ . 
"' ; . . 
,. ., 

---·--·---·--
-~-·-_,_._ 
--*---·----·-

( ( f,§> 0 c f' 
~ 
A 

2 
3 
4 
4 
4 

lG 
11 
l 
13 
].4-, 

15 
16 

. . 

~l-4~i 

46-50 
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Table ll+. ( continm~d) 

r 

11 
17 
17 
17 
17 

17 

10 

l 12 

f!ON OF THREE FORAGE CL S .. 

SEA -------'"""""'· ... _____ ,..... __ -----~--

l 

!i,. H~.8 IT AT tl H,l ~i!il ~ 

il·c!AN ~~~~-- ! $: 

OPEN 

6-

SNOW OE 

11-15 

31 5 

NI 

E ER 
18 3 

ES 

20 l-60 
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Table 14. (continued) 

SU8UNIT'£VAlUAflON 

1. SUSONtT .CODE 
-~-~·--·--------·-·,~------·-·---· ct-zet 

2. WHAT PERCENT OF TME TOTAl TlACT IS THIS 
SUBUNIT. ----- -• 

121-251 . 

3. USE OF THE SUBUNIT 8Y DEER, PROJECTED OVER THE YEAR. 

-- -JAN FEB MAR APR MAY JIJN JUl AUG SEP OCT NOV DEC 
(26J (27) (28) (29) (30) (31) (32t (33t (34) 135) 136) (37. 

4. HOW MANY HABITAT COVER TYPES ARE THERE WITHIN THIS 

1 

l 
3 
4 
5 
6 
1 
8 
9 

10 

SUBUNIT _ ---• 
tlt0-41) 

COVER AVAllA81liT:Y 

: ' OF :STANO: MAXIMUM I YEARS I YEARS :SPECIES: 
:SUBUNIT: AGE : HEIGHT ~TO REACHtTO MAXJ.MtJM : MIX : 
: AREA iYEARS:ATTAIHA81.E1 MAX Hl :tGRoOWTH ftATE: CODE : __ ..,._ -----1-4 5-8 13-16 17-20 21 

--- --__ .........,;....,... --------- --__.,..,... ... _ ----- ..__......,.........._ 

--.-......-.- --- ~-------- ---_...........__ -- -- ---- .....__ __ 



TablE:~ 

2 we 
~r· 
,) \.• 

7 w;:, 
sc 
f}~ 

8 WB 
$( 
F!'t 

B9 

------__________ ....... _ .. _____ ·--·---------

TiON 

YEARS 
P TiVE 

$ : l.f 
:PRODUCTION:LIFE REMAINI 

0 2 
--·----- ... - ___ ,..__ ._ .. _____ _ ... ____ --"'"""--- __ "" ___ -·---

--~--""'"" .,..,.., __ ,. ___ ......,. ___ --!I!Ult·---- --·--- --·---· ----

___ .. _ _._ ___ _...,,.,... ----- -...---- _____ ....,. ----- --"*""'~-

" ,. 
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Questions 1 through 3 are self-explanatory. Only data in Question 

3 are used in calculations, while the others are strictly for identifica­

tion purposes. 

Question 4: Climatic description of the area. The mean monthly 

maximum and minimum temperatures and the mean monthly weather station 

wind speed are obtainable from local weather station records. The snow­

pack accumulation data are not often available from weather station 

records. Hmvever, an approximation of this can be made by using 

estimates representative of the average snow accumulation during the 

most severe winter likely to occur in a given time span. Such an 

interval might be 5 or 10 years. 

Question 5: Major seasonal events. The information obtained from 

this question is used to set the calendar of phenological events for 

the standard deer in this area. 

Ans\vers to sub-questions A and B define the sununer and \vinter 

seasons on the tract. The first month of the sunnner season (grm,ring 

season) is defined as the first spring month in \..rhich forage production 

has increased to the point at which deer are no longer dependent on 

forage produced during the preceding year. The first month of the 

\vinter season is defined as the month in which forage production 

(other than mast) has declined to the point at which no further signifi­

cant production of forage available to the deer in winter can be 

expected. 

An anS\ver to sub-question C defines the fall month in \vhich rr.ast 

begins to become available to deer. 

Sub-questions D and E are used to define the period during which 
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the deer are undergoing a high summer basal metabolic rate or the lm·Ier 

winter metabolic rate. The months in which the average deer has shed 

the coat of the previous season should be used in these sub-questions. 

Question 6: The number of subunits into which the evaluator divides 

the tract for habitat evaluation is recorded here. It is assumed that 

these subunits are of sufficient size to furnish complete home ranges 

to deer during the months in \vhich they are used. An evaluation form 

will be filled out for each subunit. 

Question 7: An estimate of the rate of forage type consumption by 

deer in the area being evaluated should be entered here. If none is 

available, the data presented in Table 12 of the text can be used for 

an estimate. This value should be expressed as a decimal. 

Question 8: The snm.;r depth, in inches, beyond which habitat use 

by deer changes significantly, is entered here. Following this is a 

table for entering the percent of time (expressed as a decimal propor-

tion) deer will spend in the different cover types. These cover types 

are defined by stand composition and cover quality. If a given cover 

type is not found in the habitat evaluated, cover use is proportional 

to the percentages given for those cover types present. 

Subunit Evaluation Form 

A form must be filled out for each subunit, the number of forms 

corresponding to the number entered in Question 6 of the general tract 

description form. 

Question 1: A name or code to identify the subunit and to distin-

guish it from other subunits. 

Question 2: The percent of the tract area covered by this subunit 
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(expressed as a decimal) is entered here. 

Question 3: The expected use of the subunit by deer is the answer 

to this question. Some subunits may not be. used at all during the year 

due to \veather or for age conditions. If the subunit is not used in a 

given month, code 0 (zero) is entered in the space for that month. For 

those months in which the subunit \.;ill be used, a 1 (one) should be 

coded. 

Question 4: The number of habitat cover types \vhich are in this 

subunit, evaluated as forage- and cover-producing areas distinctly 

different from other cover types, is entered here. The number coded 

here will correspond to the number of units evaluated in the follmving 

sections and must be less than or equal to 10. lf there a-re more 

cover types than 10, the unit may be divided in to tvm separate subunits. 

Cover Availability 

The availability of cover in the subunit is characterized by the 

area covered by the different habitat types, the dominant stand sue-

cessional change parameters, and a species composition code. Thr~ area 

covered by a cover type should be expressed as the porportion cf the 

subunit area covered by the type. Areas in a subunit \,,hi ch are seldom 

entered by deer, such as ponds or rock fields, and vJhich do not supply 

significant forage or cover should be excluded. 

The successional-change parameters are used to construct the 

probable successional curve of the cover type, These pnrame ters should 

be given for the dominant cover type which is present or most likely 

to occur and have the greatest influence on deer. These parameters are: 

stand age, maxi_mum expc•cted attainable height, yenrs to the r:wxill1um 
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height, and age at which most active growth occurs. 

Stand age is the age of the dominant stand in years. If the 

cover type most likely to exert the greatest influence over the next 50 

years has not begun development (such as brush and tree development in 

old pasture land), the age should be given as a negative number ,.,hose 

value is equal to the most likely number of years before the dominant 

stand will begin its entrance on the area. 

Maximum expected attainable height is the potential height to 

which the given dominant cover Hill gro>v on the site. 

Years~ maximum height is the number of years from the present, 

required by the dominant stand to reach the maximum height. If the 

maximum height is zero, as in the case of grasslands, place a 20 in 

the space. 

Maximum growth activity is the number of years in the future in 

which the dominant canopy will attain its most vigorous growth. If 

this point has passed, the number of years in the past should be entered 

as 2 negative number. If the maximum height is zero, place a 10 in this 

space. 

Species Composition is the code used to designate the prominant 

tree types in the dominant canopy. This code is as follows: 

1 hardwoods 

2 • mixed hardwoods and conifers 

3 conifers 

Fo_rage_ Production 

The forage production data of a cover type must be opposite the 

same cover type identification (ID) number as \.Jas that cover type's 
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cover availability data. The data required are by forage type and 

season. The abbreviations WB, SC, and FR respectively, stand for 

woody browse, succulents, and fruit forage types. The successional 

parameters of forage production are comparable to those of the cover 

successional parameters. These parameters need to be evaluated on the 

basis of summer and winter season availability, and be listed in the 

proper column. The forage production successional parameters are the 

maximum expected production, the production age of the stand, the year 

in Hhich maximum production is reached, and the years of productive life 

remaining. 

Maximum expected production is the maximum number of pounds of 

available forage (for the season and forage type in consideration) which 

will be or has been produced by the cover type. 

Production _age of the stand_ is the number of years over 'lvhich this 

cover type has probably been producing the forage type. If production 

has not yet started, this should be given as the negative of the years 

in which production should begin. 

Year of ~a..:'0-mum productio~ (except for fruits) is the year in ,,,hj_ch 

maximum production will be reached. If this point has passed, e>:press 

it as a negative number. For mast, this is the year in which maximum 

increase in production is reached. This can be estimated by the mean of 

the production age of the stand and the years in which the maximum mast 

crop will be reached. If there will be no production of a forage type 

in a cover type enter a 10 in the space. 

Ye_2r~ of )2E_?_~uc_t.:_ive_]-_ife re~aining is the number of years into the 

future that production of this forage type from this habitat •llill prob-
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ably remain at managerially significant levels. For the case of no 

production enter a 20 in the space. 

Model Testing 

Sensitivity Anc>~ 

The potential productivity model \vas tested for its sensitivity to 

model-supplied parameters and to evaluator-supplied data. The sensi-

tivity analysis was conducted for a hypothetical tract of land, described 

in the work form presented in Table 15. The area is typical of the 

Northeast climate, having moderately severe \vinters and is composed of 

a mix of overgrmvn pasture land, early second grovlth hard,·;oods, and 

conifer reforestation projects. Table 16 presents the parameters tested, 

the change made in a given parameter, and the resulting change in the 

calculated cumulative potential productivity indices over a 50-year 

planning horizon, \·.rhen all other parameters tvere held constant. 

The results of the sensitivity analysis point out the limitations of 

the model and the relative importa.nce of the various parameters. The 

best indicators of the sensitivity of the modeled deer-environment energy 

system for the short-term, are the forage-based SDP's. These SDP's are 

determined only by the energy system •-lith in a season. The -:umulative 

50-year productivity indices are related to the energy balance of the 

population over the entir~ year rather than either season alone. 

Therefore, the sensitivity of the productivity indices indicate the 

sensitivity of this model for the predictive purposes for which it was 

developed. 

The insensitivity of the model to variables related to temperature 

and the effect of snow depth on activity energy requirement indicates 
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Table 15. (continued) 

5. MAJOR SEASONAl EVENtS 
(COOf THE MONTH IN WHICH THE EVENT OCCURS IN THE 

AREA BEING eVALUATEO.t 
CJAN=Ol,FEB•02tETC.l 

A. FIRST fii!ONTH OF SUMMER SEASON ~ 17 1-2 
a. FliST .MONTH Of .. WIN.TER S~ASON -L/2_ 11 3-4 
c. INITIATION Of MAST FAll /0 17 5-6 -o. OEER • S SPRING MOLT _jJ£ 17 1-8 
e. OEER'S FALL MOlT ·-LR- 17 9-10 

o. HOW ftANY IOF"iTiftEO FUN.CTIONAL SUBUNITS 
ARE THE~E. ON THE TRACT -L 17 11-12 

7. PROPORTION Of CONSUMPTION Of THE THfU£E FORAGE CLASSES. 

wooov SUCCUlENTS FRUITS 
BROWSE 

SUMMER SEASON .Oft 'I 
-- •*•---

·7't3. 
..,_.........,~ 

.fqt 18 
1•5 6~10 11-15 

Wtt·fTER S.EASON ·oit -:..il.J __ • 2.1'1 18 ' . 

