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ABSTRACT

Capacity is a popular concept, but there is no established rationale or
methodology for understanding, measuring and applying it. This report recognizes
the complex and dynamic nature of capacity by reviewing separately the literature
which bears on each of five categories of factors which influence capacity: (1)
administrative, (2) biological, (3) physical, (4) social, and (5) temporal. The
literature is dominated by published reports dealing primarily with the physical
factors and secondarily with the social factors. Administrative, biological and
temporal factors have received minor attention in the literature.

The applicability of Liebig's law of the minimum to the concept of capacity
is discussed in some depth. The final section of this report reviews the empiri-
cal research effort which has been applied to capacity conceptualization and

measurement., To date, this effort has been meager and fragmented.
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INTRODUCTION

This report is Part I of a series devoted to examining the pervasive prob-
lem of identifying an optimal level of recreation use for a given body of water,
Part II will apply the systems concept to the problem of analyzing the capacity
of water-based recreation areas. The framework of a simulation model and a num-
ber of exploratory models will be included. The authors intend to issue addi-
tional reports describing methods for empirical measurement of user activities
and interactions through ground observations, aerial reconnaissance, and ques-
tionnaires; a system of computer programs to facilitate data analysis; and

finally, a summary of results.

Capacity - Important but Illusive

Lakes, rivers, and oceans have always been important to the fulfillment of
man's physical, sociological, and psychological needs. Because water-oriented
recreation is an important vehicle to fulfilling some of these needs, water
bodies are increasingly valued for their recreation potential.

The attractiveness of water is demonstrated by statistics concerning water-
oriented outdoor recreation. In 1965, it was estimated that Americans partici-
pated in swimming on almost a billion occasions.l Swimming is expected to be
the most popular outdoor activity by 1980. Between 1970 and 1980, participation
in water skiing is expected to increase by 121 percent. In 1969, over 8-1/2
million recreation boats were owned in this country. .

The emergence of recreation as an important and popular function of multiple-
purpose water resource developments has compounded the conceptual and practical
difficulties associlated with the allocation and management of water resources.

At present, many inland lakes in North Carolina are supporting only light
to moderately heavy recreation use, Where peak density or intensity of use
generates little conflict with the objectives of management, little control

. 3 . .
over use is usually necessary. But as the quantity of recreational use

lU. S. Department of the Interior, Bureau of Outdoor Recreation, Outdoor

Recreation Trends.

2
U. S. Department of Transportation, Coast Guard, 1970, Boating Statistics-
1969,

3The terms density and intensity as used in this report have distinctively
different connotations. Density is a static concept implying simply the num-
ber of objects per unit of area. Intensity is dynamic in that it takes account
of the speed of the objects.
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expands on any given body of water and the technology of boating changes, man-
agement problems increase. Pressures and conflicts grow, and the quality of

the recreation experience tends tc be reduced. Since the surface area and the
number and quality of supplementary land-based facilities are fixed in the

short run, increases in the amount of participation perwunit of time beyond

some optimum level eventually result in a reduction in the average level of
enjoyment. In the short run the decline may be due simply to the ensuing con-
gestion. In the longer run, sustained high levels of use may lead toc deteriora-
tion of the physical resocurces which, in turn, reduces the quality of the
recreation experience.,

Faced with increasing costs and declining average benefits, agencies
responsible for assuring appropriate levels of public safety, resource pro-
tection, and user satisfaction find it necessary to develoﬁ managerial and
regulatory techniques consistent with their political and budgetary con-
straints. But how and to what level should use be contxolled?

A popular concept meant to guide managers in establishing maximum use

levels is that of "carrying capacity,"

a measure of the maximum stress con-
sidered acceptable for a recreation system orxr subsystem. This concept of
carrying capacity has considerable appéal. Just as the freight manager
éftempts to load every carrier with the maximum'éargo which it can efficiently
handle and the travel agent attémpts to f£fill every cruise to the limit of
available accommodations, the administrative agency concerned with a lake or
othér water-based recreational resource is usualiy expected to encourage
recreation use up to a level close to its ”carrying capacity" and to prevent
or discourage use above such a level. | |

| Unfortﬁnately, planners and administrators have héd a tendency to think
of capacity as being a uniqﬁe quantity which is somehow inherent in the
nature of the sﬁpply element. Although several résearch scientists (notabiy,
Threinen and Wagar) have done much to dispel such a notion, the recreation
manager remains without a comprehensive rationale for arriving at the value

called '"capacity."

Neither does he have at his disposal a significant amount
of physical research nor even a good theoretical model to guide him as he
seeks to aﬁticipate the consequences of administrative alternatives on the
quantity and quality of the recreation system output which are, in fact, the

descriptors of capacity. Such guidelines are particularly needed by agencies
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involved in the development and management of water-based recreation opportuni-
ties. Multipurpese reservoir development may be justified, in part, on the
basis of recreation value, and this value is limited by 'capacity." Manage-
ment funds are oftfen allocated on the basis of units of use supported. In
both cases it is necessary to provide figures which will stand up under
analysis.

The Bureau of Outdcor Recreation is making an effort to come to grips
with the capacity question. The problem was cited in a recent issue of

Qutdoor Recreation Action:

"The Nationwide Outdoor Recreation Plan (also) will attempt to
refine a system for determining recreational use capacity for
varlous types of rescurces. With recreation activity expected
to grow, the Nation will have to have more land for recreation,
more crowding, or both. Determining recreation carrying capa-
cities, therefore, is urgent. Recreation carrying capacity is
the number of units of use of an area which can be accommodated
for a specified period of time while sustaining the character
cf the resources and recreation experiences available there.
-Predicting or prescribing capacities involve value judgments,
assessments of psychological function, and extrapolation. Num-
erous unigque factors complicate this problem which has resisted
simple solution in the past."

, ; . 5
The Bureau's Nationwide Outdoor Recreation Plan™ subsequently delegated
the preoblem of capacity determination to Federal recreation land managing
agencies and to states with the following pronocuncement:

"The success of some natural area protection programs has nearly
been the undoing of the areas they sought to protect. This has
been especially true at some of the better known national and

state parks.

"The problem stems in part from the lack of basic knowledge about
the numbers of visitors, the manner in which visitors use areas,
and the abilities of areas to absorb and accommodate visitor use.

“Carrying capacity is a key term. There is a limit to the amount
of use an area can accommodate without affecting its basic
character and its recreation quality. An area's carrying capacity
is determined by the physical and biological characteristics of
the recreation resocurces, by the number of users and nature of
use, and by the objectives of the managing agency.

4
USDI, Bureau of Outdoor Recreation, Outdoor Recreation Action, Report 27,

Spring 1973, pp. 8-9,

3
USDI, Bureau of Outdoor Recreation, Outdoor Recreation, A Legacy for

America, Nov, 1973, pp. 48-50.




"Commitments should be made by all levels of government to main-
tain acceptable levels of quality for outdoor recreation resources,
experiences, and activities, Such a commitment requires the man-
agement agency to develep basic factual data about user impacts

on resources.

"Each Federal recreatiom land managing agency will determine the
carrying capacity of its recreation lands, considering management
objectives, ecological concerns, and user characteristics.

"As a second step, each Federal recreation land managing agency
will institute necessary controls and develop new ways of managing
the movement of people to ensure that use does not exceed capacity.

"Each Federal land managing agency will report ammually to the
Bureau of Outdoor Recreation, in accordance with the Land and
Water Conservation Fund Act of 1965, as amended, on recreation use
at each management unit, using the recreation visitor-hour as the
standard unit of measure ., . .

~"States and localities should prepare similar reports on recrea-
tional management units for use in their planning programs.

"In addition, state and local governments should carry out programs
parallel to those of the Federal Government to determine area
carrying capacities and develop administrative methods for tailor-
ing use to fit capacity."

