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SUMMARY

INTRODUCTION

The north central lake region is one of Minnesota�s premier water-recreation areas.  The region
supports a thriving water-oriented resort industry and one of Minnesota�s largest concentration of
seasonal lakehomes, both of which attest to the attractiveness of the lakes in the area.  It also
contains Mille Lacs, a 132,000 acre body of water that is one of the top walleye fisheries in the
state.  The lake region is the closest northern-forest lake concentration to the Twin Cities metro-
politan area, from which it draws its major source of tourists and seasonal lakehome owners.

This boating study has three broad goals: describe the many facets of the boating experience; mea-
sure the total number of boats on lakes and trace those boats to their means of access; and provide
information to guide public access programs.  The goals are accomplished through a combination
of aerial observations and boater surveys with public access users, commercial access users and
riparian residents.  Specific study objectives are:

Measure the total number of boats on lakes and tracing those boats to their means of access;
Describe the boaters� experience on the water, including trip satisfaction, on-water problems,

and crowding;
Describe the boaters� perception of public accesses, including quality, use problems, improve-

ments needed, and desire for additional access;
Describe the boaters� view of boating safety and enforcement concerns, including boating re-

strictions, enforcement presence, safety courses, beverages consumed on boats, and safety
equipment;

Obtain boaters� perspectives about the effectiveness of techniques to prevent the spread of
exotics species such as Eurasian watermilfoil and zebra mussels; and

Describe the characteristics of the boating trip, including boating activities, boating equipment,
and boater characteristics.

This study is an update of a study done in 1985, and changes since 1985 are presented throughout
the report.  Three MN DNR programs provided resources for this study: water recreation, boating
safety and fisheries.

BOAT NUMBERS AND SOURCES

The north central region has nearly 300,000 acres of boating water on 205 major recreational
boating and fishing lakes, which include the Gull and Whitefish lake chains and Mille Lacs.

The majority of lakes (79%) had at least minimal public access in 1998, up from 66 percent with
access in 1985.  Minimal public access is not synonymous with adequate public access.  Minimal
access only involves the presence of a public access launch facility, while adequate access
incorporates the number, size and location of facilities, as well as facility characteristics such as
good launching depth and amenities such as a dock to ease launching and landing.

The large lakes (excluding Mille Lacs) are slightly more popular for boating than the other lakes,
as evidenced by how intensely they are used.  Differences in boating intensities among lake
classes are not dramatic.  Boating intensities in the study area are typical of Minnesota�s rural



5 MN Department of Natural Resources

lake regions and comprise part of their attraction for vacationers and lakehome owners looking
for relatively uncongested waters.  In contrast, boating intensities are far higher (4 to 5 times
higher) in the Twin Cities metro area.

Between 1985 and 1998 the number of boats on lakes did not change significantly overall, or on
any of the lake classes in the study area.  This lack of change is contrary to boaters� perception of
congestion and crowding on the water, which went up between 1985 and 1998 (15% of boaters
thought lakes were crowded in 1998, up from 5% in 1985�see section below on the boating
experience).  The same lack of change in overall boat numbers was found for Twin Cities metro
waters between 1984 and 1996.  Apparently, the typical boat is being used less today than 10-15
years ago, since boat registrations in Minnesota have risen some 20 percent since the mid 1980s.

Public access contributes 28 percent of boats on the water, commercial access contributes an-
other 23 percent (e.g., resorts and private campgrounds),  and all other sources (mainly riparian
residents) contribute nearly half (49%).   Between 1985 and 1998, the contribution of public
accesses grew�consistent with the growth in the number of public access�and commercial
access fell, while the remainder (mainly riparian resident) showed little change.  Putting a public
access facility on a lake brings new users to the lake.  A similar pattern of change was experi-
enced in the Twin Cities metro area between 1984 and 1996: public access contribution went up,
commercial access went down, and the riparian resident contribution stayed about the same.