1.6-20 21~25 26-l.O 

s. HASlTAT USE IN WINTER WHEN SNOW DEPTHS ARE GREATER 
THAN -'.~- INCHES: 18 31-35 

EfFECTlVf.COVER 
OPEN SAPLINGS POLE WOODS TREES 

DAY 19 l-60 
HAROWCOOS ·01 .~ --:JI.2.... .oL ............ _ 

l-5 6-10 11-lS 16-20 
Ml XEO \WOOS ·02. ·OS" _;_()$_ ......;.9_{. --- --21-25 26-JO 31-35 36-~0 
CONIFERS ·02. -:.SZ.~ .. ·J~ ·3~ ~--

41.-45 46-50 Sl-55 56-60 

NIGHT 20 1-60 
HAROWOOOS ·<'2 ·OJ. . 03 .02 -- .. 
fillXEO WOODS ·0~ • ().$" ·f)' .,()$" --..---- -- -CONIFERS .o:t __:_d.2 ·31 ·31 --- -· . -
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Table 15. (continued) 
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fl-20t 
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SUBUNIT. --- •• '!.~-~ .. -- -• 

t21-2.5J 

3 •. USE Of THE SUBUNIT BY OEERt PROJECTED OVER THE YEAR. 

_L I -'- -L _t._ -L -'- -'- -L . _j_ -L -L 
JAN FEB MAR APR KAY JUN JUt..· AUG SEP OCT NOV DEC 
C26J (271 C28J C29t C30J f31) C32) 133) C31tl (351 136) 137) 

4. HOW MANY HABITAT COVER tYPES ARE THERE WITfiiN TtUS 
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Table 16, Results of the sensitivity analysis of variables in the potential productivity model. 

Resulting change in productivity indices 

Variable Change in variable Forage Based SDP Cummulative indices 

Magnitude Direction Winter Summer Sightings Harvest 

Normal* 29901. 24126. 19391. 4735. 
Temperature 10°C Increase 0.0** 0.0 o.o 0.0 
Snow Depth 10% Increase o.o 0.0 o.o o.o 
Spring Season 1 month Earlier 141.2 o.o 24.4 -100.0 

1 month Later -22.1 0.0 -14.5 54.2 
Fall Season 1 month Earlier o.o -3.2 -2.0 -8.2 

1 month Later 0.0 49.5 21.6 157.4 
Spring Molt 1 month Earlier -35,3 o.o -20.2 77. 7 

1 month Later 0.0 0.0 o.o 0.0 I-' 
0 

Fall Molt 1 month Earlier 0.0 54,4 23.3 174.0 
..,.. 

1 month Later 0.0 0.0 0.0 o.o 
All Habitat Use Based on 

Forage Production 24.3 o.o 7.7 -31.4 
Forage Production Maximum 

All Types and Seasons 10% Increase 10.0 10.0 10.0 9.9 
All Winter Types 10% Increase 10.0 o.o 3.9 -16.0 
Winter Browse 10% Increase 9.8 o.o 3.7 -15.0 
\-linter Succulents 10% lncrease 0.2 o.o 0.2 -1.0 
All Summer Types 10% Increase o.o 10,0 5.6 28.0 
Summer Browse 10% Increase 0.0 5.6 1.7 21.8 
Summer Succulents 10% Increase 0.0 4.4 4.2 5.2 

Forage Production Spans 10% Increase 5.6 6.1 6.2 5.4 



Table 16. (continued) 

Basal Metabolic Rate 
Visible Solar Radiation 
Snow Depth on Activity Energy 

Requirement 
Regression Slope 
Regression Intercept 
Slope and Intercept 

10% 
10/~ 

10% 
10% 
10% 

------ ---------------------------

Increase 
Increase 

Increase 
Increase 
Increase 

I 
-9.1 
0.0 

I o.o 
l ~·~ 
~ 

-9.1 
0.0 

0.0 
0.0 
0.0 

--9.1 -9.0 
0.0 o.o 

0.0 0.0 
o.o o.o 
o.o o.o 

* The Normal is the SDP calculated when the variables lvere left as reported in the text and Table 15. 

** All reported values after the Normal are in precent, increasing if positive and decreasing if 
negative 

1-J 
0 
V1 
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that these variables add little to the predictive ability of the 

developed model. However, the model 1 s sensitivity to basal metabolic 

rate is great. It may be that for the conditions set herein, the model 

deer are approximating a thermal-neutral condition. Under such a 

situation the energy requirement would be related to basal metabolic 

rate rather than thermal conditions. 

The sensitivity of the model to forage supply is as would be 

expected. The differences in the sensitivity to different forage 

types is dependent on the relative oroportion that the different forages 

are in the model deer population's total diet. 

The evaluator-supplies data of most importance in the model are: 

seasonal forage production; initiation of the seasons; and the periods 

of molt of the deer. 

Land Evaluation Test 

The model \•ISS further examined by using it to evaluate the poten-

tial productivity of two hypothetical tracts of land. The first tract 

is the one used in the sensitivity analysis, and described in Table 15. 

The second tract has a similar cliwate and is composed of second-groHth 

hardwoods and old pastures and hay fields. The second tract is des-

cribed by the work form in Table 17. The evaluation printout forms are 

presented for the two tracts in Tables 18 and 19, respectively. 
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Table 17. (continued) 
. . . ,. . . . ' . 
' . • ' .... ! . ,¥, . .t, ·'· .... - ·~· • .. • • ' 

~. MAJOR SEASONAl EVENTS 
(COOE THE MONTH IN WHICH THE EVENT OCCURS IN THE 

AREA SEING EVALUATED·I 
( JAN•Ol.,FE6=02,ETC. I 

A. FHlST MONTH OF SUMMER SEASON ~ 17 
a. FIRST MONTH Of WlNTE.R SfASON 10 17 -c. INITIATION OF MAST fAll ...1..2_. 17 
G. DEER'S SP~(NG MOLT _££ 17 
e. OE.f.R'S fAll MOLT ~ 17 

6. HOW MANY lOENTI.FHED 'fUNCTIONAl SUBYNITS 
ARf THERE ON lHE TRACT F _2:_. 17 

l-2 
3-4 
5-6 
7-8 
9-10 

11-12 

7. f>f\OPORTION OF CONSUMPTION Of 'fHE Tt-!REE fORAGE CLASSES. 

WOODY SUCCUlENTS FRUITS 
BROWSE 

SOMMER SEASON --~0'~-- .. --··z:t3 _ _ .:,L!!J_ 18 
1 .... 5 6-lO 11-15 

WfNTF.R SEASON • 081f ·69'? ·:<.1£1 18 _......._,_......._,.... .............. -- --- _..........,_...,. 
1.6-:20 21-25 26-30 

8. HABITAT USE IN WINTER WHEN SNOW DEPTHS ARE GR.EATER 
TH.AN ...L§::__ INCHES: 18 31-35 

EFFECTIVE COYER 
O.PEN SAPLINGS POlEWOOOS TREES 

OAY 19 l-60 
HAROWOO .. O.S ·t>_L - - ·et - - -...:.2.L _:.£L_ 

1-5 6-10 '11-15 16-20 
ft!IIX£:.0 WOODS •C~ ---- _ .:..2£_ __:.£},_ .....:.£!. _ 

21-25 26-30 31-35 36-40 
CONIFERS I c:z. ~- ·.1~. ~ --- ... 

41 ..... 45 46-50 51-55 56-60 

NIGHT 20 l-60 
HAAOWOOOS ,O;l ·03 ·03 •112 --- -..... ~ -- --!141Xf.O WOODS _:EL .c:tr •DI __:Jl§:_ --- .w ...... .... 
CONIFERS _.:£.~ __ :JZ£ __:.lj_ _ __:_!! _ 
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Table 17. (continued) 

ION 

~ • ~· OF : ., . T ~ 

" " .. 
~ I " " 

.. OF : .. .. ~" 
"",__-;) 5 " w ; s : ~ :: ., ~ 

"' : w ~ ., 
~ 

" . lff RE~AHH ~ . '!<- ST t•NO : ~ 

1 we 

FR 

2 \o!B 
sc 
$: R 

3 
sc 
FR 

4 w~ 

FH 

5 ws 

fR 

6 WB 
-~-,....,- ----- ~---

___ ,_......,._ 

--~--
__..,,....,....._ .......,.,._,.,;.., __ --.... ,; .. ,_. .... __ _ ......... ___ 

...,,.,..,. ___ .,_,_._., 
____ ....,.... ------ ·-------.- ·""""''"~ .. ---... --~- -,~,~¥ 

~ 
---J<"""""'-..,.,.,- --~-""-·-·-

__ .... ___ _...., ,._, __ , __ 
---~,.,.,. 

_ __ ...._....-,._ ---,--, -----
1 wS 

--~·-----

___ ...,., __ ------ ,...., ____ , __ 
---"""'' 

___ _,_ ----- -""_" ___ 
s ~<!&-"' -·--~-- ~---·--

___ , .•.. ., 
--~-,-- ----~-"- -----· _, ___ 

--,~-.. 
f _,.,...,_.,. ___ ---·-- .... ---~ -"""'""·-- _ __ ,...,..,_ __ ----"'"-- ....---..,.,.,.~-

__ ..,._."""' 

e we _,...,. __ , ___ """""'""""' ___ ... ,.__.._.,.., ............ _ 
--~-k--""""' 

__ .....,.__, __ ~ ---·- """'""'_,.. ___ _-"""" ___ _ ... .,..., ____ 
-"-'"""·"·<¥--· 

""""".,.,.._......,, ___ 
................ -~--- ----·-~-

_ ,,_._.! _ ------ ·---,--
·!,':: R .,.,.,.,-.,,.,.., .. .__. __ 

--~-to,.-"'--

_ __ "" ____ 
---"'"""'~ 

____ ,.. .... _ _ __. .. ___ ,.,_ 
-e---~--

( __ ... o\'!(-_.....,._,. 

'? w 8; 
__ ., _____ _.._ . .,.,.,.,.,..__.. ------ --·---- ..,.._, ___ 

~..,....__-__ , __ ----- ---;--.,..., 
s ,, {"" ... ""--"""""''-'·-·- "*""-""""""'""""-

___ ..,. ___ --------
___ ,..,..,.._ 

~-.,._ .... ..,..,_ _ 

_____ _. 
_,_,_,..,_j<'_ .. __ ~--

~ ,.,.,. ........ ..-,....,.... __ __ ,..,._,.,..,..,.,.. 
~-~--~ 

__ ....,._,__.....,._ _ _...F..__, _ .,. __ _,_..,....__," _ .,......_._,__.....,_ .. ·------
l \>t!:~i 

____ ,._.., __ 
...------·,__,_ 

__ __, .... _ ___ ,... ___ , 
--·-·-"'"""' 

...,,.. ___ ......._ 

-"""""-~--

_ __ ,, ___ 
t, !" 

'~ -~-
....,..,._._ -.~...._,, ___ ...,.,.,._... ___ ----- ---~ ---"-- ----~ 

,. ____ ,.....,.,....._.,.,.. 

---'"'-"""""''"-- ~~----.... 

_____ ........,._ 
""""'"""'"" ___ _... 

-""""~--~--
_.....,... ___ _.. ____ 

._..,...,., ___ 



113 

Table 18. Co~puter evaluation printout for the first of two hypothetical 
tracts. 

