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ABSTRACT

During the summer' of l981 Boater use pat terns in the Apostle Islands
National Lakeshore vere examined to determine whether social carrying capacity
had been exceeded by the increase in use level. Boats were counted both fram
flyovers and by rangers; these counts provided measures of system use level
and site specific use level. The number of empty slips at marinas vas also
counted every day as an index of boats entering the system  input use level!.

Boat use was highest on Fridays and Saturdays  high use days!, but this
"weekend effect" var'ied by site. Stockton and Rocky had the greatest
increases on high use days versus lov use days  Sunday through Thursday
night!: on Stockton, use increased by 137Z and on Racky, by LlGZ. The maximum
number of boats observed on any night at Anderson Bay vas 40 and 28 at Quarry
Bay, the tvo most popular sites on Stockton. However, the average boat use at
these two sites was considerably lover: 13 at Anderson and 6 at Quarry.

Surveys of Apostle Island boaters indicate that the contacr. preference
curve for Quarry and Anderson Says is 15, i.e. that boaters prefer to see
fever than 15 other boats. It is only vhen they saw 15 or more other boats
that they reported the experience vas unpLeasant. Social carrying capacity
was exceeded on a few days throughout the entire study periad: L2 days at
Anderson and 4 at Quarry. In comparison with other recreationists, Apostle
Island boaters vere found to be more tolerant of contacts than Brule River
canoers and Sandhill deer hunters.

Regression analysis vas used to determine the effect of increasing
marina size on contacts at the tvo most popular sites  Quarry and Anderson
Bay!. Adding 100 or 200 nev slips has no additional effect on weekdays,
aLthough adding 400 slips vould increase the number of days that capacity vas
exceeded to 18Z. Havever, the impact on weekends vould be greater: if 400
slips are added, carr'ying capacity would be exceeded at Anderson Bay 83Z of
the veekend days.
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INTRODUCTION

In 1970, 20 of the 22 islands in the Apostle Islands Archipelago off the

Wisconsin shore of Lake Superior wet'e designated a National Lakeshore. At

that time, the Apostle Islands were not receiving many visits, but visitor

numbers were expected to increase after Lakeshore designation. In l975,

Heberlein and Vaske conducted a baseline study of island boaters, campers, and

day visitors. They planned to do a follow up study in 1985 to determine the

effect of increasing visitor numbers on the quality and character of the

recreational experience and to determine if visitors had been displaced.

Visitor displacement occurs when visitors leave and seek other recreation

settings because they have become dissatisfied with the changing experience.

In 1981, the National Park Service became concerned about current use

levels, particularly in the face of proposed marina development, and requested

a modest study of boating to explore possible carrying capacity issues.

Capacity Theory

There are two separate components necessary to establish social carrying

capacity in a recreation setting. The descri tive component reports the

observable aspects of the recreation system, while the evaluative component

integrates value judgements into the determination. It is necessary to

establish both, but care must be taken to distinguish the two.

The Descri tive Com onent

Carrying capacity is ultimately a number, usually a number of individuals

or groups expressed in relation to time and area dimensions. Shelby and



Heberlein �98I! refer to this as the use level. Twenty boaters moored at

Stockton Island on a Tuesday evening would be an example. Use level is a

characteristic of a recreation system, as a human coLLectivity, not a

characteristic of a single person. In this sense, it is analogous to a birth

rate. A birth rate is expressed as the number of births per thousand people,

and no single person has a birth rate, although each contributes to the birth

rate. Similarly, no single person constitutes a use level, although each one

contributes to it. There may be many types of use level in a complex system.

One type of use level in the Apostle Islands would be the total number of

boats moored in all locations for a system wide use level. Another type would

be a site specific use level established at each mooring site. Carrying

capacity is ultimately expressed in terms of a use level.

The descriptive component goes beyond simple use levels. Within

recreation systems, people move around and distribute themselves in space and

time. They engage in different activities, such as camping or sailing, and

they engage in different use practices, such as motorized versus non-motorized

boating, or camping at established versus undesignated sites. People also

have different kinds of impacts on the recreation system; they affect trail

width, ground cover, the amount of litter, the number of available camp

spaces, water quality, and congestion at visitor attractions.

The descriptive component includes management parameters, impact

parameters, and the relationship between the two. A management parameter is

any factor which can be directly manipulated by managers. When managers can

control the number of people in a particular area, use level is a management

parameter. When access is open by law or costs make control out of the

question, use level is not a management parameter. Ho~ever, it may be

possible to affect use and impacts through management parameters other than

use level. For example, providing information about good mooring sites on



other islands may reduce the number of boats that moor off Stockton.

Information is then a management parameter.

Zm act arameters desctibe what happens to visitors or the environment as

a result of use level and other management parameters; they are outcomes

associated with different amounts and kinds of use. Examples include the

number of parties encountered on a trail, the number of ~ights spent camping

alone, the percent of vegetation damaged or lost, and time spent waiting to

use facilities such as launch ramps or restrooms.

Stankey  l978! reviews the literature describing the impacts of visitor

numbers and use patterns on vegetation, soil, warer quality, and wildlife. He

points out that use level is not always closely related to impacts. Even if

use level cannot be controlled  i.e. i.t is not a management parameter!, other

management parameters can sometimes be manipulat'ed to reduce impacts.

Examples include dispersion of users to reduce trail encounters, scheduling to

reduce campsite encounters, site hardening to reduce biological degradation,

and education in back-country practices to make use less obtrusive. These

represent management parameters which affect impact parameters independent of

use level. They can often decrease impacts without reducing use, or even allow

increased use while impact remains constant. Management parameters, then, can

involve changing the kind of use as well as the amount of use in an attempt to

affect impact parameters  see Lime and Stankey, 197l and Stankey, L978, for

further discussion of such variables!.

The first step in setting carrying capacity is to establish the

relationship between management and impact parameters to see how use level and

other management parameters affect the quality and character of recreation

experiences. Zf a certain number of people enter an area under a certain set

of conditions, what happens to the experience7 ALthough recreational carrying

capacity ultimately involves value judgements, documenting the impacts of

different amounts and kinds of use is a basic scientific or technical task.



At the Apostle Islands, one of the most signif icant use level variables is

the number of boats in the Apostle Island system. The simplest use level is

the total number of boats out anywhere within the boundaries of the Apostle

Island National Lakeshore, either out on the open water or moored at one of

the islands. The time dimension could be the total number of boats per hour,

per day, per week, or for the entire suamer season. It would be extremely

difficult to regard the boat use level as a management parameter, since there

are many access points to the Apostle Island and these would be difficult, if

not impossible, to control. Boat use level could also be defined accord fng

to more restricted areas, such as the number of boats moored at each island,

or even more speciffcally, the number of boats moored at each mooring site.

Impact parameters resulting from boat use levels include the number of other

boats sighted, or the number of other boats moored within hearing distance.

The relationship between the boat use level and the impact parameter�

contacts with other boats � needs to be determined as the first step in

assessing carrying capacity.

The Evaluative Com onent

The descriptive component specifies how a particular recreation system

works, but ft doesn't gfve any indication of what limits "should" be set.

Given a specified set of impacts, how do we decide how much is too much' The

evaluative component critically considers the different objectfve states

produced by management parameters in an effort to determine their relative

merits, and it is here that values enter the model.

Management objectives defining the experiences an area should provide are

official statements of value judgements. Deciding that a given area

shouldprovide biking opportunities rather than coal mining opportunities, for

example, involves a value judgement. Most researchers recognize the central



role of management objectives in capacity determinations. Lime and Stankey

�975!, for example, argue that "capacfty can be judged only fn light of the

particular management objective for a given area."

A difficulty with management objectives, ho~ever, is that they are often

expressed fn general terms. Objectives such as "provide a wilderness

experience" are a good start, but they need to be accompanied by more specific

numerical standards which can be applied to impact parameters. Does a

wilderness experience mean seeing no other groups, or are two, five, or twenty

encounters acceptable? Occasionally, legislation or agency policy specifies

numerical limfts such as "no motorized vehfcles in wilderness areas," and

certain levels of physical development are specff fed fn both the Wilderness

Act and the Mild and Scenic Rivers Act. But when considering levels of impact

which affect the human experience, managers and researchers alike are usually

Left to determine acceptable levels on their own.

The evaluative component requires social judgements about levels of

impact, resulting in evaluative standards. Evaluative standards determine the

level of an impact parameter that is tolerable  the maximum! or mosr. desirable

{the optimum!. Evaluative standards are "yard sticks" for determining how

much is too much. Suppose we find that a river use level of three parties

launching per day results in one river encounter, while seven per day produces

five encounters; changes in a management parameter  use level! produce

different amounts of impact  river encounters!. To set a carrying capacity,

we need to know which number of encounters is more desirable; we need some

sort of evaluative standard.

There are two basic approaches to the evaluative components reflected in

the socfal carrying capacity literature, and neither one clearly distinguishes

impact from evaluation. Many researchers have tried to use visitor

satisfaction as an evaluative criterion. Lucas {1964! says "The capacity of a



recreational area is its ability to provide satisfaction � this is the service

being produced, and this service must be described in both quality and

quantity terms"  p. 5!. Lime and Stankey  l971! assume that the -...principle

goal of recreation management is to maximize user satisfaction consistent with

certain administrative, budgetary, and resource constraints"  p. L75!. Lucas

and Stankey  l974! are fairly unequivocal when they say that "In defining

recreational carrying capacity, we assume the goal of recreation management is

to maximize user satisfaction." As recently as l977, Lime contended that

"...the primary goal of recreat'ion management is to provide enjoyment and

benefits for the people..."  p. 122!. Wagar  L964! seems somewhat less

committed to satisfaction as a criterion when he defines carrying capacity as

"...the level of recreational use an area can withstand while providing a

sustained quality of recreation"  p. 3!. However, he defines quality

recreation solely in terms of satisfaction: -an experience is of high quality

only to people for whom it provides a large measure of enjoyment or well

being,"

Visitor satisfaction combines impact and evaluation in the same concept.

