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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 white-tail
supplies recreation almost nation-wide 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 wildlife ccncentra-
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 white-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 ésset 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.



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 willing
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.
The first is to ignore the problem, letting the demand and supply come
into natural equilibrium. The second and third alternatives, which
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 management. The
alternative of reducing demand will become more significant as popula-
tion increases. However, the alternative of implementating demand-
reduction policies needs to be dealt with 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



(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 wildland area. Management and use of the wildlands will change
due to the nature of the ownership of the land. Public ownership of
wildland 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-owned land or for acquiring
new real estate. To choose between these two alternatives, the admini-
strator must determine which 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 knowledge 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 killed per season is one of the best established
neasvres of productivity. However, as more stress is being placed on

non~-consunmptive wildlife recreational activities, sighting of deer by



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 which
occurs in habitats not managed for wildlife 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. Wildlife management enables man to stabilize
habitat conditions so that wildlife populations can be stabilized. Some
management practices, such as fertilization, allow increases in wildlife
production beyond the natural productivity of the land. Wildlife man-
agement, then, allows changes to be made in the natural production from
a habitat unit. The wildlife production caused by Qanagement projects
which alter the habitat by habitat amelioration (fertilizing, feeding,
etc.) or by altering the stage or rate of succession (burning, chaining,
plantiong, etc.), thereby causing greater wildlife production than could

be expected without such projects, is here termed the managed production.



Since wildlife 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
tc 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 which
is a direct function of the land unit itself.

The development of this hypothesis is theoretical, geared to
elaborating the concept of potential. Many of the wildlife population
constraining factors listed can be modified by management investment.

Those that cannot, are stochastic, not usually under the influence of



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
show how these parameters and the deer interact to cause fluctuation in

the balance of energy flow through the deer population. The second



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 bicenergetics have held
little interest to those in wildlife management until recently. These
early studies were largely theoretical and dealt with lower organisms
and classically experimental populations. Recently, however, the
relationships between the concepts and applied management have been
articulated in lectures by A. N. Moen at Cornell University, R. H. Giles,
Jr. at Virginia Polytechnic Institute and State University, and others.

Moen (1966) presented the use of bicenergetic concepts in studying
white-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-genérated 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
comouter use is gaining a strong foot-hold in the field of natural
resource management. There are abundant applications of modeling in
the literature. Modeling and computer simulation are often used where
destructive sampling would adversely alter the population studied, where

costs are prohibitive, where experimental controls cannot be feasibly



obtained, or where the theoretical limits of a system are sought.

A comprehensive review of modern computer simulation techniques
is available in references by Churchman et al. (1957) and Naylor et al.
(1966) . General coverage of modeling in ecclogy 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 which 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 Aid in Wildlife Restoration Act (USDI 1968). Of this amcunt,
19.2% was for land acguisition and 50.7% for development. Proper
allocation of these Federal Aid funds for maximum effectiveness is
a maior concern.

Most wildlife 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 which 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 a 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.
Furthermore, 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 prcblem, its rationale, and historv are described by Susan Rayburn
(1672). 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.

Energy Systems in Wildlife Populations

The energy dynamics between an animal and its hsabitat are a
function of the animal's biclogy and ethology and the physical environ-
ment available to the animal. This energy system can be analyzed as a
svstem of inputs and outputs, which, if in balance, can sustain life.

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

Enexrgy 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 wind,
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. Moen (1963a)
presented a model of the thermal energy exchange between a deer and
its environment. This model is of use in evaluating the energy output
bv deer in maintaining body temperature under a given set of thermal
conditions.

Habitat Influence on Energy Dynamics of Wildlife

The habitat influences the energy output of an animal through its
influence on wind, radiation, a2nd 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. Moen and Evans (1971) also discussed
the effect of wind breaks on wind flow in deer habitat. They pointed
out that the movement of air causing heat loss from the deer’s body is
not the same as that measured at a weather station, due to the air flow

in vertical turbulence 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 737%
of the radiation (total of shortwave, visible and longwave radiation)
received in an open field. During the dormant season these stands
transmitted 76 and 70% of the open field radiation. Moen (1968b) and
Moen and Evans (1971) discussed the effect of winter night-time air
temperature 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 snow packs in deer habitat. Kelsall and
Prescott (1971) reported on the effect of snow density on the depth
deer sink into the snow pack. Deer sank 877% of the snow pack depth when
the snow 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 density of snow. This method consisted of a weighted
pipe dropped into the snow from a standard height. This technique
gave close correlation with observed sinking of deer into the snow.

Kelsall and Telfer (1971) discussed the physical adaptations of.
big game species for snow. Their results gave theoretical credence
to the results Verme obtained. The basis for the close correlation
between 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 lcad

on female elk was less than for male elk. This would compensate tc



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 Minnesota and found a close relationship between snow
accumulation and cover type used by deer., They observed an increase
in the use of cedar lowland cover with snow depths over 10 inches.
Kelsall and Prescott (1971) observed that deer moved to lower elevations
(less deep snow condition) in maritime Canada when snow accumulation
exceeded 8 inches. Gilbert et al. (1970) correlated changes in deer
concentrations with snow depth approaching 20 inches. This is the depth
at which 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 dinach depth, deer may be more variable in their response due to the
lesser hinderance 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, while a
20 inch snow forces them to the areas of lesser snow depth.

Energy Inputs

To gain energy needed to balance the above outputs, the animal
must 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 metabolizable 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 growth,
reproduction or lactation (Blaxter 1962; Crampton and Harris 1969).

Forage Utilization

Many authors have discussed the importance of food for wildlife.
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
accunulation 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 winter rumen contents respectively. Whelan
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.

Forage Availability

Measures of forage production for wildlife management planning
should account for the production of available forage by forage types.
The available forage is that portion of the growth of plants in the
habitat which may be utilized by wildlife without detriment to the
growth of the plants in 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 and the interaction of different animal
species with 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 107%
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 weather may cause available forage to be under-utilized
or over-utilized. If this occurs, it does not make the manager "wrong"
but simply may explain why the available forage was 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 efficiency 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 browse 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, 44.57%; leaves of woody species, 36.1%;
and twigs, 25.2%. Whelan (1971) reported in vitro digestibilities of
diets selected by lead deer in Virginia. Whelan's results were similar

to those calculated by Snider.
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Succession

For the continuance of good deer hunting on an area, management
plans must be made to keep a desirable habitat mixture about constant,
though each sub-area may change with 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. 1In
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
production 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 AND PROCEDURES

This study is based entirely on work reported in the literature.
The literature of deer ecology was 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
vegetation 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 were identified. The variables so identi-
fied were 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 thé 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
wera subsequently compared in light of these modelis 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.
Othevr variables were also dropped due to the complexity and cost of data
collection which has limited their measurement on lands alreadv owned

and maraged by game agencies.
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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
in fluence 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 written in Fortran IV and run on an IBMY Model 370 computer
at the Virginia Polytechnic Institute and State University.

A work 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 Flow of a Deer 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 conceptualized as the production achieved when all the
energy which is available for cenversion, is converted into some form
of preduct 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 those animals for normal maintenance in that
habitat.

Such energy might be measured as the energy required for achieving
a given provability of sighting a deer feeding in spring, tor producing

a2 harvested animal, {or generating a cuality-ranked man-hour of



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

Mortality

Disease

Parasite load

Behavior of subspecies

Endocrine balance and fluctuation

Management factors

Management of habitat
Management 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 populaticn
factors and management factors will not be discussed in detail. Simply,
once a unit of land is identified, the management of that unit 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 might 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 will not be considered in land evalu-
ation for the following reasons. Due to the interaction of nutritional
level on susceptibility to parasites and the comolications of determining
a population's actual parasite load, it was ceonsidered that this factor
should be omitted. In some areas available parasites will affect the

productivity of the population, as in the case of lone star ticks in
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Oklahoma (Bolte et al. 1970). More 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. However, 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 which 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 wolves are of ages not normally harvested by hunters.
Poachers may have substantial effects on deer mortality, as indicated
by the work of Vilkitis (1971). In some areas, domestic dogs are blamed
for high rates of deer mortality. However, there is some question as
tc 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 System

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 cor
shed body tissue.

In the development of this model, the energy system is paftitioned
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 how they relate
to each other will be discussed in the following sections. The computer
program of the model is in Appendix Table 1,

Energy Outputs of 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
were:

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, metabolic

rate 1s here expressed as a function of weight. Silver (1969:493)

stated: "A large difference in FMR of deer in summer and winter coats
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tends to override the differences 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 was 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 low ambient temperatures, other energy requirements are
additive ﬁo this one.

Maintenance of Body Temperature

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

thermal equilibrium and the thermal environment as:

Hn + He = Hm * HS (D)
Where Hn = net heat exchange by radiation, conduction and convection
He = heat lost by surface and respiratory evaporation
Hm = heat produced by metabolic processes
HS = heat storage change in body.

This thermal energy exchange between the deer and its environment
can be partitioned into the various components by the following three

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

Radiant Energy Exchange

Radiation, the transfer of energy in waves propagated as a result
of movement of molecules and atoms, 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:

Qr = EoT (2)

Where Qr = radiation flux in calories

E

emissivity of the surface

Stefan-Boltzmann constant (4.93 x 10“8 Kcal m-2 hr“l k—l)

g

T

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

The net radiation exchange is the difference between 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 shortwave
and visible light radiation absorption. However, the absorption co-
efficient for visible light and shortwave radiation is not the same as
for longwave infrared radiation. Infrared radiation is almost entirely
absorbed by hair, which has an emissivity coefficient of approximately
1.0. The other wave lengths are more poorlv absorbed. Blaxter (1962:

160) reported emissivities in the solar radiation wave 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. However, 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
Mcen 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 cm 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. With 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.

Conductive Energy Exchange

Conductive heat transfer is 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 while 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. = KA AT/D (3)

Where QC = calories of heat conducted

K = thermal conductivity coefficient

A = area

AT = temperature difference between the two surfaces (°C)
D = distance between the two surfaces.

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 (Moen and Evans
1971). However, 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 shows 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. Mcen
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:

Qh = HC A AT (4)

Where Qh = 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 (Blaxter 1962:152).

Wind velocity Convective heat transfer

mph Keal m 2 24n7 1 ¢t
0.5 45

1.0 67

2.0 135

4.0 225

6.0 288

8.0 351
10.0 413

12.0 468
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Hc = convection coefficient
A = area

AT

]

temperature difference between the surface of the convector

and fluid (°C)

Thermal Model

Moen 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:

Ey = E (5)
4

Eq =S, Eo T +S H AT+ I(Tb—Ta) +H, S - S_R, (6)

E =H H_H @2

Where Ed = energy drain (loss) to the environment

Em = energy released in the metabolic activity of the deer
S_r = radiation profile (0.858t
E = emissivity of deer hair

~ -8 -2 -1 -1
o = Stefan-Boltzmann constant (4.93 x 10 Kcal m = hr k ™)
TS = surface temperature of deer
St = total surface area of dser
Hc = convection coefficient of the deer
AT = T =T (°C)

s "a

‘T = mass of food ingested

Tb = body temperature (°C)
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Ta = air temperature (°C)

He = evaporative heat loss

Hb = basal metabolic rate

Hf = heat increment for diet level

Ha = heat increment for activity

Re = environmental radiation to the deer.

4
!

These equations are similar to those presented by Moen (1968a). Those
values not defined or explained previously are explained in the following
paragraphs.

Surface Temperature of 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 which describes this relationship. This is:

Y = 6.559 + 0.944X (8)

Where 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 veloccities. 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.gg Deer

The surface area of the deer can be appreoximated from an equation
reported by Moen (1968a):
Y = 0,879 + 0.016X (9)

n
- L
Where ¥ = total surface area (m)

i

¥ = weight of deer (kg).



Body Temperature

The average body temperature of white-tailed deer subjected to low
temperatures in a respiratory chamber was reported by Silver (1971) to

be 37.5°C.

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
animal to 10.33 Kcal m“2 hr—l, 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
can lose up to 75 Kcal m.—2 hr~l 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 which is
produced by the digestion and absorption of ingested food. This heat
increment is energy not useful to the deer other than for maintaining
body temperature. Blaxter (1962:141) tabulated the FMR of sheep at
different dietary levels. From 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 Activity

The heat increment for activity (Ha) ig that energy which is
produced by the animal's musculature in movement (standing, walking,
running). Crampton and Harris (1969:151) gave the ratios of oxygen

consumption while an animal is active to that while it is standing, as



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 would be as in the lower half of Table 3. The energy
requirement for activity, which is discussed later, will be used as the
estimate of this parametér.

Use Qﬁ'the Thermal Model

This model of the energy exchange between the deer and its thermal
environment can be used to predict the energy balance between a deer and
its environment as was done by Moen (19€8a). 1If the deer is in an
environment where 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 2 minimum body temperature is reached. On the other
hand, in a hyvperthermal 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 narrow 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, wind flow, and radiation arc supplied by other portions of the
model, which alter the climatic description of the land unit. The
climatic description of the land unit and how this input data is wmodi-
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 2.0
Sustained heavy work (6-10 hr/day) 3,0-8.0
Maximum activity per day 20.0
Maximum energy during maximum

100.0

brief effort

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

tanding 1.1
Walking 2.2
Sustained heavy work (6-10 hr/day) 3.3-8.8
Maximum activity per day 22.0
Maximum energy during maximum

110.0

brief effort
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Activity Energy Requirement

Blaxter (1962:103-115) discussed 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 between these estimates and measurements made with
deer,

As mentioned previously, when an animal makes body movements there
is heat energy released which may be used to maintain body temperature
or which must be dissipated to the envircnment. The energy required by
sheep for making horizontal and vertical movements as reported by
Blaxter (1962:108) are presented in Table 4. Blaxter (p. 109) summa-
rized the difference between species as follows:

", . . Between species the energy cost of moving 1 kg of

the body horizoentally 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 work done per calorie

of energy expended is about 30% in all."

Giving an example of sheep under range conditicns, Blaxter esti-
mated an increased energy requirement of only 20% above bagcal for
movement. A similar estimate can be made for the minimum eunergy
requirement for activity in deer. This is presented in Table 5. The
1lows: Marchingcon (1668) ohserved

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

Speed of
movement

Calories required to
move 1 kg of sheep
1 m horizontally

Calories required to
move 1 kg of sheep
1 m vertically

24 m/min

48 m/min

0.61+/-0.10

0.69+/-0.10

Gradient

1 in 22 1 in 11
5.1+/-1.3 4.44+/~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 Hours Meters Kcal
FMR 24 - 1690
Standing 15 - 103
Movement

Horizontal -- 2700 82

Vertical - 100 32
Total energy expended 1907

Increase over FMR 113y -

* See text for discussion.
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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 what 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 between radio locations of the deer (lleezer
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.

The altermative 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. However,
knowing that the estimate is minimal, it is believed that Blaxter's
2stimate would be more representative of natural conditions for deer.
Therefore, the estimate of cnergy required by deevr for activity will be

1.2 times basal metaboli ate, for snow-free conditions. erel 1is
1.2 times basal metabolic rate, f f diti Herein, tt
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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 snow, a first approximation of this
energy requirement can be made from this observed influence of snow on
deer behavior and knowan energy requirements for different levels of work
(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 snow
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, Fig. 2 can be constructed on the assumption that
the change between these sunow depth limits is linear.

This is a first approximation of energy required for walking in
snow. Lowever, as the snow depth increases, the distance of movement
or the area in which movement occurs decreases, according to the obser-
vations or Rongstad and Tester (1969) and others.

Peer 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
where 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 will be the same for snow-free and snow-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 will to some extent compensate for the
lack of behavioral descriptiveness of the interaction.

Fig. 2 shows the estimated effect snow 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 energv require-
ment. The daily encrgy requirement was 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 Tig. 2 and data supplied on the snow conditions of the evaluated

Land Unit Climatic Description

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
(Moen 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 887 of the variation in air chill
as measured by an instrument known as chillometer. (For further dis-
cussion of the chillometer, see Verme 1968). 1In terms of partial cor-
relation coefficients, temperature and wind greatly affected heat loss.
Solar radiation, snowfall 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 weather
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).

However, 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 : Wind Mean Jan : Mean snow : Mean sink
flow* : temperature(F) : depth (ft) : in snow*#%#*
: Max : Min : :

Open field 4552 25.5 3.9 1.71 .59
Conifer forest

Sapling 373 23.9 3.2 2.42 .82

Pole 118 22.4 3.4 .97 .60

Mature 22 23.3 6.2 1.33 .46
Hardwoods

Mature 1262#%% 22.3 4,3 1.52 .67
Mixed woods

Mature 631 23.0 3.8 1.79 .60

* Miles in 52 days.
*% FEstimated from text.

#%% TFeet to which a standard weight sank in the snow 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 Y =0((-10.9 + 1.000X) + 273.0)" (10)
Hardwood Y =c((=5.6 + 0.964X) + 273.0)% (11)
Cedar Y =0{(+0.2 + 0.962%) + 273.0)% (12)

Where Y = infrared radiation (Kcal M“2 Hrwl)

X

air temperature (°C).

Moen and Evans (1971) reported further infrared radiation-air
temperature relations for open field conditions derived from data extend-
ing over a wider range of air temperatures than used for the abcve
equations. They also reported the outgoing ground radiation as well as
the incoming radiation. Equation 13 describes the relationship between

-2
nighttime air temperature and incoming infrared radiation in Kcal m
hrﬁl. 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 ¥ =g((=0.049 + 1.03%) + 273.2)% (13)

Outgoing ¥ =o((-8.92 + 1.10X) + 273.2)° (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 will varyv 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. When 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 177 for a 65 year-old
pine forest with an association of different age fir understory, to only
677 for a similar pine forest with no understory. It should be noted,
though, that the wind speed at 2 m above the forest canopy is most
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 wind flow
over land surfaces:

U =U"/K (Ln Z/ZO) (15)

Where U = wind velocity at height 2

U' = friction velocity

K = von Kormon constant ({Q.4)

Z

height in centimeters
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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 flow in Kcal/mz/day

Season Open Oak Pine

Shortwave radiation

Growing 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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ZO = 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 con 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 weather station.
These data are modified by the general observations of Geiger (1965) and
Ozoga to estimate the wind flow through the various deer habitats. The
equation of Sellers (1965) is used to estimate the wind flow at the
height of deer in the open.

Moen and Evans (1971) discussed some of the limitations of wind flow
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 elsewvhere.

Tor 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) Zo(cm)
Fir forest 555 283
Citrus orchard 335 198
Large city (Tokyo) - 165
Corn 300 -

U5.2 = 35 cm/sec - 127
US.Z = 198 cm/sec - 71.5
Corn 200 -
UZ’.0 = 29 cm/sec - 84.5
= —- 2
U4,o 212 cm/sec 74.2
Wheat 60 -
= ] -
Ul.7 190 cm/sec 23.3
- - 2
Ul.7 1384 cm/sec 22.0
Grass 60-70 -
U2.0 = 148 cm/sec - 15.4
U2.0 = 1343 cm/sec - 11.4
U2.O = 1622 cm/sec - 8.0
5-6 0.75
4.0 Q.14
2.3 0.32
Alfalfa brome 15.2 -
U2.0 = 260 cm/sec - 2.72

UZ.O = 2625 cm/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
Minnesota 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 sterms. This was at a time when 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 menthly snow depth. (If an entire portion of the area
being evaluated is likely not to be used, this can be so indicated so
that 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 cf 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 lowland 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 lower quality diets since the deer

would encounter unfavorable thermal microenvironments at temperatures
higher and wind speeds lower than would 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. However, 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 hefd is not equal to the gross
energy of the forage supply, since not all of this energy is availahble
for use in body functions. The partitioning of the gross energy into
its available and unavailable fractions is shown in Fig. 3. 1In the case
of meat-type livestock, only a part of the net energy is directly used
for production (growth and fattening). The remaining net energy is the
£

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

is available for conversion to some forms of production. This concept
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Fig. 3. Partitioning loss and use of gross energy intake

of a deer populati
Harris 1969:140).

on (Adapted from Crampton and
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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 United 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(1971). 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. 1968
ration 3480 - 56.5+/-1.1 Ullrey et al. 1969
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. 1968
-153+/-104 Ullrey et al. 1968
Cedar 2370 - 39+/-3 Ullrey et al. 1968
Jack pine 2490% - 44+/-6 Ullrey et al. 1967
Aspen 2590% - 29+/-14 Ullrey et al. 1964
-379+/-299 Ullrey et al. 1964
Pasture
Alfalfa 4560%* 2557 55.6 Crampton and
Bluegrass 4597 %% 2278 49.6 Harris 1966

* Wet weight basis.