A BIOENfiftG&Tl(<EVALUATION OF DEEft HAiiTATt GIVING. AN 

JHDEX TO THE. ENERGY PfllENTIALLY AVAU.AIU.~ filA Tt"~E PRODUCTION 

Of DEER ON VANDERMARK TRACT 

IN THE STATE OF NEW Y.ORK 

ALLEGANY 

WARO 

COUNTY, 

TOWIIISHJP Af 

41.0 lATlTUOE., 80.0 LONGITUDE; BEING COMPOSED Of 

1200.0 ACRES OF LAND. 

., 

THE GENERAl tLIMATIC DES,fUfJTION OfL TlUS AIEA OF THE 

STATE IS A$ FOLLOWS& 

: MEAN MQNTM\.Y .. ME4t4 tiE ATHER I MEAN M4)HJHlY : .. 
: TI,..PERATU,I ... : $J4JIOM . J SNOW-,4CK • • 
I MAl• MIN. MEAN: Witt@ SP££0 ~. ACCUflruLATICN : .. CF) 2 U•PHI I CINCI!tESt .. .. • 

JAN 35.5 11.5 23.5 3.5 15.lt 
FEB 35.5 11.5 23.5 3.8 18.7 
MAR 42.5 18.5 30.5 4.0 to.s 
APR 53.5 25.5 39.5 4.1 4.0 
MAY 65.0 33.0 49.0 3.8 o.o 
JUN 73.0 45.0 st.o 3.5 o.o 
JUL 15~0 51.0 63.0 3 ... o.o 
AUG 75.5 51.5 63.5 3.5 o.o 
SEP 74.5 46.0 60.3 3.6 o.o 
OCT 72.0 30.0 51.0 3.8 o.o 
NOV 58.0 21t.O 41.0 3.9 o.o 
oec lt6.0 16.0 31.0 3.T 6.1 

THE SUMMER SEASON 81:GINS IN MONTH 5 AND THE WINTER 
SEASON BEGINS IN MONTH 10 • 

fHE SPRING fotOlT OF DEER IN TMlS AREA PEAKS IN MONTH 5 
ANO THE FAll MOLT PEAKS IN MONTH 10 • 

FOR EVAlUATION PURPOSES THE TRACT HAS BEEN ClVIOEO 
INTO 3 SU8UNITSt T~E OESCRIPTJON OF WHICH FOtlO~S. 
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T,3.b1e 18. 

lY 

UTtliZATl Tt<E SUBUN!l IS 

-1- -l- -l-
J~N MAR MAY JUN JUt. i 

E lT EN onn l 1 ES .. 

i"' 

-~ Rl ION IT 

$ .. % . n· :: .. " .. 
: : " t ; 

"' 
: ~ 1T: .. ~ : ~ .. . 
•· ; .. : ~ . . " $ 

i 0 .. 20 10. 3 
2 0 .. !0 65 .. 15 ... l 
3 20 50 .. 100 .. 2:5 .. l 
4 0 .. 10 50 .. "' .. 2 
i!) 0 .. 20 .. 120. • .. 3 
6 o.u.J 10 .. 120 .. .. .. 3 
1 0..10 15. "' 45 .. 15. 1 
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Table 18. (continued) 

FORAGE PfUlOuOJflctt;• '&tJCCESS tONAL OeSCRtPTlON. OF.lHE SUBUNIT 

• t tOVEfU .. fOftAGE;~ "f'A)(t MUll , .. PROOU£11QN: .. YEAAS TO J Y!ARS OF : 
tT'#lUi. '' TYPf: r~ ¥E*ALY I AGE Of I MAXI; ...... ::< USEFUl : 
: : :PROOUCllQN:THE COVER IPRCCUCTIOtU PRODUCTIVE I 
: : :to EXPECT • FOR THIS : :LIFE REMAINING: • .. : : • FORAGE • .. • • . • • • 
: : : s w I s w : s w • s N t . 

1 1 ao ... 500. J.s. ss. ~t:s. -15. 55. ''· 1 2 ltOO. ''• as. 35. -30. •30. ''· ''· 1 3 c. '· o. -25. so. so. 75. .,,,. 
2 1 80. 500. 35. 35. -15. -15. 55. 55. 
2 2 400. 5. ,,., 35. -30. -30. 55. 55. 
2 3 o. ,_ o. -25. so. so. 75. 75. 

3 1 _144. "''· 10. 70. -so. -so. "'· 45. 
3 2 32. '· 10. 70. -65. -65. 4.5. 45. 
3 3 o. so. .o. 10. 15. 15. 40. 40. 

4 1 144. eo. so. 50. -30. -30. 45. 45. 
4 2 32. s. 50;. so. -30. -30. 45. .lt5. 
4 3 o. 25. o. '· 20. 20. 45. 45. 

5 1. eo. soo. 10. to. 14• 14· 100. too. 
5 2 400. 5. 10. to. -4. -4. 100. 100. 
5 3 o. '· o. _,,. 45 .• .,..,. 10. 10. 

6 1 eo. soo. 10. to. ~~ .. 14. 100. 100. 
6 2 ltOO. '· 10. to. .-tt. -4. 100. too. 
6 3 o. '· o. -:ss. lt5• 45. 70. 70. 

1 1 l~tlt. 45. 15. 15. 9. 9. 70. 10. 
1 2 32. '· 15. 15. -9. -9. 10. 70. 
7 3 o. 50. o. -30. 40. 40. 65. 65. 
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Table lS. 
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Table 18. (continued) 

FORAGE PROIWC.fiOfit SUCCESSIONAL OESCRIPTION 0¥ THE SUBUNIT 

: COVEfU t=OttAG!I MA·X !MUte ·: NtlCUCTIONt Y.·e•s: Ttf ·, YfA«S OF : 
ITYP£ • TYPE I YfA.llt'· l AGt ., 'tMA~IMifl ·, . ·us!FtiL I .. 
I c cPROOUCTIOHtfHE COVER t'ROtlUC.T JOfU PlOOUCTJVE I 
: .. :to EXPECT I fOR THIS I SLIFE f'EMAININGI • 
: : • I FORAGE 1 : : . 
: : : s w : s w : s w t s w : 

1 1 141t. 45. 50. so. ;...to. -zo. 85. 85. 
l 2 32. 5. so. so. -It:!. ""'4). 85. IS. 
l '3 o. so. o. 10. 25 .. 25. 50. ,.o. 
2 1 llt4. .. ,. 50. 50 • -ao.· -·zo. 85. 85. 
2 2 32. '· so. so. -··· ..... ,. 85 • 85. 
z 3 o. tG. ,o. 10. 25. 25. so. 40. 

3 1 144. IJ. 35. '35. 1. t. 120. 120. 
3 2 32. -5. 35..; ''· -21. ..;.21. 120. lZC. 
3 3 o. 25. o. -5. ItO. 40. so. 55. 

4 1 144. "'· 35. 35. 1. t. 120. 120. 
4 2 32. s. 35• ''· -27. -z?. 120. 120. 
4 3 o. sc. o. -5. 20. 40. so. 55. 

5 1 144. "'· 20• zo. ts. 15. 130. 130. 
5 2 32. '· 20. 20. -12. -12. 13(). 130. 
5 3 o. so. '0•· •tt. 20. ''· so• 65. 
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Table 18. ) 

r· I .. .. T f)i. CT 
"' 

ION THE ll IS AS 

_j._ _ l _ 
-1- -L J. _ _l_ -L. _J. _ 

A ~AY JUt ocr NOV Of.:C 

ll HAS BE nnn 0 I fJ TVPES .. 

RIPT IT 

. ~: % ! :Yt:AHS .. 
~ • ,. Gf " : ACH ; .. 

• .. ~ 
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l 0.35 c. 2 
2 0 .. 20 .. 1 
~ 0 .. 10 l 
4 0 .. 15 o .. 2 
~ 0 .. 15 .. 10 .. 2 
6 .. 05 15 .. 10 .. 1 
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Table 18. (cont:i,nued) 

FORAGE PROOUC 1' t:llti t SUCCESSIONAl OESCfUPT ION Of THE SUBUNIT 

:C.OVERtFORAG£: MAIIIQM; I PRODUCTION I YEARS ·to t . YEARS OF I 
:TYPE : TYPE : VE'jtllY I AGE Of · I' 'MAX UIUtc : USEfUL I 
l f :PRODUCT IOl'UTHE COVER tPRODUCTIONt PRODUCTIVE I 
• I :TO EXPECT : FOR THIS : Ill FE REMAINING: .. 
• : I ' FORAGE I l I . 
I • t s w I s w I s w l s .. l • 

1 1 144. ac. o. o. 36. 36. 162. 162. 
l ·z 32. '· 0• 0:. 9. '· 135. 135. 
1 l o. 25• o. -70. 4:5. 85. so. too. 
2 1 ·144. 45. 20. 20. 10. 10. 130. 110. 
2 2 32. s. 2'0.'' 20. -12. -12. 85. as. 
2 3 o. so. o. -so. 25. 65. so. 80. 

3 1 llt4. 45. o. o. , ... . 3:6. 162. 162• 
3 2 32. '· o. o. 9.' 9. 135. 135. 

' 3 o. so. O• -To. 45.: 85. so. 100. 

• 1 144 • ••• o • o. 36.,z 36. 162. 162. 
4 2 32. '· o. o. 9. '· 135. 135. 
4 3 o. 25. o. -70. 20. ''· 50. too. 
5 1 144• eo. 75. 75.- -50~ -so. 40. 40. 
5 2 32. '· 75. 75. -69. -69. 20. 20. 
5 3 o. 25• o. '· 20. 20. 50. 45. 

• l 144 • "'· .,, .. 75. -!JQ.;z ·-50. 40. ItO. 
6 2 32. '· .,,. 7S • .... 6 •• ..... ,. 20 • 20. 
6 3 o. 5'0. o. '· 20. 20. so. 45. 
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Table 18. {continued) 

SUBUNIT 

EVAUJATI'CN~ OF THE P0TEt4T IAl SEASONAl STANDARD DEER 
POPULATIONS SUSTAINABlE ON THE SUBUNITt ASSUMING "NOf\MAl• 
SUCCESSION. 

tYEAIUSTANCARO DEER POPUlATUltntllMATJta 
: 1 WINTEI IIUMMffU SEVEfUTY s 
: : FIRST a fORAGEtFORAGE: INDEX : 
: : ESTIMATE: 8ASEDt8ASEO : I : 

0 
5 

10 
15 
20 
25 
30 

'' itO 
45 
50 

21. 
!H. 
12. 
a9. 

102. 
ttl. 
115. 
114. 
llO. 
102. 
93. 

it. Jtq. o. 
51. lll. o. 
72. 1~t5. o. 
89. 163. o • 

. 102. 172. c. 
111. 116. o. 
115. .lllt. o. 
114. 167. o. 
110. 156. o. 
102. tlt2. o. 
92. 126. o. 