Presumably increased use level leads to dissatisfied visitors, and declining

satisfaction signifies that capaci.ty has been reached. The implicit value is

that more satisfaction is better than less. As with resource damage, it is

important to separate the impact from the evaluation. The impact component

can be a measure of satisfaction taken by questionnaire from each visitor, and

we can determine empirically its relationship to use level. Treated this way,

satisfaction is analagous to other impact parameters such as encounters.

Capacity determination then requires an evaluative standard that specifies how

much satisfaction is appropriate.

Other researchers have tried co use ~erceived crovdtng as an evaluative

criterion. An area must have too many people when visitors feel crowded.



However, like resource damage and satisfaction, this standard confuses impact

and evaluation; the term "crowding" involves a negative evaluation of human or

aniraal density.

The issues become clearer when impact and evaluation are separated.

Perceived crowding can be measured, and we can see how it changes ar. different

use levels. The evaluative component then requires a standard indicating what

level of perceived crowding is too much. It is too crowded when l0 percent,

50 percent, ot' 100 percent feel crowded? Stankey �978! points out that

sometimes there are inflection points where an impact parameter increases

rapidly with certain changes in use. Such an inflection would occur if, for

example, perceived crowding jumped from 10 percent to 60 percent with a smaLL

increase in use. Such inflections might serve as evaLuative standards.

Ve prefer a third approach to evaluative standards that is more specific

than either satisfaction or perceived crowding and more clearly separated from

impact. The approach is based on a social psychological technique for

establishing group standar'ds, and it involves measuring individual preferences

under a specified set of conditions. If users agree to some extent, a usable

standard emerges.

Let's consider tennis as an example. In this case, people have clear

preferences which have been formalized into rules about appropriate numbers,

and the rules serve as an evaluative standard for use level on a tennis

court. Ve assume that there are similar but Less formal standards for the

right number of contacts for other activities in other settings. When

backpacking in the wilderness, for example, do people prefer to camp alone all

of the time, half the time, or not at all?

For boaters at the Apostle Islands, there are no formal standards for the

right number of contacts with other boaters. There is not much information

about how many orher boaters sailors prefer to see, or to be within hearing



distance of, or to have contact with at a mooring site. Some sailors may

prefer to moot' alone, while others prefer to moor with several other boaters

so that they can discuss sailing conditions. The evaluative standard that

Apostle Island boaters use to assess use level is a matter of empirical

determination.

A Generic Definition of Social Carr in Ca acit

W5,th the descriptive and evaluative dimensions identified, we can propose

a generic definition. "Carr ing ca acit is the level of use beyond which

im acts exceed acce table levels s ecified b evaluative standards. " Carrying

capacity identifies a number for one parameter � use level. It assumes a

fixed and known relationship between use level and impact parameters; it also

assumes that the capacity will change lf other management parameters alter

that relationship. Capacity will also change if management objectives are

altered or if user populations change radically. Carrying capacity

determinations require objective measures of the impacts of management

alternatives that are distinct from the evaluations of those impacts.

Carrying Capacity at the Apostle Islands

Use Level as a Nana ement Parameter

The concern of Lake Shore managers, planners, and citizens is the impact

of marina development. The addition of a marina and a given number of slips

is a management parameter. It is not solely a deci. sion of the park service,

of course, but a matter of public policy and private development.

Nevertheless, it is a factor that can be potentially modified. The maj or goal

of this research is to provide information about the potential impact of

additional marina slips in the Apostle Islands area on visitor experiences.

Mli.le there are other management parameters  such as providing information,



locating mooring buoys, etc.!, the key management parameter to be investigated

in this research is the impact of additional marina slips.

Use level is a number which describes an entire system or an element of a

system. Three types of use levels are identified in TabLe l. Host closely

associated with the management parameter is the number of boats Leaving the

upper bound on the number of boats Leaving in any one day. If we assume all

the slips are rented, we can measure the number of empty slips each day as an

indicator of boats out in the recreation system. Obviously not all boats

which have left the marines will be sailing around the Apostle Islands', some

may be at Isle Royale, Duluth or at other locations on the lake.

The second use leveL figure would be the number of boats Located within

Apostle Islands hlationaL Lake Shore boundaries at any one time. This is

called S stem Use Level. Many of these come from the Bayfield area marinas,

but some may come from other locations as well. The correlation between the

input use level and the system use leveL should be substantial, but less than

one. Boats that leave the marinas do not necessarily stay within the Apostle

Islands boundaries. Since they are not equivalent, it is useful to

differentiate between the two. Furthermore, input use level is more

susceptible to management control than system use level.

If there is a capacity problem at the Apostle Islands it is likely to show

up first at places of greatest boater concentration; therefore, this study

focuses on the island mooring sites. The system use level which is most

relevant is the total number of boats mooring off all of the islands at a

given time, rather than those simply sailing during the day. System use Level

could be ten boats or two hundred. These boaters are not always aware of each

other since some might be moored at Outer Island at the far northeast islands,

and others at Sand which is much furrher west. In terrestrial parks system,

system use level is analogous to total number of visitors camping overnight.
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To consider impacts, and ultimately carrying capacity, a Site Specific Use

Level is necessary. This is the total number of boats moored at a single

location, such as Anderson or Quarry Bays at Stockton. This number is

directly influenced by the system use level. If there are only ten boats in

the entire system, there cannot be 20 moored at Anderson Bay. Site specific

use level could be managed directly by placing a given number of mooring bouys

at each site and requiring boaters to only moor at a bouy, if managers and

boaters so chose. Thus it could be a potential management parameter at some

future time, but is not perceived as such in this report.

Im act Parameters for Four T es of Carr in Ca acit

There are four types of recreational capacity: physicaL, ecological,

facilities, and social. The type of capacity one is interested in determines

what kind of impacts are measured at the specific mooring sites.

Every alta has a ~hslcal ~ca aclty - the oueber of boats that could

physically f it into the area. This could be determined nominally by using

detailed charts which show depths and the location of shorelines and

obstacles. By making assumptions about the amount of scope  length of the

anchor rope!, mooring depths that sailors choose, and swing room, a nominal

capacity could be calculated for each site under specified wind conditions.

Empirically a physical capacity could be estimated by observing boater

behavior and counting avoidance behaviors  leaving or remooring!, physical

contact between boats  actually bumping into each other!, or accidents. With

the exception of Quarry Bay, which has the most restrictive mooring area,

physical capacity is seldom an issue. Therefore, such impact measures were

not taken as part of this research although the estimation of nominal

capacities in each site would be a useful exercise.
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When one is concerned about an ~oculo ical ~ca acit impact measurements oi

ecosystem parameters are taken. Water quality is the most obvious ecological

impact parameter. Some research by biologists on water quality around the

Islands is underway. It is not yet sufficiently complete or comprehensive to

be included in this report. Trampling of vegetation from boater visitation on

sandspits would be another ecological impact parameter. A less apparent

impact would be the disruption of wildlife, particularly those that require

solitude, e.go a eagles, colonial nesting birds and nesting shore birds.

Facilities ~ca acit in any recreation area may also be exceeded.

Facilities are usually more modif iable than physical space. At Apostle

Islands the ma!or facilities of interest to boaters are docks and outhouses.

Measuring the amount of time the docks are full and the behavior of boaters

vi.s a vis docks would provide an index of the availability of dock space. Do

they race or compete to obtain dock space? Once a space is empty do other

boaters leave off shore mooring sites to relocate at a dock, etc e? Waiting

time at outhouses might also be measured.

The fourth type of capacity, and the specific topic of this report, is

social car in ca acit . The key impact parameter in a social capacity

involves interactions with other recreationists. When are visitor numbers

such that the nature of the experience changes'? In most social capacity work

the key variable has been contacts between parties or individuals while

floating on a river, while hiking on a trail, or while hunting. The impact

parameter is contacts with other visitors. Respondents are asked to report

how many other visitors they encountered in a specific place.

These' contacts are supposed co affect the recreation experience. For

example, when a boater enters a harbor he or she may be all alone, and have

the entire bay in which to moor. Solitude is achieved in such a situation.

On some days there may be from 20-30 other boats moored in the same general
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location. Now the boater must motor around avoiding anchor lines to find a

suitable spot. Once moored, members of the boating party may modify their

behavior such as talking in hushed tones to maintain privacy at the higher

density levels. Thus, 30 contacts is different than zero contacts. Contacts

ts referred ta as an ~ex ertenre ~eraeeter.

Usually contact is distinct from use levels. Observers have been placed

on rafts on the Colorado River in the Grand Canyon to count encounters with

other parties. Use level is the number of trips floating the river in a given

period, and contacts is the experience of a particular group. At the

Apostles, however, contacts is the same as site specific use level, since at

any one site all boats are within visual contact. Thus, we don't have to

place observers on boats or ask how many contacts they had at the mooring

site, but rather simply count all of the boats present.

Evaluative Standards

To establish a carrying capacity in terms of marina slips  the primary

management parameter!, there first must be a relationship between the boats

entering the system and the impacts. That is, as additional boats leave the

Sayfield area marinas, there must be an observable increase in boats at the

l
mooring sites . Then it must be determined if these numbers are associated

with any changes that exceed evaluative standards for a particular impact.

The best example of an evaluative standard which might be applied here would

be EPA water quality standards for coliform. Col.iform standards exist

specifying the highest coliform counts acceptable for drinking, swimming, and

boating. If increasing boater numbers affected water quality such that it

exceeded the standards for swimming, an ecological capacity has been

exceeded. Society through its legislative and administrative processes has

identified such evaluative standards for water quality.
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In terms of physical capacity, a safety standard might be developed. A

group of expert boaters and coast guard officials could be called upon to make

judgements about the largest number of boats that could be safely moored in a

given area under specified wind conditions. Vhen use level increased to such

a point that boater numbers exceed this safety standard, then one could say a

physcial capacity had been exceeded.

It should be evident from these examples that recreational carrying

capacity is not a hard and fast limit like the speed of light that can never

be exceeded. It is merely a number that acts as a guide. If water quality is

not a prime management objective, or boater safety is left to the discretion

of the boater rather than the agency, then these limits may be exceeded

without much concern; the excesses are simply interesting characteristics of

the recreation system. If the prime management objectives are to keep ~ster

quality at drinkable levels' or to provide accident free boating, then these

standards become central to resource management. Since the key thrust of this

research is to examine social capacity, we did not accumulate information on

physical or ecological capacity. Further water quality work must be carried

out for the latter, and expert panels would need to be convened for the former.