** Dry weight basis for sheep.
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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 827 of the digestible energy being
metabolized. Therefore, the estimate used herein is that all forages
have 827 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 between the digestible and metabolizable
energy of some western 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. - 32.
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. 4Q0. 88.
Browse, dormant 2906. 1006. 704. 35. 70.

* On an as-fed basis for sheet.

*% Percent gross energy that was digestible and the
digestible energy that was metabolizable,

percent of the
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importance in providing the above estimates are the studies in which
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 credited with a strong influence on game
production through its influence on forage quality. However, measure-
ments of browse chemical composition (Murphy 1970) have not shown
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 low quality soils.
This may provide higher quality forage than is available under woodland
conditions, as observed by Moen, increasing the deer range quality
even though it may decrease the absolute range area available. Also,
areas which were 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.

In areas where the main vegetative types are of a woodland nature,
s0il 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 quelity.

Due to the scarcity of information directly relating soil quality
to forage quality or quantity produced, and since soil quality will be
reflected to some extent in land use patterns, successional stages ir

some forests and expected rate of succession, soil quality was not used
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as a direct measure of habitat quality in this work.

Forage Utilization

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. Mott defined them as follows:

Stocking 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 term bears no relationship to the

amount of forage.

Grazing pressure. The number of animals per unit of available

forage.

Carrying capacity. The stocking rate at the optimum grazing

pressure.
The optimum grazing 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 gecal. This 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 measure potential productivity, the potential forage energy
input must be used.

For & given set of climatic and habitat-cover conditions, the forage
suprly and utilization determines the potential productivity of the

habitat. Thus, by defining managerial gocals 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 will 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.

Seasonal Forage Supplies

The utilization of forage by deer differs between the summer and
winter seasons. In summer, as a population feeds, plant growth 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 snow 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 mayv be avail-
able for either season (browse and some grasses like fescue), for only
the summer (fungi and some grasses), or for fall and winter only (mast).
The absolute production of some forage types will be dependent on

utilization, as for grassze

[47]

(especially so in the example of pasture

53]

land management), or it may be independent of utilizaticn, 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 fer the maintenance of
good plant growth 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 summer season, it is assumed that all the forage is utilized in
preportion to its preference-ranked availability. In cases where
natural phenological events occur in the summer, which may greatly
change the forage energy supply, the model will not be descriptive.
However, the effects of events such as these can be limjited to some
extent by the evaluators defining the months in which growth is well
begun and in which growth ceases. These points in the vear are used
to define the beginning of the summer and winter seasons, respectively.
The utilization of forage during part of the winter months affects
the subsequent availability of forage. If the rate at which a forage
type is used is kneown, the availability over each month of the season
can be determined. Harlow (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 with the classes used by Snider (1971). 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
twigs, or succulent or dry leaves, since season will largely influence
the availability and use of one or the other. Table 12 presents Harlow's
findings as grouped by these definitions. The arithmetic means of

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

as the growing season and dormant season means respectively and ave those
values used in the model.

To estimate the utilization over the winter, 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 1b. of forage per 100 1b. of body weight, if this is ncot supplied
by the land evaluator. This value is the higher value reported by
Ozoga and Verme (1970) for deer entering the winter in different body
conditions. Those being in better condition consumed less forage than
these in poer cendition. For censumption during times with more than
3 inches of snow on the ground, all foraging is assumed to be from
browse and succulents (assuming them to be leaves of evergreens).
Coblentz (1970) observed this to occur with white—-tailed deer. However,
he did not distinguish between woody and leafy browse,

Consumption is calculated so that the ingested metabolizable energyv
in a month is equal to the energy requirement of the deer in that wmonth

as calculated by the preceeding thermal-activity energy model, This
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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 Harlow
1671:59).

Season Woody Succulents Fruits
Browse

Southern Appalachins

Spring 6.4 86.6 7.0
Summer 2.7 91.6 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
Pormant 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
Winter 5.2 4.7 .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 73.0 22.1
Dormant season mean 5.1 48.8 46.2
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assumes that the deer regulates its intake near maintenance, if

possible (Moen 1966:77). The consumed energy is subtracted from the
available forage by forage type proportional to the expected utilization.
Where behavior limits intake below the required maintenance level, the
lower rate of intake is used.

Estimates of the present and the successional maximum summer 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 without
expending funds for development.

Productivity Model

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
mace, shots fired, and animals harvested. The actual production of a

wildlife population would 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
without 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 interacticn of harvesting deer would reduce the population's
standing biomass energy. A large animal harvested removes more energy
than a small animal.

Measures of the instantaneous energy expense tc 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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Index To Potential Productivity

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 svstem, 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
access conditions), weather, 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:

XS = F(X,S) (16)
Where Xs = the total sightings made

X

the population size

]

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 were known 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 weather, leisure time, and the reputation of

£

an .area for recreationist success, This function is being studied by

E. F. Bell at Virginia Polytechnic Institute and State University (pers.
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comm.). Equation 16 provides a concept of the measurement cf petential
non-consumptive production of deer. The concept is discussed later.

Consumptive Production

The energy poteqtially 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
grcwth 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 diiffer
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 with succession, the manager may prefer to
leave some of the produced young to increase the size of the herd. In
the case of a herd which is larger than that which 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 fawn deer is the difference between
the energy available for sustaining a population through the critical
seascn of the area and that available during the fawn growing seascn.
The utilization of this potential harvestable energy is dependent on
a variety of factors, such as fawns 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 (when mast is avail-
able). Protein is not here considered to be a major limiting factor to
growth. As more is learned about the growth requirements of fawns,
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:

QPtotal = O's Xs + Qh xh a7
Where QPtotal = total, quality-ranked production
QS = the quality ranking of sighted animals
Qh = the quality ranking of harvested animals
XS = the number of sighted animals
Xh = the number of harvested animals.

The quality ranking factors QS and Qh need to be in units such
that the quality-ranked production of the two production types are in
the same or equatable 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 will be a balance
between the quantity and quality of animals that may be grown 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 which 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 obtained 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)
Mott (1960) stated that the product per acre (Z) is simply the stocking

rate (X), multiplied by the product per animal. Mott, thervefore,

expressed the product per acre as:
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z = X(K-ABY) (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 will 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 harvestabie
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 arnd 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 index
of some standard population.

When the comparison between the potential productivity of two or

more habitats is desired, the population variables may be eliminated



from counsideration. The population variables can be managed to develcp
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 puréoses of estimating the energv required by a standard deer in &
given habitat, calculation of the thermal-energy requirement (Equation
6) is made on the basis of a standing deer. This definition allows 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 shown.

Potential Productivity Index

Energy in Biological Production

The system of energy imputs and outputs is important in evaluating
the productivity of animals. The balance between the inputs and outputs
are rarely constant. Fluctuations are caused in the inputs by seasonal
changes of forage supnplv and quality. Energy output fluctuations are

caused by seasonal changes in climate, activity, stage of pregnancv or
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lactation, and growth 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
will increase, bringing the energy input and output into balance.

When, 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 will not produce a harvestable surplus of animals.
An exception to this would occur if all natural mortality could be
replaced by the harvest. However, 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 survival of fawns. 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 harvestable 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 and 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 Standard 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 & is
the climatic data furnished, modified by the habitat and behavior as
discussed previously. The metabolizable energy available over the

season is the metabolizable forage production available in the fall,
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as influenced by consumption and snow conditionms.

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 winter
season is expressed by the ratio of the metabolizable forage energy
available in the fall to the summation 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:

MEw
SDP = ———— (20)

w z"ERSD,
j=m

Where SDPw = standard deer population sustainable in winter (w)

MEW = metabolizable forage energy available in the fall

m the first month of the winter season

1

n the last month of the winter season
ERSDj = energy requirement of a standard deer in month j.
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 energv 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 snow, a calculaticn
such as the above should result in no remaining forage at the end of
the winter season. However, as mentioned previously, deer will not al-
ways consume sufficient forage to meet their requirement, due to a
behaviorally limited intake or due to the unaveailability of forage.

If the energy requirement is greater than the energy that can be 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
(NEB1). 1If the energy requirement is greater than what can be sup-
plied by the available forage to the SDP, then the deficit is similarly
summed as a separate negative energy balance (NEB2). These two indices
describe the relaticnship 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 effects which show and utilization had on
forage availability. An estimate is made of the nuwmber of standard deer
which could have been supported at the calculated energy requiremsant on
an amount of enevgy equivalent to the energv deficit accumulated aue to

lack of forage (NEB2)., This estimate is calculated as:
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(o))

NEB2
SDP' = SDP - T (21D
% ERSDP,

cem j
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 orn 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 consumption. This relation
has been estimated by the energy deficit due to behaviorally-limited
forage intake (NEB1l). 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 deesr. This index is developed
by assuming that all the boedy 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 furnished by a unit of

catabolized fat is 9.0 Kcal/g. Equation 22 represents this counversion



for a 50 kg deer. Equation 23 makes the desired calculation for the
SDP, and is the reduced form of Equation 22.
BWL = ((NEB1/9000)/50) 100 (22)
BWL = NEB1/(4500 SDP) (23)

Where BWL = the percent of body weight loss, for an individual or

population
NEB1l = the energy deficit due to behaviorally limited forage
intake
9000 = Kcal of energy supplied per kg of fat catabolized

50 = weight of a standard deer (kg).

Summer SDP Index

The summer sustainable SDP is calculated as was the first estimate
of the winter SDP. However, the iterative procedure is not used. The
limitations to be considered when evaluating the availability of summer
forage have been discussed previously.

Sightable Deer 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:
- (SDPS MS) + (SDPw Mw)
12

X

4
. (24)

Where XS = index to the yearly wesn potential SDP

SDPS = potential summer SDP
SDPw = potential winter SDP
M = number of months in summer season
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Mw = number of months in winter season.

Poux (1972) observed that fawns were sighted more frequently in the
population as they grew older. The peak was reached in December, at
which 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, which they do appear to approximate.

Harvestable 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 erergy
used in the production of harvestable animals must occur as an excess
during the summer season. For this reason, the index of energy avail-
able 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),

X1 = SDP - SDP , SDP Z SDP (25}
1 s w s W
= 0.0 , SDP_ < SDP
S W
Where Xh = jndex to the vearly harvestable energy production in standard

deer units (Bquation 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 cccur in the
field when 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 seascnal forage availability will be
correct. For the natural case of a winter range sustaining more deer
than the summer range, the winter populaticn 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 fawning is unlikely, the
definition of energy available for harvestable productivity is assumed.
Under conditions of winter SDP being greater than summer SDP, the winter
SDP is assumed to be limited to the summer SDP.

Range Balance 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 balance index (RBI). This is expressed in Equation 26.
SDPS
RBI = 'S—D"I;; (26)

This ratio gives an expression readily useful for analyzing the
above consideration of a zero harvestable deer index. 1In the previous
discussion, the coundition of equal summer and winter SDP's (RBT of 1.0)
at first appears to imply that there is nc energy available for harvest-

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 sightable deer index
(XS or SDPW), the energy available for the potential harvestable pro-
duction may be increased.

The rate at which 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 standerd deer units, is to
be harvested from the population. The range utilization harvest rate
is analogous to managing a fawn 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 wintering population needs to be decreased to be
proportional to the summer population and producticn in a ratio of 1.2.
The assumption is that the quality of forage and other factors are such
that this rate of fawning and fawn growth can be attained.

If it is assumed that a fawn growing up to the hunting season re-
quires the same energy as does its dam for maintenance, a range utili-
zation harvest rate of 1.2 would be comparable to harvesting about 177
of the pre-season population (0.2/1.2). The concept of range utilization
harvest rate is used to construct a matrix of alternative production
indices, for which a forage base can be managed. This is limited by
the maximum RBI which a population can utilize, due to its maximum
fawning rate, the recuirements of the fawns, and the increase 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 summer and winter requirements cof a hypothetical
population. This concept is expressed as:

SpDP_ + (F N SDP )
w \0)

R = SPD (27)
w

f

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
of a fawn to that of an adult or the relative number of adult
deer which are supported by the energy requirement for a fawn
N = the ratio of fawns to the total adult population (Ra).
Equation 27 can be reduced by factoring out the potential winter
ShP, thus:
R=1.0+ (FN) (28)
The factor F can be estimated from literature on deer and sheep.
Table 13 expresses the relative energy requirement of lambs and fawns
at a given rate of gain in terms of their dams' energy requirement. The
young's weight is expressed as a percentage of the dam's weight. This
table was develoved from data presented by Crampton and Harris (1969:
434-435) 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-weaning weight lambs

and fawns are included in Table 13. To obtain an estimate of the T

facter 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
fawns at a given rate of gain, when body
weight is expressed as a percent of the
dam's weight.

Number of *

Body weight as Rate of females maintained on
percent gain the energy required
of dam's weight (kg/day) by one young
Lambs
38. 0.14 0.78
43 0.14 0.87
50. 0.09 0.84
0.14 0.99
0.18 1.04
57 0.09 0.94
0.18 1.17
60. 0.14 1.14
62. 0.06 0.90
0.14 1.11
67. 0.09 1.07
0.18 1.32
71. 0.06 1.00
0.14 1.24
Fawns*#*
43.¢6 0.14 0.94
47.4 0.15 1.03
49.6 C.18 1.02

* This value used for F in Equation 27.

*% Calculated for 93 day mean weight and weight gain.
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lactating ewes.

Fig. 5 shows 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 weight. 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 was made
using Equation 27.

For the biological maximum, this ratioc can be expressed for a pop-
ulation of all females having an average of two fawns per doe. 1If a
seasonal mean fawn weight of 43% of the doe's weight is assumed, and a
mean daily gain of 0.14 kg is assumed, by substituting in Equation 28,
then:

R

i}

0.94 (2.0 + 1.0)
R =2.82

Poux (1972) reported the population composition of a confined
deer herd in Virginia which can be used to evaluate this ratio for a
wild population., Poux found that in the population under his observa-
tion, does constituted 657 of the adults and each doe averaged 0.58
fawns, giving 0.38 fawns 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]

1.30
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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
fawn, she does not require as much energy as when she feeds two fawns.
The doe feeding two fawns will be more efficient; therefore, the value
of T (Fig. 5) will be overestimated. During the latter half of lacta-
tion, the fawn will consume forage energy in addition 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-
ticns. This can then be used in Equation 28 to estimate the desired
balance between summer and winter range ;onditions for deer, expressed as
the ratic of the two seasons' SDP carrying capacity.

Habitat Evaluation Work Form

The work form presented in Table 14 was developed for collecting
and keypunching data required by the program discussed in the text.
The form is composed cf two 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,

General Tract Description

On the form, some of the questions are followed by the card number
and spaces on the card in which the data are to be punches. 1In a
series of similar data, the card spacing appears only under the first
set of data. The remaining data are to be punched on different cards

at the same spacing.
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Table 14. Habitat evaluation work form.

HABITAT EVALUATICN FORM FOR
ESTIMATING THE ENERGY POTENTIALLY
AVAILABLE FOR DEER PRODUCT ION

(CARD COLUMN)

2+ TRACT LOCATION

A, STATE . 2 1-40
Be COUNTY . 3 1-40
Ca TOWNSHIP . 4 1-4¢C
De LATITUDE . 4 41~45
E. LONGITUDE . 4 L£6-50
3, S1ZE OF TRACT (ACRES) . % 51~60C

4, CLIMATIC DISCRIPTION CF AREA

MEAN MONTHLY MEAN WEATHER MEAN MONTHLY

" s

i TEMPERATURE @ STATION SNOW-PACK s

P MAX.e MIN. T WIND SPEED : ACCUMULATIONM :

: {F) : {MPH) : (INCHES) :
JAN e __e_ —— — 5

1-5 65-10 i1-1% 16-21

FEB — — i & PR S 6
MAR e e —— e ® e 7
APR e e ———— ——— 8
MAY — —— e e @ e e ® G
JUN e e e 8 —— 10
JUL el e — — 11
AUG e e —— — 4
SEP e e —— ——— 13
QCT e e —— —— 14
NOV v ® s B e & i e ® 15
DEC - L] . R 16

i
i
i
1
|
|
|
|
[
I
|
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Table 14, {(continued)

5. MAJOR SEASONAL EVENTS
(CODE THE MONTH IN WHICH THE EVENT OCCURS IN THE
AREA BEING EVALUATED.?
{JAN=O1 ., FEB=024ETC.}

4. FIRST MONTH OF SUMMER SEASON i 17 i-2
e FIREY MONTH OF WINTER SEASON - i7 34
Co INITIATION OF MAST FALL 17 5-6

D. DEER'S SPRING MOLT 17 7-8

E. DEFR'S FALL MOLT oo 17 §-10
he HOW MANY IDENTIFIED FUNCTIONAL SUBUNITS
ARE THERE ON THE TRACT 17 11-12

]

T. PROPORTION OF CONSUMPTION OF THE THREE FORAGE CLASSES.

woooy SUCCULENTS FRUITS

BROWSE
SUMMER SEASONM 18
1~-5 6-10 11-15
WINTER SEASON i8
16-20 21-25 26~30

3. HABITAT USE IN WINTER WHEN SNOW DEPTHS ARE CGREATER

THAN _____ INCHES: 18 31-25
EFFECTIVE COVER

OPEN SAPLINGS POLEWOODS  TREES

DAY 19 1-60
HARDWODD S e R S S
1-5 6-10 11-15 16-20
MIXED WOODS  ____ o e I
21-25 26~30 31-35 36~40
CONTFERS R R S ——
41-45 46-50 51-55 S6-60

NIGHT 20 1-60

HARDWOODS
MIXED WOODS
CONMIFERS

s scsam st A s o, s R S . e s . s o v e
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Table 14. (continued)

SUBUNIT EVALUATION

Lo SUBUNIT CODE .
(1-20)
2. WHAT PERCENT OF THE TOTAL TRACT IS THIS
SUBUNIT. :
(21-251

3. USE OF THE SUBUNIT BY DEER, PROJECTED OVER THE YFAR.

JAN FEB  MAR APR  MAY JUN JUL AUG SEP QOCT NOV DEC
261 €271 (281 (29) (30) (21) (321 (33) (34} (35) (36) (37)

4. HOW MANY HABITAT COVER TYPES ARE THERE WITHIN THIS
SUBUNIT »
(40-41)

COVER AVATLABILITY

s ¥ OF SETAND: MAXIMUM
:SUBUNIT: AGE 3 HEIGHT
: ARFA  IYEARSIATTAINABLE

YEARS 2 YEARS tSPECIES:
TO REACH:TO MAXIMUM :  MIX
MAX HT :GROWTH RATE: COODE
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Table 14. (continued)

FORAGE PRODUCTION

S MAXIMUM SPRODUCTION: YEARS TO : YEARS OF :
T EXPECTED : AGE OF @ RAXIMUM @  PRODUCTIVE 2
SSUMMERIWINTERT § 220 W 2 Sungy Wan Looig bi -

PRODUCTION = STAND

PRODUCTIONILIFE PEMAINING:

1w

6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45
SC
FR

SC
FR

s5C
FR

SC
FR

5 WR
SC
FR

SC
FR

5C
FR

8 W@
SC
FR

9 R
SC
FK

10 WB
sC
FE

o sy o onne
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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. However, 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.

Auswers to sub-questions A and B define the summer and winter
seasons on the tract. The first month of the summer season (growing
season) is defined as the first spring month in which 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
winter 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 answer to sub-question C defines the fall month in which mast
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 lower
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 which 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 snow 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.,

Questicn 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 weather or forage 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 will be vsed, a 1 (one) should be
coded.

Question 4: The number of habitat cover types which 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 evaluvated in the following
sections and must be less than or equal to 10, 1If there are more
cover types than 10, the unit may be divided into two 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 suc-
cessional change parameters, and a species composition code. The area
covered by a cover type should be expressed as the porportion cf the
subunit area covered by the type. Areas in a subunit which are seldom
entered by deer, such as ponds or rock fields, and which 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 parameters should
be given for the dominant cover type which is present or most likely
te occur and have the greatest influence on deer. These parameters are:

stand age, maximum expected attajinable height, vears to the maximum



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 whose
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 will grow on the site.