PRODUCTIVITY INDICES : 
: :SEASONAL: 

S* : H** : RANGE I 
: : BALANCE: 

21. 28. 2.301 
51. 66. 2.290 
12. 13• 2.012 
89. 71. 1.821 

102. 10. 1.686 
111. 65. 1.58~ 
115. 59. 1.515 
114. 53• 1.4-60 
110· 46• 1.419 
102. 40. 1.387 
92. 34. 1.363 

POTENTIAl SlGHTAilE s·fAftDARO OEEA INDEX 

** POTENTIAl HARVESTAIJLE $1ANOlRO DEER INOEX - WHEN THIS 
INDEX IS ZERO• A POSITIVE PROOUCTtVITY INDEX IS ACHIEVED 
ONlY Al,THE 1EXPEMSE Of.fM~ PtJTENfllL SfGHTAtllE PRODUG• 
llVtl'V lNOElU, TftE COIItERStOM, CAN'If f'AOf'''IY USING··· fHE 
SeASONAL •AMCE laLANCE INDEX AND EIUAT ION~ :'fJAES!NTt!O IN 
TH& TEXT 
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Tabla 18. (continued) 

VAf!fOI'RMARK+ , 'tRACI 
HA81TA~ EYALU.I'JOM,$UMMARY FOR A 50 YEAft PLANNING PERIOD 
ASSUMING· 'NA!Ufo\Al.i lS.UCC:ESSIQN 

: YEARIESTIMAtE:,flQR-G£cF.OkAG.Et MEAN: t &SEASONAl: 
I : OF :&ASEO :lASED :SJGHTAILE1HARVESTAILEt8AlANCE • • 
I. :·ttlr+TEA tWIHTEfUSUMMEI'U INDEX• I I NO EX•• I INDEX : 
t 

., SOP t SOP I SOP I I I • .. • 

0 13~. lS3. .., .... 695 • 94. 1.076 
5 116. .7:76. 743-. 620•'·· 121. o •• ,. 

10 778. 778. 6~2. 530. 122. 0.8)8 
15 . . 74:5. 145 • ,, .. 445. 11'4· o • ..,,o 
20 6'83 .• 68,Z.. 47~ •. 111. 104J. 0.695 
25 .. 5.9'9. '"·· 400. 308. 92· 0 .. 667 
30 s:os. 504. 336. 255. ao. 0.:6b6 
35 <tt-10. 409. 281. 212. • •• 0.688• 
40 322• J22. 235. 176. 59. 0.731 
45 247. 247. 196. 146. 49. 0.793 
50 un. 186. 162. 121. 41. 0.870 

so YEAR 
TOTAl 29930. 29901. 24126. 1~391. 4735. o. 807 

• POTENTIAl SIGHTAILE STANDARD DEER INDEX 

** POTENTIAl HARYfSTA8lE STANDARD DEER INOEX - WHEN THIS 
INDEX IS lEROt A POSITIVE PROOUtTIVITY INDEX IS AtHIEV£0 
ONLY AT THE EXPENSE Of THE POTENTIAL SIGHTA8lE PRODUC­
TIVITY INOEJU THE CONVI:HtSION CAM IE MACE IY USING THE 
SEASONAL RANG£ 8AlANCE lNOEX ANO EQUATIONS PRESENTED IN 
THE TEXT 
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Table 19. Computer evaluation printout for tha sacond of two hypothetical 
t:ra.tts. , 

A IUOENIRGit:fO'IYALUATION Of DEER MAIJTAT, GI,YING AN 

INDEX TO THE !NIRGY POTEMTIALLY 'iVAlt.Ail.E fER THE PAOCUCTION 

Of DEER ON 'tORPICiftS TRACT 

IN THE STATE Of NEW YORK 

TOMPKINS COUNTY, 

TOWNSHIP AT 

41.5 LATITUDE, 79.0 LONGJ'TUDE; 8f:ING. COMPOSED OF 

1500.0 ACRES OF LANO. 

t 

THE GENERAL CLIMATlt DESCfUPTION (}f THIS lft&A Of THE 

STATE IS AS ·FOLLO~SI 

:\MEAN MONTHLY s MEAN·WEATHER 
I llltPERATURS : SfAliON 
tMAX. MIN. MEAN: WIND SPEED 
: CFI : CMPHt 

JAN 37.5 13.5 25.5 3.7 
Fee 37.5 13.5 zs.s 1.a 
MAR 46.0 22.0 34.0 4.0 
APR 56.0 za.o 42.o 4.1 
MAY 69.0 37.0 53.0 3.8 
JUN 76.5 48.5 62.5 3.5 
JUL 77.5 53.5 65.5 3.4 
AUG 77.5 53.5 65.5 3.5 
SEP 76.5 50.5 63.5 3.6 
OCT 76.0 33.0 54.5 3.8 
NOY 62.5 26.5 44.5 3.9 
DEC 49.0 19.0 34.0 3.7 

t MEAN MONTHLY I 
s SNOlf-flA'Ctc : 
: ACtUMULAT 1 ON : 
I ( INCH!SJ I 

17.8 
23.2 
10.8 
4.2 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
8.1 

THE SUMMER SEASOH IEGlttS tN MONTH 4 ANO THE WINTER 
SEASON BEGINS Itt MOhTH 10 • 

THE SPRING fltOLt Of DEER IN THIS AREA PEAKS ltf MONTH 5 
ANO THE FAll MOLT PEAJCS JN MONTH 10 • 

FOR EVAlUATION PURPOSES THE TRACT HAS SEEN VIVlOEO 
INTO 2 SUBUNITS., Tt-!E DESCRIPTION OF WHICH FOlUlNS. 
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Table 19- . (ccnitirtued~. 

FARfit: I.AfiJS 

COMPOSED OF '4tJP.-G.IMATEl¥ 

129 

5U81:tNIT IS 

450 *' · .. ACRIS,. •tHEifll'ECTI'O 

UtltiZAl'tON Of fME SUIUNIT IS AS FOLLOtiSt 

_L -1- -L -L -1- -1- -1- -1- -l- -1- -L -1-
JAN FEB MAR APR MAY JUH JUL AUG SIP OCT NOV DEC 

'THE SUBUNIT HAS HEH DJVl8f8' INtO 4 'COYER l'YPES. 

COYER OWSCRI PTIGM OF "UtE SUBUNIT 

:COYER: t • ··I AGE t MAJCJ·M4JM tYIAAS TtU:¥EARS TfUS8ECII$ l 
:tYPE I OF : OF t HlflJ.tlf I llEACM ··t· .;.MOSt •&MIXTURE I 
: : SUBONJ/UOOIUrtAJtTt C&Wa t MAX. t91GOtlCUSf lNOEX .. I 
: : : COV!I .. Utflt.t.: 180Vt MEICHf '"l.~:CROWTH tOI COVERt 

1 o.ts o. · 120..: tso. .ts. 2 
2 o.to o. 120• ·115. 75. 1 
:J o. tt o.; 1.20. 110. ,.flo. 1 
It o. '0 60. . 120. 100. 30. 2 

FORAGE PRODUCTION. SUtCESSJONAt OESCRIPTHlN Of THE SUBUNIT 

:COVIkffiOAAGEI MtUCJJUff tPAIIUCTION:I YIAIS TO I YEARS Of!· 
: yypfi'?t ~l'fPE t Yllft&.Y I 181 ., t: ~ MAXtJJOll 1 f USEf\Ut 
: I 'lf ... GOIGYIONt,MISCOWI i'•tPRIOU8110Nt PIUlOUCf:l ¥£ 

: 
t 
: 

• I t"FO '~lxttttr I fGaf.fMIS:<: :LifE RIMAINIHG: 

= 
.. ,,, • t POttAGE : t : 

: I : s w • s w t· s .. I s w I 

1 1 240. UlC. o. o. 30. JO. 135. lJS. 
1 2 800. 50. o. o .. •• a. 115. 135 • 
1 3 o. 25. o. -so. 20. 100. 150. 150. 

z 1 240. lOCi. o. o. 30. 30. 155. 155. 
2 2 800. so. o. o. •• •• 155 • 115. 
2 3 o. so. o. -so. 21. 100. 175. 175. 

3 1 240. 100. o. o. ]0. 30. 162. 162. 
3 2 800. so. a. o. •• a. 162. 162. 
3 3 o. so. o. -50. 21. 100. 180. 180. 

ft. 1 141t. 45. 60. 60. -30. -30. 100. 100. 
It 2 32. 5. 64:!. 60. -52. -52. 100. 100. 
4 3 o. 25. o. 10. 21. 2(). 120. 120. 
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RESULTS 

A bioenergetic-based land evaluation system of the potential 

productivity of deer habitat, was developed and programmed in Fortran IV 

for computer use. The card program, operated on the IBM 370 computer, 

required approximately 48 kilobytes and 2.3 seconds to compile. A 

\·mrk form was constructed for the tabulation and punching of data re-

qui red by the program. Fig. 6 outlines the gEneral procedure followed 

in using the model. 

The result of thE evaluation of a tract of land is a series of 

potential productivity indices given in terms of standard deer units. 

This unit is a measure of energy available for maintaining or growing 

deer under the environmental conditions specified for the land under 

study. 

The two indices directly usable as criteria of potential productivity 

for use in decision-making, are the potential sightable standard deer 

index (X cr SDP ) and the potential harvest able standard deer index 
s \v 

(~, Equation 25). These indices should be taken for t:he most likely 

range utilization harvest rate and maximum utilizable range balance .. 

For an evaluation of the relative cost effectiveness of acquiring one 

of t\vO tracts of land, the productivity of sightable and harvestable 

standard deer units can be considered two separate economic enterprises, 

managed at levels ~1ich will produce the greatest total quality produc-

tion (Equation 17) . 

The cost effectiveness index of a tract of land being considered 

for acqujsi.tion can be calculated by dividing the purchase price of the 

land by the potential 50-year total quality productivity value (Equation 

133 
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17). Examples of thjs calculation are given for the tHo hypothetical 

tracts. 

It is assumed that the first hypothetical tract (Table 18) has a 

value of harvested deer (Qh) of $10 per harvested standard deer unit, 

(This is dependent on the herd and resource-user valuation.) The value 

of a sight able standard deer (Q ) unit is $1 per sighting, the deer 
s 

providing an average of tHo sightings a season. For a potential sight-

able standard deer productivity of 20,105 and fo~ a potential harvestable 

standard deer uroducti.vity of 4021 (rar.ge utilization harvest rate of 

1.2) at a land price of $100,000, the calculation of the cost effective-

ness :index is: 

_______ _10 0, Q_O 0 _____ _ 
2(1.0)(20,105) + 10(4021) 1.243 

For the second hypotheticR.l tract (Table 19) it is a3smned that the 

value of harvested standard deer units is $6 ::1.nd the value of sighted 

animals is $0.80. the deer again producing ~n average of two sightings 

a season. For a potential sightable standard dePr produ~tivtty of 

63, '::l26 and a potential harvest11ble st<mdard deer productivity of 12,785 

(range utiliz2tion harvest rate of 1.2) ~ at a land price cf $178,000, 

the calculation of the index is: 

00994 

The index of cost effectiveness may be used to compare two or more 

areas bejng studied for acquisition for Hildlife purposes. The lower 

num~c:.r indicates the increased likelihood of greater return in energy 

av<-~ilable for \vildlife productilm per dollar expended, if other c:onsid-

erations are equaL The index of cost-effe::::tiver!ess is in units of 
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dollars per energy unit (standard deer unitR), for maintaining si~htable 

and/or harvestable deer. 

This productivity model has b2en developed for evaluating the cost­

effectiveness of acquiring land on the bssis of its potential natural 

productivity. It is the autho~'s opinion that a similar scheme can be 

developed for evaluating the cost-effectivouess of alternative manage-

ment enterprises. 



DISCUSSION 

An aim of wildlife management is to understand the interactions of 

wild animal species, their habitat, and man, well enough to manipulate 

the species populations, habitat, and the resource-user to suit the 

needs of society. In order to accomplish this aim, 'Glodeling of the 

interplay of these three facets of wildlife production is needed. 

Productivity models have heen used for wildlife management decision-

making in the past. Life equations of a species and knowledge of the 

species' reproductive success in the yeaJ: have been used to set daily 

and seasonal bag limits on ,.mterfm,,l and upland game. Hm-.rever, long-

term man<1gement developt:lent requires more detclc'_led evaluation than is 

accomplished by such models. 