Evaluative standards for social capacity are just being worked out in the

carrying capacity literature. The standard we shall rely on is boater

preferences for number of contacts at mooring sites. Mhen the number of boats

moored at a single site exceeds the number that the current boater population

says is tolet'able, then a social carrying capacity is exceeded. It is

necessary, of course, that boaters generally agree on this number. That is,

if half the boaters prefer to moor alone and half prefer 20 or more othet'

boats, then ther'e is no single capaciry for the typical boater  i.e. ten boats

would please no one!. The existence or non-existence of some sort of standard

is an empirical question to be explored in this research.
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Contact preference Curves

Visitor preferences can be described in terms of contact preference

curves. A contact preference curve is based on answers to questions which ask

people how they feel  favorable or unfavorabLe! about different number of

contacts in a specific setting. The curve is generated by plotting the

average responses on a graph, where the horizontal axis represents number of

2
contacts and the vertical axis shows favorableness of the evaluation. The

horizontal axis is the experience dimension, and the vertical axis is the

evaluative dimension.

Figure 1 shows hypothetical contact preference curves for wilderness

hiking, a cocktail party in a small room, and walking on a city sidewalk.

These can be used to illustrate four important characteristics of contact

preferences curves. The o timum contact level is the highest point on the

curve, and it represents the ideal situation. The optimum for the wilderness

experience is zero contacts and for the small cocktaiL party it is about 12.

Curves for both activities have relatively sharp peaks, so a single optimal

level can be identified. Walking on a city sidewalk is different, because

there is no clear optimum,

For activities such as making a call in a phone booth, there may be just

one level of contact which is acceptable  ie. being alone in the booth!, but

for most experiences we auld expect people to tolerate some variation. The

ran e of tolerable contacts is represented by the portion of the curve about

the neutral point. For the wilderness hike in our example the range is 0-5

contacts, for the cocktail party it is 5-25, and for the sidewalk it is

6-250. The range of tolerable contacts is useful for establishing capacity

because it shows the point at which the average evaLuation becomes negative.

While a nmnaget might try to provide the opcimnm level of contact, ~the oint

at which contacts exceed the tolerable seems to be an upper limit for
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evaluative standards. In our hypothetical examples, this means 5 encounters

for wilderness hiking, 25 for the cocktail party and 250 for the city

sidewalk.

Contact preference curves also show the degree to which reactions are

favotable ot unfavorable. The ~fntenait fa tndtcated by the dtatance of the

curve about and below the neutral li.ne. The hypothetical curves show three

di.fferent intensities. The feelings for the wilderness hike are most intense

because reactions to encounters range from extremely favorable to extremely

unfavorable; we would expect wilderness visitors to be more adamant about the

number of contacts because solitude is an important part of wilderness.

People at a cocktail party are somewhat less sensitive to encounters, and in

this setting intensity ranges from about +3. 5 to -5. Norms for encounters on

a city sidewalk show Low intensity: reactions are generally neutral until

there are so many people that it is impossible to travel. Intensity is

interesting from a management point of vi.ew because it reflects the degree of

concern about encounters; the need for control is greater where intensity is

high.

evaluation of contact's. If all wilderness visitors say that having zero

contact is very favorable, then we have maximum agreement at this point. If

there were similar agreement at all points on the scale, then the standard is

highly crystallized. Crystallization refers to the dispersion of individual

evaluations above and below the curve which is plotted through the means.

Crystallization indicates the degree of consensus about evaluation parameters.

There are three types of use level at the Apostle Islands: I! Input use

level, or the number of empty slips at the Bayfield area marinas; 2! System
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use level or the number of boats mooring at all locations on the islands; and

3! Site specific use level or the number of boats mooring at each site. The

evaluative standard is the boaters' preferences for the number of contact with

other boaters. This standard is described in terms of a contact preference

curve which shows the range of tolerable contacts, the leveL of intensity, and

the amount of crystallzation. The first step in estimating a social carrying

capacity at the Apostle islands is to determine the relationship between the

input use level  boats out from the marinas! and the site specific use level

 contacts at mooring si.tes!. The second step is to determine at what point

input use levels lead to site specific use levels that exceed boaters'

evaluative standards.

RES EARC H 0 B J ECT I VE S

The r'esearch reported here has the following objectives:

To determine the feasibility of measuring use Levels in terms of empty

slips and impacts in terms of boater numbers at mooring sites.

2. To identify the relationship between input use Level and site specific

use leveL, and impacts.

3. To determine the effects of increases in the number of Bayfield area

marina slips on site specific use level at Apostle Islands mooring sites.

4. To determine the existence of a boater evaLuative standard for

contacts at mooring sites.

5. To identify the times and Locations when mooring levels exceed boater

preferences, and hence identify where and when site specific social

capacities, are exceeded.

6. To translate the social capacities at mooring sites into an input use

level and ultimately, into the management parameter � number of slips.
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METHODS AND PROCEDURES

The 1975 study showed that almost 60 percent of the boater visits to

Apostle Islands National Lake Shore vere during the months of July and

August. Consequently, ve focused our data collection on those potential peak

use periods, beginning June 26, 1981 and ending September 7, 1981. This 74

day period included the fourth of July and Labor Day holiday periods.

A variety of data collection techniques vere used. Input use level,

or the number of empty slips, vas obtained by an observer on the main

land vho counted slips daily. System use level, as vali as site specific

use level  or Che impact parameter, contacts! at mooring sites, was

measured by aerial flyovers and through observation by NPS rangers at the

most popul'ar mooring sites. The evaluative standards of boaters vere

measured using both an on-site and mailed questionnaire.

The marina counts provide the most complete set of data: the number

of empty slips vas counted at each mainland marina on 72 days and at the

Madeline Island marina on 67 days. The slip counts were made betveen 9

and 10 a.m. each day. The mainland marines include Port Superior,

Bayfield, Schooner Inn, Apostle Islands Yacht Club, Boat Ramp, and

Buffalo Bay  Red Cliff!. The marinas range in size from I72 slips at

3Port Superior Co 15 at the Boat Ramp.

The count of empty slips is an over-estimation of the number of sail-

boats out in the Apostle Island system. Not all the empty slips result

in a boat in the Apostle Island system. The boat may be sailing elsewhere

in the lake. Moreover, some slips were found to be empty for the entire

season. To compensate for Chose slips, the number of continuously empty

slips was subtracted from the marina slip count to calculate the actual
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number of boats out from the marina. For example, for the entire study

period there vere never fewer than 23 empty slips at Port Superior. It

was assumed that these slips, for vhatever reason, contained no boats,

and the constant 23 was subtracted from the daily empty slip counts at

Port Superior to arrive at actual boats out from Port Superior, Similar

modifications were made at other marinas. This is only an approximate

correction, since it's conceivable that a few of these empty slips

contained boats that vere out every day.

Contacts: Fl overs and Ran er Counts

For purposes of sampling, Friday and Saturday evenings are considered

high use periods and Sunday through Thursday, low use periods. The

proposed design included 48 flights during the period June 26 through

September 7, either at the evening mooring or during the early morning

period to count boats at mooring sites. After six flights, it vss

determined that early morning was the optimum spotting time since most

boats were in place, and weather conditions were optimal. On the

designated days, a pilot and spotter flev over the entire area, counting

and recording the location of all the boats in the Apostle Islands

National Lakeshore system. Poor weather and other problems, such as

scheduling difficulties, resulted in aerial counts being made for only 27

days, including 12 Fridays and Saturdays, and 15 low use days  Table 2!.

Flyovers made in the early morning counted boats that had moored the

evening before, so they vere regarded as boat counts for the previous dsy.

National Park Service Rangers made daily boat counts at a number of

the sites at six of the islands: Stockton,  Anderson and quarry Bays!

Rocky, South Twin, Raspberry, Sand, and Oak. These counts vere generally

taken after evening moorings, although, in a fev cases, they were made
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Table 2

Day of the Meekl
TOTAL

June

14July

2 2 2 0

0 0 0 0

27Total

Lov use times are Sunday evening through Thursday evening.
High use ciaes are friday and Saturday evening.

August

Septeaber

Muaber of Days vith flyover Counts
Apostle islands, 1981

Mon Tues Med Thur Fri Sat Sun

0 0 0 1 1 0

0 2 4 3 3 2

0 2

0 1
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early the following morning. Rangers mapped the location af boats moored

at the docks and in the bays daily. The completeness of the data varies

from 85 percent  counts were made for' 63 days out of 74 days at Anderson

Bay and Dock! to 8 percent  boat counts on only 6 days were tecorded at

Oak! .

Evaluative Standards . 'Visitor Surve s

Apostle islands boaters were surveyed in order to obtain measures of

their contact preference standards, as well as information about the

boaters  vho they are, where they boat, how often they boat, etc.! and

their perceptions of their boating experience on the Apostle Islands.

The target population was Apostle Island boaters who had made an

overnight trip during the study period, June 26 through September 7,

1981. The sampling frame consisted of names and addresses of the marina

slip owners at all the marinas except Buffalo Bay, the Boat ramp, and rhe

Apostle Islands Yacht Club, plus a list of charterers from the Apostle

Island Charter Association.

On September 10, 1981, a 13 page questionnaire was mailed to 402

boaters proportionately sampled from the four marina lists and a list

from Apostle Islands Charterers. Twenty percent of the sample were not

current boaters on the Apostle Islands or were not qualified to fill out

our questionnaire for other reasons  e.g., they had previously filled out

a on-site questionnaire!. Seventy-tvo percent of the eligible

respondents returned a completed questionnaire. The sample size for the

mailed questionnaire was 229.

Our mailed survey was supplemented by on-site distribution of

approximately 225 questionnaires during the month of August. The

questionnaires were identical, except for the phrasing of the item on the
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length of the boating trfp about which they vere reporting, The on-sfte

sampling technique vas haphazard. Questionnaires were distributed to

boaters at various locations, including marinas and the more popular

mooring sites, such as Anderson Bay. The boaters vere asked to fill out

the questionnaires and return them, either in person or by mail. The

sampling technique vas not at all systematic, since the primary concern

was to achfeve an adequate sample size. This proved impossible to do,

because boaters vere unwilling to fill out the 13 page questionnaires on

the spot and frequently failed to return them.