Years to 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 a negative number. If the maximum height is zero, place a 10 in this
space. |

Species Composition is the code used tc designate the prominant

trece types in the dominant canopy. This code is as follows:

1 = hardwoods
2 = mixed hardwoods and conifers
3 = conifers

Forage Production

The forage production data of a cover type must be opposite the

same cover type identification (ID) number as was that cover tvpe's



94

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 which 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 which this

cover type has probably been producing the forage type. If production
has not yet started, this should be given as the negative cof the vears
in which production should begin.

Year of maximum production (except for fruits) is the year in which

maximum production will be reached. If this point has passed, express
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 prcduction of a forage type
in a cover type enter a 10 in the space.

Years of productive life remaining is the number of years into the

future that production of this forage type from this habitat will 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 Analysis

The potential productivity modzl was tested for its sensitivity to
model-supplied parameters and to evaluator-supplied data. The sensi-
tivity analysis was conducted for a hypcthetical tract of land, described
in the work form presented in Table 15. The area is typical of the
Northeast climate, having moderately severe winters and is composed of
a mix of overgrown pasture land, early second growth hardwoods, 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, when all other parameters were held constant.

The results of the sensitivity analysis point out the limitations of
the model and the relative importance of the varicus parameters. The
best indicators of the sensitivity of the modeled deer-environment energy
system for the short-tarm, are the forage-based SDP's, These SDP's are
determined only by the energy system within a season. The cumulative
50-year productivity indices are related to the energy balance of the
population over the entire 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. Evaluation wcrk;form~for the first‘hypothétiéai tract.

. HABITAT EVALUATION FORM FOR
ESTIMATING THE ENERGY POTENTIALLY
AVAILABLE FOR DEER PRODUCTION
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Table 15. (cbn;inuad)

5. MAJOR SEASCOMNAL EVENTS

(CODE THE MONTH IN WHICH THE ¢ rvswr mrcuas IN THE

ARFA BEING EVALUATED.)
(JAM'OI;FE&QQZ;E?C.’ Y
Ae FIRST MONTH QF
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Table 15. (continued)

SUBUNIT EVALUATION

1. SUBUNIT co0k _[ne plantations .

(1-20)
2. WHAT PERCENT OF THE TOTAL TRACT IS THIS
SUBUNIT, - 45 .
{(21-25)

3. USE OF THE SUBUNIT BY DEER, PROJECTED OVER THE YEAR.

/[ VA /o L / Z / / / /[ / /
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
(26) (27) (28) (29) (30) (31} (32) (33) (34) (35) (36) (37)

4, HOW MANY HABITAT COVER TYPES ARE THERE WITHIN THIS
SUBUNIT 4 -
(40-41)

COVER AVAILABILITY

% OF :STAND: MAXIMUM 3 YEARS @ YEARS :SPECIES
SUBUNIT: AGE : HEIGHT 370 REACH:TO MAXIMUM : MIX
AREA  :YEARS:ATTAINABLE: MAX HY :GROWTH RATE: CODE

&% as de
% &% %9

1 20 35, loo. _65. _ 1O 3

1-4 5-8 g9~12 13-16 17-20 21
2 e 35 /00 _b5. e 3.
3 20 5 . 129 L2 25 L
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Table 15. (continued)
FORAGE PRODUCTION
T MAXTMUM IPRODUCTION: YEARS TO = YEARS OF 3
: EXPECTED :  AGE OF : MAXIMUM : PRODUCTIVE @
SSUMMER:IRINTER: § 1 W 3t § 5 W 2 S 2 W 2
P PRODUCTION @ STAND SPRODUCTIONILIFE REMAINING:
1 W8 FO- Svo. 245 3S. /5 -4 5 55
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SC 4o0. 3 /o 70. -4 4- Lee: L2
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Table 15. (continued)

SUBUNIT EVALUATION

1. SUBUNIT CODE Heavdwood h.lls .

(1-20)
2. WHAY PERCENT OF THE TOTAL TRACT IS THIS
SUBUNIT, RS N
(21-25)

3. WSE OF THE SUBUNIT BY DEER, PROJECTED OVER THE YEAR.

sl e Fade de o S / Loan Jaowi g / / /
JAN  FER  MAR APR  MAY JUN JUL AUG SEP OCT NOV DEC
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%o HOW MANY HABITAT COVER TYPES ARE THERE WITHIN THIS
SUBUNIT S .
(40-41)

COVER AVAILABILITY

¥ OF :STAND: MAXIMUM 3 YEARS YEARS :SPECIES:
SUBUNIT: AGE : HEIGHT :T0O REACHITQO MAXIMUM : MIX
AREA IYEARS:IATTAINABLE: MAX HY :GROWTH RATE: CODE

9 8% &8

&% &3

1 127 39. £28: (P - -
1-4 5-8 9-12 13-16 17-20 21

30 0. /00. _loo. _25 A

25 35 Lon: LR ——l —
e 38 WAL -1 . -

2 2o (20 452 R s

e s v o e e s o s e e S . e bt e

o o . e e s e e e o

s oo o S o e i e e 2 s e o i, B s

ol BE

ol
<

e i i o s . s s e i o s o i e i st P ] e e



101

Table 15. (continued)

FORAGE PRODUCTION

: MAXIMUM TPRODUCT ION: YEARS TO = YEARS OF b3
T EXPECTED : AGE OF 3 MAXIMUM = PRODUCTIVE
ISUMMERSWINTER: § ¢ W & S s W : S ¥ -

PRODUCTION : STAND SPRODUCTIONILIFE REMAINING:

1 W8 J4Yy. HS5. 50. 5. -20. ~2o0. 3S. $s.
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SC ____32 S, 5. sp. ~H43. -43 35S, gs.
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sC __32._ Ly sv. S5V - =43 -43 3S. g5
FR 9. _50 o 12 XIS LA Zo.
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Table 15. (continued)

SUBUNIT EVALUATTON
1. SUBUNIT CODE __QOL) farm Llands .

(1-20)
2o WHAT PERCENT OF THE TOTAL TRACT IS THIS
SUBUNIT . .30 -
' (21-25%

3. USE OF THE SUBUNIT BY DEER, PROJECTED OVER THE YFAR,

de L L £ L V4 / Z i / L L
JAN FEB MAR APR  MAY JUN JUL AUG SEP O0CT NOV DEC
(26) (271 (28) (29) (301 (31) (32) (33) (24) (3%} (36} (37}

4. HOW MANY HABITAT COVER TYPES ARE THERE WITHIN THIS
SUBUNIT & .
(40-41)

COVER AVAILABILITY

: % OF 3STAND: MAXIMUM @ YEARS = YEARS tSPECTES:
ISUBUNIT: AGE = HEIGHT 70 REACHITO MAXIMUM : MIX
: AREA :YEARS:ATTAINABLE: MAX HT :GROMTH RATE: COOE
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Table 15. (continued)

FORAGE PRODUCTICN

MAX IMUM SPRODUCT IONS YEARS TO : ¥YEARS OF

EXPECTED : AGE OF 3 MAXIMUM 3 PRODUCTIVE
SUMMERIWINTER: § ¢ W 3 8§ ' 4 2 s oz W
PRODUCTION 2 STAND IPRODUCTIOMILIFE REMAINING:

82 @ @a
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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°cC Increase 0.0%*% 0.0 0.0 0.0
Snow Depth 10% Increase 0.0 0.0 0.0 0.0
Spring Season 1 month Earlier 141.2 0.0 24.4 -100.0
1 month Later -22.1 0.0 -14.5 54.2
Fall Season 1 month Earlier 0.0 -3.2 -2.0 -8.2
1 month Later 0.0 49.5 21.6 157.4
Spring Molt 1 month Earlier -35.3 0.0 -20.2 77.7
1 month Later 0.0 0.0 0.0 0.0
Fall Molt 1 month Earlier 0.0 54,4 23.3 174.0
1 month Later 0.0 0.0 0.0 0.0
All Habitat Use Based on
Forage Production 24.3 0.0 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 0.0 3.9 -16.0
Winter Browse 10% Increase 9.8 0.0 3.7 -15.0
Winter Succulents 10% Increase 0.2 0.0 0.2 -1.0
All Summer Types 107 Increase 0.0 10.0 5.6 28.0
Summer Browse 107 Increase 0.0 5.6 1.7 21.8
Summer Succulents 10% Increase 0.0 4.4 4.2 5.2
Forage Production Spans 107 Increase 5.6 6.1 6.2 5.4

%0T



Table 16, (continued)

[N e]

Basal Metabolic Rate 10% Increase -9.1 -9.1 -9.1 -9.
Visible Solar Radiation 10% Increase 0.0 0.0 0.0
Snow Depth on Activity Energy
Requirement
Regression Slope 10% Increase 0.0 6.0 0.0
Regression Intercept 10% Increase 0.0 0.0 0.0
Slope and Intercept 10% Increase 0.0 0.0 0.0

* The Normal is the SDP calculated when the variables were left as reported in the text and Table ]

*% All reported values after the Normal are in precent, increasing if positive and decreasing if
negative

[N o]

(&N e

SO0T
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that these variables add little to the predictive ability of the
developed model. However, the model'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 proportion that the different forages
are in the model deer pecpulation'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 was 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 climate and is composed of second-growth
hardwoods and old pastures and hay fields. The second tract is des-
cribed by the work form in Table 17. The evaluation printcut forms are

presented for the two tracts in Tables 18 and 19, respectively.
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Table 17. Evaluation work form for the second hypothetical tract.

HABITAT EVALUATICON FORM FQOR
ESTIMATING THE ENERGY POTENTIALLY
AVAILAELE FCR DEER PRODUCT ION

(CARD COLUMN)

1. TRACT NAME Bmflr\'hs i 1 1-40
?. TRACT LOCATION

A. STATE New Vork . 2 1-40
L. TOWNSHIP . 4 1- 40
Des LATITUDE HL-5 3 4 41~45
E. LONGITUDE 79 - . 4  46-5Q
3. SIZE OF TRACT (ACRES}) /500 . 4  51-60

4. CLIMATIC DISCRIPTION OF AREA

MEAN MONTHLY MEAN WEATHER MEAN MONTHLY

: TEMPERATURE 3 STAT ION : SNOW-PACK :

? MAX. MINe = WIND SPEED : ACCUMULATION :

: {F) : (MPH) z (INCHES) H
JAN 37.5 /3.5 3.7 L2.3 5

1-5 6~10 11-15% 16~21

FEB 325 /3.5 & ~23.%2 &
MAR Hé.92 22.0 A2 ~L2e¥ 7
APR S6e.2 27.9 - Y4 - 8
MAY €97.2 372.0 S eE ——fe0 9
JUN ?_f_ o2 HhaS —— o{ ___,,.QOQ. 10
JUL ZZ_-?: f_éo._ __.._}.ci _,_Q.Q i1
AUG  77.5 33.5 2 eS —i2el 12
SEP 76,5 55 __ 3.6 __ 0.0 13
OCT Z6.0 33.0 3.3 0.0 14
NOV 62,5 26,5 3.7 LY 15
DEC Y80 17,0 3.2 3./ 16

e o e B
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Table l? (&ontinued}

Cod A A

B B T T - - 00 ) Ahgrany e B S

5. MAJOP SEASONMAL 5?8&?5 SRS R
(CODE THE MONTH IN %Hiﬁﬂ THE F?ﬁﬂ? Qﬁﬁﬂ%ﬁ IN THE
AREA BEING 5?&&&&?&@& WA
(JAN=014FEB=02,ETC.)

2. FIRST MONTH OF SUMMER SEASON  _Q4 17
Ba FIRST MONTH OF WINTER SEASON _/0 17
C. INITIATION OF MAST FALL /o 17
. DEER'S SPRING MOLT o5 17
€. DEER'S FALL MOLT _Ze. 17

e HOW MANY IDENTIFIED FH&%?EGM&L 5&%&@%?5 i
&Rﬁ ?MF@% ﬁ& s‘ﬁ Yﬁﬂﬁ?  ;; 5 m££~ a;?i?

-2
Bty
G=6
7-8
G~10

11*&3

?,k PR&?%RTiﬁ% 6? ﬁﬁﬁ&UN??iﬁ% QF ?HE Tﬁ&%ﬁ $ﬁﬁﬁ&§ fLAﬁSiﬁ.

ﬁﬁﬁ@? 5QFQ$XE%T5 FRQ??S
BROWSE ‘
- SUMMER SEASON S & S 773 »ﬁw?‘ 18
1-5 - 6~10  11-15
WINTER SEASON o C84 697 R4 18

Ba ﬁ&ﬁi?&? HS§ IN %iﬁf&% ﬂﬁﬁ% SH@M ﬁ???ﬂ& éﬁﬁ GEE&?FQ
: ‘ 3&“3%

Yﬁ&% wﬁ&uw i%£ﬁ§5*71 e 18

HQ , §§F§€Y§¥ﬁ ﬁ@?fﬁ o
OPEN $A§£I&ﬁ$ 95L§%ﬁ&55 ;gﬁﬂ5§3

E RN o 4‘j  ﬁ%¥; ; . 19
HARDWODDS of .02 _02_ _ .ol
¢ 1-5  6=-10  11-15  16-20
”1%%3 %Q%Qﬁ 02 o5 03 _ 06
; . 71-2% ‘c9é“36“;‘_3i~3§ . 36-40
oze2 0k _ .32 __+33
41 -45 46=50 51-5% 56-60

 CONIFERS

\ - - NIGHT j 20
HARDWODDS 102 o3 03 oz

MIXED woans e o5 ey .05

CONIFERS 0% 05 3/ 3

 1-60

i=-60
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Table 17. (continued)

SUBUNIT EVALUATION

i. suga&;r ga&& ”*§§¢°‘\
€2“3@}

2. WHAT PERCENT OF THE TOTAL TRACT IS THIS ‘_N,
3%5ﬁ&3%£7¢ i - b E : L e

3. gsg g@y%ﬁg‘gasuazr"ég DEER, PROJECTED OVER THE YEAR.

zza; {??} {?at“iéqa ia&: iBii ;zs; (33) (341 (35) (36) (371

RE WITHIN THIS
SUBUNIT TPAN THES ©

: % O0F ;ﬁzfaﬁsz MAXIMUM ‘; YEARS :°“J¥Egﬁ§f°‘:sﬁ§€:§ss
CSUBUNIT: AGE 3 HEIGHT :70 REACHSTO MAXIMUN : MIX
o IYEARS:/ BLE: MAX HT SGROWTH RATE:

o ﬁ 0.
Tl el I
}'ﬁ,g o .,,,gfs?;?;m .

et
o
9

¥ en

OCBNPV B BN

et
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Table 17. (continued)
FORAGE PRODUCTION
3 MAXTHMUM IPRODUCT ION? YEARS YO = YEARS OF H
: EXPECTED :  AGE OF s MAXIMUM : PRODUCTIVE 3
SSUMMERIWINTER: § s W ® 8§ 31 W 3 s 3 W 2
T PRODULCTION @ STAND SPRODUCTIONSLIFE REMAINING:
1 w8 /99. 45: go. so. 3e. 30. /35 /35T
6H=~10 11-1% 16-20 21-25 26-3C 31-35 36~40 41~4%
5C 32, 5. L0. &0. 2. Lo, 7o,
FR g. /po. O, /0. i ‘o, 33, 33,

2 Wi /HYy. 45 _Go. _ 6o 30. 30. /35 /35
SC 32. 5. so. _80. 8. B __le. 2C:
FR 0. 25 o. _1o. /5. ZO. 33 33.

3 WR  _/9Y. fo. 60, o 3o, . /35 /35
sC 32 5. §o. £0. _Z_;__ B Y ia e SO
FR ___0: 25, 0. /0, S, /0, 33 33.

4 W8 /494, _Z°. 0. o._ _36 3¢. BR. _LE2:
SC 32- s o. 0. %, T /BST /BST
FR 0. 247 0. =70, /0. 55, SV. soo

S W8 i . 20. 20. =&, g po. 2,
SC .32 8 2o _20.. ZE. ~7Z. s e
FR 0 2, o: O,  _rso L0 Lo: 2d-

6 WR
5C i~
FR

7T W8
sC B
FR

8 WH - I

| SC
’ FR _

9 wWe
SC . . e
FR _

10 w8 _

SC

FR
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Table 17. (continued)

SUBUNIT EVALUATION

1. SUBUNIT CODE Foarm Jand s .
{1-201
2. WHAT PERCENT OF THE TOTAL TRACT IS THIS
SURUNTIT. 30 N
(21-25)

3. USE OF THE SUBUNIT BY DEER, PROJECTED OVER THE YEAR.

/ / o 1 / ) ) ] 1 ] I
JAN FEB  MAR APR MAY JUN JUL AUG SEP 0OCT NOV DEC
(26) (27) (281 129) (30) (21) (32) (23) (34) (35) (36) (37)

4. HOW MANY HABITAT COVER TYPES ARE THERE WITHIN THIS
SUBUNIT A .
(40-41)

COVER AVAILABILITY

t % OF :STAND: MAXIMUM : YEARS 32 YEARS $SPECIES
SSUBUNIT: AGE @ HEIGHT 70 REACH:TO MAXIMUM 3 MIX
: AREA IYEARS:ATTAINABLE: MAX HT ::GROWTH RATE: CDDE

28 an

o

1 e 2 /20, _Leo: 25 Z
1-4 5-8 9-12 13-16 17-20 21
- 20 0. /29, /175" 75 A
43 Q- 422, _Lgo. 2o 1
=52, 60. L2, e 8o, 2

e seat e v < e e v s e

QoA WN

B
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Table 17. (continued)
FORAGE PRODUCTION
: MAXIMUM SPRODUCTION:T YEARS O @ YEARS OF :
T EXPECTED :  AGE OF = MAXIMUM PRODUCTIVE =@
TSUMMER:SWINTER:T S 3 W 2 § 2 W 12 S = W s
T PRODUCTYION 32 STAND TPRODUCTIONILIFE REMAINING:
1 we 240 _yow. 0. 0. _ 2o0. 3o. /35, _ 35
£=10 11~15 16~-20 21—~2% 26-30 31-35% 36~40 41~4%
sC Feov. 52, 0. 0. 2 __3Z /35> 735"
FR o, 25 0. - 5D 20- ow /5O . /5D .
2 we  AHo. oo 0. 0. 3o0. _3o- }155. 55
SC 20, S50 0. O, 2 3. /&5 755 .
ER o S, 0 ~50. 21/ LoD /75 /25
3 Wy 290 /e, 0, o,  _B3o 3o, 162, _Llé2.
SC _Joo. SD. fo 2 O, ¥- = l£2. JEZ .
R o. 5 o - &1, 21 /0. ST . /50
o Wp /%Y 43 6o, _bo. -30. =30 oo __Joo.
SC 32. 5. 0. ~60- ~-%2 -&82. SO0 . OO -
FR 2: 25, O-_ _4Q. 2l _ 2. L29: . [Z9.
5 W8 _
SC L
FR L
& W8 __ o
&C =
FR onalniaal I
7T W8 Ll
$€: 3 -
FR —
8 WB —
SC —_—
FR o o — 1 —
9 WH S
SC . LS B
o -
10 Wwe - -
<C

FR

i . s s

.ty ot g <o
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Table 18. Computer evaluation printout for the first of two hypothetical
tracts.

A BIDENERGETIC EVALUATION OF DFER W
INDEX TO THE ENERGY PCTENTIALLY AVAILABLE FOR THE PRODUCTION
OF DEER ON  VANDERWARK TRACT
iN YHF S?&TE QF iﬁeu‘yﬂax‘fV . o ,i: ,ﬂ\ ; L

A&LEG&W? . CGB&T?, e
T RRIT SR BE SUONED TG T CSRRELLEELT.
41,0 L&*i?ﬂﬁ&: 80.0 LﬂN€i¥u5§. BEING COMPOSED OF

1120040 acggs es LAND.