A wildlife productivity model based on the y0arly nesting success 

uses date>. which integrates all variables affecting the pop1J.lat:i_on since 

the previous fall. Matt 1 s (1960) empirical pYoductivity model fer 

dome:;tic stock also uses data r,,'hich integrates ,-,::.:i_mal and pasture 

variables. A model of wildlife productivity useful for long-term 

management could use similar data, if the data w2re readily available. 

Eo,.;ever, the model c:ieveloped here takes an a1U=!--n<1~·iv<:>. apprc,ach, The 

approach used is to take data such as forage production and cover 

succession, '"hich integrate many he.bitat facto;~s affecting ti1e plant 

community, and some data which are directly r.1easurabls and distinct, 

such as monthly temperatures and the initiatirn1 of seasons and integrate 

them to calculate the desired potential productivity indices. 

The goal of the modeling effort l·.'as one C'f improved management 

decision-making. It was at once both for description and f0r application. 

137 
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The former was only necessary for the latter. The goal was for la~ge 

areas, over long periods, Hith the decision being a 11 pla.y" (in the gar:i!e. 

theoretic sense) against the environment, the popul8tion, ar,d the 

changing concepts of utility and their articulation by man. The methods 

';vere constrained by conditions requir:ing wirJJ.mun periods of cbserv-ati0n 

on uno\-med land, rainimurn investments in stndy of lands only a portion 

of ,,,hich \Wuld be acqu:i red, and maximum compati.b:i li ty 1-Jith an on--going 

system of land acquisition decision-making. The approach adopted was 

that of determinjng hoh' to improve a decision thst is going to lJe mac1e 

anyway; hm.; to provide the inputs and structure for reducing at least 

one major component of an extremely complex decision to an index or 

decision algorithm that would improve budget allocations for the wild­

life resource. 

The potential productivity indices are in t-2rms of ene-rgy available 

for maintaining a standard deer. This calculgted standard deer uoit 

makEs the model P.pplicable over varied climatic <mL1 range conditions. 

The SDP j s ca.lcul:lted for the summer and 1dnter seas•.m so that both the 

potential sighl:able .::md hervestable p1:oductivi ty c:An be e-valuated. 

A prevalent idea is that the carryi~g canarity of winter range is 

so much lo-tJer than the carrying capac:i ty \)+=_ SL'mn;cr range th::ll: the sumr:'.e r 

range need not be considered. However, this may be a dangerous sssump-

t"Lon. In many habitnt8, it is po~osit-1e [nc· the L"an~;e cond·i t:i.ons of the 

two seasons to be closer than auticipated. 

exte~sive area uf mixed oak Eor0st having scaut undergrowth.) If, under 

populations near the f!1rtv.imurr. al1o~.;rab:~e stockin;;: rotc, u·.e fc1.1.·'ll c:·cop ;·nay 
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be jeopardized. To maintain and grmv a healthy and vigorous favm crop, 

sufficient energy is required in the summer range, beyond the energy for 

maintaining the standard requirements of the adults, to provide the 

energy for lactating does aad growing fa~ms. Hhen summer range has an 

SDP similar to the winter range, there will not be sufficient excess 

energy available for maintaining a grmving fmm crop. Formul2.e and 

tables are presented for calculation of the differences in energy (in 

standard deer units) required by a given population in the two seasons. 

l!oHever, the distribution of vegetative gror.vth over che summer c:nd the 

rel.s.tion of foraging to subseqvent plant :regrov.rth \vas net eonsidered. 

Such factors may exert substantial influence on the USP of the smamer 

forage by the doe and favtn segment of the popul;:tion. The degree of 

importance of these plant gro,llth factors should be:~ deter:1inecl. 

The energy basis of the potential productivity model affords an 

integrA-ted result for making predictions. There ;1re vadc•blcs Hhich 

have been omitted from consideration, such as topographic effect an the 

energy requirement for activity and topograrhic shading on radiation of 

habitat and its effect on behavior. Reasons foe c:rnitting ti:ese vari­

ables were discussed earlier. Consideration cf topographic shadows was 

undertaken initially. However, due to lack of chtn" it \,'dS lAter OTJ1.itt<:·d. 

Appendiz II presents a system of measuring shadm.;s cast by topogrc:rhic 

features. This may he of value in some areas for delineating habitats 

which will not be used in winter months by deer. 

A model of energy ava~lable for· deer prod.1tct:i.vity including the 

major variables affecting the energy bAlance of deer could become an 

important '\·.'ildlife management: tool if 2ccepted by ,,,ild] i fe bj oJogists 
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and managers. The results of proposed management projects could be 

specified in tems of energy made available for conversion into produc-· 

tion of a game or non-game species. The model discussed here considers 

energy available to deer in habitats undergoing natural succession. 

The rationale is that, for acquisition purposes, the land providing 

the greatest energy fur productivity (over natural succession) will also 

provide the greatest energy for productivity under managed conditions 

for the same investment. For example, of tvlO areas, the area expected 

to have a l.moJer productivity V>'hen nc management is undertaken, 1./i 11 

require the first portion of management investment, 1.;rhen ma7Hlged, to 

bring its production np to the production level of the second area. 

This initial management inv.::-stm;:mt needs to be added on to the purchase 

price of the first tract, if it \..rill be managed, to E.V:Jlnate the cost­

effectiveness index of the area, Beyond. the point 'lt Hllicl1 equal 

prochlctiv.ity is achieved, if climate, soil_, top:Jgraphy, 2r,d other 

external factors are the same, a management investment on either area 

should return the same energy for prtYluction per doll2r (':Xpended. 

The model can be adapted to evaluate the energy made available over 

timE: for production by different "LJc:nat,ement p r"_iccts v?hich affect l'orc•.;!P 

or cover production. 

In its present form the model has several major, untested assump-

tions, and hc:.s based some parts on scant infonn<'.ti.on, HO\·lever, it is 

l1elieved that the model in its pres'2nt form can Bfford the m:::mager and 

wildlife agency decision-maker an opportunity to familiarize theQselves 

\vith S•Y•O'l~ of the important aspects of ener;?y conversion into 1vildJ i fe 

product:ion, to gain rr.,Jre. underst~1nd:ing of the energy required by<' 
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population for the production of fmms, and to improve understanding 

of the conversion of a forage energy base into both consumptive and 

non-consumptive 'vilcllife resources. 
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Appendix Table 1. 

Variable Name 

AX(I) 
BX(I) 
CLH!(J, I) 

CFOOD(L,J,I) 

CSI 
DHR 
E 

ED 
EM 
ENREQ 
EREQ 

FCR(J,I) 

FDTOT(I) 
FOOD(L,J,I,) 

FPY!(L, J, I) 

FP~LXC 

GRTpJ1X(I) 

HB 
HNTINX 
HT 
H":'7'-t\X( I) 
HTMXAG(I) 

HUNT ( Z ,X) 

I DAYS 
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Definition of variables in the potential productivity 
model, listed in alphabetical order. 

Variable Definition 

Alpha numeric variable for the tract name 
Alpha numeric variable for the subunit names 
The climatic variables (J) for each month of the 

year (I); when J is 1 for the mean monthly 
maximum temperature, when J is 2 for I:Jean 
monthly minimum temperature, when J is 3 
for the mean montly mean temperature, v.rhen 
J is 4 for the mean weather station Hind 
speed and when J is 5 ior the mean monthly 
snow pack accumulation. 

Forage supply available to deer at the start of 
winter 

Seasonal severity index 
Desired harvest rate 
Energy deficit in a month due to behaviorally 

limited in take 
Energy drain by thermal environment 
Energy metabolized by body 
Energy requirement for part of the day 
Energy requirement for deer for an average day 

of the month 
Forage consumption rate by deer for the forage 

type I and for the season U 
Forage energy available in habitat type I 
Forage available to deer in a given month for 

habitat type I, forage type J and season L 
Maximum forage production which the habitat type 

l will achieve for forage type J in season L 
Forage production maximum constant for multir>lying 

the successional distribution function by 
to obtain production in any year 

Years in the future in which the maximum grmvth 
rate of cover Hill be achieved in cover type 
I 

Seasonal fasting metabolic rate of deer 
llarvestable deer index 
Height of dominant cover 
'M:aximum height attainable by cover type T 
Years to when the maximum attainable height will 

he achieved by the cover of cover type I 
Function statement definition to calculate the 

potential S.D.U. of harvestable production 
Numbers of days in the month 



Appendix Table 1. 

ISPC(I) 
IU 

MSE(I) 

NEBl 

NEB2 

NOHB 
NOSU 
PCTIH(I) 
PCTM 

PCTU 
POUND(J,I) 

POUNDS 

PSI(L,J,I) 

PSL(L,J,I) 

PSM(L,J,I) 

PSU(I) 
r~~G(Z ,X) 

Rfu~GNX 

RBIMX 
REQ 
RIR 
RLBMX 
R11ET(J) 
SBC 
SDINDX 
SDP (L) 
S~BEHA 

SUt,ITOT (I ,J) 

SURAD 
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(continued) 

Species composition of habitat type I 
Month in which a subunit is used by deer, coded 

1 if used 
The index of major seasonal events, I correspond­

ing in order to the presentation in Table 
14 

Energy deficiency due to behaviorally limited 
forage intake by deer 

Erlergy deficiency due to lack of available 
forage 

The number of habitat units 1d.thin the subunit 
The number of subunits in the tract 
Percent of time spent in habitat type I 
The percent of the day that deer will spend in 

the cover types when snow depth exceed 
SNBEHA based on time of day (ID), height 
of cover (K) and species composition of 
cover (N) 

The proportion of the tract \vithin the subunit 
Pounds of forage type J consumed from habitat 

type I 
Pounds of available forage which is required to 

meet the energy requirement of the deer 
Age of the forage production of cover type I for 

forage type J, for season L 
Years to end of forage production in cover type I 

for for age type J, for season L 
Years to peak of forage production in cover type 

I for forage type J, for season L 
Portion of subunit which cover type I is 
Function statement to calculate the range balance 

indP.x 
Range balance index 
Range balance index maximum 
Energy requirement of deer for the month 
Infrared radiation 
Maximum pounds of forage ingested by deer 
Metabolizable energy (Kcal/lb) of forage type J 
Stefan-Boltzmann Constant 
Sightable standard deer index 
Standard deer population maintainable in season 
Snow depth at which behavior of deer using the 

habitat changes 
Accumulator of the potential productivity indices 

I over the 50 yr. planning horizon taken at 
5 year intervals J 

Visable solar radiation 
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TOTFOD 
WIND 
YR 
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(continued) 

Total Forage energy available in subunit 
Wind speed in habitats 
Year in 50 year planning horizon 
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F (lrt (1"-~ E t:~ J? 



c 

lfUtOMI. Gl•ilf.'l WfUTECf•,624 J 
WfliT£16lt622J 

622 F~!ltAf'llHOtllt18Xt'fORAGE PftODUCTlONt SUCCESSIONAL '• 
IH>fS'&tUP!ll:ON OF THE SUBUNIT '•//,16X,•rCOVERtFO,AGEt 1 

lt 1 MAXJMUM tPROOUCTJOtU YfA~S TO 1 YEARS OF :•,/, 
/l6Xt • ti'fiV.PE : TYPE I YEARlY : AGE OF r MAX 1"4Ufot 1 ' 
It' USf:fUl :•,/,16X,•: : :PRODUCTION:•, 
/ 1 TM! COVFR :PRODUCTION: PRODUCTIVE 1 1 tltl6X,•: • 
/,•: ITO !XPIOT : FOR THIS : :ltFE REM•, 
/ 1 4I"CI:NG: 1 ,/16Xt 1 1 : : :fORAGE r•, 
I' : 1 1 tltl6X,•t : :• 1 
I' :S W :: S W :: S W : S W r 1 ) 

t fi#Ql\ EACH HAill'AT TVP&.;:fitEAO ~THE ,ORA6f t PllODUC.TION 
C CMARAClEftJSTICS \fHU.~Mt·OiflME THE SUCCESSIONAl RATE AND 
C ST AGl' Qt;, THE ,fO~AG£ d~AOI"-'Cl tON 

c 

DO 6 l•lt'MOHI 
WRITff6t6231 

623 FOlUfATflH+,/t 
()f:l', J"!i!!lt3 

C I HABITAT TYPE 
C J FOAACE TYPF. 
C l SUMM&R OR WINTER SEASON FORAGf SUPPLY 
c 

~EAOllt58tfPM( li'JtlltFPMtl.,Jt ll.PSJC 2, J, I) t ftS U lt J., It, 
I 'f'SMt2 tJt ll tPSMf 1. Jt I I .PSl f 2t J.,l t tPSLC 1, J, t) 