Tvo hundred and twenty-five is the maximum number of questionnaires

that vere distributed on site. More likely, however, the number is

considerably smaller, since many of the questionnaires left at marfnas

did not actually reach a boater. The most conservative estimate of the

response rate, based on 225 distributed questionnaires, is 42 percent,

resulting in 94 completed questionnaires. The total sample size for the

boater survey, including both the mailed and on-site returned

questionnaires, is 323.

Measurement of Contact Preference Standards

Our research indicates that the best measurement method for contact

preference standards is to ask each recreationist hov he or she evaluates

a given number of contacts vfth other recreationists  Shelby and

Heberlein, 1981!. The ideal measurement technique is to ask each

respondent for hfs or her evaluation of a number of different contact

levels within the range of possible contacts. The particular technique

was utilized in the Brule River study  Heberlein and Vaske l97g! and in

the Sandhfll Hunter Study. This technique provides not only a contact

preference standard for the group of recreationists, but also a contact

preference standard for each indivfdual recreatfonist  Vaske, 1978!.



Unfortunately, this method involves ut ilizing many repetitive items.

A more parsimonious method involves asking each respondent about a single

point in the range of contacts. The values are selected and assigned

randomly, so that each respondent is only asked about a single contact

level. Enough data is obtained for each contact level so that an overall

contact preference standard can be calculated for the group of

recreationists. This is the method used for Apostle Island boaters and

Bong pheasant hunters. It does not allow us, however, to calculate any

single contact preference standard for an individual. It only provides a

contact preference standard for the group.

RESULTS

The maximum number of boats out from the mari.nas was 169 on August

1981. The minimum was 31, which occurred on several days during the

season. The sail boats out count is the total number of empty slips

minus the number that are continuously empty. The maximum of 169 boats

is 31 percent of the slips available. Thus, most boats moored in the

Bayfield area on any given night are found in the marina slips and are

not mooring off or around the islands in the National Lakeshore. Daily

use level data are presented in Appendix 1, Table Al-l.

There was both a day-of-week and a marina effect on input use level.

Input use level was much higher on weekends than on weekdays. Median

input use levels for Monday through Thursday ranged from 11 to 14Z of the

marina slips or from 63 to 76 boats  Table 3! . On Saturdays the median

input use level was 150. This was fairly consistent, on four of the

seven Saturdays for which data are available, input use level ranged from

149 to 169 boats.
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It is also clear that the larger marinas, namely Port Superior,

Bayfield, and Madelfne Island put more boats into the system  Figure 2!.

They also add a disproportionate number on weekends. This suggests that,

in terms of input use level, not all marines have equal effects on the

weekend peak.

S stem Use Level

The flyovers provide the most complete count of boater system use

level, since the ranger counts cover only the most popular sites and miss

the more obscure sites. The mean number of sailboats observed was 43 and

the average number of motorboacs observed mooring or beached was seven

 Table 4!. This means that, on the average night, about 50 boats were

moored of f or' on che Apostle Islands in 1981. Saf lboats compose the

overwhelming maJority of these and our subsequent analysis will focus

only on sailboats. On 21 days of flyovers, there were fewer than 10

motor boats observed.

It is quite apparent that input use level, or boats out, is an

overestimate of the boats actually mooring off the islands, The average

number of boats out was 87 per day during the study period, while the

average number of boats counted by rangers and on fly-overs was 43 per

day during the same period. A maximum of 129 boats were observed mooring

off the islands on August 8, the same day there vere an estimated 169

boats out of the marinas, leaving 40 boats unaccounted for. On other

days the discrepancy is much smaller, more in the range of 2-10 boats.

There are a number of reasons for thfs dfscrepency. First the empty

slips should have been counted at 6:00 a.m., the same time as the

flyover. By ten in the morning when some of the empty slip counts vere

made, boats could already have been underway from the marinas for the
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Table 4

Number of Days

Total - Sailboats
and MotorboetsSai1boats MotorboatsPr'equency

21

43.0 7.2 $0.2

6.6 47.042,0

SIi 29.125. 5

0-10

11-20

21-30

31-40

4 1-50

51-60

61-70

71-80

81-90

91-100

101-110

111-120

Total Number of Soats Seea Each Day
From Flyovers, Summer 1981
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next day's sailing, while the boats moored off the island had not yet

returned to the marina. Thus, a 10:00 a.m. empty slip count probably

includes a combination of two days of mooring boats counts, as well as

day sailors. Even an early morning count �:00 a.m.! could not account

for the boats docked outside the Apostle Islands such as at Isle Royale,

Barkers Island or Knife River. Finally the counts on the water, except

for days of flyovers are underestimates, since rangers are located on

only eight islands and could not be aware of all boats.

The correlati.on between boats out and the observation at mooring

sites is .78  p C .001!. This shows a strong relationship between the

number of boats mooring in the islands, or system use level, and the

estimates of boats leaving the marinas, or input use level. So, while

there may be a discrepancy between the two, system use level increases as

input use level does in a relatively direct vay.

Site S ecific Use Level

The flyover and ranger counts at each site provide independent

measures of site specific use level. Both measures have some missing

data. They are, however, highly correlated. The correlations between

the two at Stockton is .92, at South Twin .95, and .64 at Rocky  Appendix

2, Table A2-3!. Reasonable correlations are observed at other locations

with the exception of Sand, where both the flyover and ranger counts had

considerable error. This is discussed further in Appendix 2.

In order to have a more complete count, we merged the flyover counts

and the ranger counts to produce the "best" counts  Table 5!. The

criteria for selection were the following:

 I! If data were missing for one type of count on any particular

day, the other was selected.
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�! Zf counts vere available for both days, then the higher counts

vere selected. Zn most cases, the higher count vas the ranger count

because it vas more likely to have picked up all the boats moored at

the site.

The merged or best count gives us much more complete data. 'We have as

high as 92Z of the days counted  Quarry Bay!, while the lowest percentage

is only 42X  Oak!. This produces a more reliable and accurate estimate

of the number of sailboats at each site than are available with either

the ranger or flyover counts alone. The amount of missing data is

considerably less as well.

On the average day Stockton had 20 boats at all locations in conr.rast

to Rocky vith 8, and South Twin with 3  for a total of ll at the

Rocky-South Tvin complex!, Raspberry vith 4, Oak with 1, and Sand with 1

 Table 5!. The average number of boats at all other locations  from

flyovers only, see Appendix 2, Table A2-1! was 6, which totals an average

of 43 boats in the system.

Thus on average about 46Z are moored at Stockton, 25Z at Rocky-South

Twin, 14X at Raspberry-Oak, and 15Z off the remaining islands. When we

consider the specific locations at Stockton, ve find that, on average,

Anderson Bay  also called Presque isle Bay! had 8 boats moored off and 5

at the dock, and that Quarry had 5 boats and one at the dock.

Of the 67 days observed at Stockton there vere always boats either at

the dock or moored off in Anderson Bay. Rocky was almost as popular with

boats mooring or docked there 96X of the days observed. There was at

least one boat at Raspberry almost 90Z of the time. Quarry Bay had boats

88Z of the time. Use at Oak was lover; it had a 55X "occupancy rate."

Thus the 1981 data show that solitude is rare at the most popular mooring

locations. The flyover data do show that solitude is possible at other
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TABLE 5 MERGED COUNT OF SAILBOATS AT

APOSTLE ISLANDS,SUMMER 198i

POPULAR I
INDEX

4 OF DAYS
'WI TH BOATS

DAYS
OBSERVED

DAILY NUMBER OF BOATS
MEAN MEDIAN MAXIMUtiLOCATION

100.020. 24

12.60

STOCKTON

ANDERSON

BAY 7.92

4.67DOCK

5- 53

4. 85

.68

QUARRY

BAY

5

i4
28

DOCK

2.12
7.88

422.67 78.6 2102.00

54

54

54

55

336

167

59

z

88.9

64.8

53 7

10 ~ 9

3. 78

2. 57

I. 09

.18

19

14

3.00

l. 64

.62

.06

East of Sand Spit

West of Sand Spit

Dock

10

4

8g40 67 51.32 -97SAND

54.8

22.6

47.1

52

6

36

.94

.z6

.76

.67

.'15

.44

OAK 31

31

34

Sand Spit

Dock

Popular ity Index - X muitipl led by Q

JULIAN
ROCKY

SOUTH TWIN

RASPBERRY

17. 67

i0.75

5. 75

5.07

4. 14

3. 41

~ 37

.48
6.17

68

4O

33

8

28

26

67

67

67

67

68

68

68

67
56

100.0

92.5

97 0

88.2

B6.7

42.6

49 3
96.4

2024

1260

733

453

488

4zo

29

105
760
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sites such as Outer, Cat, Bear, and several other locations, even on the

highest use days.

The highest observed use levels are much higher than the average

numbers. On the peak day Anderson had 40 boats both moored off and at

the dock �3 was the largest number of moored boats observed!. Quarry

had a maximum of 28 at both the dock and Bay. Twenty-six was the largest

number moored in Quarry bay itself. Rocky had a maximum of 28 boats,

South Twin, l2, Raspberry, 19, Sand, 6, and Oak, 4.

The Effect of Use Period

The tables presented so far have treated all the days of the week as

if they were the same. Table 6 breaks down the data so that we can

determine how much of a "weekend effect" there is. There appear to be

two use periods: Sunday through Thursday evenings are low use, and

4
Friday and Saturday evenings are high use . Most weekend boaters will

be mooring Friday and Saturday night. The high use period also includes

two Sundays that are part of the holiday weekends: July S and September

6. As expected, there are considerable differences between high and low

use periods. The magnitude of these differences vary by site. The more

popular sites - Stockton and Rocky � have the greatest increase, both in

percentages and in the actual number of boats. Overall, Stockton has a

l37Z increase, comparing the mean sailboat counts for low use versus high

use days. In other words, there are, on the average, almost one and a

half times more boats at Stockton during Friday and Saturday than the

rest of the week. Mosr. of the increase occurs in boats moored out in

Anderson and Quarry Bay. The docks, of course, are limited by facilities

capacity; however, even during high use periods, the docks are not filled

5
ro capacity lOOZ of the time.
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Rocky has a LLOX increase from lov use to high use days. In absolute

numbers, hovever, this means an increase of 6 boats as compared to an

increase of 19 on Stockton. Kxcept for Oak Island, increases on the high

Use days range from .5 to 1.5 times the number of boats on lov use days ~

It is only for Stockton that the charge involves a substantial number of

boats.