THE BOATING EXPERIENCE

Boating trip satisfaction is high in the north central lake region: just over half of all boaters report
being �very satisfied� with their outing, while another 40 percent report being �satisfied�, and
only 10 percent are �dissatisfied� to any extent.  Anglers as a group report lower levels of satis-
faction with their trips.  Angler dissatisfaction is mainly due perceptions of fishing quality and of
behavior of other boaters.  In general, trip satisfaction is contingent on the behavior of other
boaters�as noted for anglers�and on perceptions of crowding.

When boaters were asked to judge whether they experienced 11 potential problems with other
boaters on their trip, none of the 11 was judged by a majority of boaters as a �moderate�, �seri-
ous� or �very serious� problem.  Although not judged by a majority of boaters, one problem was
by far the most frequently reported: use of personal watercraft (jet skis).  The next most fre-
quently indicated problem was noise, followed by careless/inconsiderate boat operation, boats
operating too fast/close to shore/docks, and high wakes.  The use of personal watercraft also led
the list of problems boaters had with other boaters in the Twin Cities metro area in a 1996 study.

Most boaters (86%) did not encounter �too many boats� on their trip.  Some 14 percent of boaters
did encounter �too may boats�, and a similar portion of boaters (15%) judged conditions as
crowded.  Perceptions of crowding have risen since 1985, when only 5 percent of boaters judged
conditions as crowded.  The rise in perception of crowding is not consistent with the stable boat
numbers on the lakes.  But boaters can feel crowded for reasons other than the sheer number of
boats, and it may be that a combination of factors� personal watercraft; larger, faster-moving
boats; more noise�are giving rise to more crowding.  Personal watercraft are new since the 1985
study, boats are larger and more powerful than in 1985, and more boaters are engaging in boat
riding and fewer in fishing than in 1985 (see section below on characteristics of the boating trip).
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PUBLIC ACCESS FACILITIES

The use of public accesses has changed since 1985, and public accesses�it appears�are becom-
ing more and more an asset that all lake interests take advantage of, including riparian residents
and commercial boating-related interests.  In 1998, riparian residents and resort-campground
guests are estimated to account for nearly 40 percent (38%) of traffic through the public accesses,
up from 17 percent in 1985.  The reason for change in the use of public accesses is unknown, but
one hypothesis comes to mind: the increasing size of boats and motors (see section below on
characteristics of the boating trip), and associated need to launch/land these boats at a well
designed access facility.

Boaters give high marks to public access facilities for launching and landing a boat.  Positive
ratings (�good� to �excellent�) comprise 84 percent of boater ratings, while few boaters give
negative ratings (3%).  The current high ratings represent a continuation of such ratings since
1985, when boaters rated the facilities virtually the same.

There are problems, however, in the use of the public access facilities. The leading problems
have to do with the perceived small size of many parts of the access facility: insufficient parking
spaces, not enough maneuvering room on land/water near the ramp, and insufficient number of
launch lanes.  None of these specific problems was all that common.  The top-ranked problem
was identified by less than 10 percent of access users (8%).

When asked what improvements are needed at access sites, boaters suggested improvements that
solve their use problems.  The top-ranked improvements had to do with expanding  the size of
the facility: more parking spaces in the lot and move launch lanes/ramps.  Other improvements
suggested by over 10 percent of users included a beacon light visible from the lake, trash con-
tainers and toilets.

The majority of all boaters (56%), and nearly half of riparian residents (46%) use additional lakes
near the lake where they were surveyed, and access to these additional lakes is dominated by
public access.

A large portion of public access users (64%) have at some time in their past found a public
access parking lot full on the lake they were surveyed (Figure 28).  On average, this happened
twice in the last year.  Most of these were able to find a way onto the lake.  They either went to
another access on the lake,  parked on the road, or parked elsewhere.