58 POOMAlfSXi8F5.0J 
W~t'fE U-..:!UU l.li,lt"•I!'M(.2tJ, I J, FftM( lt J, t t t PS t 12tJt I J, 

/PSt,tl tt~b l J, PSMt 2tJtl J tPSMC l tJt I), PSlC 2.J, t J .,PSl f I ,J,t t 
58l f:ORfl!tAT(l6X,I3tl6t4X,2F5.0,2Xt2f5.0t2X.,2F5.0t2X,2F6.0t 

fffJtfO•:HGO TO 5 
no ltl t•t,2 

C TO CAlCUlATE A SCALE FACTOR Of FORAGE PROOUCTtON 
C'At'L.·••> F·t!U4C 

c 
c 
c 

•41 63N'I I Ntll 
.5 CONTINUE 
6 CGNl'INUI 

C•~•·•~••••, O~liGP NUt 58 ~ PLANNING MO~IZON ***•******" 
t 
c 

oo~•totTf~M•ltll 
I· 'II\ !tIT Ellf~·lJ·•5 
ftlJ~fYft, 



?0 

160 

Table 2, (cond.nued) 

IFIL.f lJ N•MS£121 
2? 

I.AND•"•LT.MSEI5tl 
14J.OR~M. fi5JJ 

1 .. Af\!0 • I 
10 

.. 

r· FOR 
c 
c 

c 

~ CONTJ,NUf 

( ' 

TJ 

r 

IN T 



c 
c 
(_ 

c 

c 

c 
t: r 

c 
C IS 

c {; ~l 
c: 

c 

161 

Table 2. ( 

TH 

WINTE!'i P OR 

( l) 



f;,6 

c 
c ..,., 

1 

c I 
( t 

1 

Table 2. 

K Xtl:# l 
X ~ .. 
IFCSDPflt.Gf~ H. 

W fT£16,~71 SDPCLI 

HJ 

H** : F-A I I' 

rBA 1 1 t 

:•,/If $12~fll.Ot 
.,£Q.l l WPtTEfet~6l) fVR, 0.) 

201 

iY€ l!MAlE 0~ WINTER P 
S E$Tl ; rF A f~ 

TO 1 

7 ~'J!Z'IviAH 1Y+,.3•JX, .. o~ 

p~ 

20\ 

C THF r UWt 1\ir> 
C 4 OE SC t. fll=: !). 
c 

CAlCUtATf: l'ti£: 
SIS 

RITE(6,6 t S (2t,CSJ, I 

TtV ElY HHH S 
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Appendix Table 2. (continued) 

68 FOtU4At( lH+,a&X.,F8.0,FS.Ot2f~.Otf8.lJ 
C fO~ tlftt'U\.Al't~ '!Ntf f'S''f UP. 5D1'C l"J rANO £ST QJ; SiM>.(~J, 

DO 94'1 l•lt1 

c 

SUMTOTfl,tTE~Ml'•SU.M1'0TU.:, tTEtUU+SOPtll 
99 1 C fllllr't NUE 

SUMTOT(It.ITERMI•SUMTOT(4, ITEA.M)+SOINOX 
S~TOTtS, ITERMtlr:CSUMT.QT(St,TfiRMI~MTt.NX: 

99 COHTlNUE 
··'f~t TEC6,62S l 

625 FOR'-fAT'fUfOtl5Xt '* ,POTENTIAl SIGMTA,8lE STANDAR.O OEER' 
/,• l.,DEX"t'llt l6X,''** POTENTIAl HAA.V£STA8lf. STANOA~D ' 
/,tDEER lf!SOf.le- WHEN THtS 1 tlt20Xt'lNDEX IS ZEROt A '• 
/ 1 POSl'fiVE PROOU~'T'JVJTY INOf~ JS ACHIEVED' ,./,20Xt 'ONlY' 
I•' AT THE 'f5XPfNS\i Oft''fHi' f'Q.TlfPtTIAl SltiMT46l1~ PROOUC• 1 .t 

//,20X• tftVI"fY 1·1·111' TH'f CONV!ftS!ON· ·CAN llE MADE &.V • 
/, •OST'NG TH!t:#l~·aoX.t •S'IASONAt ftANGI BAllANCE INDEX ANO' 
It' fOUATlONS PRI$ifff&O tN• tlt20Xt 1 1M£ ;ffX:T• t 

2000 COMTtNU! 
\ffUlEC6,690H AXt"lttl*ltlOJ 

c * *. *. * •• * * ••••••••• *. * * *. * ... * * 
c 
C THE FOlLOWING IS FOR CALCUlATING AND PRINTING THE 
C 50 YEAR SUMMARY FORM FOR A TRACT. 
c 
c * * * • * * * * * * • • • • * • * • • * * * • * * * • * * 
t 

690 FORMAT(lHlt/ll//lt21Xt10Altt' TRA&T•tltl6XtJt•f:AIHTAT EVA 
l,•tUATtON SUMMARY FOR A 50 YEAR PLANNING PERIOO•,!,l6X 
19 • ASSttM1N& NATUttAt SUCt&SSt8N' tlll/t16Xt 
l'lYEARtESTIMATE:FORAGE:FORAGEt MEAN : :• 
lt 1 SE'ASONAt:•,/,16Xt't t OF· t8ASEO :SASEO :•, 
/ 1 $1GHtl8lEtHARVESTA8lEt8AlANC& :•,/,16W,•t : '• 
I"WHCtEflt tWtNTER:SUMMffU lNOEX* 1 INDEX** : INDEX ' 
/ 1 1 :•tltl6Xt': : SOP t SOP t SD'P : :•, 
I' . : a•,//,18Xtl2tflO.Ot 

00 .. 91' tTf~M•l t ll 
tY!l•t 1TER,._t·t*5 
oo •-.e,. l•t:,,· 
SUf4'TOTtl,12t•SUMTOTClt 12 )+SUMTOT( ltllfRMJ 

99 a t t»tr;HttJ£ ,, · 
R'ANG'fltX•:RA·NG:CS'ltfliT'Ottl:, tTERMt.SUMTOT( 2t I TERM I I 
W~t't'~('6t~•t t¥R~&UMTOt(3, 1 TfttMt t CSUMTOTC l• I TERM I .. l•lt 2 

1ft 't ~OM'fOfllft'l,l'EAM.) :.t:•4t 5) , RANGNX . 
69 t:O~ .. AT•f'. 'l?'X.~I2't'f:lO.O ,~f8.0t\P"T.O'•F,8:.0'tf;11.Ctf10. 3 t 

097 tONTINtJf 



c 
(. 

t 
c 

c lif' 

f 
c 

I' 
,~ 

I" ' 
'*'* 

Table 2. 

1,/l-,3 t 1 ~AX!~UM 

I l~x~·~ 'tit X,' 
ltt~s•,l6x,•z~o',16X,•2.5'•'•• 

'S~,s~ .. 'H~,qxf•s~., ,•H•J 

• • * • • • • * • • • • • * • • * * * * • * * • • 
IHf Frltt l 
1\L ~TtVF 

* * • * * * * * • * • * • * 

• Ql 
n., 2 
flv12l*O~R 

I rr){} TWO"' 

lf 
HHHCfS,. 



16.3 

~l SQPONf.•SU"TOtfZtllt/OHR 
l'flmtR.CT f'llf:MI'J ''18P8Nt!•SUM1'0Tt It llJ/AfH M)( 
SDPTWo- StiMTOT C l f 12 t 
GO TO 94 

C WHEN .NO HA.VEST JS TO BE MAOE 

c 

92 lFCRANGNX.lT.l.OI GO TO •1 
SDPONF•SUMTOTC1t12J 
SOPTW(')r: SUMTOTfl tilt 
GO TB 94 

• 3 SOPONE• SUM JOT f"! tl2 J 
SDPTWO•SUMTOTC2.,12J 

94 CONTINUE 
S~TOlfJtlOJ•SOPOM! 
SUHTOTfJt lt t•MUNTtSOPONEt SDPTWtU ·· · 

95 CO-.'ff.NUE 
WRITEC6t6996tDW~-.(tSUHlOtfJ t UU tiK•lOtllt td•lt3 I 

69Q6 FORMAT(l5Xt Pl.lf' a:t;fJf9.tOt t l' IIP4hO.''' 1 t'!t'9.J4t' S I J 
9h CONTINUf · ; 

c * * •• * * •• *. -~ ••• * * ••• *. * •• *. *. c 
999 CONTlNUf 

WRITE(6.,624t 
624 FORfittATflHl.,/lt 

2001 (jOtfliNUF. 
STOP 
eMO 



s ! ~"J 
C ***'if:.tn~ {;***'f\l)ttf ••••••••••••••••••••• 
** ·············••*••································· ... t••· *** c••• ••• 

( 

c "'~ 
' '" 

c 
c 
r :~· 

r ·,{, 
'«--

c '1J 
i""' ,. 

( 

{,,{t:.~1',l 

~Ot*B 

f! 

*""* 
*** 11f 

··-· ""•* *Ill'* 

(2,3,HH, 
P, 10 h Nf B l ~ 

( i5 h 
TC ':H t 

• • • • • • • • * • • 

• • • * • • • • • • * • * • * * • • • • 
• • 
~· 

~.s en:.;~ 

2 

4 

• 
* 

• 
* •Jjf 

• 
* • • • • 

***•.:"'** 



c 
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Appendix Table 2. (eontinuet:l) 

00 1 f•l.NOH8, 
lfCVR~tl'f,.STNDAGU U GO TO 101 
Xl•-STNOAGf I J 
XH-1-fTMXAG(f) 
X;MOO£~GltTHMX(J) 
CAtt·· we J6Ul (Xlt CUMXl., XNOOE t XH,COMPXH, lkt ZlAMDAt z.-, 

I XMfMi. 
CAll COMCDFIYAt.lK,XH,llAMDA,ZMtOI SFHC J 
tft•fHSf'MC*HT"AX C l) 
G:OTO 102 

101 HT•O. 
102 CONTINUE 

tFtHT.FQ.O.) tSPAtt)•l 
1FCHT.LE.15.0) ISPAtll•2 
lffHT .GT .15.0.ANO.H'T.t T.30.0t tSPAf I t•3 
IfCHT.GT.30.0t ISPA(IJ•4 

l CONT tNUf 

c * • * * * * * * * * c 
FORAGE * * * • * * * * * * * * 

00 It I:. t. NOH& 
00 3 J•lt 3 
DO 'l l•lt2' 
Xl•-PSICltJtll 
IFCVR.L£.Xl) GO TO 12 
XH• PSLH,J,I) 
XMOOE•PSMCl,J,lJ 



c 

Table 2. ( 

13 }F(t,. ,. } 

2 c l 

J r,.:-!NTl 
4 C I NHF 

frf 
fND 



Table 2. I 
\, 

Mt 
f: *****'* of!t/1 ** :lirw;;,****** '{:!'fit ***''11:$:#$!'4t ~;':\14t>ii:* ** ** *****~*'l!Oi<\!k:*:$: >li:til< **** tif,.:~6$ 
C et 1\>: •j:•·;ii<t,>;tr:iJ:'i< *"~ .>~<·,;;; 

c~,!{l 

·c*:'*:i,, 
• c **sf 

c ~l'lt< 
(~ ~:?~.~ 

c 
C**'ii< 
C$11>* 

1,\';li;lf; 