In more concrete terms a weekday boater at Anderson Bay would see 8

or more boats half the time  median 8.08!, and would never see more

than 24. In contrast, a weekend visitor saw 18 or more half the time and

sav as many as 40 on the peak weekend. The weekday boater at Quarry sav

3 or more boats half the time up to a maximum of 11, while on weekends he

or she sav 7 or more boats half the time, up to a maximum of 28.

The Boater: 1975-1981 Com arisons

Most  85K! of the respondents to our 1981 Apostle Islands Boater

questionnaire come from local marinas. Only one-fourth of the 323

respondents are charterers. The high percentage of local marina users in

the sample is not surprising considering that a majority of the

respondents were sampled from lists of local marina slip owners. This

technique produces a somewhat biased sample of boaters. In contrast,

the 1975 sample of Apostle Island boaters vas a random sample of persons

who had boated around the islands in 1975. We will proceed to compare

the two groups, with the caveat that the comparisons are suggestive

rather than definitive.
6

Prior Boating Ex erience. Thirty-tvo percent of the l981 boaters started

sailing in the Apostle IsLands in 1970 or earlier, so that almost 1/3 of

these boaters had ll or more years of boating experience at the Apostle
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Islands. Only 23.4Z of the 1975 boaters had ll or more years of

experience at the Apostle Islands. These 1975 boaters wouLd have had to

start boating in 1964 or earlier in order to have the same number of

years experience.

Current boaters have been boating at the Apostle Islands longer Chan

those in the 1975 sample; they have also made more frequent visits.

Forty-five percent of the 1975 boaters had onLy one or no prior visits to

the Apostle Islands as compared to llZ of the 1981 boaters. At the other

end of the distribution, only 19.5Z of the 1975 boaters made 20 or more

trips as compared to over half �2.9Z! of the l981 boaters. Furthermore,

for the current season, they made more trips. The 1981 Apostle Island

boater appears ro be considerably more experienced with Che resource,

i.e., the Apostle Islands National Lakeshore, than the 1975 boater.

Crowdin and Dis Lacement. Even though he or she is more experienced,

the 198l boater does not appear to be avoiding islands more than the 1975

boater. Twenty-seven percent in 1981 versus 35Z in 1975 said they

avoided some island because they expected it to be too crowded. In 1981,

as in 1975, Stockton was the island to avoid: 9 out of 10 of those who

avoided any island, avoided Stockton. Avoidance of other islands was

almost non-existent in 1975; however in 1981, 3 out of 10 boaters who

were displaced, i.e. Left, and sought other recreational settings,

avoided Rocky.

Although only 27Z of the boaters avoid islands because they expected

to be crowded, 59Z report some feeling of crowding on their boating trip,

from slightly to extremely crowded. This is fairly high, but when

compared to studies of recreationists in different, settings and

activities, 1981 Apostle Island Boaters fall somewhere in the middle
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 Table 7!. The percentage is higher than Brule River canoers, but lover

than Boundary Water canoers and boaters and Rogue River floaters. We do

not have the crowding measure for the 1975 boaters, so we cannot make the

comparison of the 1975 and 1981 boaters on the experience of crowding.

In the 1975 study, data on items that refer to crowded conditions suggest

that this group might have scored lover on the crovding measure. For

example, 52Z of the 1975 boaters disagreed with the statement that the

places that they stopped were too crowded and 66X reported that they did

not meet too many people.

If we compare boater contacts, we would expect the 1975 boater to

feel less crowded since boaters reported fewer contacts with other

boaters. About one-fourth of 1975 boaters have ll or more contacts with

other boaters, while over half �8.1X! of the 1981 boaters have that many

contacts. Even though 19S1 boaters have more contacts, they don't appear

to be bothered by them: only 26.1X report feeling unpleasant or very

unpleasant toward seei.ng the number of boats that they saw.

Predicti.ons of Site S ecific Use Level  Contacts!

An input use level representing boats out on a particular day from

all the marinas was created by summing over the boat counts for each

marina. This mathematical operation ignores dif ferences among the

marinas; it treats them as if they were one huge marina with 548 slips.

Input use level ranges from a low of 31 boats to a high of 169.

These data were analysed using linear regression: boater contacts

 site specific use level! was the dependent variable and it was regressed

on boats out  impact use level!. The regression equation is Y BX, where

Y is the predicted number of boater contacts at a particular site each

day, B is the estimated regression coefficient, i.e. the increase in Y
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Table S

Apostle Island BoatersNumber of Repo ted
contacts with other
Boaters 19811975

3.17.0

4.0 4.9

6.0 2 7

7.4 7.L

6.6 3.1

8.3

36.2 17.46-10

12.5 21.0

12. 9

6.0 24.2

loo. 0
�24!

100.0

�47!

U-15

16-20

Nore than 20

Comparison of Boater Contacts for 1975 and 1981
Apostle Island Boaters
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for an increase of one in X, and X is the daily impact use level  Draper

7
and Smith, l965!. Table 9 gives the values of B: a use level  boats

out! can be substituted for X and Y is then calculated. The last two

A
columns is the table list Y for the Lowest and highest use days, using

the median value for eac h.

~ All the regressions are significant at the p ~,05 level except for

Oak and Quarry Dock. This means that knowledge of the number of boats

out does not help you pr'edict the number of boats moored at Oak. Whether

its 25 boats out or L25 boats out, the best estimate of boater contacts

at Oak is the mean, .94 boats. For Quarry Dock, the mean  .68! is also

the best estimate. For the rest of the sites, knowledge of the number of

boats out does affect the value of Y. The amount of variance in boater

contacts explained by boats out ranges from 57%  Stockton! to 16% at

South Twin. This means that at Stockton the model does a good job of

predicting boater contact with boats out, while at South Twin it does

only about a third as welL.

The validity of the regression models predict fons are illustrated by

the last two columns in Table 9. This illustrates how the regression

equation can be used. 'with fust boats out as a known quantity, boater

contacts at each of the sites can be predicted. The values that we

obtain appear to be reasonable; e.g., there are 3 times as many boats at

Stockton on a high use day vs. a low use day. Furthermore, when we

compare the predicted boater contacts to the means for merged boat counts

in Table 9, we find a systematic correspondence. The predicted boater

contacts at Anderson Bay on the Lowest use day is 8.9; the actual mean

for low use days is 9.4  Table 9!. The predicted boater contacts at

Anderson Bay on the highest use day is 21.5; the actual mean for the high

use days is 19.14.
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Table 9

Regressions Boat Counts on Boats Out

PRKDICTED BOAT PRKDlCTKD BOAT
COUNT ON COUNT ON

LOWEST USK DAYa HICHKST USK DAYb

HOOKING
SZTK R2**

.236 56.6 14.8 35,8STOCKTON

.142 36.6 8.9 21.5ANDERSON

.043 35.6 5.8 14.1

.050 24.6 3.1 7.6

27.1.065 9.8QUARRY 4.1

.058 39.3 3.6 8.8

.007

l. 7.027 27.1JULIAN

ROCKY

SOUTH TWIN

RASP BKRRY

4.1

. 090 30.4 13.6

.029 16.3 1.8 4.4

19. 7.042 2.6 6.4

17.5 2.3.015

-3.8.001

~*R is the percent of variance in the dependent variable explained by the
independent variable, adjusted for the degrees of freedom. Zt is calculated
using the regression equation in which alpha is not assumed to be zero.

aThe lowest use day is Tuesday and the median �2.5! @as used as the number of
boats out.

The highest use day is Satut'day and the median   151.5! was used as the number
of boats out.

+ The regression line is forced through the zero point, which assumes that alpha is
zero ~ i.e., uhen the number of boats out is zero there are no boats moored at
site.
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The values for boats out that are used in Table 9 are vithin the

range of actual boats out during the period June 26 to September 7, We

used the median for Tuesday �2.5! for the lovest use day and the median

for Saturday �51.5! for the highest use days. These do not provide any

new information, since ve already know what happened in 1981. The real

value of this method is to predict the effect of increasing boats out

above the current use level at the Apostle Islands. Using the regression

model, changes in contacts can be estimated as a function of increasing

available marina slips.

An increase in the number of marina slips will not result in an

identical increase in the number of boats out. Table 3 provides the

information necessary for estimating the number of boats out, given the

number of marina slips, on any day. For example, on Monday the use level

 boats out! vill equal 13.5X of the number of marina slips. Table 10

indicates the effect of adding 100 marina slips, eirher to an existing

marina or as a separate marina in the Bayf ield area. The increase in the

total number of boats out ranges from slightly more than ll on Tuesday to

almost 28 on Saturday. The effect of an additional 100 marina slips not

only varies by day of the veek, but also by site. Increasing marina

space by 100 boat slips will increase boats moored at Stockton from 3 on

Tuesday to almost 7 on a Saturday. The increase, of course, has the

greatest impact on Stockton Island, particularly Anderson Bay. On South

Tvin, Raspberry, and Sand the impact is barely one more boat moored on

any day of the week. The impact on Julian Bay is also minimal. If there

are, or will be, any carrying capacity problems at the Apostle Islands,

they vill begin at Stockton, particularly Anderson Bay and, to a lesser

extent, Quarry Bay.
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Contact Pre f erenc e Curves

Contact Preference Curves were completed for mooring off shore in

Anderson and Quarry Bays and mooring at the docks. Only these locations

were included on the questionnaire since we couldn't be certain that

boa ters had experience at other sites. The mean response for each number

of contacts is displayed in Table ll, and the curves themselves are

presented in Figures 3 � 6.