CtHE aem&aaa chnnrzﬁ B&&ﬁ%l??!ﬂ F THIS AREA OF THE

$YﬁTE iS AS FQLLGH&n,

MEAN MONTHLY ,nﬁﬁ"nea?ﬂ&afﬁ MEAN MCNTHLY

@8 &8 3% &

B8 @6 B2 e

% 29 w8 s%

o . e g_ : ‘ . fiﬂﬁﬂﬁﬁ?
JAN 35,5 11.5 23.5 3.5 15.4
FEB 35,5 11.5 2345 3.8 18.7
MAR  42.5 1845 30.5 4.0 10.5
APR 53,5 2545 39.5 4.1 4e0
CMAY 65,0 33.0 49’5 3.8 Q.0
JUK  73.0 45,0 59,0 3.5 0.0
AUG 7545 815 63.5 3.5 0.0
SEP 745 46,0 60,3 2.6 0.0
GCT 72,0 30.0 51.0 3.8 0.0
NOV 58,0 24.0 41.0 3.9 0.0
DEC 4bo0 16,0 31.0 3.7 6.7

THE SUMMER SEASON BEGINS IN MONTH 5 AND THE WINTER
SEASON REGINS IN MONTH 10 .

THE SPRING MCOLT OF DEER IN THIS AREA PEAKS IN MONTH 5
AKNG THE FALL MOLT PEAKS IN MONTH 10 .

FOR EVALUATION PURPOSES THE TRACT HAS BEEN CIVIDED
INTO 3 SUBUNITS, THE DESCRIPTION OF WHICH FOLLOWS.
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Table 18. (continued)

PINE PLANTATIONS SUBUNIT IS
COMPOSED OF APPROXIMATELY 540. ACRES. THE EXPECTED
UTILTZATION OF THE SUBUNIT IS AS FOLLOWS:

U5 SR S T S § 1 1o A Ao A il )l
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV  DEC

THE SUBUNIT HAS BEEN DIVIDED INTO 7 COVER TYPES.

COVER DESCRIPTION OF THE SUBUNIT

2 AGE

CF H OF

sa

MAXIMUM :YEARS TO:YEARS TO:SPECIES

ee s

TTYPE $ HEIGHT : REACH t  MOST :MIXTURE
H SSUBUNIT:sDOMINANT: COVER @ MAX, :VIGORCUS: INDEX =
H : : COVER 3WILL GROW: HEIGHT : GROWTH :0F COVER:
1 0.20 35. 100. 65, 10. 3
2 0.10 35. 100. 65. 15 3
3 0.20 50 100. 100. 25, 1
4 0.10 50. 10C. 75. 10« 2
S 0.20 10. 120. 8C. 35. 3
b 0.10 10. 12C. 90. 45, 3
7 0.10 15, 7C. 45, 15. 1
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Table 18. (continued)

FORAGE PRODUCTION, SUCCESSIONAL OESCRIFTION OF THE SUBUNIT

COVER:FORAGE: MAXIMUM sPRODUCTION: YEARS TO = YEARS OF

STYPE @ YYPE : YEARLY : AGE OF s MAXIMUM 3 USEFUL

H s IPRODUCTIONSTHE COVER :PRCODUCTION: PRODUCTIVE

H H sTO EXPECT ¢ FOR THIS @ SLIFE REMAINING

H 2 H : FORAGE H

: H s 8 K T S ¥ ¢ S WOz S W
1 1 &80. 50C. 35. 35, -~15. -15. 554 55
1 2 400, Se 350 35. "'30. ""30. 55, 55
1 3 C. 50 0‘ "25‘ 50' 50. 75a 76-
2 1 8C. 500. 35. 35, ~15+ =15, 55, 55.
2. 2 ‘!000 5. 35‘ 350 -30¢ —300 55‘ 55.
2z 3 Qe Se Qe "'25. 50. 50 750 75«
3 1 l‘f“lo "5. 70. 70. "59. ""'50- 450 450
3 2 32. 5. 70: 70‘ "'bs. =65, 45, 45,
3 3 0. S5C. O 10. 15, 15. 40a 40,
4 1 14". ‘8Cn 50. 50. “36. "’30. "‘5- "95‘
4 2 32o 5. SG' 50' -304 ~30 45, 45
& 3 Qs 25 O Sa 20. 20, 45, 45,
5 1 80. 500, 10. 10, 14. 1l4. 100, 100.
5 2 ‘QQG’ 50 i0. 10‘ by ~o 100- 1000
5 3 Qo 5. G. -350 ‘5. 45- 78. ?0.
L 1 80« 500. 10, 10, 14, 14. 100, 100.
6 2 ‘?CO. Sc IG. 10- ~&4 o -y 100. 100.
6 3 O. 5. G. “35. "Sc 45: 700 700
7 1 144, &5, 15, 15, 9. G 70a 70,
7 2 32. 50 150 15. -Qs ""9. 70- 70.
7 3 O. 500 O’ “30. "0- 40. (35. 65-

% B En

L T L
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PINE PLANTATIONS

EVALUATION CF THE POTENTIAL SEASONAL STANDARD DEER

POPULATIONS SUSTAINABLE ON THE SUBUNIT,
SUCCESSIUN.

se &2 A% &

10
i5
20
25
20
35
40
45
50

L

: WINTER
FIRST : FORAGE:FORAGE:
BASEDIBASED 3

-

T ESTIMATES:

624,
643,
632,
591
525.
443,
353.
266,
190.
128.

82.

624,
643.
632,
591.
525.
442,
353.
2664
189.
128,

8l.

POTENTIAL SIGHTABLE

585,
487.
291.
213.
151.
104.
69.
44,
27.
17.

YEAR:STANDARD DEER POPULAT ION:CL IMATIC:
SSUMMERSSEVERITY:

INDEX
2

s s

Qe
Oe
C.
Qe
C.
Oe
Ce
Os
Ce
Oe
0w

SUBUNIT

ASSUMING

"NORMAL®

PRODUCTIVITY INDICES =

S %

585e.
487.
384.
291.
213.
151.
106,
69.
44,
27«
17.

STANDARD DEER INDEX

b

Mk

$SEASONAL:

: RANGE 3

: BALANCE:
Oe 0.938
Ce 0.757
Cao 0.607
O 0.492
Q. Q. 406
0. Os 342
O. 0.294
Ua 0259
Ce 0.233
O. 0.215
Oa 0.204

POTENTIAL HARVESTABLE STANDARD DEER INDEX ~ WHEN THIS

IS ACHIEVED
ONLY AT THE EXPENSE OF THE PCTENTIAL SIGHTABLE PRODUC-
TIVITY INDEX; THE CONVERSION CAN BE MADE BY USING THE
SEASONMAL RANGE BALANCE INDEX AND EQUATIONS PRESENTED IN

INDEX IS ZERQ,

THE TEXT

A POSIVIVE PROQUCTIVITY INDEX
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Table 18. (continued)

HARDWOOD HILLS SUBUNIY IS
COMPQOSED OF APPROXIMATELY 300. ACRES. THE EXPECTED
UTILIZATION OF THE SUBUNIT IS AS FOLLOWS:

B S S U SR W R Gt | 1 o ade <he ke
JAN FEB  MAR APR  MAY JUN JUL AUG SEP OCT NOV DEC

THE SUBUNIT HAS BEEN DIVIDED INTO % COVER TYPES.

COVER DESCRIPTION OF THE SUBUNIT

:COVER: b 4 :  AGE : MAXIMUM :YEARS TO:YEARS TO:SPECIES 3
:TYPE : QOF H OF T HEIGHT : REACH t  MOST :MIXTURE :
3 SSUBUNIT:ODOMINANT: COVER ¢ MAX. :VIGOROUSz INDEX @
2 H 2 COVER WILL GROW: HEIGHT : GROWTH :0F COVER:

1 Qa5 50, 100. 100. 25a 1

2 030 50, 100 100, 254 1

3 Qe 25 35. 100. 150, 75 Z

4 0.10 35, 100. 150. 75, 1

5 0.10 20, 100, 150, 80. i
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FORAGE PRODUCTICON,

SUCCESSIONAL OESCRIPTION OF THE SUBUNIT

:COVERS FORAGES MAXIMUM

tTYPE

B8 £4 96 a6

ot put ot

[FYRREE R | Mo

(LIRS R

-
-

a8 9¢ B9 gu

TYPE

(PSS I

[P e N o

el B e

tPRODUCTION: YEARS TO @

: YEARLY 2 AGE OF : MAXIMUM 3
tPRODUCTIONSTHE COVER :PROCUCTION:
sTO EXPECT @ FOR THIS 3 H
: T  FORAGE = :
s 5 W : S W o S W2
144, 45 50, 50. -20a -20.
324 Se 50, 50, ~43, =43,
O« EBC. 0., 10. 2%. 25,
1446, 45 50. 50, ~2Q0e =20
3ile S 50, 50 ~43 4 e X M
0, 50, O« 10. 25« 25.
144, 85, 3%. 35. 1e la
320 ﬁ. 35‘ 35- ”27& ’270
0' 25. Ce -5 40 s 40,
144, 4%, 38, 35. l. o
320 50 35. 350 '270 ’27.
Go SGQ 00 “50 20. *00
144, &5, 20. 20. 1%. 15.
32 50 20, 20 “12. “12-
Us 50¢ Oe *15. 20a 5%

YEARS OF
USEFUL
PRODUCTIVE
LIFE REMAINING
S W
85, 85,
85, 85
56. 40‘
88, 85.
85, 85,
50, 40
120. 120.
120. 128,
50a 55
120: 129¢
120, 120,
50 55.
130. 130.
130. 130G.
50. 65,

28 B8 S84 ge A gy
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HARDWOOD HKIL

EVALUATION OF

SUCCESSION.

b% sv 00 e

10
15
20
25
30
35
40
45
50

¥ %

LS
THE

POTENTIAL SEASONAL STYANDARC OEER
POPULATIONS SUSTAINABLE ON THE SUBUNIT,

b4

3 WINTER :SUMMER:SEVERITY:

: FIRST : FORACE:FORAGE: INODEX

: ESTIMATE: BASED:BASED : kS
88. 88, 154, Ue
82. B2 139. Oa
T4 T4 123. Ge
65, 65, 105. (V8
55. 55. 89, O
46, 46, 73. Qe
37 37. 58. Co
29, 29. 46. Oe
23. 22. 35. Oe
17, 17. 26 0.
12. 12, 19. Ce

POTENTIAL SIGHTABLE

SUBUNIT

ASSUMING “NORMAL™

S

88.
82,
Tha
65,
55.
46,
37.
2%
22.
17.
12.

STANDARD DEER INDEX

M

i

a4

YEARISTANDARD DEER PCPULATION:CLIMATIC: PRODUCTIVITY INDICES 3

SSEASONAL 3
H¥% @ RANGE 3
: BALANCE:
66, 1l.749
57. 1.702
49, la663
41, l.632
33, 1.607
217. 1.589
21. 1.577
17 1.570
13, 1.570
10. 1.575
Te 1.587

POTENTIAL HARVESTABLE STANDARD DEER INDEX -~ WHEN THIS

A POSITIVE PROOQUCTIVITY INDEX IS ACHIEVED
ONLY AT THE EXPENSE OF THE POTENTIAL SIGHTABLE PROQUC—
TIVITY INDEX3 THE CONVERSION CAN BE MADE BY USING THE
SEASONAL RANGE BALANCE INDEX AND EQUATIONS PRESENTED IN

INDEX IS ZERO,

THE TEXT
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Table 18. <(continued)

OLD FARM LANDS SUBUNIT IS5
COMPOSED OF APPROXIMATELY 360, ACRES. THE EXPECTED
UTILIZATION OF THE SUBUNIT IS AS FOLLOWS:

O WU W S W 1  § 1 1 1 1 1 1
JAN FEB MAR APR MAY JUN JUL AUG SEP O0OCT NOV DEC

THE SUBUNIT HAS BEEN DIVIDED INTO & COVER TYPES.

COVER DESCRIPTION OF THE SUBUNIT

tCOVER: % 2 AGE s MAXIMUM YEARS TO:YEARS TOsSPECIES
:TYPE = OF 3 QF : HEIGHT 3 REACH : MOST :sMIXTURE

56 8% we

s :SUBUNIT:DOMINANT: COVER 3 MAX, :VIGORCUS: INDEX
H : : COVER :WILL GROW: HEIGHT : GROWTH :0F COVER:
1 0.35 Qe 10G. 180. 100, 2
2. G20 20, 100. 150. 80 1
3 0.10 Ce 100. 180. G99 1
4 0.15 Oe 100. 180. 99. 2
5 Uel5 75 10G. 50. 10. 2
6 D.05 75. 100. 50. 10. 1
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FORAGE PRODUCTION, SUCCESSIONAL OESCRIPTICON OF THE SUBUNIT

SCOVERSFORAGE:S

TTYPE

% 20 22 B

e

Wl NN N

Ut P I

[+ s s

-
-

$2 23 o8 4e

TYPE

W) D) pet

AN g G N e L DN e

ORI

-
-

:

MAXINUM
YEARLY

SPRODUCTION:THE COVER
:TO EXPECT

S

144,
32.
0.

144,
32.
Ca

144,
32.
Qe

la4,
32.
Te

144,
32«
C.

144,
32.
Ca

W

8Ca
Se
25.

45,
Se
5C.

45.
5C.

80.
S5e
25.

8C.
5.
25.

45,
5.
50.

:PRODUCTION: YEARS TO 3

2

2
-
H

AGE OF
FOR THIS

FORAGE

S W
Q. Te
Qe Qs
0' "‘70.
20 20,
20. 20.
Oo "500
Qe Qe
Ge Ce
Oo "70.
Oe Oe
O 0.
Oo "70-
5. T5.
75. 75
Qs Se
75« 75
5. 75.
Ce 5.

T MAXIMUM :

sPROCUCTION:
: 5 W oz
36a 36

Ce Te

45, 85,

10. 10,
"12. "12.
25. 65.

36. 36,

G 9.

45. 85,

36. 36.

9. Ge

20, 85,
"50. "'50.
"“69. "'69.
20. 20.
-50s =50,
-69. "69.
20. 20.

YEARS OF
USEFUL

PRODUCTIVE
LIFE REMAINING

S W
162. 162.
135, 135.
50. 100.
130. 130,
85, 85.
50. 80.
162. 162,
135. 135,
50. 100.
162. 162,
135, 135,
50. 10C.
40, 40,
20. 20,
5C. 45,
40. 40.
20Q. 20,
50. 45,

o3 S8 3% gq % Be
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EVALUATION CF THE POTENTIAL SEASONAL STANDARD DEER

OLD FARM LANDS

SUBUNIT

POPULATIONS SUSTAINABLE CON THE SUBUNIT, ASSUMING "NORMALY
SUCCESSTON.

10
15
20
25
30
35
40
45
50

oo

:

-
-
»
RS

WINTER

FIRST : FORAGE
ESTIMATE: BASED
21, 21.
51 S1l.
72 72
9. 89.
102. 102.
ill. 11l.
115. 115.
114, 114,
110. 110.
102. 1g02.
93. 92.

POTENTIAL SIGHTABLE

YEAR:STANDARD DEER POPULAT ION:CLIMATIC:

SSUMMERSSEVERITY:

tFORAGE: INDEX 3

IBASED 2 % H
4Q, Ca
117. O
145, Oa
163, Ca
172 Ge
176, Ce
174 Qe
167, O«
1564 0.
142, Oe
126, {38

PRODUCTIVITY INDICES

S#*

21,
S1l.
T2,
89,
102.
111.
115.
114,
110.
102,
92

STANDARD DEER INDEX

-
»

4% as

:SEASONAL:
H¥&% : BRANGE @
: BALANCE:
28, 20301
66, 2290
T3 2.012
T3, 1.821
T0 1686
65, 1.588
59 1515
S3e 1460
46, 1.419
40, 1.387
34 1363

POTENTIAL HARVESTABLE STANDARD DEER INDEX - WHEN THIS
SITIVE PRODUCTIVITY INDEX IS ACHIEVED

INDEX IS ZERO, A PO

ONLY AT THE EXPENSE OF THE POTENYIAL SIGHTABLE PRODUC~
TIVITY INDEX; THE CONVERSION CAN BE MADE BY USING THE
SEASONAL RANGE BALANCE INDEX AND EQUATIONS PRESENTED IN
THE TEXT
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Table 18. (centinued)

VANDERMARK TRACT
HABITAT EVALUATION SUMMARY FOR A 50 YEAR PLANNING PERIQD
ASSUMING NATURAL SUCCESSION

YEARSESTIMATE:FORAGE:FORAGE: MEAN H :SEASONAL
OF SBASED :BASED :SIGHTABLEIHARVESTABLE:BALANCE
WINTER :WINTER:SUMMER: INDEX* 3 INDEX®2 2 INDEX

#s as 32

-
s
»
-
-
-
-
-

88 &g 8%

sDpP : S0P @ SDP @ 3 s 3

O 134, 733. 789, 695, 4, 1.076
5 776, 776 743, 620a 123. 0,958
10 778 778. 652. 530. 122« C.838
15 T45a 745, 559, 645, 114, 0. 750
20 683 682. 474, 371 104. G695
25 56G, 599, 400, 308. 92 0V.667
30 505, 504, 336, 255. 80. Q6606
38 410. 409, 281. 212, 69, 688
40 322 322 235, 176, 59, 0.731
45 247, 247, 196, 146, 49, 0793
50 187. 186, 162. 121. 41, J.870

50 YEAR

TOTAL 29930, 29901, 24126, 19391, 4735, O. 807

* POTENTIAL SIGHTABLE STANDARD DEER INDEX

%  POTENTIAL HARVESTABLE STANDARD DEER INDEX — WHEN THIS
INDEX IS ZERQ, A POSITIVE PRODUCTIVITY INDEX IS ACHIEVED
ONLY AT THE EXPENSE OF THE POTENTIAL SIGHTABLE PRODUC-
TIVITY INDEX; THE CONVERSION CAN BE MADE BY USING THE
SEASONAL RANGE BALANCE INDEX AND EQUATICNS PRESENTED IN
THE TEXT
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Table 19. Computer evaluation printout for the second of two hypothetical
tracts.

A BICENERGETIC EVALUATION OF DEER HABITAT, GIVING AN

INDEX TQ THE ENERGY PCTENTIALLY AVAILABLE FCR THE PRODUCTION

OF DEER ON TOMPKIAS TRACY
IN THE STATE OF NEW YORK ]
TOMPKINS COUNTY,

TOWNSHIP AT
4145 LATITUDE, 79.0 LONGITUDE; BEING COMPOSED OF

1500.,0 ACRES CF LAND,

THE GENERAL CLIMATIC DESCRIPTICN COF THIS AREA OF THE
STATE IS AS FOLLOWS:

MEAN MONTHLY : MEAN WEATHER MEAN MONTHLY

&% &e

28 a4

TEMPERATURE 3 STATION : SHNOW-PACK

IMAX, MIN, MEAN: WIND SPEED : ACCUMULATION
1 {F} -] {MPH) $ { INCHES) o

JAN 375 13.5 2545 367 17.8

FEB 37.5 13,5 25.5 3.8 232

MAR 46.0 22.0 34,0 4.0 10.8

APR 56,0 28,0 42.0 4e1 b4y 2

MAY 69,0 37.0 2.0 3.8 0.0

JUN 7645 4845 6245 3.5 0.0

JUL 775 53.5 65.5 P U0

AUG 7745 53.5 6£5.5 3.5 0.0

SEP  T6.5 5045 £3.5 3.6 0.0

OCUT  76.0 33.0 54.5 3.8 0,0

NOV 62645 26.5 44,5 3.9 U0

DEC 49,0 19.0 34,0 3,7 Bel

THE SUMMER SEASON BEGINS IN MONTH & AND THE WINTER
SEASON BEGINS IN MONTH 10 .

THE SPRING MOLT OF DEER IN THIS AREA PEAKS IN MONTH 5
AND THE FALL MOLT PEAKS IN MONTH 10 .

FOR EVALUATION PURPOSES THE TRACT HAS BEEN CIVIDED
INTO 2 SUBUNITS, THE DESCRIPTION OF WHICH FOLLOWS.
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Table 19. (continued)

UPLAND FORESTS SUBUNIT IS
COMPOSED OF APPROXIMATELY 1050. ACRES. THE EXPECTED

UTILIZATION OF THE SUBUNIT IS AS FOLLOWS:

N W TS O W W 1 . e lde ode e
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

THE SUBUNIT HAS BEEN DIVIDED INTC 5 COVER TYPES.