Although the concept of a unique measure of ''carrying capacity" for a
recreation resource is intriguing, the search for such a measure has often
been unproductive. Carrying capacity has proven to be an extremely elusive
guide to management. The many attempts to establish use standards based on
some concept of carrying capacity are reviewed in this report. It is suffi-
cient here to mention four problems that complicate efforts to determine a
unique carrying capacity for water-based recreation,

First, capacity can be defined in physical terms, in terms of human satis-
faction, or in terms of combinations of the two. But the acceptable level of
use, no matter how it is determined, can be altered by the level of expendi-
tures for recreation management., If capacity is measured in physical terms,
it is some function of the amount of money available for paving boat ramps,
seeding worn shorelines, rip-rapping eroding banks, and other managerial
practices. The concept of capacity, then, which is developed to serve as a
guide to management, turns out instead to be a function of management.
Capacity and management are interdependent up to the point that political and
budgetary realisms constrain management.

Second, water-oriented recreational activities involve movement across an

essentially featureless, homogeneous plain. In the absence of regulations or




physical obstacles, participants are free to move to a very large number of
alternative locations on a water body and at a variety of speeds. Static
concepts of capacity of entire water bodies are simply not applicable to this
dynamic situation. However capacity is measured, it may be exceeded for very
short periods of time on limited parts of the water surface while the remain-
der of the surface is receiving low levels of use,

Third, the usual concept of capacity assumes a standard size boat with a
standard horsepower engine that requires a standard amount of water area in
which to maneuver., This concept has had a great deal of appeal for its sim-
plicity. With knowledge of the standard water area per boat, the only remain-
ing variable is total area of the water body which, when divided by the
standard area per boat, indicates how many boats should be allowed at one time,
But plainly, with today's technology, such standards are unrealistic. Boat
glze and engine size, as well as diversity of preferences for type of activity,
are additional variables that camnot be ignored. The proportion of the entire
watexr body usable by a large pleasure craft is something less than the pro-
portion usable by a lightweight fishing skiff when both are operating under
"normal" conditions.

The fourth problem with carrying capacity and with similar concepts
alledgedly designed to guide managers in determining optimal levels of use
is that they de not allow for the many forms of interaction possible among
users. Density of bcaters on a water surface is likely related to the aver-
age velocity of the boats. Some users may be less sensitive to high-use
levels than others. The actual usable area of a given water body may change
with the number and velocity of the boats in use. Other examples could be
given, but the point is that effective water-based recreation management
designed to meet specific objectives requires the consideration of these
interactions as dynamic rather than static phenomena. Unfortunately, almost
nothing is known of the nature or strength of these interrelationships, with
the result that management is frequently reduced to a trial-and-error proposi-
tion based on subjective, experience-based expectations of consequences,

As the basis for further research, this paper presents an analytical
review of literature bearing on the concepts and manifestations of capacity.
No effort has been made to cover the body of literature which deals with the

ecological impact of recreation use as a factor in the capacity equation.






LITERATURE REVIEW6

Carrying capacity is complex and dynamic. The factors which contribute
to tolerance thresholds alsc influence a person's reaction to a recreation
environment under intense conditions. These factors can be grouped into
five categories: (1) administrative, (2) biological, (3) physical, (4)
social, and (5) temporal. While recognizing that these factors are inter-
active and interdependent, this review is organized to separately consider
the literature bearing on each category. The concluding section is a review
of other carrying capacity studies, References are alphabetically listed in

Appendix I,

Overview

Implicit in the literature is the idea that as use increases, various
tolerance thresholds are approached or exceeded and a point is reached, com-
monly called carrying capacity, beyond which behavior is altered’and satis-
faction diminished.

Capacity connotes capability, maximum safe level cof use, and a satura-
tion point, It implies that something can receive and contain a certain
quantity and no more. 1If the quantity is exceeded, something must break
down.

In recreation, the breakdowns are thought of as resource degradation,
diminishing satisfaction of recreation participants, and diluted quality of
the recreation experience due to crowding and friction. Natural and physical
scientists tend to. develop their resource planning and development methods in
a vacuum that fails to consider human ecological relationships and. attitudi-
nal and behavioral patterns of recreation participants.7 On the other hand,
planners, sociologists, psychologists, and economists have developed compre-
hensive methods for anal&zing and allocating resources which reflect minimal

environmental understanding., Each discipline has its own threshold of

6A summary of this review was presented by Richard A, Crysdale, M.S., at
the First World Congress on Water Resources, Chicago, Illincis, September 24-28,
1973, '

7 , fex , ,
R, B. Ditton, The Identification and Critical Analysis of Selected

Literature.




8

capacity; and when it is breached by some increment of visitation, a break-
down occurs and problems of health, safety, resource integrity, user satis-
faction and experience quality may develop.

Wagar has defined carrying capacity on an annual basis as:

", ., . the number of user-unit use periods that the recreation
site can provide in an average year without permanent biologi-
cal or physical deterioration of the site's ability to support
recreation or appreciable impairment of the recreation experience."

In considering this definition of carrying capacity, two effects are
identified: the effect on the user and the effect on the resource. However,
resource deterioration itself is primarily significant because of its impact
on people. Wagar emphasizes this point in the following way:

"Even severe abuse of land and other resources is not wrong from
the standpoint of the resources themselves, but because cf the
impact that deteriorating resources have on the fulfillment of
human needs and on the sustained welfare of society. For evaluat-
ing recreational carrying capacity, comparing alternative uses of
land, or for making other land use decisions, human needs and
desires provide the primary criteria for judgments,'?

And so, a promising and even needful beginning point in the study of
"capacity" is research related to human behavior and expressed attitudes under
different intensities of recreational use as these are affected by the factors

which contribute to the establishment of tolerance thresholds.

Administrative Factors

Administration exerts a significant influence on both the physical aspects
of the recreation resource and on its actual use. Resources can be modified
to increase, decrease, or stabilize use, and control can be exercised over the
kind of use that is permitted. Some of the decisions that bear on the manipu-
lation of use and the management of the resource are: (1) the amount and

character of the land resource acquired3lo (2) the amount and kinds of

8J, A, Wagar, The Carrying Capacity of Wildlands for Recreation, pp. 21-22.
9Ibid., p. 12,

0For example, see State of Michigan Department of Commerce, Qutdoor Recrea-
tion of Planning in Michigan by a Systems Analysis Approach, p. 59; U. S.
President's Council on Recreation and Natural Beauty, From Sea to Shining Sea,
A Report on the American Environment--Our Natural Heritage, pp. 16, 153, 176;
U.S. Dept, of Interior, A Report on Recreation Land Price Escalation, p. 12;
U.S, Dept. of Interior, The Role of Reservoir Owner Policies in Guiding Reser-
voir Land Development, pp. 7-14; U.S. Federal Power Commission, Recreation Oppor-
tunities at Hydroelectric Projects Licensed by the Federal Power Commission, p. 62,




facilities that arvre developed,ll and (3) the controls that are employed to
regulate usegl2 Although Wagar's definition of capacity (also espoused by
Chub and Ashton) recognizes resource deterioration and satisfaction of
recreationists as integral parts of the carrying capacity equation, it is silent
as to acceptable levels of detericration and dissatisfaction. Levels of user
satisfaction are strongly influenced by managemeﬁt manipulation13 and final
definitions of recreational carrying capacity must be of an administrative
nature,14

Thus, it appears that administration plays a key role with respect to
three factors which virtually control the effective recreation use capacity
of a water body in terms of units of use per unit of area over time. In the
sequential order of their impact on the user, these may be described as:

(1) accessibility, (2) facilitating improvements, and (3) regulation of use,

Accessibility

It is strongly evident that public and private administrators influence
the degree of public access to a water body. According to a Michigan Depart-
ment of Commerce report, "resource availability and not capacity controls

. : . 1
participation in outdoor recreation."

llLeslie M, Reid, Outdoor Recreation Preferences: A Nationwide Study of
User Desires, p, 132; Editorials, Parks and Recreation, Vol. IV, No. 10, p. 15;
Baynard White, National Seashores Fighting the People Problem, Section 5, p., 10;
U, S. House of Representatives, An Act to Establish a Land and Water Conserva-
tion Fund, Public Law 88-~378, p. 19; U. S, Senate, An Act Providing Uniform
Policies with Respect to Recreation and Fish and Wildlife, Public Law 89-72,
Senate 1229, pp. 1-6; U.S. Department of Interior, The Role of Reserwoir Owner
Policies in Guiding Reservoir Land Development, p. 21; E. L. Shafer, Models
that Describe Use of Adirondack Campgrounds, p. 389.

lZFa M, Paulson, Seven Common Contyroversies, pp, 108; R. F, O'Brien, Con-
centration - The Key to Quality in Outdoor Recreation, p. 28; R. A, Crysdale,
An Analysis of Lake Zoning Factors, Objectives -and Prcblems on Yellowstone;
C. W. Threinen, An Analysis of Space Demands for Water and Shore, p. 370
G. A, Petersen, An Application of Water Recreation Capacity Standards to
Reservolr Development Planning, p. 27.