At Anderson and Quarry Bays boaters rate mooring with one other boat

as a pleasant experience, suggesting that the demand for solitude is not

8
crucial to the experience . Preferences for contacts in both sites

hover around neutral  neither pleasant or unpleasant! when contacts range

between 7 and 11 . It is only when the number of other boats mooring at

each site reaches 15 that the mean rating is signfficantly in the

unpleasant range. Thus we estimate the range of tolerable contacts at

between 1 and 15, with one other boat most preferred.

Dock preferences decline much faster, of course, representing the

facilities limftations at each dock. At neither dock do boaters mind

five or fewer boats. When seven or more boats try to moor off either

dock, boaters are dissatisffed. This, of course, affects the facilities

capacity of the docks themselves. There were never more than eight boats

observed off Anderson dock, or 5 at Quarry.

Thus, from a current boater perspecti.ve using this framework, 15

boats is the social carrying capacity of Quarry and Anderson Bays and 7

and 9 boats the social carrying capacity at the respective docks. Before

examining the relationship between this standard and input use level and

the management parameter marina slips, it fs useful to explore the other

aspects of the contact preference curves. How do the Apostle Islands

boaters curves compare to curves generated by other recreation groups in
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Table I 1

Apostle islands 1981 Boaters Average Contact
Preference Ratings By Number of Other Boats

Average Preference RatingsNumber of
Other Boats

Quarry
Dock*

Quarry
Bay

Anderson
Dock~

Anderson

Bay

+1 ~ 52 +.93

+.42+.98

-.13+.74

�.31-.18+.25

-.33 -.38

57

+.06

,07 0. 00

-.31 �.59� ,59

-.53

15

-. 8125

-1.23-1.0035

Mhe number of other boats at the docks uas limited by the physical
capacity of the dock. Boaters uere only asked about the number of other
boats that did not greatly exceed the dock's capacity.

+1,23

+.83

+.35

+,33

+1. 13

+.56

+.05
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different settings7 We have studied canoer preferences for contacts with

canoers, inner' tube floaters, and fishers on the Srule River, deer

hunters at the Sandhill wildlife area, and pheasant hunters at the Bong

recreation area in Southeastern Wisconsin. Three comparative curves are

displayed in Figures 7 � 9. The Apostle Island boaters feel much more

favorable tovard one contact than do recreationists in these three other

groups. For the three comparison curves, evaluation of one contact

ranges between neutral and pleasant, vhile at Anderson and Quarry Bays

one contact is rated between pleasant and very pleasant. This suggests

that Apostle Island boaters may actually prefer to see a fev other boats

mooring wiCh Chem.

Canoers and deer hunters are also more negative about large numbers

of contacts. These recreationists rate 25 contacts somewhere between

unpleasant and very unpleasant. This is particularly true of contacts

with tubers on the Brule and deer hunters at' Sandhill. In contrast the

Apostle Island boaters rate 25 contacts at Quarry and Anderson Says as

somevhere betveen neutral and unpleasant. Thus, overall it appears that

Apostle Island boaters are not as concerned about large numbers of

contacts that exceed the maximum tolerable contacts as Sandhill deer

hunters and Brule canoers are. In contrast, the Song pheasant hunters

are less concerned about large numbers of contacts than the Apostle

Island boaters  Figure 8!. This may in part be due to the large number

of contacts  betveen 40 and 50 actual contacts reported vhile hunting!,

The Lower level of concern, i.e. all points being closer to neutral, for

pheasant hunters is shown by the fact that they have the lowest intensity

index of any group   Table 12!.

Apostle Islands boaters Cend to agree more about the appropriate

number of contacts than do the other groups, If every person agreed at
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Table 12

Structural Properties of Contact Preference
Norms for Pour Groups of Recreatfonists

CONTACT PRKFKRKNCE

STANDARD INTENSITY CRYSTALLIZATION

APOSTLK ISLAND BOATERS

BRULK RIVER CANOERS

l-llBONG PHEASANT HUNTERS

SANDHILL DEER HUNTERS

.3$ 1.21

.72 1.24

Anderson Bay
Anderson Dock

Quarry Bay
Quarry Dock

Canoers
Tubers
Ff.shers

RANGE OF

TOLKRABLK
CONTACTS

1-15
1-9

1-15
1-7

0-7
0-3
0-9

.55

.49

.69

.44

.64

,70
.56

.95

.94

.79

.81

1.04

1. l4
1.01
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each number, the crystallization score would be zero. This should suggest

similar preferences for each recreationist, such as we might expect to

find about contacts on the tennis court. The higher the crystallization

score, the less agreement. Brule River canoers, Sandhill deer hunters,

and Bong pheasant hunter show Less agreement about the appropriate number

of contacts than Apost.le Island boaters.  Table 12!.

Considering the four locations at Stockton, boaters show the greatest

intensity and most crystalLization for mooring in Quarry Bay. There is

also more agreement about the Quarry dock than either of the Anderson Bay

sites. At Anderson Bay and dock, boaters show Lower levels of

intensity. This suggests that the contact preference standards are

better defined and more Likely to play a role in the boater evaluation of

recreation at Quarry Bay than at Anderson Bay.

The Im act of Increased Marina Development

Now that the influence of additional marina slips on the number of

boats ar. specific sites has been estimated  Table 9! and the contact

preference curves estabLished, it is possible to estimate the impact of

additional marina development. Currently, how often do boater numbers at

Anderson and Quarry Bay, the two most popular mooring sites, exceed

social carrying capacity? How might this change wi,th additional marina

development? Since we have established curves only for these two sites,

our discussion here is restricted to these areas only.

The first column of Table l3 shows current conditions. On only one

of the 50 weekdays observed did mooring reach or exceed L5 boats moored

off in Anderson Bay, and this level was never reached ot' exceeded at

Quarry Bay. The 198L weekday site specific use level of both Quarry and

Anderson Bays is almost always below social carrying capacity.
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Table 1 j

+200 +300+100 +400Site

WEEKDAYS

1B16

6346 58 75 83

4217 4221 25

'TOTAL DAYS

20 21 35 3916

14 14

Anderson Bay

Quarry Bay

Anderson Bay

Quarry Bay

Anderson Bay

Qnarry Bay

Percentage of Days Contacts  Site Specific
Use Level! Exceeds Social Carrying Capacity

  i.e. more than 15 boats mooring off
in each location! vith Zncreasing Marina Slips

Current

Marina
Slips



This is not true on weekends. On 46 percent of the 24 weekend days,

boats mooring at Anderson Bay exceeded the site specific carrying

capacity. This was also the case for 17 percent of the weekend days at

Quarry Bay. The higher impact use level on weekends, combined with the

popularity of these two sites, pushes the number of boats moored at each

location over' the social capacity limit.

Under current condi.tions, if all days are considered without regard

for weekends and weekdays, mooring levels at Anderson Bay exceed social

carrying capacity on 16 percent, or 12 out of 74 days, and at Quarry Bay,

4 out of 74 days. Thus on most da s of even the two most o ular

sailing months of the ear, the tvo most o ular sites in the A ostle

Islands do not exceed a social carr in ca acit

The remaining columns on Table 13 show vhat we would have expected to

have observed in 198I if an additional marina opened in the Bayfield area

with 100, 200, 300 or 400 slips. A two hundred slip marina would be

larger than the current Port Superior. The pro jections vere made

assuming that each 100 slips would increase input use level by 27.6 boats

on weekends, and by 13.4 boats on weekdays, since these were the observed

levels in 1981. The regression coefficients from Table 9 were used to

translate the input use level into site specific use level or contacts.

These coefficients were .093 for Anderson and .058 for Quarry Bay. An

addi.tional 100 slips would lead to 27.6 boats out on weekends. This

multiplied by .093 or .058 yields a projected increase of 2.6 boats at

Anderson and 1.6 boats at Quarry. These figures vere added to the 1981

observed levels for each IOO projected additional slips. When the

projected levels reached l5 boats per day the area vas judged to exceed

social capacity. The percentage of days in excess of the 15 boat

evaluative standard is presented in Table 13. An increase of up to 200
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additional slips has no additional effect on weekdays at either Anderson

or Quarry. Adding 300 and 400 new slips is projected, hovever, to have

an impact at Anderso~, increasing the number of weekdays that capacity is

exceeded to l6 and I8 percent respectively.

Adding slips has a greater impact on veekends since a higher

proportion of boats leave the marinas on those days. If an additional

400 sli s vere created in the Ba field area, the number of boats moorin

at Anderson Ba would be ro ected to exceed social carr ing capacit on

4 out of 5 weekend ni hts, or tvice as often as is nov the case. The

percentage of nights social capacity would be exceeded at Quarry Bay on

weekends would increase from 17 percent of the night to 42 percent.

Of course, veekend days only count for about one-third of the total

available days. Increasing the number of slips avai.lable by 200 vould

lead to social carrying capacity excesses on 20 percent of the July and

August days at Anderson Bay, and 8 percent of the days at Quarry Bay .

Almost all of these excesses would be on weekends. With an additional

400 nev slips mooring at Anderson would almost always exceed capacity on

weekends, and about 40 percent of the total available days would shov an

excess at Anderson.

In conclusion, building a 200 slip marina in the Bayfield area vould

significantly effect the boater mooring experience on weekends,

particularly at Anderson Bay. We pro ject no significant effect on

veekdays, hovever, and only a modest effect at Quarry on weekends. Our

measure of effect hece is the percentage of days that site specific use

le ve Is exc eed c ap ac i ty.

assumptions, and hold only so Iong as these assumptions are viable.

First, the marina development must be in the Bayfield area, along
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shoreline ranging from Redclif f Bay to Pikes Bay  the locat'ion of Port

Superior!. Harinas at Washburn, Ashland, and Cornucopia would be likely

to have less impact on the system because of the greater sailing

distances from these locations to the Apostle Islands. While having a

smaller system impact, Chis does not preclude the possibility of a

greater or equal site specific impact. It is possible a boat sailing

from an Ashland marina would exert a greater impact on Anderson Bay than

boats leaving from the Bayfield area because this location could be the

greatest distance a sailboat could reach on a given day, while the

Bayfield area boats could reach other sites such as Rocky more easily.

A second assumption is that user preferences would remain unchanged

with additional development. If those sailing from the new sites were

more  or less! toleranC of crowding, the contact preference curves could

change and lead to different social carrying capacities at each site.