When asked in the survey whether an additional public access was needed on the lake they were
surveyed,  14 percent of all boaters thought additional public access was needed, 72 percent did
not think additional access was needed, and 14 percent were uncertain.  Public access boaters
were more likely to indicate a need for additional access (25%), but still a majority (52%) did not
see a need for more access.  Few riparian residents saw a need for more access (5%).  The pri-
mary reason given for additional access need had to do with congestion at the present access(es)
on the lake.  Of boaters on lakes presently without public access (mainly riparian resident boat-
ers), 8 percent saw a need for an access, 72 percent did not, and 20 percent were uncertain.
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BOATING SAFETY AND ENFORCEMENT

Special boating restrictions are not very common on north central lakes.  Existing restrictions�
on the sample lakes surveyed in this study�are speed, no wake restrictions in channel areas on
the Gull and Whitefish chains of lakes and 5 other lakes.  Few boaters (2%) believe that the
current level of boating restrictions is �too restrictive�, somewhat more (15%) believe it is �not
restrictive enough�, and the majority (60%) believe it is �about right�.

The demand for new restrictions is minor except for one type, which was indicated by a large
portion (44%) of boaters: restrictions on the use of personal watercraft (jet skis).  Other possible
restrictions (time, horsepower and boat type/size) were demanded by few boaters.

Enforcement officers are much more likely to be seen on the large lakes and Mille Lacs than on
the smaller lakes.  Public access boaters see an enforcement officer more than boaters using
commercial access and far more than riparian resident boaters.  About five percent of boaters
report being checked by an officer, and most of the boaters who were checked were fishing
(73%).

Formal safety courses have been completed by one-fifth of all boaters, a portion that does not
appear to have changed materially since 1985.  Boaters having completed a formal safety course
are more likely than other boaters (75% compared with 30%) to believe all boaters should be
required to complete a safety course.  Overall, 39 percent believe all boaters should be required
to complete such a course.

Requiring an operators license for motorboat operators is not all that popular, and is supported by
only 27% of boaters.

Since the 1985 study, Minnesota enacted a law that makes it illegal to operate a motorboat after
consuming too much alcohol, very much like the alcohol restrictions on driving an automobile.
In 1998, about one-quarter of boaters report having some type of alcoholic drinks on board
during their trip.  Most boaters have no alcohol on the boat: either they have only non-alcoholic
drinks on board (52%), or have no drinks of any type (24%).  Basically the same pattern of
drinks on board prevails in 1998 as in 1985.

Most boats (88%) are equipped with some form of safety equipment (e.g., lights, fire extinguish-
ers and horns) other than personal flotation devices.  The small portion of boats without any
safety equipment (12%) may not need any, because no safety equipment other that personal
flotation devices is required for boats less that 16 feet long operated during daylight hours.

PREVENTING THE SPREAD OF EXOTIC SPECIES

Exotic species such as Eurasian watermilfoil and zebra mussels are not a prevalent problem in
the north central boating region at the present time.  In the Twin Cities metro area, where exotic
species are a significant problem, boaters have been queried about the effectiveness of various
means to prevent the further spread of exotics by boaters.  The five most effective means identi-
fied by metro boaters were included in the north central surveys to assess if north central boaters
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agreed with metro boaters.  The results indicate that there is agreement.  The following means are
considered effective by north central and metro boaters: information delivered at boat landings,
either in the form of signs or inspection-education programs; enforcement, including laws to
make the transport of exotics illegal and road checks to enforce those laws; and information
delivered directly to boaters in fishing and boating regulations documents.

CHARACTERISTICS OF THE BOATING TRIP

There are two main activities on north central lakes: fishing and boat riding.   The former is
slightly larger than the latter.  Activities have changed since 1985.  The major changes have been
a sizable drop in fishing and a sizable gain in boat riding.  Notable changes of a lesser magnitude
are the decrease in water skiing and the increase in �other activities.�  About 2 percent of �other�
is personal watercraft use, which was not measured in 1985.

The changes experienced between 1985 and 1998 are moving the boating activity patterns of this
region closer to that of the Twin Cities metro area, where boat riding is slightly larger than
fishing. The larger lakes (except Mille Lacs) have activity patterns in 1998 very much like those
in the Twin Cities.  It is interesting to note that water skiing also showed a decrease in the Twin
Cities metro area between 1984 and 1996.