13 . Ces . .
P. B. Ditton, The Identification and Critical Analysis of Selected

Literature,
14
15 14
State of Michigan Department of Commerce, Outdoor Recreation Planning

in Michigan by a Systems Approach.

J. A, Wagar, The Carrying Capacity of Wildlands for Recreation.
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Theoretically, the Atlantic and Pacific Oceans, the Gulf of Mexico, and
the Great Lakes, which encompass the United States, could provide an infinite
supply of water for recreation with their nearly 60,000 miles of shoreline,
However, the U. S, President's Council on Recreation and Natural Beauty esti-
mated that 1209 miles--only two percent of the total--was in public ownership
for recreation use.16 There is keen competition between developers and public
agencies for acquisition of prime water-oriented recreation property, but
Burby found contrasts in private and public attitudes for providing recreation
access, For example, the U, S. Corps of Engineers attempted to acquire suf-
ficient recreation land at its Clark Hill Reservoir. Nearly 90,000 acres or
58 percent of project land was purchased above the maximum shoreline toc accom-
modate anticipated recreation needs within a 50-year period. On the other
hand, private power companies are resistant to acquiring land for any purpose
other than the production of power. Reservoir owners can prevent development
in an area by holding land with development potential or, conversely, promote
development by selling land to private developers at market or below-market
rates.l7

Whether expressed in terms of availability, which can comnote the right
to enter, or in terms of the primary, secondary, andAfinal access systems which
facilitate the user's travel from point of origin to the water, the objectives
of the administrating body with respect to accessibility will be among the

major determinants of capacity.

Facilitating Improvements

The potential recreation user faces a moment of truth at the interface
between land and water. Either his boat can be launched with reasonable con-
venience or it cannot, and the administrator's influence will be quite
apparent in the amount, kind and placement of facilities available for obtain-
ing access to water., The facilities include, but are not limited to, car and
boat-trailer parking lots, boat launch ramps, docks, marinas, and frequently

18 . s , . .
campgrounds and picnic areas, Reid in his nationwide study of user desires,

16

17R. J. Burby, The Role of Reservoir Owner Policies in Guiding Reservoir

J.and Development.,

U.S., President's Council on Natural Beauty, Water and Waterfronts.

18Elwood L. Shafer, Models that Describe the Use of Adirondack Campgrounds,
p. 384,




it

found that lack of facilities and overcrowding were major reasons for dissatis~
faction of users who participated invmotorboating.lg. Nearly 10 percent of all
those interviewed: indicated dissatisfaction with parking areas because of
crowding. Other concerns were inadequate provision for visiting boaters,
improper location and design of launching ramps, and inadequate parking space
for boat trailers., Even casual observation will indicate that efficient use

of the water surface is contingent upon the appropriate array of facilitating

improvements.

Regulation of Use

Administrative decisions and policies may restrict the types and degree -
of recreation use. Paulson indicates there are three common controls applied
to the recreation use of water bodies: (1) alternate time periods for each
sport; (2) limits on speed and power of boats; and (3) zoned areas for each
activity. Each of these restrictions alters capacity by favoring one or more
recreation activities at the expense of other recreation activities which have
certain resource and mechanical requirementsszo To the extent that restric-
tions impede fulfilling these requirements, the water resource carrying"
capacity is reduced for the impeded activity.

O'Brien cites San Diego's Mission Bay Aquatic Park as absorbing a great
number of activities because the 4600-surface-acre water body is zoned into
sections for water skiers, speed boaters, paddle boaters and sail boaters.

He indicates the zoning does not seem to have reduced the number of people
using the area in relation to its potential.21 Although zoning may reduce
the competition or friction between activities having different velocities
and space requirements, it seems likely that competition among participants
in the permitted activities would be increased in the absence of control
over the volume of use,

Municipal water supply reservoirs have great recreational potential.
Baumann found that the policies concerning recreation use of these reservoirs

varies sharply from exclusion of all types of recreation activities to

19Leslie M. Reid, Outdoor Recreation Preferences.
20

21 . .
R. F. 0'Brien, Concentration--The Key to Quality in OQutdoor Recreation,
pp. 27-29.

F., M, Paulson, Seven Common.(Controversies, p. 108.
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policies of full multiple use. The magnitude of added recreation potential
of domestic water supply reservoirs is 175,000 acres in the northeastern
United States where water managers adamantly oppose using these reservoirs
for recreation.22 Clearly, the existence of policy constraints on water con-

tact activities can reduce the effective capacity to zero.

Bioclogical Factors

Factors such as disease,23‘pollutants, aquatic growth, and pests are
relevant because seriously adverse conditions with respect to any of them
could completely negate capacity for certain activities, 1In any case, they
are of such importance as to strongly influence the management and use of
water resources,

Over 80 percent of water managers who excluded all types of recreation
from water supply reservoirs shared the fear of an increased health hazard.z4
Local pollution laws and public attitudes reflect the opinion that recreation
use of domestic water supplies impairs the water quality and that swimming in
drinking water is repulsive.

Aquatic growth can have a significant adverse effect on the recreation
utilization of water bodies. Plant nuisances affecting recreation waters
may curtaill or eliminate bathing, boating, water skiing and sometimes fish-
ing; impart tastes and odors to water supplies; impair areas of picturesque
beauty; reduce or restrict resort trade, lower water front property values;
and on occasion, become toxic to certain warm-blooded animals that ingest
the water.2

Ditton elaborates on the effects various pollutants have on water--all
of which discourage recreation use due to ill-tasting and malodorous water,
transmission of water-borne diseases hazardous to man, impairment of water

quality by color and turbidity, and toxicity to fish, wildlife, plants and

2 : u
Duane D. Baumann, Perception and Public Policy on the Recreation Use
of Domestic Water Supply Reservoirs, pp. 543-544,

23Wagar, The Carrying Capacity of Wildlands for Recreation, p. 12;
0'Brien, Concentration--The Key to Quality in Outdoor Recreation, p. 29.

2
4D. D. Baumann, Perception and Public Policy in the Recreation Use of

Domestic Water Supply Reservoirs, pp. 548-554,

2
SK, M. Mackenthum, et al, Limnological Aspects of Recreation Lakes,
p. 47,
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aguatic insects.26 Water-related activities have different levels of toler- .
ance for water quality,z7 For example, the quality level sufficient for boat~-
ing may be unacceptable for fishing, Swimming and water skiing demand still
higher water quality. o |

It appears that actual or perceived relationships between recreation use
and certain biological factors can limit the effective carrying capacity of
a water body through the application of restrictions on use and/or develop-
ment; or by interposing physical limits on activities; or by lowering the

quality of the recreation experience; or all of these.

Physical Factoxrs

Recreation carrying capacity is generally expressed as a physical ceiling
or limit on the number of participants who can engage in recreation activi-
ties on a unit of area. Physical features have dimensions both in numbers of
people, boats and facilities; and in units of acres, miles, feet, days, hours
or horsepower. Dimensions can be measured, and outer limits can be established
provided acceptable and reliable standard units are available.

A combination of dimensions can become standards. However, one of the
most significant problems associated with the application of the concept of
carrying capacity is that aéceptable and reliable standards have not been
developed to describe its physical and psychological dimensions. Suhm
expressed the dilemma as follows:

"It is well known that outdoor recreation planning is plagued by

the lack of standardized nomenclature and units of measurement.
Anyone trying to determine carrying capacity of recreation areas

or finding agreement in space standards or planning for recreation
needs of the future is well aware of the chaos in our profession.“28

Chubb and Ashton list 16 different "“capacities" based on different con-
cepts emanating from state and federal agencies. There are still other com-
monly used terms which describe various aspects of capacity. According to
Subm the failure to communicate and to develop standardized concepts is

principally due to the fact that recreation planning involves many professions

7Delaware River Basin Commission, The Measurement of Water Quality
Benefits, pp. 28-39.