A third assumption is rhat boater behavior patterns remain relatively

constant. If suddenly $0 percent of the boats leave their slips on

weekends rather than only 27 percent, even the current number of marina

slips could create significant capacity excesses. These would be

accentuated by development.

A fourth assumption is that the linear estimates between input and

site specific use levels remain constant. Our current escimates are

based on a small number of cases, so this stability issue is an important

question.

Ca acit at Other Sites. Contact preference curves were estimated at

only the two most popular sites. It is not sa f e, in our opinion, to

assume that these same st'andards of 15 boats mooring hold in the other

sites. It may be that boaters taking the time and effort to sail to

Rocky prefer smaller numbers of contacts. It may also be true that in
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some of the smaller sites, such as the sand spit at Raspberry or Outer,

the social capacities are as low as, or lower than, four or five

contacts. The progections on Table 13 hold for Anderson and Quarry Bay

sites only.

CONCLUSIONS

The 1981 Apostle Islands boater appears to have more experience

sailing in the Apostle Islands than the 1975 boater. They report more

contacts at mooring sites, suggesting higher use levels in 1981. In

spite of the higher use levels, boaters do not report higher levels of

displacement in 1981, i.e. they are not avoiding Stockton Island any more

than the 1975 boater. So it appears that 1981 boaters may be more

tolerant than 1975 boaters. Comparative data on crowding suggests that

the Apostle Islands is one of the more crowded sites we have studied, and

while the crowding levels are nor. extreme, the issue does warrant some

concern. The Apostle Islands, in spite of the overall low level of

boating density, is perceived as at least slightly crowded by the

majority of the boaters surveyed.

There are currently over 450 slips in the Bayfieid area. On weekends

about 30 percent of these boats leave the marinas, and on peak weekends

over 100 boats are observed to be mooring off the Apostle Islands. There

are really three popular mooring sites: Anderson and Quarry Bays at

Stockton and the Rocky South-Twin Complex. Phile there are many places

to moor off of other islands and sandspits, these locations are all

somewhat more exposed to certain weather conditions. By vay of contrast,

the San Juan Islands, a very popular sailing area in Northern Puget

Sound, have much greater protection for mooring than the Apostles. In

those islands there are a number of natural harbors which provide

protection from all directions. The relatively smooth configuration of
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the Apostle Islands greatly limits the available moorfng sftes and

enhances the concentration of mooring boats at Stockton and Rocky.

Stockton and Rocky also have the best docks.

Recreation use patterns show that sailing fn the Apostles fs a

weekend phenomena. Input use levels and sf te spec if ic use levels more

than double on weekends. Thus, any capacity problems are most likely to

be observed on weekends if at all. Current data show that on most days

during the two most popular months of the season, use level does not

exceed social carrying capacity at the two most popular sites. However,

on almost half of the weekend days social capacity fs exceeded at

Anderson Bay, under current conditions. The week day sailor almost never

encounters excesses of social carrying capacity whfle mooring at Anderson

and Quarry bays.

The conclusion we can make from this study is that an additional 200

slip marina in the Bayfield area would not have a great effect on the

current Apostle Islands boating experience. Ocher capacities, such as

ecological and physical, might be more limiting.



FOOTNOTE S

IThe Sayfield area refers to the area from Pikes Bay on the
south to Buf falo Say on the North, including Hadeline Island. Whenever a
reference is made to the Bayfield area in this report, this is the area
that is intended.

2 In 1965, a social psychologist named Jay Jackson  Jackson,
1965! developed a method to describe and quantify the evaluative
dimension of social norms. The technique resulted in graphic descriptors
of norms with Jackson call "return potential curves." We have applied
his curves.

The number of empty slip counts at the Boat ramp is actually a
count of the empty sailboat trailers. The total "slips" were determined
by the maximum number of empty sailboat trailers. Consequent ly, the boat
ramp did send all its boats out on some of the days.

The week could be divided into three use periods, based on the
total number of boats in Apostle Islands system. Sunday through Tuesday
is low use, Wednesday and Thursday is medium use, and Friday and Saturday
is high use. For our analysis ~ a breakdown into low and high use periods
is sufficient.  See Appendix 3, Table A3-I for use level by low, medium,
and high use periods!.

Quarry Bay Dock has few boats moored there on any day because
it does not provide good mooring. It is never filled to capacity, even
on the highest use days.

The 1975 Apostle Islands study does nat provide information an
the percentage of respandents who were local marina slip owners. We
assume that there are a higher percentage of local marina slip owners in
the 1981 study because of the sampling technique. Therefore, the 1981
boater sample may be somewhat less representative of the Apostle Islands
boaters than the 1975 sample.

Regression is a statistical technique that assumes a causal
relationship between the variables. In this analysis, the assumption is
that an change in the input use level  boats out! causes an change in the
site specific use level  boater contacts!. In calculating the regression
coefficients, we have placed contraints on the analysis so that when X
 boats out! is zero, Y  boater contacts is also zero. There is never an
actual case when there are na boats out from the marinas. However,
without the constraints, Y would be allowed to take on a negative value,
which is an impossibility.

Boaters were not asked about their evaluation of zero
contacts. boost of the studies cited do not include an evaluation of zero
contacts  an exception is Sandhill!. The theoretical assumption i.s that
zero contacts would always be the most pleasant and therefore of little
value in determining contact preference standards.
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APPENDIX I: COMPLETE DATA SET OF DAILY 8OAT COUNTS
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DAILY BOAT USE
ALL SITES

I EVEL CCUIITS

STOCKTON ISLAND
DAY

OF
WEEK

INPUT
USE

LEVEL

SYSTEM
USE

LEVEL
ANDERSON
BAY DOCK

QUARRY JULIAN
BAY DOCK BAY

J,ULY

NONTH DATE

JUNE 26
27
28
29
30

2
3

5
6
7
8
9

10
Il
12
13
I4
15
l6
l7
18
l9
20
Zl
22
23
24
25
26
27
28
29
30
31

FRI
SAX
SUN
NON

TUES
WED

Tm}RS
FRI
SAT
SUN
NON

TUES
1IED

TEURS
FRI
SAT
SUN
NON

TUES
1IED

THURS
FRI
SAT
SUN
NON

TUES
%ED

THURS
FRI
SAT
SUN
NON

TUES
VKD

THURS
FRI

TABLE Al -I

}05
62
48

55
51
80

157
125

93
83

123
60
85

135
154

70
65
46
66
72

113
14g

59
58
70
65
66

102
164
88
94

128

92

17
59
21

9
lg
13
35
68

95
40
28
26
27
25
57
6g
21
27
17
23
23
56
60
34
38
42

33
15
55
85
44
44

32
41

50
48

3
11
4

2
0

1'I

16
17
8

5
2
2
1
4

24
1.

5
'I

5
6

15

8
ll
12
B
2
6

12
7

11

0
0
0

3 4

0 0 2
0 2

14
11

5
0
3
2

3
4

3
2

3

I I
2

7 5
3

3 3
I
0
6

18

3
6

0 2
6

3

2 0

0 0 0 0
0 0 2
0 0 0
2 I
I

0 0 I
0 0

0 I
0

3
I

0 0 I I

0 0 0

0 1
0 I

0 0 0 0
9

2 0 3
3 3
7

2 I
0

0 0

0 0
0 0
0

7

5 4
4

8 7
2

NORTH*
I'EST TOTALZ

12
24

7

5 7
2

Ig
35
43
21
10
8

'12

13
18
41
10
12

4 7
11
27

18
Ig
Z4
16

7
26
4}

20
Ze

12
li
15
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STOCKTON ISLAND
DAY

OF
REEK

INPUT
USE

LEVEL

SYSTEM
USE

LEVEL
ANDERSON
BAY DOCK

QUARRY JUL I AN
BAY DOCK BAY

NORTH*
I'EST TOTAL2

MONTH DATE

AUGUST

48

31
31
35
31

131

I} System Use Level was computed by
Hissing data was replaced by the

summing the boat counts
Hean boat count for the

at al 1 si tes.
site

2} Total for Stockton, Raspberry and Oak do not include those sites For
which only flyover counts were available.

Only flyover boat counts were done at site.this

l

2 3
4 5
6 7
8 9

LO
ll
l2
13
l4
15
16
17
l8
l9
20
2l
22
23
24
25
26
27
28
29
30
31

1

2 3
4 5
6 7

SAT
SUN
NON

TUES
1IED

THURS
FRI
SAT
SUN
NON

TUES
WED

THURS
PRI
SAT
SUN
MON

TUES
iKD

THURS
PRI
SAT
SUN
MON

TUES
%ED

THURS
FRI
SAT
SUN
NON

TUES
%ED

THURS
FRZ
SAT
SUN
MON

114
84

i 08
104

81
92

169
92
85
74
7'I

71
148

167
8g
95
37
83
84

117

139
46

37
45
50

63
28
40
50
54
33
71

126
41
51
33
39
30
62

100
48
28

33
49
45
72
90
36
30
26
28
24
46

75
25
21
29
27
21
42
64
72
32

12
11

4
20

20 4
18

10 7
33

13 1

7 4 4
4 5 5
3 8 8
23 4 I I
5 0 7

15
22

6

6 4 5

6 6 6 8 5
6 7
7 6 5
6

7 7
4 3
7 6 3
5 8

2 2 0
0 3
5 7

8
li

4
16
lg

4

3 7
4

26

4 I
4

6 5
0

8 4

3 0 I
0

I 'I

12

2 2 4 5
2 1

11
10

0 0 0 'I
0 0 0
0 2 I
0

0 5
2 1
0 I

0 0 0
0 I
0

0 0 0
j 1 I

2

0 I
5

12 5 3
0 0
5 0

0 2 0
0 0

12
14

6 0 0
0 0 0
2 0 I
0 0

0 0 0

28
28
13
50
58
20
30

22
16
22
68
25
10
16

19
21
24

49
18
12
12
10
11
24

46 8
6 6
10 5
12

32
40
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DAY
OF
WEEK

RASP BE RRY
SAND

SOUTH
TWINkONTH ROCKY

3
0

0 1
0

19
3
5

2
2

3
1

5

0
0

14 3 5
1 2

3
1

5

0

2 2

10 3 3 5
3 3

1

2 4
ll

3 3
7
4
4

26
27
28
29

30 1
2

4 5

6 7 8 9
10
ll
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

FRI
SAT
SUN
MON

TUES
WED

THURS
FRI
SAT
SUN
HON

TUK S
WED

THURS
FRI
SAT
SUN
N.ON

TUKS
WED

THURS
FRI
SAT
SUN
NON

TUKS
WED

THURS
FRI
SAT
SUN
NON

TUE8
WKD

THURS
FRI

0

15 2

2 0 '1
7

11

15
7

8 4
'l5

8
2

3 6
'l

9 8 5
2
4
2

18
18

4 9
25
25

ST ST
SAND S PIT DOCK EA WEST OTAL 2
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DAY
OF
WEEK