COVER DESCRIPTION OF THE SUBUNITY

sCOVER: ) 4 :  AGE T MAXIMUM :YEARS TO:YEARS TOsSSPECIES @
:TYPE 3 QOF H OF 2 HEIGHT : REACH @ MUST :sMIXTURE 3
£ SSUBUNIT:DOMINANT: COVER 3 MAX., VYIGORCUS: INDEX 3
s 3 ¢ COVER :HWILL GROW: HMEIGHT : GROWTH :0F COVER:

i Ca35 60 Q0. 90. i5. 1

2 0a25 6C. 100. 90, 15. 1

3 0.20 6Ce 100, 90, 15. 2

&4 0.10 Ce 100. 180. 100. 2

5 0.10 20, 70 40 . 10« 1
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FORAGE PRCDUCTION,

sCOVER: FORAGE:

sTYPE

e 46 as

e

NNNN e

W W

8 e

9 g5 98

TYPE

W N e WA - W NG - W e

AN

-
.

L1 Y

SUCCESSIONAL

MAXIMUM :PRODUCTION: YEARS TO =
YEARLY 2 AGE OF : MAXIHMUM 3
:PRODUCT ION:THE COVER :PRUCUCTION:
270 EXPECY : FOR THIS = H
3 s  FORAGE = :
S W 2 S W 3 S W
l44, 45, 60, 60, 30 30.
32, 5 60. 60, 8. 8.
Ce 100, 0. 10. 15, 10.
144, 45, 60, 60, 30. 30.
320 50 600 600 8. Be
0. 25. O 10 15 10,
144, 80, 60, 60, 30. 30.
32. Se 60, 60. 8. 8e
O 25, 0. 10, 5« 10,
144, 80, Q. Qs 36, 36.
32, Se Os T 9 G
00 250 0. —700 10' 850
144. 45. 20‘ 20. ~Be ’6.
32 \5- 20 20, ~160 =16,
Ce Oe 0., Qs 10. 1¢0.

YEARS OF
USEFUL
PRODUCTIVE
LIFE REMAINING
S W
135. 135.
110. 110,
33. 33.
135. 135.
110. 110.
33. 33,
135. 135,
110. 110.
332. 33.
162. 162.
135. 135.
50. 100
70 TG
75 75
20. 20

DESCRIPTION OF THE SUBUNIT

-

-
-
-
-
-
»
-

E
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UPLAND FORESTS

EVALUATION OF THE POTENTIAL SEASONAL STANDARD DEER

SUBUNIT

POPULATIONS SUSTAINABLE ON THE SUBUNIT, ASSUMING “NORMAL®

SUCCESSION

*YEAR:S

¢ - WINTER

- : FIRST 2 FORAGE

: T ESTIMATE: BASED
4] 5664 566
% 654, 654,
10 726 726,
15 184 T84.
20 827« E27.
25 851. 851,
30 853, 853.
3% 834, 834,
40 792« 192.
45 731. T31.
50 655, 655,

* POTENTIAL SIGHTABLE

% %

TANDARD DEER PCPULATION:CLIMATIC:

ISUMMER T SEVERITY:

IFORAGEs INDEX 3

:BASED ¢ 2 3
539, Qs
blz. 0.
6584 Qe
6£88. Qw
705, Qe
706 Qe
691‘ 0'
661, Qe
616, Qe
558, De
493, Qe

PRODUCTIVITY INDICES

S

539.
612.
658,
688.
705.

106.

691.
661.
616,
558
493,

STANDARD DEER INDEX

:

-
-
-
-

H¥ %

SSEASONAL 2

: RANGE =

2 BALANCE:
Ce 0.9%2
Ce 0936
Uo 0.906
Qe G.878
Oe 0,853
Q. 0.830
Q. 0.810
Ce Q793
Q.. Qe 7T7
LU Qe 764
Oe 0.752

POTENTIAL HARVESTABLE STANDARD DEER INDEX — WHEN THIS
INDEX IS ZEROs A POSITIVE PRODUCTIVITY INDEX IS ACHIEVED
ONLY AT THE EXPENSE OF THE POTENTIAL SIGHTABLE PRODUC~
TIVITY INDEX3 THE CONVERSION CAN BE MADE BY USING THE
SEASONAL RANGE RALANCE INDEX AND EQUATICNS PRESENTED IN

THE TEXT
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FARM LANDS

COMPGSED COF APPROXIMATELY

UTILIZATION OF THE SUBUNIT IS

I ISR S, .

o 3

. b

o~ .

JAN  FEB MAR APR MAY JUN

THE SUBUNIT HAS BEEN DIVIDED

:COVER: 4 3 AGE
:TYPE ¢ QF H OF
2 TSUBUNITSDORINANT:
- s : COVER

i 0.15 Co

2 Ca20 Oa

3 .15 Ce

4 050 6£0e

FORAGE PRODUCTICN,

sCOVERIFORABGES
ITYPE ¢ TYPE 3

B8 %3 %8
e 66 6 se
4 26

e

pot st
8 P e

BN
W NS e

P
(5% I L% I

450+ ACRES.

AS FOLLOWS:

SUBUNIT IS

THE EXPECTED

TS TS

1 1
JUL  AUG
INTO

SEP OCT NOV

4 COVER TYPES.

COVER DESCRIPTICON OF THE SUBUNIY

MAXIBUM
YEARLY

S

240«
800
Q.

240,
800,
Ce

240,
800,
Ce

144,
324
G

W

10C,
50,
25

100
50.
50.

100.
50
50.

45,
54
25.

42 a9

MAXIMUM sYEARS TO:YEARS TO:3SPECIES
HE IGHT
COVER
IWILL GROW:

120.
120,
120,
120,

8

[T

SPRODUCTIONSTHE COVER
:T0 EXPECT

REACH

MAX »

HE IGHT

1
1
1
1

sPRODUCTIONS
: AGE OF =
s FOR THIS =
s FORAGE =
3 s W o

O, O«

Je Ja

0s —50a

e Oe

G‘ O.

0- “'50-

Q. Oe

OQ G.

c. ’50.

60, &0,
60. 60.

Ja. 10,

50.
75.
80.
Q0.

.
DEC

T MOSY MIXTURE =
SVIGORCUS: INDEX @
: GROWTH :0F COVER:

75 2

15 1

90. 1

30. 2

YEARS TO 2
MAXIMUM 3
PRODUCT TON:

=
sa 3¢

100.

30,
8.
1CC.

30.
Ha
100.

“30’
"52.
20,

YEARS OF
USEFUL

PRODUCTIVE

LIFE REMAINING

S W
135, 135.
135, 135.
150. 150.
155, 15%.
155. 155,
175, 175.
162. 162,
162. 162,
180. 180.
100. 100
100 100a.
120. 120.

SUCCESSIONAL OESCRIPTION OF THE SUBUNIT

»e

a8 #¢ sa w

L1}
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FARM LANDS | - susumT

ﬁ§ ﬁ%ﬁﬁ“ﬁﬁ‘&’iﬁk Sﬁ#&ﬁﬁﬁi ST#&{?#@& f%ﬁ&

E?Q?ﬁlg?lﬁﬁﬁ Sﬁﬁ?&iﬂaﬁkﬁ ON THE SUBUNITs ASSUMING SNORMAL®
SUCCESSTON.

, ”!&Gﬁ'ﬁiiﬁ&?iﬁ* #ﬁaﬁat?1v1?¥ INDICES ¢

. T Wt . tSUMMERSSEVERITY: : . 1SEASONALS
: : anaf : FORAGE:FORAGE: INDEX 2 S% 3 Hex 3 RANGE 3
'+ @ ESTIMATE: BASEDIBASED @ % 3 3t BALANCE:

i ﬁ*

~ POTENTIAL SIGHTABLE STANDARD DEER INDEX

¥%  POTENTIAL HARVESTABLE STANDARD DEER INDEX - WHEN THIS
zwﬁﬁx_zs ZERO, 4 POSITIVE PRODUCTIVITY INDEX IS ACHIEVED
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‘Table 19. (continued) ‘

- MEAN i
, @5 ’gﬁsﬁﬁ @ﬁ#&fﬁ :ﬁi&ﬂ?#ﬁtﬁ#ﬂ#%?&$?&ﬁtﬁ %&LARC% H
5~E3%¥£& IWINTERISUMMER:  INDEX#* 3 INDEX®*® @ INDEX 3
- Spp : SDP oz sODP 3z @ : .

45
50

50 YEAR | | |
TOTAL 63938, 63926, 81707, 57169, 23827,  1.278

* POTENTIAL ﬁiﬁ%?ﬁ&&&‘ﬁfﬁﬁﬁéﬁﬁ DEER INDEX

#%  POVENTIAL HARVESTABLE STANDARD DEER INDEX - WHEN THIS
- INDEX IS ZERQ, A POSITIVE PRODUCTIVITY INDEX IS ACHIEVED
ONLY AT THE EXPENSE OF THE POTENTIAL SIGHTABLE PRODUC~
TIVITY INDEX; THE CONVERSION CAN BE MADE BY USING THE
SEASONAL RANGE BALANCE INDEX AMD EQUATICNS PRESENTED IN
THE ?EX?
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RESULTS

A bioenergetic-based land evaluation system of the potential
productivity of deer habitat, was developed and prcgrammed 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
work form was constructed for the tabulation and punching of data re-
quired 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 (XS or SDPW) and the potential harvestable standard deer index
(Xh’ Equation 25). These indices should be taken for the most likely
range vtilization harvest rate and maximum utilizable range balance.
For an evaluation of the relative cost effectiveness of acquiring one
of two tracts of land, the productivity of sightable and harvestable
standard deer units can be considered two separate economic entetrprises,
managed at levels which will produce the greatest total quality produc-
tion (Equation 17).

The cost effectiveness index of a tract cf land being considered
for acquisition can he calculated by dividing the purchase price of the

land by the potential 50-year tctal quality productivity value (Equation

133
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{‘ Identify ?aﬁential‘Araés;“A and B

Which'
F -
. Acquire

Evaluate areas and aempiete wark forms .
‘autputs. climatic data o o

cover quality and successlanal~
characteristics ‘

| inputs: forage production and R
‘ successmonal ﬁharactaristicﬁ

Punch Data

i T“f‘fﬁ\fCaiculate;§ﬁtentia1*~ ,
Productivity Indices

ﬁbntinual’Im;ravemznt and
~——Testing of Model-—————
~and Data Collection

*'Ev&lﬁaﬁa ?redﬁﬁtibn Qd§li§§Yc |

tCalculate Cost Effectiveness |
Index for Areas

~{Area B better
choice on basis
~ |of evaluation |

' Area A better “,agr;;;:f
choice on basis je&—>¥=5

Fig, 6. Outline of the use of the potential productivity model.
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17) . Examples of this calculation are given for the two 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 sightable standard deer (QS) unit is $1 per sighting, the deer
providing an average of two sightings a season. For a potential sight-
able standard deer productivity of 20,105 and for a potential harvestable
standard deer vroductivity of 4021 (range utilization harvest rate of
1.2) at a land price of $100,000, the calculation of the cost efiective-
ness index is:

100,000
2(1.0)(20,105) + 10(4021)

1.243

For the second hypethetical tract (Table 19) it is assumed that the
value of harvested standard deer units is $6 and the value of sighted
animals is $0.80, the deer again produciung an avervage of two sightings
a season. For a potential sightable stavdard deer nroductivity of
63,926 and a potential harvestable standard deer productivity of 12,785
(range utilization harvest rate of 1.2), at a land price cf $178,000,
the calculation of the index is:

178,000
2(0.80)(63,926) + 6(12,785)

= 0,994

The index of cost effectiveness mav be used to compare two or more
areas being studied for acquisition for wildlife purposes. The lowar
number indicates the increased likelihood of greater return in enzrgy
available for wildlife production per dollar expended, if other consid-

erations are equal. The index of cost-effectiveness is in units of
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dollars per energy unit (standard deer units for maintaining sightable
p 2y > g g
and/cr harvestable deer.
This productivity mcdel has bzen developed for evaluating the cost-

effectiveness of acquiring land on the basis of its potential natural

. . . . - 9 1) . . . . - R . - 1
productivity. It ie the author’s opinion that a similar scheme can be
developed for evaluvating the cost-effectivenass 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 th2 resource-user to suit the
needs of society. In order to accomplish this aim, modeling of the
interplay of these three facets of wildlife production is needed.

Productivity models have bheen used for wildlife management decision-
making in the past. Life equations of a species and knowledge of the
species' reproductive success in the year have been used to set daily
and seasonal bag limits cn waterfowl and upland game. However, long-
term management development requires more detafiled evaluation than is
accomplished by such models.,

A wildlife productivity model based oun th2 yearly nesting success
uses data which integrates all variables affecting the populaticn since
the previous fall. Mott's (1260) empirical productivity medel fer
domestic stock also uses data which integrates snimal and pasture

varjables. A model of wildlife productivity useful for long-term

-~

management could use similar data, if the date were readily avsilable.
However, the model developed here takes an alternative apprcach. The
approach used is to take data such as forage production and cover
succession, which integrate many habitat factors affecting the plant
community, and éome data which are directly measurable and distinct,
such as monthly temperatures and the initiation of seasons and integrate
them to calculate the desired potential productivity indices.

The geal of the modeling effort was one of improved managenment

decision-making. Tt was at once both for description and for application.
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The former was only necessary for the latter. The goal was for lavge
areas, over long periods, with the decision being a "play" (in the game
theoretic sense) against the environment, the population, and the
changing concepts of utility and their articulation by man. The metheds
were constrained by conditions requiring minimum periods of cbservation
on unowned land, minimum investments in study of lands only a portion
of which would be acquired, and maximum compatibility with an on-going
system of land acquisition decision-making. The apprcach adopted was
that of determining how to improve a decision thzt is going to be made
anyway; how to provide the inputs and stiructure 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 terms of energy available
for maintaining a standard deer. This calculated standard deer upnit
makes the model applicable over varied climatic anc¢ range conditions.
The SDP is calculated for the summer and winter seasva so that both the
potential sightable and harvestable productivity can be evaluated.

A prevalent idea is that the carrying capacity of winter range is
so much lower than the carrying capacity of summey range that the summer
range need not he considered. Wowever, this may be a dangerous assump-
tion. In many habitats, it is possible fov the vange conditions of the
two seascns to be closer than anticipated. (& good example might be an
extensive area of mived oal forest having scant undergrowth.) If, under
such conditions, managewent rvolicies attempt to meintain winter deex

populations near the maximum allowable stockinz rate, the fawn crop may
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be jeopardized. 7o maintain and grow a healthy and vigorous fawn crop,
sufficient energy is required in the summer vange, beyond the energy for
maintaining the standard requirements of the adults, to provide the
energy for lactating does and growing fawns. When summer range has an
SDP similar to the winter range, theve will not be sufficient excess
energy available for maintajning a growing fawn crop. Formulze and
tables are presented for calculation of the differences in eunergy (in
standard deer units) required by a given population in the two seasocns.
However, the distribution of vegetative growth over the summer and the
relation of foraging to subsequent plant regrowth was nct considered.
Such factors may exert substantial influence on the use of the summer
forage by the doe and fawn segment of the populatien. The degree of
importance of these plant growth factors should be determined.

The energy basis of the potential productivity model affords an
integrated result for making predicticns. There are variables which
have been omitted from comnsideration, such as topographic effect on the
energy requirement for activity and topographic shading on radiaticn of
habitat and its effect on behavior. Reasons for cmitting these vari-

ables were discussed earlier. Consideration of topographic shadows was
undertaken initiallv. However, due to lack of data, it was later omitted.
Appendix LT presents a system of measuring shadows cast by tocegrsphic
features. This may be of value in some areas for delineating habitats
which will not be used in winter menths by deer.

A model of energy available for deer productivity including the

major variables affecting the energy balaznce of deer could become an

important wildlife management tcol if accepted by wildlife biologists
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and managers. The results of proposed management projects could be
specified in terms of energy made available for conversion into produc-
tion of a game or non-game species. The mcdel 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 for productivity (over natural succession) will also
provide the greatest energy for productivity under managed conditions
for the same investment. F¥For example, of two areas, the area expected
to have a lower productivity when nc management is undertaken, will
require the first portion of management investment, when managed, tc
bring its production up to the production level of the second area.
This initial management investment needs to be added on to the purchase
price of the first tract, if it will be managed, to evaluate the cost-
effectiveness index of the area, Beyoud the point at which equal
productivity is achieved, if climate, soil, tovography, and cother
external factors are the same, a management investment on either area
should return the same enevgy for production per dollar expended.

The model can be adapted to evaluate the energy made available ove
time for production by different management projects which affect forane
or cover production.

In its present form the mcdel has several major, untested assump-
ticns, and has based some parts on scant information. However, it is
believed that the model in its present form can atford the manager and
wildlife agency decision-maker an opportunity to fawmiliarize themselves

with some of the important aspects of energy conversion into wildlife

[

n

production, to gain more understanding of the ernergy requived by &



141

population for the production of fawns, and to improve understanding
of the conversion of a forage energy base into both consumptive and

non-consumptive wildlife resources.
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Definition of variables in the potential productivity
model, listed in alphabetical order.

Variable Name

Variable Definition

AX(T)
BX(I)
CLIM(J,I)

CFOOD(L,J,1)
csI

DHR

E

ED

EM

ENREQ

EREQ
FCR(J,I)

FDTOT(I)
FOOD(L,J,I,)

FPM(L,J,I)

FPMXC

GRTHMX (I)

HB
HNTINX
HT
HTMAX(T)
HTMXAG (1)

HUNT (7Z,X)

IDAYS

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 mean
monthly minimum temperature, when J is 3
for the mean montly mean temperature, when
J is 4 for the mean weather station wind
speed and when J is 5 ror 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 intake

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 seascn L

Mazimum forage production which the habitat type
I will achieve for forage type J in season L

Forage production maximum constant for multiplying
the successional distribution function by
to obtain production in any year

Years in the future in which the maximum growth
rate of cover will be achieved in cover type
I

Seasonal fasting metabolic rate of deer

llarvestable deer index

Height of dominant cover

Maximum height attainable by cover type T

Years to when the maximum attainable height will
be achieved by the cover of cover type I

Function statement definiticn to calculate the
potential S.D.U. of harvestable production

Numbers of days in the month
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(continued)

ISPC(I)
U

MSE(I)

NEB1
NEB2

NOHB
NOSU
PCTIM(I)
PCTM

PCTU
POUND(J,I)

POUNDS

PSI(L,J,I)
PSL(L,J,1)
PSM(L,J,I)

PSU(I)
RANG (Z,X)

RANGNX
RBIMX
REQ
RIR
RLBMX
RMET (J)
SBC
SDINDX
SDP(L)
SNBEHA

SUMTOT (I ,J)

SURAD

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

Edergy deficiency due to lack of available
forage

The number of habitat units within 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 depnth exceed
SNBEHA based on time of day (ID), height
of cover (K) and species composition of
cover (N)

The proportion of the tract within 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 forage 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
index

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 vr. planning horizon taken at
5 year intervals J

Visable solar radiation
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Appendix Table 1. (continued)

TOTFOD Total Forage energy available in subunit
WIND Wind speed in habitats
YR Year in 50 year planning horizon
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Appendix Table 2. (continued)

C READ COUNTY NAME
© READ(5, 5%&#X%x§%i;ial
MBXIT),1=1,10)
i 15X 1044, COUNTY,?)
1P, LATITUDE, tﬁkﬁi?ﬁﬁﬁ AND ACRES IN TRACT

ﬁth@ﬁsﬁ'clfa
MONTHLY 1,/
W-PACK 2ty
UMULATION =
- CINCHES) :

ATHER STATION WIND

SR Y CLIﬂilmiQ'Ct¥ﬁiﬁt13¢ﬁl§$%ézf1;Q£§ﬁ(§ali
53 Fﬁﬁ%@?i??ﬁ~l:?&ai?