8Laurence L. Suhm, The Contact Hour Unit-New Teool for Outdoor Recrea-
tion Planning, pp. 33-58. '
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and disciplines and because very little definitive research has been done to
clarify and validate the‘éoncepts which have been developed,

Existing standards for water-based recreation activities have a wide
range of spatial requirements., For example, water skiing is descfibed as the
most physically active sport conducted with a boat29 and requires the most
space of all boating activities,30 According to Petersen, space standards for
skiing in the literature he viewed ranged from six to sixty acres.31 Other
recreation activities requiring a boat have been assigned acreage standards,
although length and width standards are not common. ‘

Dimensions

The literature discusses six dimensions associated with water-based
recreation: length, width, depth, height, time, and speed.

Length and Width. Although length and width define the spatial limits

of an area, such dimensions are not usually expressed to identify the area of
a water body. Instead, surface acres are used to describe the area without
consideration of the morphology of the water body.

Spacious water bodies appear to have recreation limitations. Threinen
observes:

"Perhaps the most important ingredient in the esthetic demand for
water is just space. In reality, the flat surface of water alomne
has little esthetic value without the contrast of shore and water
and the element of space. Water space is valuable just so long as
the shore is in view. The center portions of large lakes such as
Lake Michigan are relatively worthless esthetically.33

Ashton indicates that a large reservoir more than a few miles across will

have substantial unusable area in the center and a smaller percentage of the

290. S, Van Doren and B. Lentnek, Activity Specialization Among Ohioc's
Recreation Boaters, p. 303,

30G. T. Wilson, Lake Zoning For Recreation: How to Improve Recreational

Uses of Lakes Through Regulations, p. 11.

lPetersen, An Application of Water Recreation Capacity Standards to
Reservoir Development Planning, p. 33.

32U. S. Department of Interior, BOR, Outdoor Recreation Space Standards,

pp. 24-30.
330

p. 355,

. W. Threinen, An Analysis of Space Demand for Water and Shore,
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\ ;o 34 .
total water surface will be used by the recreationists. In studying the
recreational aspects of the Missouri River Basin, Bock made the following
observation concerning the Garrison, Lake Sharpe, and Oahe Reservoirs:

"Not all of the main stem water surface is considered effective
for recreation., An estimated 60 percent of the surface acres
were considered ineffective because of the reservoirs' vast
sizes and the lack of access and boat refueling points.'35

Length and width are also related to the kinds of use restrictions and
agency policies that are developed. All boats over 16 feet in length must
stay beyond one-quarter mile from shore in the zoned South and Southeast
Arms of Yellowstone Lake primarily to protectwildlife,36 The Soil Conser-
vation Service zones a 300-foot strip around the shores of certain lakes
agalnst power boats, sailboats, and water skiers,37 and Threinen indicates
200 feet from shore is sufficient for avoiding conflicts involving swimmers,
anchorages, spawning grounds for fish and duck-—rearing"sites.38 Wilson
recommends 200 feet for protective safe distances between motorboats and
anchored fishermen, and 500 to 1000 feet from sailing craft engaged in
racing. ‘

Water skiing requires a sizable water body for maﬁeuvering.40 Georgila's
State Recreation Agency recommends a minimum of 500 surface acres for power
boat and water ski usage.41 A boat 14 to 18 feet long is ideal for towing

water skiers who use towlines ranging from 40 to 30 feet for tyick skiing,

4 o ‘ . _ :
3‘Peter G. Ashton, Literature Review on the Carrying Capacity of Water
for Boating, p. 45.

35 . . ,
U. 5. Department of Interior, Bureau of Qutdoor Recreation, Outdoor

Recreation in the Western Dakota Tributaries Subregion, p. 30.

36Richard A, Crysdale, An Analysis of Lake Zoning Factors, p. 36.
37

p. 25,
38

U. S, Department of Interior, BOR, Outdoor Recreation Space Standards,

C. W. Threinen, Some Spatial Aspects of Aquatic Recreation, p.‘lO.

9 B
George T. Wilson, Lake Zoning for Recreation: How to Improve Recrea-
tion Use of Lakes Through Regulations, p. 14.

0 . . .
Leslie M. Reid, Outdoor Recreation Preferences: A Nationwide Study
of User Desires, p. 134,

4
lPeter G. Ashton, Literature Review on the Carrying Capacity of Water
for Boating, p. 35.
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to 75 feet standard length, to 150 to 200 feet used for kite skiing. Ander-
son recommends water body dimensions for water skiing of approximately 2000
feet long and 1000 feet wide, (equivalent to 45,9 surface acres) and at least
300 feet in which to turn°42

After waterskiing, Wilson lists in order of diminishing space require-
ments power boating (proportionate to speed and size of the boat), sailing and
fishing.43 In general, an inboard motor boat requires largér maneuvering
area than an outboard com.bination.44 It is inevitable that a lack of space
for maneuvering will be felt on small lakes and the rivers, and lakes less
than 100 acres furnish only a quarter of a mile of uninterrupted travel.45
The minimum space required for fishermen is the distance they can cast--
about 75 feet and an area of 0.4 acres.46

To summarize, water bodies can be too large or too small for optimum
recreational use. Additional factors enter into the question of the influence
of width:and length on behavior and satisfaction. These include configuration,
barriers and obstructions, the location of dense use areas in relation to
width and length, traffic circulation patterns on the water, and traditional
or administratively defined activity areas of the water body.

Depth. The depth of water can have a great influence on boating, par-
ticuiarly when the water is less than five feet deep. Lakes with frequent
shoals or other obstructions may have a low spatial capacity which will result
in a low annual carrying capacity. Anderson feels five feet of water depth
in inland lakes is a safe minimum limit for accommodating all types of boats
engaged in various water-borne activities. Scuba diving and sailing would be
excluded. In general, shallow areas are preferred for fishing and swimming.
Depth and slope play an important role in such things as the location of swim-

ming beaches, launching areas, and docks.

42Glen E. Anderson, Water Skiing Skill--A Self-Instruction Guide to
Technique, Practice and Equipment.

3George T. Wilson, Lake Zoning for Recreation: How to Improve Recrea-
tional Use of Lakes Through Regulations, pp. 11-22.
44

45

John Ostberg and Janet Ostberg, Safe Boat Driving for Water Skiing, p. 1.

C. W. Threinen and Ronald J. Poff, Supply and Demand, Surface Water
Resources, Southeastern Wisconsin, p. 35.

46C. W, Threinen, An Analysis of Space Demand for Water and Shore, p. 357.

47Glen E. Anderson, Water Skiing Skill--A Self-Instruction Guide.
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Users probably make mental estimates of depth based on distance from the
shore and boat speed may be influenced by such estimates,

Height. The availability of height between the water surface and over-
water obstacles has an influence on recreation behavior and satisfaction but
is frequently overlooked as a consideration for capacity. Bridges, power
lines and other low objects may reduce the area available for some recreation
activities and may preclude the participation in other activities. Kite

skiing, for example, requires heights ranging from 20 to 120 feet in the air

depending on the speed of the towboat.48

Visually, a water body usually appears to be a homogeneous surface.
However, downhill flow, wind and motor boating activities generate waves of
sufficient height to curtail or completely discourage certain recreation
activities on certain water bodies or parts of water bodies, Ostberg recom-
mends water skiing should be in the calmest part of the water, if possible,49
and Anderson recommends that water skiers avoid heavy wave action.50

Wakes have an extremely disturbing effect on light-weight, flat-bottomed
racing scows of the type used for inland lake sailing.51 Threinen indicates
the wake waves of fast boats have been a cause of complaints by sailboateré,
especially on relatively calm days,52 Sailboats are diverted and caused to
lose wind. . '

Skiers, overpowered motorboats, and dangerous wakes create problems for
the fisherman as he seeks peace and solitude. Fishermen are driven out of
arcas in which fast boating occurs, and insulating zones have been tradition-
ally recommended to minimize wakes.