RASP11ERRY
SOUTH

TWINRON TH DATE ROCKY

AUGUST
3

ll 4 6 3
0 1

13

6 4 4
8

28

15

5
2

lg
5
S

17
6

14~

9

0

5
2

12

3
14SEPTEHBER

l
2
3

4 5
6 7
8 9

10
ll
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31 1 2

3 5 6 7

SAT
SUN
RON

TUES
WED

THURS
FRI
SAT
SUN
NON

TUES
WED

THURS
FRI
SAT
SUN
MON

TUES
WED

THURS
FRI
SAT
SUN
NON

TUES
WED

THURS
FRI
SAT
SUN
NON

TUE S
WED

THURS
FRI
SAT
SUN
NON

AS ES
SAND SP ZT

0 2
0

3 5 1

0 0 0 1 1
10 2
0 2

0 2 0 0

DOCK EAS C'EST TOTAL2

8 6
6 6 6
.5 3
14

6 4 4
3

10

10 2

2 2 0
3
2
0
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OUTER~OAK

CAT ' KLSE-
<PIKKAS YORK

JUNE

0 0

JULY

0 0

0 0 I
0

0 I
0

3

0 70 I
0

0 0

I

2 2

3

0 I
3

0 0 I

HONTH DATE

26
27
28
29
30

2 3 5 6 7 8 9
IO
11
12
13'
14
IS
'16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

DAY
OF SANO

VEEK 5PIT

FRI
SAT
SUH
NOH
TUES
VKO
THURS
FR I
SAT
SUN
PION
TUE 5
VEO
THURS
FRI
5AT
SUN
HON
TUES
VEO
THURS
FRI
SAT
SUN
PION
TUES
VED
THUR
FR I
SAT
SUN
HON
TUES
VKD
TPIUR
FRI

NORTH*
DOCK VEST

I

2 I

0 0 0 0 I
0 0 I I 1
0 1

NORTH*
EAST TOTAL2 VEST TOTAL

8KAR* 8455
VOOO
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OUTER~OAK

EI.S;.
Wl.

NOR T H*
EAST TOTAI.2HONTH DATE EAS

YCRK

AUGUST

2 0

0 I0 0 I 00 0

0 0

0 0

0 04 I
0 2

0 I
0 1

0

0 I 2 0
0 0

2
0'

0 0
0 0 0 00 I I 0 6 5

0 0

SEI TEHBER

I

2 3
4 5
6 7
8 9

10
11
12
13
14
I5
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

2 3 5
6 7

DAY
OF SAHO

VEEK SPIT

SAT
SUH
NON
TUES
WED
THUR
FRI
SAT
SUN
NOH
TUES
WEO
THURS
FR I
SAT
SUN
NON
TOES
WED
THURS
FR I
SAT
SUN
NON
TUES
'WE 0
TNUR5
FRI
SAT
5UN
NOH
TUES
WED
THURS
FRI
SAT
SUN
NON

NORTH
OOOK WEST WEST TOThl.

0 0

B EAR* BAS 5
WODO
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APPENDIX 2: COMPARISON OF FLYOVER AND
RANGER SAILBOAT COUNTS

Nei ther the flyovers nor the ranger boat counts provide data For all 74

days of the study per iod. Fl yover da ta i s ava i lab le For only 1/3 of the days.

Dependent on the site, the days observed For Flyovers varies from 23 to 27

 Table A2-I!. The ranger counts are, in general, more complete than the

Flyover counts  Table A2-2!. For example, whil e there are only 27 days

observed on the flyovers at Anderson Bay, ranger counts are available on 63

days. At Rocky, there are twice as many days observed by the rangers as by

the flyovers.

Mhile the ranger counts are more complete in terms of time, they are

less complete in terms of area. It was not logistically feasible For the

rangers to cover all the possible mooring sites within the boundaries of the

Apostle Islands National Lakeshore. Therefore, the ranger counts are available

for Fewer sites than the Flyover counts. Ranger counts were taken at all the

more popular sites, including those on Stockton, Rocky, South Twin, and

Raspberry  Table A2 2! .

ln genera I, the Ranger counts are scgrewhat higher than, or equal to, the

sailboat flyover counts as indicated in Table A2-3, which compares ranger

and flyover counts. At Stockton, the mean for ranger counts is only .4

boats higher than the the mean flyover count. Similarly, at Quarry Bay and

Julian Bay, the difrerences in the mean number of boats observed by f lyovers

and by ranger counts are so slight they can be considered estimation errors.

lt's only at Rocky and Oak that the mean ranger count is lower than the mean

tlyover count. At Oak, we were only able to obtain boat counts by rangers

on six days, i.e., less than 100 of the days during the study period .

Flyovers and Ranger counts, with one exception, are highly related.

For Sand, the correlation between the ranger and Flyover counts is only

. 12. This is probably due to the Fact that it is difficult to obtain accurate
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counts at Sand 'Island using either method. Consequently, there is quite

a bit of error in both measures. The intercorrelations  Table AZ-3! could

be regarded as reliability coeff i c ients, since they appear to be the

strength of the relationship between two different measures of the same

variable. If we look more closely, we can see that they are measuring

somewhat different things. Flyover counts were done in the morning when

boats had already started to move from their overn ight mooring s ites.

Ranger counts were done in the evening when boaters had settled down for

the night. The numbers in parentheses Followi~g t he correlations in Table

S refer to the number of days on which there were both ranger and flyover

counts. The higheSt number of coinciding counts is 23  Anderson Bay,

Quarry Dock, and Julian Bay!. There are numerous days when there is a

Ranger count but not a flyover count.

If we examine the correlations, we find that for the eleven sites For

which these are both ranger and f lyover counts, five are above .85.  We

have not included Stockton and Raspberry because they are simply aggrega tion

of the specific sites on each island! Qn ly two are below .50: Quarry Bay

and the Oock at Quarry. We can assume that, given the high intercorrelations,

the basis for merging the two measures is valid.
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PQPUL~Rlt
lliDEXa

QF DAYS
WITH BOATS

DAYS
OBSERVED

LOCATION

STOCKTON 14.7519.60 196025 100.00

6.44 4.oo 23 85.2 54927

4.793-59 81.527 293

4.67 27 74.1 346

~ 85 .29 27 37 ' 0 31

3.04 1.38 14 63.o27 lgi

.48 .10 25 16. 0

ROCKY 8.009.72 28 25 96.o 9

137
SOUTH TW1 N

RASPBERRY

~ ~ 2 3 1.50 12 26 61.5

68.o2.382.92 15 25

East of Sand Spit

West of Sand Sp i t

'1.92 1.00 56.Q25 lo8

.60 .19 z8.o25

Dock .o8 .02 4.025

E 1 sewhere .32 ~ 12 25 20.0

SAND .62 .i8 z6 z6.0

QAK 1.74 1.25 69.623 121

CAT .48 .18 27 35. 0

OUTER
8'18. 527

BEAR .85 .31 26 38. 5

BASSWOOD
.50 .26 26 34.6

YORK
.38 .18 26 z6.9

=LSEWHERE

TOTAL

z.54 1.83 26 73.1 186

43.00 42.QQ 25

a Popularity index - x jul tipl ied by ~

Anderson BaY

Dock at Anderson

Quarry Bay

Dock at Quarry

Jul ian Bay

El sewhef e

TABLE A2-1

SAiLSQAT COUNTS BY FLYQVERS AT

APOSTLE ISLANDS, SUMMER 1981

DAiLY NUMBER OF BOATS
HEAN HEDfAN HAXlHUH



TABLE AZ-2

SAILBOAT COUNTS BY RANGERS AT

APOSTLE ISLANDS, SUMPTER l991

a Popu'!arity Index - x mul tipl ied by '0
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TABLE A2-3

OF FLYOVER
ANO RANGER COUNTS

LOCATION

STOCKTON 25 19.6 63 20.0

27 6.4 7.863

27 3.6 4.663

27 4.7 4.g59

27 .8 ~ 659

27 1.6633 ~ 0

25 .5

25 9.7 .64  Ig!

F 95 �5!

.86 �5!

7.050ROCKY

26 2.2 3.331SOUTH TlllN

RA 5 BERRY 25 4.2442.9

EAST QF SAND SPIT

WEST DF SAND SPIT

25 1.9 2.9
.87 �5!

.56 �5!

.88 �5!

25 .6 1.6

DOCK ~ I 45 .2

ELSEWHERE 25 ~ 3

26 .6 1.626SAND .12 �2!

23 1.7 1.3

27 .5CAT

27 .4OUTER

26 .8BEAR

.5BASSWOOD

26 -3YORK

26 2.5ELSEWHERE

Too few cases

*~ No ranger counts at this site

ANDERSON BAY

DOCK AT ANDERSON

 gARRY BAY

DOCK AT QUARRY

JULIAN BAY

ELSEWHERE

CDHPARISON OF FLYOVER BOAT COUNTS
AND RANGER BOAT COUNTS

APOSTLE ISLAND, SUHHER I981

DAYS HEAN ND., DAYS HEAN NO.
OBSERVED OF BOATS'OBSERVED OF BOATS

,92 �1!

.66 �3!

.7g � I !

.45 �1!

~ 39 �3!

-77 �3!
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APPENOIX 3: DAILY COUNT OF SAILBOATS
SY USE PERIOO - LOFTI, HEDIUH

ANG HIGH USE DAYS
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APPENDIX 4: APOSTLE ISLAND 80ATER SURYEY-
NAILED qUESTIONNA IRE
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