••• 
C~nt1t/: 

r.••• 
!':>!<'(t~1 

**'* 
C*** 

••••••••••••••••••••••••••••••• 
*** 
·~~: 

••• 
*** .lit 'I,\< 

*** 
~~~t•• 

*** 
**:!i ••• 
··~~ • •• 
**11' 

HAVJQR- :~~rtll~~ 

IS *** 
->$'<~; .• 

••• 
*"''* 
*** 

***············································· ····················*•·······························*····· 

r"" 

-~ 

l 
1 

c ·1;7, 

C3,101, IMI5.lll XH, , Q 
2.3.10t.FP 2~3• t,FP~(2,3,10t, 

l , , Xll a, ClOI,~E8 , 
f·H 2 w 4 , 3 J r Pt ll' P GUN D ~ 3 , l l , ( 5 ) , 

IZ,3tl0),P Tt~J, 
,vp 

~ 1 } • I U ( 1 } , l Yl':' 'if 

CONDITIOMS l SS THAN DR 

i ,,~"" l ' 3 
IF ll,J,IJ. Q .OJ CO ll 
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Appen.di:x Table 2. (continued) 

12 

TO 40 

22 

,.Q,..OJ TO 21 
( t. Jd l 

I 

' 2 
,"'· 
'·· ,.. 
1,, 

c Tf! 
c 
If' 
'\-..; 

3K) f" f""t 
q,_._:< t,J 

JJ. 

'~,f) l ;:;;} ' 
{T) 

~Ail4JS Ul 
PCTIM(It•PCTMfiDAYwMA,MSJ 

41 T l 

41.? 
·!If: RF'Hl~'N 
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Table 2. ( 

~; :'fUT NE "~C 

c•••******~••••••••••••••••••••••••••••*••••••••••••••••**** ***************•* ••••••••••••••••••••••••••••••••••••••••• 
c ··~ 
C*** 
c 
C**'" 

(ill*'* 

**>!:• 

NT 

A 
HMHf 

NG 
WINO 

*** 
'*** 
~~·· 
*** 

-~· ••• 
*** 
*** 
*** 
~0~· 

r•••••••·•~·••*** ••••••••••••••••••••••••••••••••••••••••• 
c•••~••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

c 

r 

!;(f~ ,CFOO ";.,UH,. i 5,12:~, t 0 
Q,FCRI2,31t 2 9 3,10J,fPIC2,3,1DJ,FPM(Z, ,JOiw 

12e2tl01 TH~XIlOfr tlOI~ lOJ,NE , 
,PtTIMC101tPClMC2,4,!1, TU,P 13wlOJ,M (5}, 

/O~Jf2~3rlOI,P 12,l,lOJ,P 12,!,JOJ, UIJOJ,RM~TC J, 
/SOPI?J,S~ E ,s I J,T CO R 

I 
1. 1 ~ I .~~.·y- ,d .iH H11, ! $ fl ) , HH l2 1 ., 1 VR "~' 

TE 

I .IOAV •• 1) lA=C ll ~,~J 
CJD~V.FQ.2t TA•CCL1MI3,MJ 

JFtH)AY., lt 
t.fH .. ¥0.?.1 GO 

( l 1' 1 '" l 3 h ~~ 
~~ s " 

1 

til'-!~ lt~) t/2,. 
tt ?,MH/2 .. 



c 
c 
,­., 

( 

p: . ' ( !'Sf> A( I ~ ,. .. u 
:;rq 

'l An.~ 44!0 .. 
if ( I td , ) ,. t~o .. l } • 
(;<r: 1f~ 1 

l 3 $ \!~z A (Ji:!. 4 q 

IF CJSPAill •• 1) 
T0 1 

"" .'.'\ 

SVP 

1 TO I It ,23J,MM 
21 .;;vp ~ 

AD~ 

! ({$P~HlL.H~1 .lJ 1 
l 

lFt!S~~A(fJ,. .. 11 l 
t;o 

01 r (3, 2133l~M~ 
3 ~tR•IITAt .11•*4.1* 

iO,. 

1 
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Appendix 'Fable 2. {continued) 

c 
C REDUCED fORM Of S:ElLFJtS £0UATION FO~ A WIND SPEED 
C ..,EASU~EMEMT AT 152 CM 
c 
c 
c 
t CALCUlATING ~IND AT DEER HEIGHT 
c 

c 
C. REOUCt?O FOR#4 OF SELLERS EQUATION FOR A DEER 8COY CENTER 
C HEIGHT Of b8 CM 
c 
c 

c 

GO TO 60 
51 IFf tSf'iAU t.EQ.l, GO TO 50 

WlMO•WlN0*0.2772 
GO T060 

52 lfC ISPAI_JJ.eQ.lJ GO TO 50 
W:I:NO•Wf.NO*O•l386· 
GO TO 6.0 

53 GO TO (S0.,54,55,56t,MM 
54 WIHD*tllN0*0.0819 

GO TO 60 
55 WlNO*WIN0*0.0259 

Go ro· 60 
56 W fNI):trH N0*0.0048 

C * * * * * * * * CONVECTION COEFFICIENT * * * * * • * * * * c 
60 IFIWtNO.GT.0.51 GO TO 61 

HC• ~5.0 
LC= o.o 
HW• 0.5 
lWc C.{) 
GO TO 68 

61 IFHflNO.GT.·t.OJ GO TO 62 
HC• 67.0 
tc• •~.o 
H-WI*'l-.0 
tw:. 0-.5 
Go ro- 6'3' 

62 JFCWIND.GT.2.0) GO TO 63 
HO=•t35-j 0: 

. lC•61.& 
Ht.l•2.0 
twat.o 



( 

( 

Table 2. 

N-T'J~ . • 6$0) 
Hc..,zse .. o 

tW'"'4•0 
(; C! f, 

6S JF( tNO*GT .. e .. CH 
1'51 .. 0 

l4· ~~:~ ff it ·0 
t ~t$~.f5 If (1 

6 IFIWJ .GT.lO~OJ 
HC:t41 
l ::::.3':>1., 
Hw""lO.,O 

!18 

;;;; ltf', f:"' 
413,. 

Hw~ 12 .. 

! ·},;! i :!($ ( 

OF T f: 

·v b.. 9·H c,.. , 

t ~ I ( 

v R"' t ·L 

fD£Cl.6Bq*(IT .. 21**4.,1* 
I l .2 17.5-TAII+4lt. 10. 

f· ~o: 1.. A 

IS lESS 
E {~iG 

N t tE 
fASt 

M.ANn.CLI C5.MJ .. GT.a~oJ F 
6+C. B !~C5,MI)*H~J 

IN 4 HA~IJAT TYPE** 

't R 
nv 



r 

c 
r 
~-

Appendix Table 2. (continued) 
-~......._.. __________ ·------~---

pq Eo .. G-1. "'r:r·;,., 
I f:D+fH.. 8 

TtMN 
lV lTV 

0 

IN JS E ER THAN THE R OF 
IS INCR S1NG ACTIYI ENERGY 

.. Ctl 5.-1'0,. 
HH 5• ~o J-o .. ~ 

c :.;p ·q~ * * • • • • Q • * • * • • • • • • • * • • * • • 
('> 

"' 
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SUBROUf·INE MONTH 

t•••·······································**··············· . c ............................................................ . 
C*** *** c.••• .... 
C*** MONTH *** t••• ••• 
C*** THtS SUBROUTINE DEFINES THE HUMBER OF *** 
C*** OAYS TN MONTH M. *** 
c••• ••• c••• ••• 
c••••••••••************************************************* 
G*********************************************************** 

c 
c 
c 

COMMON ACf\ES,CFOOt:f3tlOt.,.CLIMt5,12),COMPXH,CUMXL,ENREC 
ltEREQ,FCfH2,3t.FOODC2t3t 10),FPU2t3tl0l tfPMI2t 3,1()), 
/FPMXt(2, 2t tOJ tGA.THMXI10 I ,HB tHTMAXt lOt t HTMXAGt 101 ,.,fBl t 
/NE 82 t PC T I f4 t UH , PC TM t 2 tit, 3 J , PCTU,POUNO C 3 tl 0 It MSE I S h 
tPST (.2, 3, lOt ,PSll21h l.OJ ,PSMC2 ,3, 14ll ,PSUtlOJ tRfotET C 3), 
/S DP. t 2. J, SN8fHA • S TNOAC t 10 J, TOTFODt Yft 

CfJti1MON J, lDAV, tDAVS, fSPAC UU ,ISPtllOJ, JUC 12 J, IYR t 

I JtltMtNOHB 

C A TABlE Of T«E NUMBER Of DAYS IN ·EACH MONTH 
c 

GO TO llt2t3t4t5t6tlt8t9tl0,11t12ltM 
1 tOAYS=31 

GO TO 14 
2 JOAVS•2 S 

GO TO lit 
3 IOAYS•31 

CO TO 14 
4 tOAYS=30 

GO TO 14 
5 IDAYS•31 

GO TO 14 
6 IOAYS•30 

GO TO 14 
1 tOAYS•'ll 

GO TO 14 
8 tDAYS•'3l 

GO TO 14 
9 tOAVS•SO 

GO TO 14 
10 tOAYS=31 



12 
14 REI 

~·m 

177 

Tf) 
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2. ( 

*••••··············································· .•.••. 
c•~· *** 
c••• ••• 

C""'**' 
( :l!fl\'!. 

fHI fTI 
J sm~, 

AP?f! 'i F., 

""** *>itljl· 

••• 
••• 
••• 
*** • •• 

t••························································· f: $7;t;J!"* :ii:e ~'*~"t*;'X** **•**·•****lll:e,'!i:1/te:>!>ee••.r.t"#,!;l:)<*******.****~ut***** 

/PSI0:,6,lO},P' 
I C2t,SNBEHA,ST 

t t! , T 

l I~ ~ 5 • ~ ... GT ,. ), .. ~ l 
X""' ~~> 

l ,J:;;: l, I 
X=X+(FCR(l,JJ METCJJJ 

1 cmntNHf' 
S X 

2 

1 ~ lX 
( ,h { }""~U. H~>'lX 

E~f+C CJ,II*~ 
tf+ t 

t'~'J)*P PllOi 
(JH 

Lf ~[ 

( 2'~ HH t 

G'lO).,NlflH, 
h· f(5)'1' 
l, (3). 



6 Ct'lkllt\Nf 
. fltEttt·~tlE'ftl+'(~l~'t 

1' DtF 1 tJ··.·· 'f •l'~NtlMe'· 
00 9 J•ltiX 
lftPOUNO(J,U.GT ... OODCl,J,IIJ GO TO I 
FOOD( l t''Jtl·t•FOOOI<II~.f\:J.,J;)'!"AOUM)Cc:lt ll 
GO TO q 

8 NES 2=~fSZtii~i;t>OUift)C;,h 1'~f000 t·t; ~;J .J,tl••;fltf;T.t~"U t 
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Appendix Table 2. (~~rltJntiid) 
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~ System of Measuring Shadows 

Cast ~ Habitat and Topographic Features 

Ecologists, foresters, agronomists, and regional planners are all 

well aware of the influences solar radiation exerts on the results of 

their decisions. For this reason this set of tables has been developed 

for ease and rapidity of determining the angle of incident solar radi­

ation, shadow direction, and shadow length. 

These tables are of aid for the following problem~ as well as for 

many others in which knmvledge of the sun's altitude, azimuth and shadow 

are of importance: 

1. finding shadowed areas from topographic maps; 

2. finding length of shadows cast by forest edges, shelter belts, 

buildings, etc.; 

3. finding \vhat part of the day or year an area will be in or out 

of shadow; and 

4. finding the incident angle of radiation on a horizontal 

surface. 

For the person interested in only a fe>v measurements of these 

factors, the use of solar almanacs and appropriate formulae is no 

trouble. However, when many such calculations are needed much time 

will be spent in making the calculations. These tables provide the 

altitude and azimuth of the sun at weekly and hourly intervals for the 

latitude and longitude printed at the top of the tables. Included is a 

set of tables of shadmv lengths cast by objects of different hei.ghts. 

These tables eliminate the necessity of time-consuming calculations 

necessary for extensive use of this information. 
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The tables are divided into three parts; solar altitude, solar 

azimuth, and object height-shadow length ratios. 

Solar Altitude 

Solar altitude, the angle of the sun above the horizon, was cal-

culated from the equations of Usher (1970) and Walsh (1961). Usher 

presented equations for expressing the sun's declination (D) in degrees 

and the equation of time (E) in minutes as trigonometrical polynomials 

of the angle Y, representing the time before or after the vernal equinox. 

The angle Y is 360° for a complete year of 364.24 days. 

D 0.38092 - 0.76996 cosY - 1.84002 sin Y - 0.68841 cos 2Y 
+ 9.92299 sin 2Y + 0.30260 cos 3Y + 0.10635 sin 3Y 
+ 0.03508 cos 4Y - 0.21211 sin 4Y - 0.00895 cos SY 

0.00773 sin SY + 0.0061 cos 6Y 

E -0.00198- 7.12965 cosY - 1.84002 sin Y - 0.68841 cos 2Y 
+ 9.92299 sin 2Y + 0.30260 cos 3Y + 0.10635 sin 3Y 
+ 0.03508 cos 4Y - 0.21211 sin 4Y - 0.00895 cos SY 

0.00773 sin SY + 0.00061 cos 6Y 

Walsh presented equations for determining solar altitude (8) from 

declination, latitude (L), and hour angle (H). The hour angle is the 

time, expressed as an angle, before or after apparent noon. When the 

calculations are done in hours and minutes, H (in degrees) is as follows: 

H = ((MN- E) + (long x 4.0) - hr)/4.0 
where mn = mean noon or 12:00 

long = longitude west of the mean time meridian 
hr local time of interest for solar data. 

Appendix Table 3 is an example of a table of solar altitudes at a 

latitude of 40° north on a mean time meridian. 

Solar Azimuth 

The azimuth of the sun (¢), the direction in which the sun lies as 

measured in degrees cloch1ise from North, '\..ras derived from the equation 
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table for 
mean time meridian. 
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of Walsh (1961:52), 

sin¢= (sin H)(cos D)(sec 8). 

The direction a shadm..r is cast from the base of an object is 

Appendix Table 4 is a table of solar azimuths paired to the solar 

altitude table in Appendix Table 3. 

Object Hei_ght-Shadmv Length Ratios 

These tables are composed of selected values of object heights and 