It appears that water skiing, sailboating, fishing, and pleasure boating
all compete with each other for the use of calm water., Such competition leads

to crowding and inter—and intraactivity interference with the result that the

48Glen E. Anderson, Water-Skiing Skill--A Self-Instruction Guide, p. 26,
49John Ostberg and Janet Ostberg, Safe Boat Driving for Water Skiing, p. 2.
50

Glen E. Anderson, Water-Skiing Skill--=A Self-Instruction Guide,

lPeter G. Ashton, Literature Review on the Carrying Capacity of Water

for Boating, p. 60.

Szce W. Threinen, An Analysis of Space Demands for Water and Shore, p. 360,

53George T. Wilson, Lake Zoning for Recreation--How to Improve Recreation
Use of Lakes Through Regulation and Control, p. 11.
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quality of the experience is .lessened.54 Boats which have high freeboards
designed more for heavier seas and open water will cope with wave action best
and compete more effectively for use of rough water.55

Speed and Time. The Oxford dictionary relates space not to an 'area”

in the first definition, but to "time," Time is common to everyone., Time
can be used to describe how we exist in, move around in, and occupy space
which is also common to everyone.

Speed, the most dynamic of the dimensions, is the rate the other dimen-
sions are exploited in utilizing water resources for recreation. The more
speed boats acquire, the more rapidly they consume space and the more surface
acreage they require,57 The generation of speed is expressed in miles per
hour and is largely dependent upon horsepower ratings of marine motors and
the type, size, and weight of the craft being propelled. There can be sub- -
stantial differences of space consumption between actual speed used by boaters,
and potential speed that can be produced, and the type activity participated
in,  Van Doren and Lentnek observed:

"It appears that the larger the engine the greater the ability
of the first variate to distinguish between degrees of boat
specialization, This may be due to a stronger relationship of
boat specialization. This may be due to a stronger relation-
ship between degree of specialization and horsepower of engines
for activities requiring large motors than for those with mod-
est equipment needs, For example, water skiing requires sub-
stantial engines, and people owning small motors are precluded
from water skiing. On the other hand, fishing may be associated
- with any size engine .8

Boats with lighter hulls and high-speed capability due to a high horse-
power engine will move across the water at speeds comparable to automobiles
on modern highways. Speeds vary from activity to activity and range from

still-fishing in a boat to trolling for fish at five miles per hour or less,

54Robert F. O'Brien, Concentration--The Key to Quality in Outdoor Recrea-
tion, p. 28.

55Glen A, Anderson, Water Skiing Skill--A Self-Instruction Guide to

Technique, Practice and Equipment, p. 22.

56Suhm, L. L., The Contact Hour Unit--New Tool for Outdoor Recreation

Planning, pp. 33-58.
57C. W. Threinen, An Analysis of Space Demands for Water and Shore,
pp. 353-372.

58Carlton S. Van Doren and Barry Lentnek, Activity Specialization Among
Ohio's Recreation Boaters, p. 311,
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to 12 MPH for water skiing hydraulic lift,s9

to 16 MPH for beginning skiers,60
to learning skiing on one ski at 25 MPH, to 30 MPH for top speed of a skiing
novice, 61 to competition and barefoot skiing at 36 MPH,62 to kite skiing
beginning at 40 MPH, to the world record of 122 MPH for speed skiing.63 An
average speed of 15 to 18 MPH is considered best for aquaplaning or water
tobogganing,64 and sightseeing is most enjoyed at slower speeds.65 The water
ski slalom at 36 MPH,66 will inevitably consume more space.

From the literature on speed, it seems reasonagble to infer that activities
and related speeds are among the theoretically controllable variables which
exert the greatest influence on the acceptable density of use and, hence, on
"capacity."

Speed will probably become an increasingly significant factor in the
future., Of the 8.4 million boats which used American waters in 1968,67 about
4.9 million were equipped with outboard motors,68 and the purchase of motors
of 55 horsepower or more increased in sales.69 About half a million new boats
have been added to the present fleet annually for the last few years,70

Other Physical Factors. Other physical factors of significance include

climate and water temperature.
Climate, which is the average summation of weather over a 30-year period

of time, may materially affect recreation values by causing excessive seasonal

59
60

6lGlen E. Anderson, Water Skiing Skill-—A Self~Instruction Guide to
Technique, Practice and Equipment, p. 27.

62Ha Stewart McDonald, Safety in Water Skiing, p. 2.

63The Water Skier, Vol, 20, No. 2 (April 1970), p. 31.

64

Glen E. Anderson, Water Skiing Skill--A Self-Instruction Guide to
Technique, Practice and Equipment, p. 100,

6
5C° W. Threinen, An Analysis of Space Demands for Water and Shore, p. 359.

6
6 H. Stewart McDonald, Safety in Water Skiing, p. 2,

C. W, Threinen, An Analysis of Space Demands for Water and Shore, p. 358,

H. Stewart McDonald, Safety in Water Skiing, pp. 3-4.

67Boating Industry Association, The Marine Market--1968, p. 52,
681bid,, p. 53.
69Ibid@, Ps 4,

YOEditorial, Parks and Recreation, Vol, IV, No. 10 (Octcber 1969), p. 15.
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concentrations of people.. Such concéntrations, if unguarded, may result in
abnormal wear and tear and eventual modification of the recreational lands.71
Haugen, after a two-year boating study on four Iowa lakes, indicates that wind
direction and velocity were the most important variables in predicting use con-~
centrations and conflicts,72 Dowell concluded that recorded weekend and holi-~
day boat launchings showed definite seasonality, irrespective of local weather
conditions, and that about 90 percent of the boat launchings occurred on days
with a daily mean temperature range between 56° and 86° Farenheit; 81 percent
occurred on days with 45 miles or less of daily total wind; 90 percent occurred
on days with less than 0,50 of an inch of precipitation.73

In summary, it appears that recreation carrying capacity varies with the
extent to which the gamut of physical resource dimensions corresponds with
the minimum physical requirements of the activity. Although some potentially
useful concepts have been developed, they have not been validated by research
and the absence of multi-dimensional standards for activities having dis-
tinctive requirements impedes planning and management efforts. Capacity must
be calculated on the basis of the net water area which is suitable and avail-
able for the activity concerned. For the higher-velocity activitles, water
surface has no effective capacity below some critical area., Effective
capacity is reduced to the extent that the configuration of the surface limits
velocity to a rate less than that necessary for the activity. Furthermore,
no effective capacity can be attributed to that part of a water body which is
beyond some critical distance from shore.

Assuming known space requirements for a single unit of use (e.g., a boat)
engaged in a given activity, capacity is reduced (space requirements are
increased) to the extent that friction between units engaged in the same or

different activities diminishes the efficiency with which the space is utilized,.

72Personal correspondence from A. 0, Haugen to L. W. Moncrief, February 6,
1969.

73Personal Correspondence From A. O, Haugen to L., W, Moncrief, February 6,
1969, p. 20.




21

Social Factors

‘The analysis of user threshold of tolerance may be better accomplished
using sdciological and psychological concepts rather than considering it im
physical terms. A large body of literature dealing with human behavior can
contribute to this study of recreation behavior even though this literature
is not specifically of a '"recreation" character. Among the major concepts
dealt with in this discussion are social roles, status, territoriality, and

soclal expectations and sanctions.

General Behavioral Systems

Recreation areas constitute a social context by several definitions of

that concept. Lennard, in Patterns of Human Behavior, suggests that there

are three commonly used definitions of social context. These include: (1)

a complex of interrelated roles and status, (2) social groups composed of
members possessing the same social, educational, economic or cultural attribute,
(3) a social group containing members possessing common psychological attri-
butes, In addition, he suggests a fourth definition of social context based

on the following raticnale:

« o« « the traditional ways of looking at social contexts did not
do justice to thelr system character and their interactional
properties. The older classifications are based upon static and
extrinsic variables rather than the dynamic and intrinsic proper-
ties of the contexts themselves., We realized that differences in
social contexts might be seen as a function of what was actually
happening within them intrinsicly. From this point of view a
social context could be defined as consisting of the configura-
tions and sequences of interaction obtaining in a social system;
that is, an interactional environment. In this sense, social
contexts are considered to _be different only insofar as they are
interactionally different.’% '

Definitions 1 and 4 seem to be most relevant with respect to this research.