The most common type of craft in 1998 is runabouts, followed closely by fishing boats (run-
abouts have a deck and windshield; fishing boats are open; a fishing boat is a type of craft, and is
not related to the activity of fishing).  Pontoons are the next most common type of boat.  Craft
types have changed since 1985: runabouts have increased and fishing boats have decreased.
Fishing boats were the most common type of craft in 1985.

Boat lengths now average around 17 or 18 feet, and lengths have increased an average of two
feet since 1985.

Most craft have a motor, and only about 4 percent are non-motorized.

Motor sizes average just over 90 horsepower; the median is lower at 70 horsepower.  Motor sizes
have nearly doubled since 1985.  An increase in motor sizes was also experienced in the Twin
Cities between 1984 and 1996, although the increase was less dramatic in the Twin Cities.

Boaters, as a group, are familiar with the lake at which they were surveyed.  The median length
of use of the lake is 14 years.  Few boaters (4%) have started boating in the last year on the lake
where they were surveyed.

The public and commercial accesses serve two geographic markets.  One is the local market
(within 25 miles of home, about a half-hour drive) and the other is the more distant �tourist�
market.  The local market is the smaller and accounts for about one-quarter of access use.  The
Twin Cities is the major tourist market.

The Twin Cities metro area is also the main origin of seasonal lakehome boaters on these lakes.
It accounts for about two-thirds of seasonal lakehome boating.
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INTRODUCTION

The north central lake region is one of Minnesota�s premier water-recreation areas.
The region supports a thriving water-oriented resort industry and one of Minnesota�s
largest concentration of seasonal lakehomes, both of which attest to the attractiveness
of the lakes in the area.  It also contains Mille Lacs, a 132,000 acre body of water that
is one of the top walleye fisheries in the state.  The lake region is the closest northern-
forest lake concentration to the Twin Cities metropolitan area, from which it draws
its major source of tourists and seasonal lakehome owners.

This boating study has three broad goals: (1) describe the boating experience, which
includes boating activities, perceptions of conditions on the water, and safety and
enforcement concerns; (2) measure the total number of boats on lakes and trace those
boats to their means of access; and (3) provide information to guide public access
programs by assessing the use of these facilities and evaluating their quality through
boater interviews.  This study is an update of a study done in 1985, and changes since
1985 are presented throughout the report.

The first goal of the study is to describe the  boating experience and see to what extent
it has changed.  To ensure that boating remains an enjoyable and safe activity is the
motivation underlying this aspect of the study.  Most of the use of lakes in the north
central lake region originates in the Twin Cities metropolitan area.  The boating con-
ditions on north central lakes are far different than boating in the Twin Cities, how-
ever, which is a primary reason people travel to these lakes.  One major difference is
the far lower intensity of boating use on these northern lakes.  Although the intensity
of use is less, there are signs that boating conditions are changing in the region and
becoming more �urban-like� in certain aspects (e.g, boating activities, perceived crowd-
ing).

The second study goal is to measure the total number of boats on lakes and trace those
boats to their means of access.  Such measurements ensure that people can at least be
reasonably well informed and share a common information base when addressing
any boating concerns involving the number and source of boats on the water.  Boaters
gain access to lakes through their own lakehomes, as well as through facilities pro-
vided at commercial sites, such as resorts and private campgrounds.  The public sec-
tor also provides boating opportunities�primarily through free public accesses�for
those who do not live on the water or avail themselves of the commercial opportuni-
ties.
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As indicated above, the public sector provides boating opportunities through free
public access.  The third goal of this study is provide information to guide public
access programs by assessing the use of these facilities and evaluating their quality
through boater interviews.  Many levels of government�local, county, state and fed-
eral�manage free public accesses in the north central region.

This document is a general summary.  For those wanting more detail on study results,
technical documents, including survey tabulations with breakdowns, and data files
are available from the MN DNR.

In this document, boating status and trend findings are presented in six sections:
Boat numbers and sources of boats;
Perception of boating experience, including trip satisfaction, on-water problems,

and crowding;
Perception of public accesses, including quality, use problems, improvements

needed, and desire for additional access;
Boating safety and enforcement, including boating restrictions, enforcement pres-

ence, safety courses, beverages consumed on boats, and safety equipment;
Preventing the spread of exotic species; and
Characteristics of the boating trip, including boating activities, boating equipment,

and boater characteristics.