GG TO e113 o ;
519 WRITE(6,619) (CLIM{JoE)4d=1,5)
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Appendix Table 2. (continued)

6N TD 6113

5110 WRITE(6,61

GO IO 6113
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Appendix Table 2. (continued)

IFINOHR,GT o4 ) WRITE(649624)
WRITE(6+622)
622 FORMATUIHO,//+18X,"FORAGE PRODUCTION, SUCCESSIONAL ',
FUDESCRIPTICN OF THE SUBUNIT *4//:16X,*:COVERIFORAGE? ¢
Jy "MAXTMUM  2PRODUCTION: YFARS TO YEARS OF St/
fL6Xs " 3TYPE : TYPE : YEARLY 2 AGE OF 2 MAXIMyM 3 0

fo® USEFUL HARY 'S § 3. - : PRODUCTION:®,
/PTHE COVER SPRODUCTION:  PRODUCTIVE  29,/,16X,%: !
fet2 sTO EXPECT ¢ FOR THIS @ tLIFE REMY,
FEAINING:T /16X, 2 b tH : FORAGE 3%,
s s 20, /916X, 02 H LA
/5 w o S W o s W e S W 3t

FOR EACH HABITAT TYPE READ THE FORAGE PRODUCTION
CHARACTERISTICS WHICH DEFINF THE SUCCESSIONAL RATE AND
STAGE OF THE FCURAGE PRODUCTION

DO 6 I=1,4NOHB

WRITE(6,622)
623 FORMAT(14+,/)

DO 5 d=1,3

e Ee Rl

I HARITAT TYPE
4 FORAGE TYPF
L SUMMER OR WINTER SEASCN FORAGE SUPPLY

DAOOO0

READAS s SRIFPMI25 0 e T Do FPM{ Lo o l)sPSI(25JsT1)PSTl1sdsl),
/ PSMI2eds I 1 oPSMUL s T RoPSLI2sJeI)oPSLIL,d,1)
58 FORMAT(S5X,8F5,01)
WRITE(G 2581 T o JoFPM{24U, 1) o FPM{L,351),PST(2,J:1),
FPSTCLadeTdyaPSM{2,0s1)ePSMILodeldsPSLI2sdal)aPSLTedsl)
581 FORMATI 16X, 13,4 1694Xe2F 5,09 2X92F5.092X02F5.002X42F6.01)
IFIJFQLBIGD TO 6§
00 41 L=1,2
C 7O CALCULATE A& SCALE FACTOR 0OF FORAGE PRODUCTION
CALL FoM(C
41 CNNTINUE
5 CONTIMNUE
& CONTINUE

*HEHBERERE HO-LOOP FOR 50 YR PLANNING HORTZUN ## oo s doseohes

DD 99 ITERM=L,11
TYR={ITFERM=-]1)2%5
YR=1Y#
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Appendix Table 2. (continued)
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R
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e la

o

Mﬁﬁﬂﬂm%@ﬁﬂﬁ~ﬂhﬁﬁ s

-~

ATEMENTS DETERMINE THE MONTH AND SEASON:
NDED THME CALCULATION OF THE SEASONAL SDP
+ OTHERWISE THE NEXT MONTH OF THE SEASON

| “\@ﬁ Yo 21
1L AND.M.EQ.MSE(11) GO TO 25
ANO.MJEQLMSE(2)) GO TO 25

?%? ﬁ%?%%i??ﬁ& ﬁ§ THE FIRST ESTIMATE OF THE ﬁ!&?&ﬁ sop QR

Yﬁﬁ ﬁhhﬁﬂkﬁ?lﬁﬁ DF THE 5&%&5& ﬁﬁ?

EM ﬁ%ﬁﬁ 15 P&ﬁ!?l?ﬁ
“Eﬁﬁuﬂf~&Tyﬁg&&ﬁ-&ﬁﬁﬁ»&?;ﬁ.i

EASONAL CALCULATIONS AND TO
VITY INDICES

3@51‘%@.3;,§3‘wf7f7f"‘“
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Appendix Table 2 +  (continued)

) v, sor )

C Tf} DETERMINE i%ﬁi THE ifﬁ%ﬁ?i?ﬁ ESTIMATE GF THE %1%?&& sne
C IS WITHIN 5% OF THE P&E?Ifms ﬁ"i’f&%&fﬁ:% ¥¥3 !\ﬁ'}? éﬁi)“!‘ﬂf?ﬁ ‘
%f“ CALCULATION IS MADE
xx&&“}.v@‘iﬁ‘ii}f’iai

60 T0 201

TIONS CALCULATE THE PRODUCTIVITY INDICES

ME THESTS

OO CN

DP(1),50P(2))
1.01 $§@§&£*$§Et§¥

WRITE(6,68) SDP(2)4CSTsSDINDX o HNT INX, RANGNX
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Appendix Table 2. (continued)

C

YO DM OO

68
FOR

991

90

625

R

* %

FOEMAT(LIH® 338X, FBa09F5.0,2F%9,0,F8,.3)

CUMULATING 2ND EST OF SDP(1) AND EST OF SDP(2)

DO 991 L=1,2

SUMTOTOL, ETERM) =SUMTOT(L, ITERM) +SDPIL)

COMTINUE

SUMTOT{ 4, ITERM)=SUMTOT{4, ITERM) +SDINDX

SUMTOTI(S, ITERM) =SUMTOT(5, ITERM) +HNTINX

CONTINUE

WRITE(64625)

FORMAT[1HO 15X, % PUTENTIAL SIGHTABLF STANDARD DEER?®
f+? TNDEX®/7,16X0, %% POTENTIAL HARVESTABLE STANDARD *
Jy'DEER [NDEX ~ WHEN THISY,/ 20X, INDEX IS ZEFC, A 7,
/'POSITIVE PRODUCTIVITY INDEX IS ACHIEVED®, /20X, *ONLY!
fe' AT THE EXPENSE OF THE POTENTIAL SIGHTABLE PRODUC-®,
7720%, * TIVITY INDEX3 THE CONVERSION CAN BE MADE BY °*
F9'USING THE®,/,20X, *SEASONAL RANGE BALANCE INDEX AND®
/e¢' EQUATIONS PRESENTED IN' /20X, 'THE TEXT*)

2000 CONTINUE

WRITE(6 4690 AX(I)+1=1,10)

* ok & ok o % ok W s R ok % & & & %k Fx ¥ % %k ok %k K & ¥ ¥ ¥

THE FOLLOWING IS FOR CALCULATING AND PRINTING THE
50 YEAR SUMMARY FORM FOR A TRACT.

OB % ook & ok & % & %k % & & % % %k %k ¥ X ¥ ¥ ¥ k¥ & ¥ ¥ ¥

690 FORMATC(IHY L ////777:20%Xe10A%,*% TRACT®* /516X, "HABITAT EVA

/o "LUATTION SUMMARY FOR A 50 YEAR PLANNING PERICD®,/,16X%
/s "ASSUMING NATURAL SUCCESSION® ,///74.16X,

FYSYFARSESTIMATE :FORAGE:FORAGE: MEAN s 3
7 'SFASONAL 3 /16X, %2 3 OF *RBASED $BASFD =%,
JUSIGHTARLE tHARVESTABLESBALANCE 3%,/ 016X,"2 LI
JTWINTER :WINTERISUMMER: INOEX® 13 INDEX®*® 3 INDEX ¢
Fa® et of 186Xt H SDP s Spp : Shp H HIA
i : :'9//'18X112'F10.0’

DO 997 ITERM=1,11

TYR={ITERM~-1) %5

DO 998 L=1.5
SUMTOT(L,121=SUMTOT{L,12)+SUMTOTIL, ITERM)

o9g CONTINUE

RANGNX=RANGISUMTOT(1, ITERM},SUMTOT(2,ITERM) )
WRITE(H,66) TYRSSUMTOT(3,ITERM) ISUMTOT(L, ITERMI =142
Yy ESUMTOTUL,,ITERM) ,L=4,5)  RANGNX

659 FORMAT( 17X,12,F10.0 oFB8.05FT,0,F8,0,F11.0,F10C.3)
Q07 COMTINUE
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Appendix Table 2. (continued)

DO 992 I=145
TO FSTIMATE THE ACTUAL CUMULATIVE POTENTIAL
PRUODIUCTION FOR THE 50 YFAR SPAN FROM THE 5 YEAR
INTERVAL CALCULATIONS
SUMTOT( I 12)=SUMTOTLL,12)%5,0
992 CONTINUE
RANGNX=RANGISUMTOT(1,12),SUMTOT(2,12))
WRITE(6,691) SUMTOTI3,12)(SUMTOTIL,12),L=1,2),
FOSUMTOTIL 2120 oL=445) , RAMGNX
691 FORMAT{LIHO,15X,%50 YEARY 3/ 316X " TOTALY ¢FQa0yFB.0FT.0
JaFBes0,F1140,F1063)
WRITE(6,625)
WRITE(6,6995) (AX(I),1=1,101})
6995 FORMAT(IMY o//7/7/7/+20%s*A TABLE OF ALTERNATIVE INCICES?
/' 1S PRESENTED BFLOW FOR' ./ 220X, " THE *,1084,% TRACT?,
/' FORY /220X *THREE SELECTED LEVELS OF?
Feo' MAXIMUM UTILIZABLE RANGE',/,20X,*BALANCE AND FIGHT?®
Je' LEVELS OF RANGFE UTILIZATION HARVEST',/,20X,*RATES. "
Fo /30X, *MAXIMUM UTILIZABLFE RANGE BALANCE',/,
7 15Xg 'RANGE /2 16X, "UTILTIZATION Y3 /15X, "HARVEST ' 46X,
U157 316X o200 3186Xe%2.5%4/ 415X *RATE STeBXgtHY,
FOXg PSP BY g0 H? yGX, 1850 ,8XHY )

Bk o & ok & %k ok Kk F & R ok Xk ok ok & &k % %k & Kk & K ¥ ¥ ¥ ¥

THE FOLLOWING IS FOR CALCULATING THF TABLE CF
ALTERNATIVE POTENTIAL PRODUCTIVITY INDICES.

o ok o ok ok A % ok ok % ok ok Kk % F % & & & % % K &k k¥ B Kk X%

DHR =, 80

DO o4 I=1,8

OHE=0HR 4,2

REBIMX=1.0

D0 95 J=1,3

ABIMX=PREIMX+.5
IF{DHR,LEL1.0) GO TO 92
X=RBIMX

TFIRBIMX.GT JRANGNX) X=RANCNX
TFIDHRLGT. XY GD TO 91
SOPONE=SUMTOT(1,12)
SDPTHO=SUMTOT(1,12 1 %DHR
TF{DHRLGTRBIMX) SOPTWO=SUMTOT(1,12)=RBIMX
GO TO 246
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Appendix Table 2. (continued)

o]

g2

Q3

SDPONE=SUMTOT(2,12)/DHR
IF(DHRGTLRBIMX) SDPONE=SUMTOT(2,12)/RBIMX
SDPTHO=SUMTOT(2,12)
60 TO 24
WHEN NO HARVEST 1S TO BE MADE
IF{RANGNX.LT.1.0) GO TO 93
SDPONE=SUMTOT(1,12)
SDPTWO=SUMTOT(1,12)
GO TO 24
SDPONE=SUMTOT(2,12)
SOPTWO=SUMTOT(2,12)
CONTINUE
SUMTOT(J410)=SDPCNE
SUMTOT( I, 11 )1=HUNT(SDPONE, SDPTHO)
COMTINUE
WRITE(E,6996)DHRy (I SUMTOTII s IKI 2 IK=1041104J=1,3)
FORMATULISN 3 F3 .19 %23 2F 0,051 2%42F9,0,%2%,2FQ,04"2")
CONTINUE

Ao o & & oF R ok % ok ok o ok ok & o & ok oox ok K K K K Kk % X

CONTINUE
WRITE(6,.624)
FORMAT(1HY,//)
CONTINUF

STOP

END
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‘Appendix Table 2. (continued)

SURROUT INE SUCESN
Codbpdkkt kg bng “:%&&&@&@*&*mw*%&at**ww#%#*%&#&#&&**&#*&*t
%ol e dedefk o o e e gk g ook o ol ol ookl dolok e e R ok ek ko R kR Rk fk R g A
(k% E
£ ' - LS
%k BUCCESSION 5 0 ek
Chak ‘ ; B ok
£ ol ‘f%;;‘?u*?%%‘f5%&§§@$iﬁ§iﬁﬁtﬁﬂ&&?ﬁ%*?ﬁﬁ FORAGE FEE
CHort  PRODUCTION AND COVER HEIGHT OF THE HABITAT sk &
Caxk 0 f%ﬂ&&“ﬁ% THE SUBUNITS. kg
Ok o 2 2
Chmm s T e , -
rﬁ&ﬂ&ﬁ@###%%&@@@@&#%&@&$%&%&m#»$$##$$$m*ﬁ$*ﬁw$$*$*x*aw*tm*@&
0 Mt ok s o oo o s o o o o sl o ol o ol o o ol o o ol ok o ot o o ool R R o A e o
Qﬁwﬁ‘&‘,Qﬁﬁﬁ“iﬁﬁﬂﬁfﬁpiﬁiyﬁﬁ£ﬂ£§¢%$i?7$ﬁ§x%a€§¥fo§ﬁ&§Q
23 rﬁﬁ$g§¥g?§?§§§§3tlﬁitﬁ9¥€§¥3v133gF?ﬁf2¢3§§Q3f

FeMXC 29100 2GRTHMX (10}, HByHTMAX(10) o HTMXAG(L10 ), NEBL,
INEB2, PCTIMETO) oPCTMI294,3), PCTULPOUNDL 3,100 4MSE(5 ),
f?%§§2;3vi§3r?§£{3!3ti@3QQS%§EQ3Q1§§vp§3{1§31§¥5¥i3};
/SDPL2Y, SNBEHA ,STNDAG(10), TOTFOD, YR
COMMON 27!&&?1%&&?Sg¥sﬁki§ﬁ3:¥§§€§i§§s¥ﬂ(121¢i¥ﬁa
”’I J;i;ﬁg%ﬁﬁﬁ

* = g§$<$zx_a o & COVER R I B

ok R R K A Kk K R ¥ B K B K R A X & R K R R K % K X %

1SPCI)=1 HARDWOOD
2 MIXED WOOD
3 CONTFER

CISPACT)=Y NO ﬁ%%?ﬁ?i@% HETGHT
2 LESS THAN 157

3 1% Y0 30¢

4 GREATER THAN 30°

Rl R N o R N e R e N R R R R RN R R Naka s ¥a Fa e Ke IS

$ 0% R B 2 B # OB F % R R R E R R RSB
* % = ﬁ'gﬂﬁ§@§~# ¥R B ORBR R BB

B R M s R R W OB ¥ R A £ ®m R & ¥ ok B & B & & K & & %
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Appendix Table 2. (continued)

DD 1 I=1,NOHB I TITY
?!§§¥&@£?*$T%Qk&(§2} 60 T0 101
XU==STNDAG(T)
xwxayxx@$f§3

I XMﬁaﬁi
CALL E%%ﬁﬁ?i?ﬁgl& x%;lt#ﬁﬁﬁ;iﬁ;ﬂ!SFﬂﬂi
H?mﬁiﬁﬁﬂf*ﬂ?ﬁéxtil ~
GO TO 102
i&i HT=0,
102 CONTINUE
CIF(HT.FG.0.) TSPALT)=1
IFIHTJLEL15.0) ISPALI)=2
CIF{HT BT 15,04 AND L HTLLT.20.0) IsPa({l)=2
IFIHTGT,.30.0)0 iﬁﬁi{!}w&
1 f@w?lﬁﬁg

o ok B o %+ B ok B EORAGE ok o B X X K R A % & ¥

00 4 I=1eNOHB
DO 3 Ud=1.3
DO 7 L=1,.2
Xi=~PSi(Ledel}
IF(YRLLELXL)Y GO TO 12
Xii= PSL{Lyds1)
CXMODE=PSM{L 4 J,1)

EmR &&s? PSM IS FCR GROWTH RATE ﬁﬁﬂ%ﬁﬁ NOT 9acau£rxaw

f%&k w?§%ﬂiixaaﬁUWX£;XﬁuﬁﬁsKHQQ$HQXRgIKQZL§#ﬁ£,Eﬁ,
f XMEAN) :
CaLL COMOCDF (YR ZK o XHo ZLAMDA G ZM,DISFNC )
IF{J.EQ.23) GO TO 11
E=DISFENC
CYR=Y¥YR-1,.
CAaLL Cﬁ%fﬁ?i?ﬂglﬁgxﬁ:ziﬁﬂﬂﬁqxﬁgﬁiﬁg&ﬁi
YR=YR+1,.
DISFNC=X-DISFNC
?“ﬁﬁﬁivdg¥§%Q§§$§t@5?ﬁ3£{Ltéti¥
G T }Q : !
11 gﬁ“?ii@é!i%“ﬂiﬁ?%fﬁggﬁfltth}
G0 Yo 13
12 F

\';»‘*%;l;'\‘ﬁ{ g«. % sj* 1 } %ﬁ Q{}
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Appendix Table 2. (continued)

1% i?{tagﬁ i? ﬂ§ﬂﬂ§idsf?*?ﬁﬂﬁ(lrécii
2 ﬁﬁﬁ?!ﬁﬂﬁs

 13 §@ﬁ%zﬁu%
4 CONTINUE

RETURN
END
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&ppendiX~Tablef2» (continued)

*%@W*@#&*@*ﬁ&*ﬁﬁ**#**m****%*%*#&***%*#*$$$*
ool e e e o e e e o o oo e o s e ok e s ol ol ol ol ok b ok

gk

EE

’ﬁ%ﬁﬁﬁﬁ? TIME Sk

; Aok d

- THIS SUBROUTINE CALCULATES THE PERCENT wew

: TIME THE STANDARD DEER SPENDS IN THE VARIQUS  #ex
£onk rﬁwgﬁ Y??E&. THIS 1S ACCOMPLISHED IN ONE OF e
CHxr THG o
Cerx 1. IF THE SNOW DEPTH IS LESS THAN THE SNOW *hE
C*xx  DEPTH B OND WHICH HABITAT USE cxaﬁgss DUE i
Cwxx ROPORTION ok
Cank TION OF METABOLIZ Rk
Rkl LRER ~ - Ao e
Caxx g ) DEPTHS GREATER THAN THE BEHAVIOR- *oka
Comy EPTH, THE HABITAT USE IS *n
O ’\ﬁ&&ﬁ%ﬁ?%ﬁ%ﬁg TO THE DATA SUPPLIED THE PROGRAM  #%%
C ek BY QUESTION 8 OF THE WORK FORM, S

: i ‘ . oo e

e ey &*%#**@%%&*&**k@#***@*ﬁ#*#%#%ﬁ&****%&%&*t&%@*&&%@*@@@*1
Q*&@&@ﬁ$$$*%@%%#$$$#®$$$ﬂ%&*#&&*&&*#*ﬁﬁ**%ﬁﬁﬁ*@&%*#@$*$$$#$&

Fﬂﬁ&i%yﬁgl@?;ﬁ?i%%:Bgi@#:F?ﬁi?sﬁ;lﬁi; ;
RTHMX{10) yHB yHTMAX(10) (HTMXAGLL0) ,NEBT,
ﬁf333;?ﬂfﬁfzs#cﬁig?QYQgPﬁ%%ﬁf3;1$§sﬂﬁﬁi3?,
: ?%t§2¢3i%ﬂ?;?$ﬁ§2t311ﬁ3g95ﬁ¥i@3g&%§?i%§r

«3.0) GO TO 20
~fﬂ%§§?i&%$ L*&S THAN OR EQUAL TO 2 INCHES

Ly ™y

%ﬁ 32 I =1, NOHB
DO 11 J=1,3 ,
IFIFOODILy Je [).FEQeDL0) €GO TO 11

k&
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Appendix Table 2. (continued)

FOTCTUII=FDTOTLI)+(FOOD(L 4 [ IXRMET(J) %
/ PSULI)*PCTU*ACRES)
11 COMTINUE
TOTFOD=TOTFOD+FDTOT( 1)
12 CONTINUE
GO 7D 3¢
20 TR(CLIMIS, M) GT.SNBEHA) GO TO 40

* 70 CALCULATE THE % TIME BY FORAGE ENERGY PRODUCTION * *

DD 22 1=1,N0OH8
DO 21 Jd=1,2
IF(FOOD(L 3, 10.EQ404.0) GO TOD 21

EDTOTCI)=FOTOTCI)M{FOOD( L Jo II¥RMET(J) %

/ PSU(T)*PCTUXACRES)
21 CONTINYUF

TOTFON=TOTFOD+FDTOT(I)
22 CONTINUF

TO CALCULATF THE & TIME BY THE DATA FROM QUESTION 8 OF THE
WORK FLIRM

A0 00O 31 I=1,NOHR
PCYIM{I}=FORTOT{IY/TQTFQD
31 CONT INUF
GO TO s8¢
40 DO 41 I=],NOHB
MS=1SPC(T}
MA=TSPAL(])
PCTIM(II=PCTM{IDAY,MA,MS)
41 CONTIMUFE
T:OO
DO 6B I=1.N0M8
T=T+PCTIM(L}
48 CONTINUE
DO 49 1=],NOHSB
PCTIMEIY=PCTIMLLYI/T
49 CONTINUF
50 RETURN
ERD
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Appendix Table 2. (continued)