In all cultures and subcultures there are a multiplicity'of social roles,
Over an extended pericd of time the individual plays numerous roles.  These
roles have expectedvand demanded behaviors associated with them which must
be adhered to in order to maintain the role position., The role consists of
certain rights and duties with a prescribed level of social status. Not only
do socilal expectations apply to social roles but expectations'are also

associated with all types of human relations and interactions regardless of

74Henry L. Lennard, Patterns in Human Interaction, pp. 19-20.
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whether or not there is role consciousness in the behavior. When these com-—
monly accepted community expectations are not fulfilled, formal or informal
sanctions are usually invoked to encourage conformity.

General conformity to expected behavior is what makes society possible.
Without the high level of predictability which conformity brings, no situation
short of chaos and unbridled self-centeredness could exist for long. However,
a lack of sanction for every deviation and a degree of vagueness regarding
just what is expected under any given circumstance makes the exercise of per-
sonal choice and freedom a reality.

Social role is a meaningful concept as it relates to capacity primarily
because the broad role of the recreation user is particulated into the wvarious
more role-specific activities such as skiing, fishing, boating, and sailing.

A logical focus of research on capacity is one of observing the interaction
influences within and among these various role groups. Very likely, status
perception of other types of users by particular groups influences their
attitudes toward intergroup interaction. For example, if skiers attribute a
low level of status of fishermen generally, through the evaluation of skill
required and meaningfulness of the activity, while fishermen rate skier status
relatively higher, it might be possible to relate conflicts between these two
groups as a form of status conflict.

Alihan in his discussion of social ecology makes the following comment
regarding personal freedom versus conformity to group norms:

"Expressive behavior, its roots directly in the original nature

of the individual, serves as a function of escape from social
control and is a vicarious expression of natural tendencies. In
Park's words, 'The fact seems to be that men are brought into the
world with all the passions, instincts and appetites, uncon-
trolled and undisciplined. Civilization, in the interests of the
common welfare, demands the suppression sometimes and control
always, of these wild, natural dispositions. In the process of
imposing its discipline upon the individual, in making over the
individual in accordance with the accepted community model, much
is suppressed altogether, and much more finds a vicarious expres-
sion in forms that are socially valuable, or at least innocuous.
It is at this point that sport, play, and art function. They per-
mit the individual to purge himself of means of symbolic expression
of these wild and suppressed impulses,"75

75Milla Aissa Alihan, Social Ecology-—A Critical Analysis, p. 63.
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Much recreational behavior seems to be an attempt to satisfy a desire for
social interaction. TFor example, Woerpel found in his study of campers that:

"Fifty-eight percent preferred distances between 46 and 100 feet
apart, 36 percent wanted sites between 10 and 46 feet apart, and
six percent wanted more than 100 feet between sites., Years of
experience apparently did not affect their choices. Im talking
with individual campers, it was often evident that many enjoyed
camping because of the friendliness among people of similar inter-
ests, They often resented being forced to use sites off in the
woods somewhere they couldn't find or make friends easily.“76

It appears some people seek high density while others simply tolerate
crowding. Hopkins indicates that a disproportionate number of visitors are
urbanites. They are accustomed to being near other people and many of them
are uﬁeasy when they are not@77 Porter indicates that social tolerance to
crowding has been neglected and yet could have far-reaching effects in the
develeopment of park areas,78 Perhaps a better measure of the recreationists'
views oquuality is what they do, rather than what they say. Some seem to

geek cut people while others try to avoid them.

Territoriality

Water bodies may provide a good opportunity for individuals to purge their
suppressed impulses, However, when many people are recreating on the same
watex body at the same time, there appears to be a sense of territoriality
influencing each individual's behavior while participating in his respective
activitfs As more people use a lake for recreation and the surface area
reaches a user saturation pcint, some will move to other areas of the lake
or get off the lake to avoild the perceived crowd. This behavior is an indi-
vidual's means to seek a balance between the advantages of aggregation on one
hand and isolation or "territoriality" on the other. The crowding breaches
the individual's psychological tolerance level for withstanding the presence

of others., Odum notes that:

76Loren S. Weerpel, Characteristics of the Family Camper in Northern
Wisconsin and the Upper Peninsula of Michigan, p. 11.

7 .
7 Walter S. Hopkins, Outdoor Recreation--Some Human Resource Considera-
tions on a Land Resource Base, p:. 8.2. ‘

7SKenneth R. Porter, The Criteria and Techniques for Estimating Optimum
Recreational Capacity at Water Resource Projects, p. >4.
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'""Man, by both conscious effort and trial and error, is apparently
seeking a balance between the advantages of aggregation on one
hand, and isolation of "territoriality' on the other. The break-up
of cities suggests that aggregation can reach a point beyond which
the advantage to the population as a whole declines, This, per-
haps, is another example of Allee's principle which is concerned
with relative effects of "undercrowding" and "overcrowding.'’9

There seems to be an inherent excitement when one human being comes into
80

the immediate presence of other human beings and interacts with them. There

appear to be different degrees of ''presence.'

' Hall describes the degrees as

"space bubbles'" consisting of concentric circles around an individual. The

inside circle is the intimate zone extending outward from 0 to 1-1/2 feet;

the personal zone is 1-1/2 to 4 feet; the social-consultive zone is 4 to 8

feet; and the public zone is 10 to 22 feet. Beyond 22 feet is not '"close."

81

The hypothesis behind the proximic classification system is this: It is in

. 1o . . , v 2
the nature of animals and man to exhibit behavior which we call terrltorlallty.8

The four distances vary from culture to culture and nationality to mationality

and ethnic group to ethnic group.

Hall

Sonnenfield extends the concentric circles beyond those established by
to describe man's behavior in a geographical environment:

"At the broadest level is the geographical environment, constitut-
ing both proximal and distal elements of man's universe. That is
reduced in stages to the operating environment which is that
environment impinging on man with which in some way or another he

is likely to be directly involved; to the perceptual environment,
which is that environment of which man is aware; and finally, to the
behavioral environment, the environment which elicits a behavioral
response from the individual,"®

No dimensions are specified. O0'Brien makes the distinction between appar-

ent and perceived crowding in recreation areas:

79Eugene P. Odum, Fundamentals of Ecology, Second Editiomn, p. 493.
80John Kord Lagenmann, How Much Space Does a Man Need?, p. 74,
81Edward T. Hall, The Hidden Dimension, pp. 118-119.

821pid., p. 120.

3Lagenmann, How Much Space Does a Man Need?, p. 74.

84J. Sonnenfeld, Geography, Perception, and the Behavioral Environment,

p. 12.
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"Apparent crowding should be reduced. Crowding is going to
lessen most people's recreational experience. However, crowd-
ing is not necessarily a given number of people in a given '
acreage because different areas, by design and purpose, have
vastly differing capacities to accommodate people before
crowding becomes evident."85

Whether a recreation area is apparently crowded or perceptionally
crowded depends upon physical factors and attitudes of people. 6 An increase
in visits ﬁay be accompanied by crowding and, therefdre, by a reduction in
quality. A pristine wilderness area might seem crowded with only a few
people, and regimentation of the public is unwise in such areas which are
intended to give maximum freedom of movement in a completely natural
environment. '

Lucas found the paddling canceist perceived the wilderness as smaller
and more cut up than did other users. They considered the wilderness to be
smaller than the administratively defined area. Apparently, all types'of
visitors other than canceists saw a much larger wilderness than was contained
within the Boundary Waters Canoe Area. The most important variable affecting
wilderness‘perception seemed to be amount and kind of use,88 '

On the other hand, Threinen noticed that fishermen will not space them-
selves near the 75-foot distance they can cast:

"Most fishermen will be intolerant of one another at much
‘greater densities. For example, aerial counts of fishermen
have shown few densities greater than one boat per 10 acres
on lakes.  Although lakes may have space to fish and under- 39
utilized stock of fish, intolerance may prevent more fishing."
Klepfer has observed that where the spatial organization is a fungtion of
the possession of individual territories the mean distance between individuals
will remain reasonably constant. He further agrees that a given spatial pat-

tern results from territorial behavior and that this pattern is relatively

85Robert F. O'Brien, Concentration--The Key to Quality in Outdoor

Recreation, p. 28.