Study results for lakes are presented for lake classes (groupings of lakes), not indi-
vidual lakes (except for Mille Lacs), because the studies were not designed for lake-
by-lake results.  Lake classes are defined in the next section on methodology.    If one
is interested in how a particular lake looks according to the information presented in
this report, find the class of the lake in 1998 and 1985 and follow the conclusions
through for the class(es).  Lakes are listed by class in Appendix A.

Three MN DNR programs provided resources for this study: water recreation, boat-
ing safety and fisheries.  Fisheries contributed by having creel clerks distribute sur-
veys to public and commercial access boaters on Mille Lacs, and helping to design
the Mille Lacs boater survey instruments.
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METHODOLOGY

The multiple goals of the north central boating study are accomplished with a variety
of information collection techniques.  Lakes have been classified according to size
and clarity, and whether the lake has a free public access.  The lake classification
based on size and clarity is the one developed by the public access program to priori-
tize lakes for access.  The study covers those lake priority classes that incorporate the
principal water recreation resource: lakes over 145 acres in size that support perma-
nent fish populations (Figure 1).  The six lake classes are:

Mille Lacs (has public access)
Remaining large boating lakes (Gull and Whitefish chains and Pelican�all have

public access)
Priority A lakes with public access
Priority B lakes with public access
Priority C lakes with public access
Priority A, B and C lakes without public access

Priority A lakes are distinguished from B and C lakes by their larger size and
greater clarity.  Size and clarity progressively decrease from A to B to C lakes.

Within each class, a sample of the lakes is taken for study (see Appendix A for a
listing of sample lakes).  The sample lakes in 1998 include the 1985 sample lakes plus
a few new lakes.  A complete census, however, of the largest resources is taken for
study; this includes Mille Lacs and the remaining large boating lakes (Gull and White-
fish chains, and Pelican).  For each study lake, boats in use (including those anchored
and beached) are counted and classified by type from the air.  Except for Mille Lacs,
boat counts are made in the afternoon, when boating is at a peak.  For Mille Lacs,
boat counts are made when boat numbers are expected to be near their peak: between
10 AM and noon on weekend/holidays and between 4 and 6 PM on weekdays.  Aerial
observation (including photographs) are also used to measure the contribution of dif-
ferent means of access to boating numbers.  Aerial measurements made on sample
lakes for a class are expanded to population estimates based on the water surface area
of all the lakes in the class.

Boaters on the sample lakes are surveyed to gather information about their behavior
and perceptions.  In 1998, surveys were conducted using in-person, hand-off and
mail-back surveys at public launch facilities, and at commercial accesses  (resorts
and private campgrounds).  Riparian residents on the sample lakes were surveyed by
mail.  Riparian resident names and addresses were gathered from property records.
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Remaining sample lakes (named on map)
Other lakes



13 MN Department of Natural Resources

Surveys are conducted on both weekdays and weekends and holidays.  To ensure that
the opinions of one group of boaters are not over- or under-represented when com-
bined with another group, survey results are weighted by the contribution of each
group to boating use.  Survey results are weighted by all the combinations of lake
class (six classes listed above), means of access (public access, commercial access
and riparian resident) and days of the week (weekdays and weekend/holidays).

In 1998, the walleye fishing opener plus seven other weekend/holiday flights and
four weekday flights were conducted for the sample lakes.  Overall, 3146 surveys
were completed, including 991 public access mail-back surveys, 930 commercial
access mail-back surveys and 1255 riparian resident mail surveys.  In 1985, the wall-
eye fishing opener plus six weekend/holiday flights and 3 weekday flights were con-
ducted.  Overall, 904 surveys were completed, including 207 public access inter-
views, 143 commercial access interviews and 554 riparian resident interviews.

The 1998 study attempted to produce comparable data with the 1985 study for trend
assessment purposes and to a large extent data are comparable.  In some instances,
however, some particulars precluded comparability.  These are noted in the text when
they are encountered.