%@ﬁ%&ﬁ?&%& MCROEN

{#%%#ﬁ@@@$$*$$ﬂ$$$#*$%ﬂ*&*#***%*&***ﬂ*&*@#ﬁ****#ﬁ***$$$Q**&*
‘ ?ﬁ#%*@&*@%&$$§%#&&@%&%*##*&ﬁ#@%ﬁ**ﬁw**#**%&@$$*&$$$*%&*ﬁ&$**

fot 2 20 Ao e
Cem 03 ok
Chax “;‘ ﬁlﬁﬁﬂﬁthﬂaﬂﬁexr wkE
ot e Hok K
Cws & TEIS $U§Rﬁﬁ?£&8 CAL£QLA?£5 THE ENERGY ek
ek ﬁEQﬁ!&E&E%? OF A STANDARD DEER USING A wEE
Cwkx CSPECIFIED SET OF HABITAT TYPES AND HABITAT R x
ok USE, AND THE WEATHER CONDITIONS; SUPPLYING i
Croe  VALUES FOR SOLAR RADIATION, MODIFIED WIND Rk
Coni: ﬁ**ﬁ&ﬁﬁifﬁ%& ﬁﬁﬁ?&ﬁ??ﬂﬁ Cﬁﬁ?!ﬁiﬁﬁ?&; ok ¥
caa$w~ ST R

{###*ﬁﬁ*@*ﬁ*ﬁk%@#%&*#ﬁﬁi**@*#****####*###ﬂ*#ﬁ***ﬁt****ﬂ#ﬁﬁ#*
{##wﬁmﬁﬁﬁﬁﬁ##$$$$*$#%&&***&*ﬁ%ﬁ%**&*ﬁ&%3#***@##%****%**&%&#*

i, o OMRON

ACRES,CFODD(3,10)3CLIMIS,12),COMPXH,CUMXL , ENREQ
/G EREQ,FCRI253) 4FOOD(2939100,FPI(2,3,10),FPM(2,3,10),
JEPMXCI2424910) sGRTHMXL10] s HB 4HTHMAX(10) 4HTMXAG(10),NERT,
/NEB2, PCTIM(10),PCTM(294,3) 4 PCTU,POURD(3,10) ,MSECS],

O /PSTUZ523,10)4PSLI2,43,10), ﬁﬁﬁt%,&,}ﬁ},%gﬁglﬁg,gﬁgT{33!
iw‘fiﬁﬁ{ﬁfzﬁ%gﬁﬂﬁ STNDAGUIO) s TUTFOD,YR

¢

I aNel
%

aTalal

| %?ﬁ&ﬁ*@Q

<avﬁ,z%pax;sa,gasfix@;,1ﬁtxga,xvﬁg‘

@ % % & % ok & w%ﬁ@ﬁ%&ﬁyugg oK% & & Rk & %k % B ¥ ¥

EQel] ;sj‘ggiﬁ MYSCLIMUL,M}) /20
i?fifé? §§«?¥:?iwiﬁﬁiﬁiﬁfgi*ﬁtiﬁf?gﬁi¥f2»

QAY TIME WINTER
‘?& 11,12 29130 MM

od o % % ok A o ox % BADTATION ok % K % % B K & ¥ %
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Appendix Table 2. (continued)

[F (ISPA(I),EGel) SVRAD=7210,

4410
IF (ISPALIY.EQ.1) SVRAD=T21C.
G0 TO 301
12 SVRAD= 4070,
© IF {ISPA(1).EQ.1} SVRAD=7210.
ﬂﬁ IQ 3&} '

DAY TIKE ﬁwﬂagﬁ I

g gﬁx*ga TO fyzgzz,zgs,ax
21 SVRAD= 3070C.
§?¥I§?&S¥!.%§.i¥ SYRAD=10530.

[ R e

31 TFLISPALT). EQ.1) ﬁ% TC 30

i}.%@;l!‘ﬁﬁ 10 30
*2?3§g¥@#¢wi*§ﬁi

#2646, 3) Bxb, JESRC
(0.8+SVRAD)4SSRY/2

InEale
#

%I%ﬁ * % & % k£ B K ® ¥ & %

el X I

CALC G THE %Rif?iﬁﬁ ?ﬁ&ﬁﬁi?? AT ﬁEﬁ?ﬁ%ﬁ STATION

50 ‘fhﬁfﬁﬁﬁﬁTﬁﬁ
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Appendix Table 2. (continued)

C
C REDUCED FORM OF SELLFRS FQUATION FOR A WIND SPEED
{ MEASURFMENT AT 152 CM
C
c
C
C CALCULATING WIND AT OFER HEIGHT
b
WIND=UP*2,95691
C
C REOQUCED FORM OF SELLERS FQUATION FOR A DEER RODY CENTER
O HEIOHY OF £8 (M
r
c
60 TN 60
51 TFLISPA(I)LFOL1) GO TO 50
WINO=WINO®),2772
GO TR 60
52 IFLISPA(T).FQ.Y)Y GO TO 50
WIND=WIAD®0,1386
GO TN &0
53 GO TO (50554,55,56),MM
54 WIND=WIND®Q,0816
GO TO &0
56 WIND=WIND*0,0259
GO TO &0
56 WIND=WIND0,0048
C
Co% % % & x & v & CONVECTION COEFFICIENT * ¥ % % % & % % % %
¢
50 TFIWINDLGTL0.5) 6O TO 61
HC: 45. o
LC= 0.0
His= 0u5
LWs 0,0
GO TO &R
£1 1F(WINDL.GTL1.0) GO TO 62
HC= 67,0
LC= 45,0
Mw=1 00
sz 0.‘;
GO TO 68
£2 TFIWINDLCTL2.0) GO TO 63
HC=135,0
LC=6T.0
HiW=2,0

LW=1a0



174

Appendix Table 2. (continued)

GO TO 68
63 IF(WIND.CT«4%.0) GO TO 64
H{=225,0
1C=135.0
HiW=4,0
LwWw=2.0
GO 1O 68
66 TF{WINDJGT6.0) GO TO 45
HC=288,0
LE=225,0
HiW=6,0
LW=4,0
GO T 68
65 TFIWIND.GT.B.0) GO TO 66
HC=351.0
LC=288.0
HW=8,0
Liw=6,.0
GO TD 68
&6 IFLWINDLJCTL10.0) 6O TCQ 67
HC=413,0
LC=351,0 .
HW=10.0
L=2,0
GO TO &R
LC=413,
HW=12,0
Lw=10,0
68 HE=LC+{VIND-LWIF(HC-LC)/ {H¥~LKW]))
C
CxxCALCULATION OF THE ENERCY REQUIREMENT IN A HABITAY TYPE¥x%
C
TS=6.5594((0,94664%TA)
FU{1.689%((TS+273,2)1 %4, ) %SBLYI+ (1, 679%HCX{TS~-TA) )+
7 (1a2%{37,5~-TAY}+41€.3~(D.057*ER)
EM=1, 764%HR

WHEN THERMAL ENERGY DRAIN IS LESS THAN ENERGY CF BASAL
METABRDL TSM AMD NO SNOW INCREASING ACTIVITY ENERQGY
RECUIREMENT

1F{ FRGLEFMANDCLIM{S, M) i FoB8a0) ENREQ=],Z2%HB

D e B B |

WHEN THERMAL ENERGY DRAIN IS LESS THAN ENERGY OF BASAL
METABOLISM AND SNOW INCREASING ENFRGY DRAIN DUE TO SNOW
DEPTH
TFEED Lo FMaANDSCLIM(5,M1.6T.8.0) ENREQ=
7 1a83364(.06585CLIM(S,M])=HR)

Oy MMM
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Appendix Table 2. (continued)

WHEN THE THERMAL DRAIN IS GREATER THAN THE ENERGY DF BASAL
METABOLISM AND NO SNOW INCREASING ACTIVITY ENERGY
REQUIREMENT

TFIEDWOTLENMANDL,CLIMIS,M) ,LE. 8.0) ENREQ=ED

WHEN THE THERMAL ORAIN IS GREATER THAN THE ENERGY OF BASAL
METABOLISM AMD SNOW IS INCREASING ACTIVITY ENERGY
REQUIREMENTY
TFLED.GCTJEMANDSCLIMIS, M) GT.8.0) ENREQ=
/ ED+{ (. 0458%CLIM{5,M))~0, 2664)2HR)

CF % ¢ & & ow & % & ok % %k § % & % ok ok & ok % & & B ok & Kk K F ok

C

RETURN
END
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Appendix Table 2. (continued)

€ xxok
C s
€ Mok
e
€ doen
C *or
ook
€ dox%
C %ok
T2
(oK
G &k

a¥siaks ks

SUBROUT INE MONTH »
Ttk hfchkd Sk okndob g kR b RR Rk Rk Edkokk Rk R ok ko kk g Tk kd ok ko ok
e el Gl Yo ol ol o R o ol ool ot e o vl e st g ol ot el ol ol ool e e ol o ol o oo el ool ol ek e Rl vk

L8 3
o o o
MONTH ek
—_—
THIS SUBROUTINE DEFINFS THE NUMBER OF %ok
NAYS TN MONTH M, de ke
ook ok
Rk
ot e v e s e e e she ol o e o ofe o s o oo o ol bl o e ol o e ofe ok ool e e s o o e el o ol ol ol ool ol ol ol e e
AR Rl ke Adekb kR g kR Rk Ak kg d bbb ko Rk kb ko Rk kk g
COMMON ACRES,CFOOC{3410),CLIMIS,12),COMPXH, CUMNL , ENREQ
JeFREQFCR{Z 43I, FO0OD( 2933101 FPI(2,3,1001,FPM{2,3,10),
FEPRXCL2,2,10) s CRTHMX {10} s HB HTMAXLIO) ,HTMXAG{ 10}, NFR],
INFR2yPCTIM{LIOY s PCTM {24343, PCTULPOUNDI{2,100,MSELS),
APSTU2:3,10)4P5L02,3,10),PSM{243,10),PSULLI0),RMET(3),
JSDP {2 Y, SNBEHA,STNDAGL1I0) ,TOTFOD,.YR
COMMON TLIDAY,TDAYS,ISPA{I0),ISPCLLON,TULLIZY,1YR,
/7 Jel s My NOMB

TABLE OF THE NUMBER OF DAYS 1IN FACH MONTH

GO VD (13293049546 T9R9G910,11,12) M8 .
1DAYS=31
GO TO 1a
2 ITDAVS=28
GO TO 14
2 IDAYS=31
GO TO 14
4 IDAYS=3D
GO TO 14
£ IDAYS=31
GO 7O 14
& [IDAYS=3(0
GO TH 14
T IDAYS=2]
GC TO 14
/2 IDAYS=31
GO TO 14
3 IDAYS=20
GO TO 14
1DAYS=31

-

i
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Appendix Table 2. (continued)

GO TO 14
11 '1DAYS=20
GO TO 14
12 IDAYS=31
14 RETURN
£ND
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ga&a LEE
Coasne ok
aT ok
Cxte Ao
C 2ok ok
ek Ak *
C wkw ook
Cowked . ; ; ; wokesk
Cwsw aitomi : ; h

e *###*’kiﬁ%%’m#ﬁ?ﬁ*###*%****## ook e sl e ok ok %**#ﬁ*&##*&**&#ﬂ** R R
€ @***##%&3&* fx’#&!&’M}Hﬁ**ixﬁ***#**ﬁ(&*ﬁ#**##%ﬁ&ﬂ*#!ﬁﬂk*#ﬁ** *###**##*#*‘

Q,Ffﬁ{g,g;, fﬁ{?:Bi?ﬁ?fF?Iiz
CE292210) GRTHMX{10) oHB HTMA
2 PCTIMILIO)PCTM(254431,PCTL JND
FPST 424341 31,93L1215g133193§f2,3’ icﬂgﬁllﬁ)vp9€7{3i’
fﬁ@?i?!,?"”ﬁﬁrSTNﬁ&ﬁilﬁ?;TQ??" :

] l.lagpﬂi 1%11&’?
gﬂTMXﬁG(l@)tMEﬁli

o

”fxz*a
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D09 Jml.0X
IF&FQQNQ{J¢£¥¢&¥;$ﬁ&ﬁ€i,Jgiii ALK
EOOD(L ydy 1) =FOODILsds T)-POUND(Js 1 o

- GO TQ O R
| NOCSo TD-FOODCL oS4 1) IR2RMET(J))
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Appendix Table 2. (continued)

SUBROUT INE FPMC

ot o ol ool el e ol e ol ko vie ok o ol o e e o ol e ok ofe s ok el o o ok ok Rk ol el R R e ok ook ol ol ok ok
€ e sk ok e seootoobe e ale e e e s desle el st ol o o e ok ok ofe ol ol o o ko s o o o e ol ol e o ol e sl sl e o o e el b ok

C #dok
o 20
[ Mkt
C Aok
B2 2
o E
C ke
(2
e
CAkx
Coxn

el

_ wh
FORAGE PRODUCTION MAXIMUM CONSTANT o
A

THIS SUBRROUTINE IS FOR CALCULATING A LE b

FORAGE PRODUCTION CONSTANT, USED FOR SCALING L
THE FORAGE SUCCESSIONAL DISTRIBUTION FUNCTION LA
TO ESTIMATE THE POUNDS OF FORAGE PRODUCED IN ¥ux
A GIVEN YEAR, ok
wh ok
ok

(C et o oo ate sk o St e o o ofe o ok sfosfode sle e ofe bk ok i ol sle ek ke o sde ol sl o ook e o ol 3oRok el alol ok ek ok
€ eote ol e ofeofe e b o e s e ol etk ddesfe ook ool odeoke el s o sle e el sl e e o o oo ol s ool e e e ol ol b o e o

o0

COMMON ACRES,CFOOD{3,10),CLIMIS,12),COMPYH, CUMXL » ENREQ
JoFPEQeFCRIZ2,53)oFO0D(293,10),FPI(2,3,1001,FPM(2,3,10),
FTEPMXC(22510) CRTHMX(10) yHBHTHMAX(10) o HTMXAG(1D) ,NER],
INERZ24PCTIMILIO)IPCTM{20443),PCTULPOUND(2,10)4MSE(S),
FPST{2¢3410) 4PSLL253,10),PSM(2,3:10),PSULL01,RMET(3),
ISDPE2) s SNBEHASTNDAG{10)TOTFOD,L,YR

COMMON T, TDAYIDAYS,ISPALIC),ISPCl10),IUC12),1YR,

[ Jel o My NOHE

ICOUNT=0

YR=PSMIL,Jel) 41

XL=~PSI{lLedsl)

XH=PSL{Leds 1)

XMODE=PSM{Lsdypl)

YR=Y¥YR~1.0

ICOUNT=TICOUNT 41

CALL WEIBULIXL,CUMXL o XMODE o XH COMPXHsZKZLAMDA, M,
7 XMEANY

CALL COMCDF{YRsZK s XH,ZLAMDASIM DISFNC)
IF{ICOUNTLEQa1l) X=DISFNC
IF{ICOUNTLEQL1Y GO TO 1

FPMXC AL o Jo T )=FPMILJ s 1}/ {X-DISFNC)
RETURN

END
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Appendix Table 2. (continued)

/

SUBROUT INE WEIBUL (XL CUMXL,XMODE 2 XH,COMPXH, ZK4ZLAMDA,

IMo XMEAN)

e e s e o ol ok ot ok ofe ook sk e ot ool ol o e ook sl o ol ol e o ol e S ol e ol ol ool ol sk e ok ok ok
o sk B e o o oo e soeofoale s i o ek ook e et el dokoR R oR R el Raboidoke ko ok b Rk ek &

( dedt
C aor ok
ok
(k&%
e
( Hekok
Cxax
CRdk
ot T L0

WEIBUL

ek
*okk:
PrE
Bk

THIS SUBROUTINE DEFINES THE SHAPE AND e 3

LOCATION OF THE HABITAT SUCCESSION

Aok ok

DISTRIBUTION, (DEVELOPED BY LOBDELL 1972) %ok ok

L
L2

[ s et oo s oo oo o e o e ot e e o ol el oo ool o ot ok oo e ol e o s ot o o o oo e ool o o e ook o
(C o e e s o o o oo o s ol sl ol e o oo o o ool oot s o oot o o ol oo o e o o o ool o oo oo ol ok

C
C

-

C
C
C
C
C
C
C
C
C
C
C

ALZMy 2)=(1ZM/(ZM=1 ) )X (-ALOGIZ)) ) %%(1./2M)

BIIMp XHo Yo XMODE = (ZM=1 4 D/ ZMIX{UXH-Y )} 7 { XMODE-Y) )% EI M
€ desieote sl e e ook ool o ok ok sl ook e o oot ok oo ool e o e e o e o o o e o ook ok ok el o

SURRDUT THNE WEIBUL CALCULATES THE LOCATION,

SCALE, AND

SHAPE PARAMETERS OF THE WEIBULL CISTRIBUTION DESCRIBED

8Y THE FOLLOWING CONSTRAINTS:

(1) THE FIRST DERIVATIVE OF THE DENSITY
FUNCTION VANISHES WHEN EVALUATED AT

THE MODE

{2) THE PROCBABILITY OF A VALUE LESS THAN
THE LOWER ESTIMATE IS EQUAL TOC THE
COF EVALUATED AT THE LOW ESTIMATE

{3) THE PROBABILITY OF A VALUE LARGER
THAN THE MIGH ESTIMATE IS EQUAL TO
(1-COF) FVALUATED AT THE HIGH VALUF

NOTE 2 A RESOLUTICN OF 0.00001 IS USED
s e ook e o o s o ol st o o o e o ol e o oo o o e ool o oo o e e ofe s ot ol ol ol ol o oK ke ok K ok

CUMXL=.00001
COMPXH=,00001
Gl=1%.00001

GINC=~-1,

ICOUNT=1
COMPXL=1.~-CUMXL

IM=0G1

1FIG1.FQ.50.) GO TO 22
ANSA=A(ZM,COMPXLY
IX={XL-XMODE#ANSAY /{1 4—ANSA)
XCK={ XH~-ZK ) /{XMDDE-ZK )
TFINCKLLTL06) 0O 7O 2
AMSE=E{ IMp XH, 2K XMODE)
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A System of Measuring Shadows

Cast by Habitat and Topographic Features

Ecclogists, 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 problems as well as for
many others in which knowledge of the sun's altitude, azimuth and shadow
are of importance:

1. finding shadowed areas from topographic maps;

2. finding length of shadows ;ast by forest edges, shelter belts,

buildings, etc.;

3. finding what 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 z few measurements of these
factors, the use of solar almanacs and appropriate formulae is no
troubie. 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 shadow lengths cast by objects of different heights.

These tahbles eliminate the necessity of time-consuming calculations

necessary for extensive use of this information.



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 befcre or after the vernal equinox.

The angle Y is 360° for a complete year of 364.24 days.

D = 0.38092 ~ 0.76996 cos Y - 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 5Y
- 0.00773 sin 5Y + 0.0061 cos 6Y

E -0.00198 - 7.12965 cos Y - 1.84002 sin ¥ - 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 5Y
0.00773 sin 5Y + 0.00061 cos 6Y

b+ 4+

Walsh presented equations for determining solar altitude (6) 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 cof 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 clockwise from North, was derived from the equation
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Appendix Table 3. Solar altitude table for 40° north latitude, on a
mean time meridian.