3 :
8 Robert C. Lucas, The Recreation Capacity of the Quetico-Superior Area,
P. .

87, . .
Robert F. O'Brien, Concentration--The Key to Quality in Outdoor
Recreation, p. 28.

88
Robert C. Lucas, The Recreation Capacity of the Quetico-Superior Area,
pPp. 8-9.
89

p. 357.

C. W, Threinen, An Analysis of Space Demands'for‘Water and Shore,
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independent of the abundance of the species. The territory size may remain
constant even in the face of a rising density of individuals without terri-
tory.90 For example, Threinen observed that most fishermen will be intoler-
ant of one another if the density exceeds one boat per 10 acres on lakes and
that water skiing seldom builds up to more than one boat per 20 acres of water.
He hypothesized that as the number of boats increased on a lake, an element

of fear sets in. The downed water skier is not a very secure person as boats
speed around him. Therefore, Threinen feels water skiing is density depend-
ent and when pursued to excess, it limits the number of participants.

Crowding and competition can reduce the utility or value of the recrea-
tion experience to individual recreationists, However, the value received by
a user will depend largely on his training, experience, and alternative
experiences.

Dice suggests that the actual density of population that any region can
support may be assumed to be controlled by the interaction of the (1) heredity
of the people, (2) their type of culture, (3) their standard of living, and
(4) the resources available in their habitat.93 Hall quotes Lasswell, author

of Power and Persomality:

"People group themselves in space according to the values they
demand, the expectations they entertain about the outcome and
their identification.'?

Hopkins illustrates the segregation and clustering phenomena by activity:

"Campers and other visitors tend to segregate themselves into
specific activity groups such as fishing, nature study, swimming
or water skiing. Often the requirements of one group are
incompatible with those of another. Unplanned or forced intru-
sion of one activity on another can alter the complexion of use,
the demand on the site, and levels of satisfaction. Water skiers
seem to like lots of comgany near their camps, if the company is
that of fellow skiers,'"?

9OPeter H. Klopfer, Behavioral Aspects of Ecology, pp. 38-39.

9lC, W. Threinen, An Analysis of Space Demands for Water and Shore,
pp. 353-372,

92

J. A. Wagar, The Carrying Capacity of Wildlands for Recreation, p. 21.

93

94Edward T. Hall, The Maddening Crowd, p. 28.

Lee R. Dice, Man's Nature and Nature's Man, p. 123,

95Walter S. Hopkins, Outdoor Recreation--Some Human Resource Considera-
tions on a Land Resource Base, p. 8.4,
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That territoriality is a social phenomena as it relates to recreation is
illustrated by the following research conclusion:

Boat owners see themselves as average people who have attained a
degree of financial security. They are by their own admission an
"in-group" and are inclined to reject non-owners, yet will accept
other boat owners,  They have a possessive attitude toward boats
and the water, feeling that it is their sacred right to be there,
and their right alone, whether they use their boats for fishing,
cruising, water skiing, or whatever. They resent the public
infringing on their rights by such statements as, 'the water is
too crowded," or "getting on the water now is like driving on the
highway, bumper to bumper," etc.

When talking of an organism's response to space over a period of time,
we are in reality referring to an intricately balanced system of internal and
external feedback mechanisms that are brought into play prior to the point
that population growth is self—limiting and self-regulating. Ardrey endorses
J. J. Christina's hypothesis that the building up of a population is a time
of increasing stresseg7 They suggest that the increasing number of young,
the increasing competition of adults, the increasing number of strangers in
a massive, increasingly disorganized population at last brings on a staté of
exhaustion both psychological and physiclogical. Human populations can
endure heavy crowding for a short time, but they do not then thrive best.?8
With too much pressure from one's surroundings, it is natural to seek escape.

The conditions and behavior just described have been observed under a
variety of situations where human or animal population densities havé been
high and where little individual choice was available as far as altering the
situation. There seems to be application of these principles to recreational
behavicr even though personal choice plays a very large role in such behavior.
As densities and intensities of recreation activity on a water surface increase,
it is expected that stress will increase on the users to the point that they
will migrate to less dense areas or will go to the shore and in some cases
will even leave the lake altogether. Preliminary evidence of such behavior
1s available. For example, such behavior has been assumed in the following

standards:

96Outboard Industry Associations, Why They Do/Don't Buy-—A National
Study of Consumer Motivations and Characteristics in the Boating Market, p. 4.

97Robert Ardrey, Control of Population, p. 528,
98

Lee R, Dice, Man's Nature and Nature's Man, p. 127,
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"Preliminary capacity data formulated by the Michigan Conservation
Department proposed three sets of standards based on use and inten-
sity and site development, indicated a figure of 10 acres per boat
with a daily turnover factor of four at highly developed, inten-~
sively used recreation sites. At semi-developed, moderately used
sites, a standard of 20 acres per boat with a daily turnover factor
of 3 was considered valid. For undeveloped, lightly used areas, the
valid figure was considered to be 40 acres per boat with a turnover
factor of 1 boat a day."”

The ability to migrate within a water recreation system appears to be
partially dependent upon horsepower. For example, Van Doren's observation
that large engines can be used for a greater variety of activities than can
small engines has migration implications. Small engines are usually used for
moré specialized purposes and can be viewed as less competitive than larger
horsepowered units., Those users which are least competitive are also least
able to utilize this mode of migratiom.,

Alihan notes that three characteristics, competition, freedom, and mobil-
ity (the condition of distribution) are the basic feature of natural systems,

"Mobility, a term used by ecologists as equivalent to physical
movement of all kinds, is apparently regarded as one of the
primary means of survival and hence becomes not only a condi-
tion but a concomitant of the process of competition. It is
assumed that through change of location organisms are better
_able to seek more favorable conditions for survival, so that
mobility in this case determines success in competition and
implies freedom of selection within the limits of the environ-
ment. In fact, the degree of freedom of movement is related
to the degree of freedom of competition. Freedom of competi-
tion means freedom of movement:and vice versa,'100

In summary, the literature in this area suggests that a recreation satura-
tion point is reached as an increasing number of strangers in an increasingly
disorganized population brings on a state of psychological and physiological
exhaustion. Human populations can endure heavy crowding and its associated
stress for a short time. With too much pressure from one's surroundings, it
is natural to seek escape.

‘Escape is usually in the form of migrating, mutating or completely avoid-

ing return to the recreation area or activity. Migration is avoiding crowds

99Grant A, Petersen, An Application of Water Recreation Capacity Stand-
ards to Reservoir Development Planning, p. 30. ’ '
100

Milla Aissa Alihan, Social Ecology--A Critical Analysis, p. 57.
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by moving to another less crowded area on the lake, changing from one recrea-
tion activity to another, or waiting for the water activity to decrease and
then resuming the desired activity. The change in activity or waiting can be
on land ox water.,

Mutation is usually the temporary tolerance of an unsatisfactory recrea-
tion expérience, However, mutation can also be in a physical form such as
using a larger boat and/or motor to effectively compéte with other users of a
water body. Generally, larger boats tend to withstand waves better than small
boats, and larger motors provide&greater capability for migrating. Safety and
recreationbsatisfaction can be enhanced by this type of mutation.

If lakes are commonly crowded, some people will avoid using them and
drive to another less crowded lake that may be farther from their home. If
no other lake is available, then people may refrain‘entirely from participating
in the desired recreation activity.

Crowding on a water body, whether it is apparent or perceived, contributes
to stress which triggers a need to escape. The satisfaction derived from water-
oriented recreation is heavily dependent on the degree of‘freedom which the
water body and the pursued activity offer. The degree of movement freedom is

related to the degree of freedom from competition with other recreationists.