the lengths of the shadows cast when the sun is at tabulated altitude. 

When the height of the object is HT, and the length of its shadow is 

LNTH, the shadmv length is: 

LNTH = HT(ctn ¢) 

Appendix Table 5 is an example of an object height-shadm·l length 

ratio table for a solar altitude of 32°. 

Use of Tables 

For most problems where these tables will be of use, fine accuracy 

in determining altitudt; and azimuth is not essential. Rounding off to 

the nearest weekly interval will be accurate enough in most cases though 

linear interpolation bet\,reen "'P.eks can be used. Except fc'r angles less 

than 10°, the ratio tables are at altitude intervals such that rounding 

to the nearest tabulated value will give shadow lengths within five 

percent of the true length of the shadmv. In the case of the ang.1es 

less than 10°, it is most likely that the angle is changi.ng so rapidly 

that the error will have little effect on the outcome nf the ,.rork. The 

exception to this is at high latitudes during the winter. 
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l,. Solar table for north latitude, on a 
mean time meridian. 
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Apt:fendix Tahle 5. 'Object bc:aigbt-sbildowc lensth r~ti~ t~~le for a solar alti~ude of ~2°. 
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To use these tables, proceed to the table of solar altitutde headed 

by the latitude of the area of interest. The table is divided into 

columns by local mean solar time from 05:00 to 19:00 hours. Along the 

left side the table is divided into rm.,rs at seven-day intervals. The 

date given is the last three digits of the julian calendar or the day 

of the year. To convert a day of the month to this julian day of the 

year simply add the date of the month to the number found by that month 

in Appendix Table 6. 

The solar altitude or azit1uth is found in the appropriate table 

at the i.ntersection of the date row and mean time column at which it 

\vill be observed at the latitude and longitude heading the table. If 

the point of interest is to the west of the table's longitude the solar 

altitude will occur four minutes later per degree west of the tabulated 

longitude. Conversely it will occur four minutes earlier per degree 

east that the point lies from the tabulated longitude. 

Once the sun's altitude and azimuth are known, if shadmv lengths 

are needed proceed to the tables of object height-shadow length ratios. 

These tables give ratios of the height of an object to the length of its 

horizontal shadow for different altitudes of the sun. Each table has 

the solar altitude for which it is applicable printed at its top. The 

height of the object is the number to the left of the colon while the 

length of the shadow cast by that height object is to the right of the 

colon. 

The ratio at the top of the far right-hand column is the shadoH 

scnle for the solar altitude of that table. This ratio is lOO.:N. N 

being the number of feet of shadow cast per 100 ft of object height. 
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Appendix Table 6. Factors to add to the day of the 
month for converting to the Julian 
day of the year. 

Cumulative date (day of the year) 
to the end of the preceding month 

Jan. 0 July 181 

Feb. 31 Aug. 212 

March* 59 Sep. 243 

April 90 Oct. 273 

Hay 120 Nov. 304 

June 151 Dec. 334 

* In leap years add 1 to these numbers after Feb. 28. 
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The right hand column of these tables gives the ratios for 1 to 10 ft 

intervals from 1 to 20 ft or 10 to 200 ft if the decimals of both 

numerator and denominator are moved to the right one or two places 

respectively. The ratios can Le read across rows at 20 ft height 

intervals for ease of use of these tables with contour maps. 

Topographic Shadows 

The ratio tables can be used for establishing shadow lengths for 

objects on flat terrain or for determining the location and extent of 

topographic shadows. To use these tables for topographic shadow measure­

ment from topographic maps, first make a scale out of the finest scale 

graph paper available. The paper should be cut along one of the graph 

lines to expose the graph scale along the edge. Mark a spot at one end 

as zero. From the zero end, mark off intervals from the map scale in 

the units of measure of the contour interval such as feet or meters. 

To establish the location of a topographic shadow first locate the 

ridge or ridges of interest on the map. On acetate secured to the map 

or on the map draw the azimuth of the shadow cast. To determine if a 

ridge will cast a shadow at a given solar altitude determine the height 

difference and horizontal distance bet\-Teen the ridge top and the valley 

bottom v!here the shadow azimuth crosses it. Convert this to horizontal 

distance per 100 ft height different. If this distance per 100 ft of 

height is less than the corresponding distance on the shadO\v scale (the 

ratio in the upper right corner of the table) there is definitely going 

to be a shadmv cast. Ht'\•ever, if this value ie> greater than the sbadm.; 

scale distance there may be a shndmv cast if the hill .is adL'quately 

convex or concave. Determining the shadow length per 100 ft for the 
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steepest portion of the slope v!ill give the shadovl scale for the solar 

altitude helm" which the hill \vill start casting a shadow. 

The shadow cast by a topographic feature can be estimated by the 

determination of the shadow length cast by that feature from several 

points along the crest of the feature. The end points of these shadows 

are connected for the estimation of the topographic shadow. Using the 

table of ratios for the sun's altitude, obtained from the previous 

tables, a system as outlined in Appendix Table 7 may be used to deter­

mine the shadow length along lines parallel to thE shadow azimuth. 

The shadoH cast by a topographic feature will lie wholly bet1.,een 

the solar crest of a feature and the measured end of the shadow. The 

more lines used along the shadow azimuth for determining the shadow 

length the more precise Hill be the delineation of the edge of the 

topographic shadm.;. Hmvever, for determining areas in shadm.;s, three 

to five lines may suffice. 

On maps that have very close contour lines it may be most expedient 

to use 100 ft contour units (5 contour lines on a 20 ft contour interval 

map) rather than the 20 ft units for which the tables are prepared. The. 

right hand column gives the 100 ft interval ratios from 100 ft to 2000 

ft. 

Hhen the tabulated distance and the measured distance are the 

same; and remain the same for several contour lines the shadmv end may 

be considered to be tovw.rd the distal end of this interval since effec­

tively the sun 1 s rays are parallel to the surface and usually ineffecti·.;e 

in an ecological sense. 
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Appendix Table 7. A method for determining topographic 
shadmvs from contour maps. 

1. Move from the crest along the line extending 
toward the shadow azimuth to the first contour 
line. Here place the zero end of the prepared 
scale with the marked end extending toward the 
shadmv azimuth, 

2. Determine the tabulated shadovi length associated 
with the height of the zero point above the 
next contour line in the direction of the 
shadmv azimuth. This is (N x contour interval), 
\vhere N is the number of contour lines belmv the 
zero point contour line. If a drainage is 
crossed N will decrease in magnitude. 

3.A. If the tabulated shadow length is greater than 
the length measured from the zero point to this 
contour line this line is within shadow. Progress 
to the next contour line. Return to Step 2. 

B. If the tabulated shadmv length is less than the 
length measured from the zero point to this 
contour line this line is not within shadow. 
Go to Step 4. 

4.A. If this was the first contour line below the 
zero point then the sun is at an angle such 
that there is light directly on the 'shadow 
side 1 at this point. Move the zero point to 
the lmver contour line. Go to Step 2 and con­
tinue the process until a point within shadow 
(3.A.) is obtained. 1-lhen you do, the contour 
at the zero point is near the solar crest of 
the hill at this solar altitude. (The solar 
crest is the area of the feature that has shadow 
to one side and direct sunlight on the other. 

B. If this was not the first contour line below the 
zero point then you have passed out of the 
shadm.; cast by this formation. Hark this point 
and go to the next line along l·lhich shaJm;r length 
is to be measured. Start at Step 1. 
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Measure of the Natural Potential of 

Land for Supporting Deer Populations 

Edward Barrm.r Rayburn 

ABSTRACf 

A model of the inter- and intra-seasonal energy flow through 

deer populations ,.;as developed through the use of the existing 

literature. The model was programmed in Fortran IV for computer­

based use in evaluating the potential biological productivity of 

land for deer. The model was developed specifically for evaluating 

land being considered for acquisition for deer-management areas. 

The model uses "Standard Deer Units" (an integration of 

climatic, behavior, and range characteristics affecting the energy 

dynamics of the deer) as a measure of the energy available for the 

production and maintenance of deer. Estimation of successional 

changes in cover and forage production are made by use of a flexible 

statistical distribution model known as a \.Jeibull distribution. 

Indices of the potential sightable and harvestable deer production 

are calculated in standard deer units at 5-year intervals over a 

50-year planning horizon. 
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