TABULATION OF SOLAR ALTITUDE

4700 DEGREES NMORTM LATITUDE AND 020 ODEGREES LONGITULE wFST OF THE MEAN TIME MERIDIAN
nete MEAN SOLAR TINE
U500 0600 0700 0860 0500 1000 1100 1200 1300 1400 1500 16030 1700 1800 L1900
T 70 0.0 0as0 502 13e9 20e8 255 27s3 26,0 21,9 1%.3 be B Oe 0 Ce Q.0
14 0.0 0s0 0.0 Sebh  14e3 206 2602 28,2 2Tel 2340 l6.s Ba0 Oetd D0 Qe C
21 0.0 0.0 De 0 6o 1%:.0 2243 2T 29,5 28.% 244 17.8 Fok Jatl Leud 0
28 0.0 00 Qa0 6B 1640 2345 28.7 31e) 30s]l 2640 194 1049 1.1 0.0 2.0
3% 0.0 0.0 0.0 Bel 1T7e3 2820 30e% 22,9 320 27.% 21.1 12.5 2e& 0a0 Je L
47 0.0 0,0 0,0 Foh 189  20ef 32.4 35,0 3441 299 23,0 4.2 4e1 Gae 0 J.0
49 (0.0 0.0 O0e5 1lel 20e8 2849 36,7 37,3 2644 32,0 24,9 1949 547 Vel 0.0
56 0.0 0s0 2,2 130 22,8 31e1 376l 35,8 BB b2 26,9 17.7 Ted Ga0 Cal
63 0,0 040 hs2 1561 2%.1 33,6 36,7 62,5 4le3 36,5 28,8 19,4 Eott Geld 0.0

T0 Ca0 0.0 6e3 LTed 2728 36.1 42,4 45,2 43,0 38,7 0.8 21.1 10.3 Cad 0.0
T 0e0 Q0 Boh 195 298 3BT 45,2 48,0 bhes 4140 2.7 22.7 1l.¥ 045 Cul
Bk 0,0 0s0 1046 2148 3243 41,3 47,5 5048 49,0 43,1 34,5 24,3 13.3 1.8 CsC
91 Ga0 Lot 12.8 2401 34,7 43,C 50eT 53,5 515 45,2 36,3 258 14,7 32 Ue0
9F (a0 35 1560 2643 3740 40.5 53,6 5662 3,6 47,2 37,9 2743 1640 LTS Ge 0
12% 2.0 5a8 17,0 28,4 39,2 4E.9 56,0 58,5 5642 4%e1 39,5 £8.5 17,3 Sl 0.C
112 0.0 Tebh 18,9 30ed 413 Blel 585 B1.3 58,7 50,8 40.9 29.9 12.% Tel Gl
116 2.0 Ge2 20t 2240 4341 52,1 008 63,6 FCe2 SZ.b 42,3 31,2 1%.7 deld Co O
26 0ol 107 2241 2345 4heT  S4,9 A2.E 658 (202 53,% 43,5 32,3 208 Y Cad
137 1ol 1260 23.% 34,0 4bel  58.5 bhef 67,7 63,8 55,2 46eT 33,4 21,9 1.t 2.0
LeD 252 1340 2643 15,8 47,1 57,7 £6.7 69,4 6543 5645 45,7 3,6 it Llat ;
&7 3¢l 134R 29,1 Ybeb 47,9 SF.b £Teh TOuH Ebeb 6Te5 4be? 15403 24,8 1740
1% 3,7 laeb 250 3741 4045 SYa3 8.7 T2.0 6Te6 SBet 41,5 36.1  J4.E 1345
161 442 14,7 25,8 3743 48,7 5C4€ £R,8 T2,8 B85 69,2 46,2 3be? 2%e3 1.2
L6R - 4p1  14e7 2%.9 373 48,7  5%.7  €9.0 7343 69,0 59.T 48,7 37,3 25,9 16,7
179 400 14,5 29,7 3741 4Re8 59,5 60,0 T3.5 69,4 0.1 491 7.7 Ze.3d  15.1
182 386 1442 25,3 6.7 68,2 89,2 68.6 T3.3 6946 60,2 49,3 Te3 26,4 15,3
1BE %0 1366 24,7 30e2 @7e6 58,6 68,0 T2.8 %1 601 493 37,8 26.4 1%.2
196 Za3 1249 26s1 395 %be9 57,9 6742 The9 68,5 59,7 49,0 37.0 26sl 14,9
200 led 12,1 23,3 .7 4bel 57,0 6642 T0.B 6Te6 59,1 48.4 37,1 2%5.6 14,3
210 Oe®  1Jal 2244 23,9 45,2 56,0 65,9 09,3 6bbak SBel 4T.6 6.3 ZheE 12,8
207 0e0 1001 21,6 32,9 84,7 54,7 £3,5 81,7 64,8 S6.R 46,5 3%5.2 P3.B . 12.4
226 0,0 Sl 20e% 31e9 4301 53,6 £1.9 65.7 63,0 5%.2 4%.1 33.7 2.5 dQl.l
231 (.0 Te® 19:,3 3048 41,9 52.1 60e1 A3.6 e0.9 534 426 32,4 23,8 Ges
238 0.0 Bel 18,2 29,7 40,7 B0.6 58,2 612 5840 %13 41,5 3C.u 1942 Tel
245 0.0 Seb 1Tal 28,4 36,3 48,9 54,1 5B.9 56,7 49.1 39,5 28.6 7.3 5al
282 Oa0 boh 159 2702 37.8 &Tel  B3,5 S8, 53,6 46.T 3742 265 1%.2 2.7
28% 0.0 FaZ 16e6 25,8 38,3 45,2 51eb6 53,7 SC.5 44,1 24,9 74,3 13,0 leti
266 0.0 1e9 1343 24446 34,6 83,7 49,1 51,0 48,1 41.5 2325 2240 1048 Lo
27 0,0 0ab 120 22.9 32.9 41,2 4&.7 48,2 45,6 38,9 30,0 19.7 .6 Csu
280 0.0 0.0 10e0 2003 3140 39,0 44,1 45,5 42,6 36ed 2Tet 17,4 Gat 0e0
IRT (a0 Geld 9ol 157 2942 364K 4leb 42,8 39,9 13,7 25.2 15,2 4o Ced
206 04,0 00 Tet 1Bel 2Te? 26,6 36,2 40,1 37,3 31,3 22,9 1241 23 Vel .
30L Cel 0,0 Gel 1éeh 28,4 32,46 &P 3T.b  F4,9 29,0 2U.B  ll.i Cat Cals CaD
i0R 0,0 2.0 el 14aT 27,5 3Ce? 34,5 35,3 1246 764% 18,9 a4 Je Ceu e
A6 0W0 0.0 3al 12e1 21a7 28,4 3246 33,2 3046 2%.1 1743 7.9 Ce0 Cal DaC
120 0.0 0,0 1e7 11a% 20s0 2645 30,8 31,1 28,9 23,5 1%5° 6.7 Jsl LEPSY) e €

o

B % B % % 3 & & 8 & % B % 6 wow o0 ¥ aow

SOOOOLOOODDPRT SR AT 00

QOGO DO O Wwd PP S  Nee

A2% 060G 00 Je? LU0 1808 26,5 2E.B 28,7 (Tet 2.7 14eR 5.7 Jel Cad Tal
3% 0.0 OeQ Ue0 Bab  1T40 2346 2Teh 2244 26,2 2162 1440 5o 1 el Vel Qe O
34% 3.0 Ge D Ael Teh 15 2247 28,3 2706 29,5 20e7 1%ab a8 il Osu 0.0
357 Ce 040 0.0 625 14,9 2146 28,6 26.8 25,0 20.6 175 4a9 Dew a Gall
38T 0,0 Qa0 Je0 Safl L&l 20,5 2%.1 2645 24,° 0,5 13.7 Gl Ja Jel Gl
Fha D0 0l Quel Bah 1349 207 2%.1 28T 75,7 Z0aT  1he3 Set Gal Ced Qa2
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of Walsh (1961:52),
sin ¢ = (sin H) (cos D) (sec €).
The direction a shadow is cast from the base of an object is
¢ + 180°
Appendix Table 4 is a table of solar azimuths paired to the solar
altitude table in Appendix Table 3.

Object Height-Shadow 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 shadow length is:

LNTH = HT(ctn &)

Appendix Table 5 is an example of an object height-shadow length

ratio table for a solar altitude of 32°.

Use of Tables

For most problems wherc these tables will be of use, fine accuracy
in determining altitude and azimuth is not essential. Rounding coff to
the nearest weekly interval will be accurate enough in most cases though
linear interpolation between weeks can be used. Except for 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 shadow. In the case of the angles
less than 10°, it is most likely that the angle is changing so rapidly
that the error will have little effect on the outcome of the work. The

exception to this is at high latitudes during the winter.
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Appendix Table 4. Solar azimuth table for 40° north latitude, on a
mean time meridian.

TABULATION OF SOLAR AZIMUTH

“0.00 DEGRFES NOKTH LATITUDE AND 0o0 DEGRFES LONGITULE wWEST OF THE MEAN TIME MERIDIAN

nevE MEAN SOLAR TIME
0%00 0600 ©TO0 (0BUO 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

T 0.0 OaC Qa0 12%:6 1365 1491 163.3 178,06 156,00 208,55 2213 232,.% Gs0 0.0 0.0
16 0.0 D0 040 12445 135,64 148,0 1623 177.8 193.5 208,2 22143 232,06 0e0 Gl Ol
ST 0.0 Da 0 0o 1236l 13642 14628 1613 177.1 19301 208,10 221,% 233,0 a0 Ua 0.0
JE Gl 0.0 De0 1217 132,88 16%5:6 16007 17665 1929 208,86 222,0 233.8 244,0 0s0 Ga0
0.0 Qa0 020 12062 13104 184,% 159,464 176,00 193.0 208,9 222:8 234,.8 245,2 00 0s0
47 Qa0 0e0 0s0 L18o06 12929 143.1 1565 175.7 193,23 209.7 223.9 238,10 266.7 Gal el
L% Q. 00 10649 11740 128.4 14149 1577 175,06 193.9 2108 225.4 237,7 24844 Gl 0a0
6 080 0e0 10%1 11543 12649 16047 157.0 175:6 194,7 2122 227.]) 239,56 250.3 Oe Jal
B 0,0 0e0 10363 1136 125:6 179:4 1564 17%.8 19%5.7 213,99 229.1 281.7 252.% 0.0 De0
70 0. 0ol 101a6 11149 1238 138a2 155.7 1T76el 1971 21%9.8 231e3 266,00 254.8 0.0 Ol
TT 0.0 0aC 99,8 11002 1222 136.9 1551 176,06 198.7 218,00 233.7 2646.4 257.2 267.0 0.0
e Ga0 350 GB.0 10804 120.6 12%5,5 1%4.% 1773 200,95 220.4% 236,3 248,99 259.7 269.% 0.0
91 0.0 BbeS UbsZ 10667 118,808 134,11 153,9 17840 202,5 223,0 239.0 251.9 262.2 268.1 0s0
OF Ded B4, B 85,0 10448 11761 1326 1532 178.8 204.7 225.8 241.7 254.1 264.7 265.0 0.0

10% 040 8301 ATe3 10340 1192 131.0 152.4 179.6 2070 228,6 266.5 256.7 2671 276.7 G0
112 00 Rled B9l 101e2 11303 129:2 15104 180.5 209,46 231.6 247.1 2592 209.4 278.9 0.0
(19 040 79,8 89.2 9943 11063 127.3 150,33 18143 21168 234,2 249,7 261.5 26845 280.9 00
120, Te0 T8.3 87.5 97.% 109:% 125.2 148,9 181.9 214,22 236.8 252.1 263.7 266.5 282,7 Ge C
133 67.5 T648 85,9 95,7 1073 12341 19763 18246 21600 2392 25403 265.6 2T75.2 284,3 0.0
140 #6473 T5.4 BRheb 860 1056 121.0 145,55 182.9 2183 241,73 256.2 267.3 2767 285.7 294.9
167 €52 ThaZ B3c1 87,5 103.7 118.9 143,06 182.6 2199 243.1 2577 268.6 277.9 28648 295,9
156 6442 T3:2 82,0 888 1021 117a1 141+6 181.9 22140 246.4 258.9 269,06 27848 287.6 296,06
160 63,46 72,3 81,0 89,8 1009 1155 139, 8 181.0 22146 249.3 259.7 269.7 Z79.6 288,00 297.0
1468 628 T1e7  80.4 89,4 100.0 11444 138,23 180.0 271eb 2456 2600 26944 2798 288.2 297.2
17% £2.5 Tleé 80,0 89,0 995 113.7 1373 178,77 221el 24546 259,99 269,5 279.5 288.,2 297.1
180 62,4 7143 80,0 89,0 994 113.5 13648 177,06 2200 264,7 2594 269.9 2792 28T.8 2967
188 £A2.5 T1e% 90e2 B9:3 95,8 113.9 1369 17606 2185 243,5 258.5 269,23 27845 2872 29641
196 6340 72,1 B0eR  B9.9 1006 114,F 13706 175:9 2167 242.0 257.2 2683 27746 28646 295,3
203 6%, T 7249 BleT 89,0 101.8 1162 1388 175.7 21449 240,1 255.7 267.0 27646 285.3 294.4
210 44,7  The0 R2,9 87,56 103,3 118,00 160.5 175.8 213,11 238.1 256,0 265.% 27%.1 284.1 293,3
21T 0.0 T5.3 Rasé 8640 10543 120e1 142,06 17642 21165 23601 25201 263.9 266.3 282.8 297,1
226 0,0 TT.0 BheZ 96,0 107+% 122.6 144.9 17649 &10s] 234,101 25042 262.1 2679 281a4 290.7
231 .0 TRLB EBL?  9H.2 109,99 125,3 14T,4 177,7 208,9 232.1 2648.3 260.4 269.5 279.9 0.0
236 N0 RDL.9 A9,6 1005 112,95 12B,1 149.9 178,7 2079 2306 246,46 258.6 268.8 278,13 0u0
Y45 J.0 H3al B7e3 103.0 115:2 13100 15245 179.8 20741 228,7 264,06 25648 26742 27647 0.0
J852 Dl PS.% 95,1 105,86 118.0 133,58 156.5 180.8 2065 227,22 262.8 25%9.1 265.%5 275.1 Oal
TR 0,0 MTeB OT.6 108.2 120.P 136.8 15742 1817 208.9 225.8 2611 2%3.3 263,8 266,.5 Qs 0
CEF Ueld BR.T 100e1 11CeB 123,45 139.3 159.3 1626 2096 224,5 239,95 251.6 262,1 0a G G0
2T G0 B2 107.6 113,64 12641 161.8 161.3 183,46 205,0 22%.3 238.,0 250.0 260.4 Ded Cal
TAU . 0.0 0e0 10521 115.9 128,6 166,]1 162,9 184,0 204,55 222.1 236.4% 248.3 25B,7 Qe 0.0
PRY . Qs 0eD 10708 11642 13029 18602 16heh 18445 20400 2209 23449 246,7 257.,0 Da0 Qel
i 1.0 020 10946 12064 132.9 147.9 16586 1847 20344 219.8 233,5 245.1 25543 Qe Ge0
Wik Def Ded 11146 122673 136,77 149,46 166.5 186,9 202.8 21846 232.0 283,53 2536 0.0 0.0
08 080 OO 113a% 124,00 136,27 150.6 167,101 18448 202.0 217.4 230.6 241.9 Ga0 0.0 0e
116 0.0 0s0 1149 125,464 137.4 151.% 167.5 184.0 701e2 21843 229,272 26044 0.0 Ga 0 0.0
127 0e0 0.0 116,101 12665 13844 1521 167.6 18442 20044 215,1 227.8 228.9 0s0 Gal Gs0
126 0.0 0.0 11721 12763 138,99 152.% 1675 183.7 15945 213.9 226.5 237.5 0.0 Cs0 0«0
A%d Qe 0.0 0s0 127.8 139+2 152.4 16747 183.0 198.5 212,8 225,3 236,27 08U 00 040
147 J.0 0.0 0.0 127.9 139,2 152,2 166,77 182.2 197.5% 211.,7 224.1 235.0 OeC 0e Q.0
350 NG 040 Te0 12768 1390 15147 16601 18Llab 19646 21047 223,2 2341 J.0 Ce 0 Gal
BT 0.0 Gu Ga0 1272k 138,46 151,11 165,73 180,95 1557 209.8 222.3 233.3 Gol Geld 0s0
Anh - DG D0 Dol 1267 13727 1502 16heth 179.6 19449 208.1 22147 232.8 e 0 el (e O




Appendix Table 5, Object height-shadow length ratio table for a solar altitude of 32°,

SOLAR ALTITUDE: 22. DEGREES

2Ca 32 40,2 E4o 602 96. 80.: 128, 100.: 160.
120.3 192 140.2 224, 160, 256, 180, 288. 200.2 320,
220.3 352, 240.3 384, 260.2 416, 2803 448, 300.: 480,
320.: 512« 340,12 544, 360.: 576e 380,.: 608, 40042 640,
420,22 672 440, T704. 460,33 T36. 480s3 T68. 500.: 800,
520.2 832, 540.2: 864, 560.: B96. 580,32 G28. 600, 960,
620.: 992, 640.2 1024, 660.: 1056, 680.: 1088, T00e: 1120.
720.3 1152, 740.: 1184, 760,23 1216, 780,2 1248, 800, 1280.
B20.: 1312, 840.3 1344, 860.3 1376, 880.: 1408, G00.2 1440.
9202 1472 940.2: 1504, 960.3 1536, 980.3 1568. 1000.: 1600,
10203 1632. 1040.: 1664, 1060.3 1696, 1080.,1 1728, 1100.3 1760,

1120.2 1792. 1140, 1824, 1160.: 1856 1180.: 1888, 1200.: 1920,
1220432 1952, 1240,.: 1984, 126C.3 2016. 1280.3 2048. 1300.: 2080,
132C.2 2112, 134043 2144, 1360.2 2176 1380.3 2208, 1400.: 2240,
1420.2 2272 1440.3 2304, 1460.,: 2336, 1480,3 2368, 1500.3 2401,
1520 .2 2433, 1540.: 2465, 1560.: 2497, 1580.: 2529, 1600.,: 2561,
1620.2 2593, 1640.3 2625. 1660.: 2657. 1680.3 2689, 1700.: 2721,
17202 2753. 1740.3 2785, 1760.3 2817. 1780.: 2849, 18C0.: 2881,
1820.3 2913, 184C.: 2945, 1880.: 2977. 188C.: 3009. 1900.: 3041,
1920, 3073. 1940.: 3105, 1960.3: 3137. 1980.: 3189, 2000.: 3201,

68T
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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 rows 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 azimuth is found in the appropriate table
at the intersection of the date row and mean time column at which it
will 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 shadow 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 shadow
scale for the solar altitude of that table. This ratio is 100.: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
May 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 1d to 200 ft if the decimals of both
numerator and denominator are moved to the right one or two places
respectively. The ratios can be 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 between the ridge top and the valley
bottom where 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 shadow scale (the
ratio in the upper right corner of the table) there is definitely going
to be a shadow cast., However, if this value is greater than the shadew
scale distance there mav be a shadow cast if the hill is adequately

convex or concave. Determining the shadow length per 100 ft for the
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steepest portion of the slope will give the shadow scale for the solar
altitude below which the hill will 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 shadow cast by a topographic feature will lie wholly between
the solar crest of a feature and the measured end of the shadow. The
mere lines used along the shadow azimuth for determining the shadow
length the more precise will be the delineation of the edge of the
topographic shadow. However, for determining areas in shadows, three
to five lines mayv 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.

When the tabulated distance and the measured distance are the
same and remain the same for several contour lines the shadow end may
be considered to be toward the distal end of this interval since effec-
tively the sun's rays are parallel to the surface and usually ineffective

in an ecological sense,
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Appendix Table 7. A method for determining topographic

shadows from contour maps.

3.

4,

A.

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
shadow azimuth.

Determine the tabulated shadow length associated
with the height of the zero point abcve the

next contour line in the direction of the

shadow azimuth. This is (N x contour interval),
where N is the number of contour lines below the
zero point contour line. If a drainage is

crossed N will decrease in magnitude.

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.

If the tabulated shadow 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.

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’ at this point. Move the zero point to
the lower contour line. Go to Step 2 and con-
tinue the process until a point within shadow
(3.A.) is obtained. When 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.

If this was not the first contour line below the
zero point then you have passed out of the

shadow cast by this formation. Mark this point
and go to the next line zleng which shadow length
is to be measured. Start at Step 1.
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ABSTRACT

A model of the inter- and intra-seasonal energy flow through
deer populations was 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 Weibull distribution.
Indices of the potential sightable and harvestable deer producticn
are calculated in standard deer units at S5-year intervals over a

50-vear planning horizon,
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