Temporal Factors

Time is manipulated by administration and management to regulate the
utilization periods of water resources for recreation within seasonal and
diurnal limitations., Restrictions can reduce the amount of time a water body
can be used for recreation., ‘

Usually,‘the amount of daylight from sunrise to sunset will impose time
restrictions on water bodies., Seasonal changes also limit the zmount of time
water bodies are utilized for various recreation activities. For example, the
seasonal occurrence of cold weather and water limit the water skiing period.
The time during which thick ice is available for safe skating, ice fishing,
or ice boating is influenced by the seasonal changes and the duration of the
season. Marginal seasonal conditions usually require a means of adaptation
for participation such as wearing rubber suits for water skiing or wet suits
for scuba diving to maintain body warmth. Not everyone is willing or able to
adapt,

The amount of time spent on water also depends on the activity, the

physical condition of the individuals, and the degree of physical activity
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involved. Because water skiing is among the most physically active sports,
few individuals devote more than 69 percent of their boating time to watér
skiing; the remaining time usually is spent pleasure cruising according to
Van Doren and Lentnek.lOl

The effective capacity of a recreation site may be viewed as occurring
within a variety of time increments. In terms of the impact on recreation
users of water bodies the most important increment of time appears to be the
short duration, almost instantaneous, situation when density and/or intensity
conditions begin to induce negative reactions among all or part of the users
of an area. On the other hand, impact on the resource base is probably best
measured on a long-term basis. For example, annual use gives an indication
of the amount of use that a site must absorb over a long period of time, and
it also gives an indication of the site's regenerative potential. Thus, users
are influenced most by the momentary conditions which they experience and
occurrences at the lake when they are not present is of little concern to them.
In contrast, it is likely that the momentary occurrence of very crowded con-
ditions has little physical impact on the site, but even moderate use over a
long period of time can drastically alter the resource.

Hall has discussed in detail the patterns of human reaction to crowded
conditions. For Hall, the concept of "time' is more relevant as a 'space"
concept than "area.”102 In integrating the concepts of environmental contact
and time the idea of the "contact'" hour has been proposed as a unit of mea-
surement.lo3 This unit of measurement is a derivative of the "visitor day"
which is a measure of recreation use that has been used by the U. 8. Forest
Service for a number of years for statistical purposes.104 The unique feature

" in contrast with other mea-

of both the "contact hour" and the '"visitor day,
sures of use such as recreation visit, is that a clearer picture of the sig-

nificance of each visit is available when the time dimension is included.

lOlVan Doren, E. S., and Lentnek, B., Activity Specialization Among Ohio's

Recreation Boaters, pp. 296-315,

lOZEdward T, Hall, The Maddening Crowd, p. 30.

l03Lawrence L. Suhm, The Contact Hour Unit--New Tool for Outdoor Recrea-

tion Planning, p. 58.

lOAU, S. Recreation Advisory Council, A Uniform Method for Measuring and

Reporting Recreation Use of the Public Lands and Waters of the United States,
1965,
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When recreation 'visits' are tabulated, there is no way of distinguishing
between the person who stays for a week and another who stays for an hour.
With the contact hour and the visitor day such differences are clearly

discernible.

Liebig's Law of Minimum

As we have previously noted, although the various components of a system
can be isolated and discussed individually, in reality the role of each can-
not be understood except in relation to all other parts. Overpopulation and
underpopulation on a water body must be expressed in relative terms. No
estimate of the maximum limit of density for any human population can have
meaning unless the limiting factors of resources, technology, .and standard
of living are specified,105 For estimating the carrying capacity of water
resources, the limiting "factors' have been categorized as administrative,
biological, physical, social, and temporal together with their interacting
subfactors. The degree of recreation utilization impacting a water body at
any particular moment in time is a reflection of an equilibrium between all
the factors influencing that amount of use. These factors are dynamic, and
one -which may be the limiting factor of use at one time may not be limiting
use at another moment of time.

This interactive and interrelated network, as we have previously noted,
is a system., Lennard makes a point worthy of note:

"The principle of homecstasis has to do with the permissible
range of variation that may occur among the variables constitut-
ing a system so that the system still retains its ideéntity . . .
The maintenance of homeostasis requires an 'ensemble of regula-
tions that maintain variables constant and direct the organism
toward a goal.'"106

One property of any system is interdependence or order in the relation-
ships among the components. Biological and social systems exhibit tendencies
toward equiiibrium (homeostasis), Theée homeostatic tendencies are processes
within the system, wherein some definite, definable order among the component
parts is maintained such as the variables in the system range between speci-
fiable limits. The tendency toward homeostasis in a System is revealed through

the stability of a system or of the variables within the system,

105

106 .
H. L. Lennard, Patterns in Human Interaction.

Lee R, Dice, Man's Nature and Nature's Man, p. 120,
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Liebig's law of the minimum, a basic principle in ecology, may be used -
to define the means by which this equilibrium is established. This law states
that the occurrence and functioning of an organism is limited by that essen-
tial environmental factor, or combination of factors, which is present to the
least favorable extentalo7 Ditton, in applying this law to recreational
aspects of water resources use, planning and development, indicates that the
provision of water resources for recreation use is limited to the extent that
one of four described factors occurs to the least favorable extent.108
Liebig's law appears to apply to the five factors identified in the review,
which partially influence the degree of recreation use a water body receives,
Ditton further observes that the application of the law of minimum implies
that recreation resource development, planning and use involve a system of
interdependent physical, ecological, chemical, biological, hydrological,
esthetic, social, physiological, economic, historic, and political inputs.109
Optimum planning, development and use depends upon an understanding of this
interrelated system.

Crowding, which usually has a negative value for water-oriented recrea-
tion, can occur on land, in the use of facilities, or on the water. If the
land and facilities are adequate, then the crowding may occur on water. It
is at the point of reaching saturation on the recreation use of water that
Shelford's law of tolerance appears to apply causing the population to become
self-limiting.

Odum quotes Shelford as follows:

"The presence and success of an organism depends upon the complete~
ness of a complex of conditions. Absence or failure of an organism
can be controlled by the qualitative or quantitative deficiency or
excess with respect to any one of several factors which may approach
the limits of tolerance for that organism."ll0

107E. P. Odum, Fundamentals of Ecology, pp. 88-89.

l081n Ditton's view the recreational use of water primarily depends upon
these factors: (1) existence of required amounts of water at a specific peoint
in time, (2) physical, chemical, biological, and esthetic qualities of the
water, (3) the extent of compatibility between recreation and other multiple-
purpose uses, and (4) legal implications involved in determining public rights

and access to use available water.

109Robert B. Ditton, The Identification and Critical Analysis. of Selected

Literature Dealing with the Recreation Aspects of Water Resource Use, Planning
and Development, p. 46,

110E. P. Odum, Fundamentals of Ecology, p. 89.
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Other ecological principles which may be relevant to crowding tolerance
include: (1) organisms may have a wide range of tolerance for one factor and
a narrow range for another, (2) organisms with wide ranges of tolerance for
all factors are likely to be most widely distributed, (3) when conditions are
not optimum for a species with respect to one ecological factor, the limits
of tolerance may be reduced with respect to the other ecological factors, and:
(4) the limits of tolerance and the optimum range for a physical factor often
vary geographically (and also seasonally) within the same species; i.e.,
organisms adjust their rate functions to local conditionsglll

Application of ecological laws and principles such as Liebig's law of
the minimum and Shelford's law of tolerance may contribute to a greater under-
standing of the nature of the supply (the water resource) and the nature of
demand (the recreation participant) which we are trying to accommodate, It
is obvious that the resource and the resource users interact in complex ways.,
The evidence that various capacities are being reached or exceeded is often
subtle. An understanding of their relationships, with the help of ecological
laws and principles, may provide guidelines and means for recognizing criti-
cal state of the people first and the resource second. An indefinite number
of '"capacities" may be breached before a people or resource problem becomes

acute.

Accomplished Carrying Capacity Research

One of the most striking aspects of the literature is the great amcunt
that has been written about carrying capacity in contrast to the meager amount
of empirical research that has been done on the subject. Standards and criteria
for carrying capacity are quite common, but without exception these standards
are based on intuition and rule-of-thumb judgments rather than on research. v
Some of these standards involve certain assumptions which have not been
tested empirically to see i1f they are true.

A few of the studies in which the investigators actually did field work
on the subject of resource and user carrying capacity will now be described

and evaluated.

lllE. P. Odum, Fundamentals of Ecology, p. 90.























