For those wanting a more complete description of methodology, a technical docu-
ment that presents the full methodology is available through the MN DNR.
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BOAT NUMBERS AND SOURCES

Amount and Intensity of Boating

The north central region has nearly 300,000 acres of boating water on 205 lakes
(Table 1). These lakes comprise the major recreational boating and fishing waters of
the region.  They are the primary
focus of shoreland development for
tourist accommodations and residen-
tial housing.  All of the lakes are over
145 acres in size and have permanent
fish populations.   Almost half of the
total water acreage of these lakes is on
Mille Lacs, one of Minnesota�s pre-
mier walleye fisheries.  Other than
Mille Lacs, the large lake group in-
cludes two lake chains (Gull and
Whitefish) and Pelican.  The remaining
lakes are smaller and more numerous.
Priority A lakes are distinguished from
B and C lakes by their larger size and
greater clarity.  Size and clarity pro-
gressively decrease from A to B to C
lakes.

The large majority of lakes had at least minimal public access in 1998.  Minimal
public access is not synonymous with adequate public access.  Minimal access
only involves the presence of a public access launch facility, while adequate access
incorporates the number, size and location of facilities, as well as facility character-
istics such as good launching depth and amenities such as a dock to ease launching
and landing.

Of the 205 lakes covered by the study, 162 are at least minimally accessible through
free public access and 43 are not (Table 1).  This represents an expansion of public
access since 1985�the year of the previous boating study�when 70 lakes did not
have public access (Table 2).  Between 1985 and 1998 just over half the lake acre-
age not accessible through free public access became at least minimally accessible.

1XPEHU $FUHV
RI�ODNHV RI�ODNHV

/DUJH�/DNHV�
����0LOOH�/DFV � �������
����*XOO�&KDLQ � ������
����:KLWHILVK�&KDLQ �� ������
����3HOLFDQ � �����

3ULRULW\�$�ODNHV�ZLWK�SXEOLF�DFFHVV �� ������
3ULRULW\�%�ODNHV�ZLWK�SXEOLF�DFFHVV �� ������
3ULRULW\�&�ODNHV�ZLWK�SXEOLF�DFFHVV �� �����

3ULRULW\�$��%�DQG�&�ODNHV�ZLWKRXW�
SXEOLF�DFFHVV �� ������

7RWDO ��� �������

%RDWLQJ�:DWHUV�RI�WKH�1RUWK�&HQWUDO�6WXG\�$UHD
�ZDWHU�DFFHVV�SULRULW\�FODVVHV�$��%�DQG�&�

Table 1
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The large lakes (excluding
Mille Lacs) are slightly more
popular for boating than the
other lakes, as evidenced by
how intensely they are used
(Figure 2).  The most in-
tensely used resources (least
acres per boat) are the large
lakes of the Gull and White-
fish chains, and Pelican.  The
large lakes account for 28 percent of boating (excluding Mille Lacs) and 23 percent
of the water surface area (Figure 3).  Within the large lakes, Gull and Whitefish
chains are used the most intensively on weekends (63 to 75 acres per boat) and
Pelican the least intensively (131 acres per boat).  Mille Lacs, not surprisingly given
its very large size,  is used the least intensively on a per-acre basis, and is well be-
low all the other categories (489 acres per boat).  The other lake groupings share
about the same intensity of use, and their proportion of boating is approximately the
same as their proportion of water surface area.  Lakes without public access experi-
ence about the same intensity of use as lakes with public access, even though (as

Figure 2
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noted later in the section on source of boating use) adding a public access to a lake
increases boating.  Across the lake groupings on Figure 2, however, the presence or
absence of public access is not the dominant factor in boating intensities; other
sources of use (e.g., resorts and lakeshore homes) are dominant, a topic discussed
more fully below.

Weekends are the popular time to participate in boating, as well as in most outdoor
recreation pursuits.  A weekend or holiday, on average, has between 2.5 and 3.0
times as much boating as a
weekday (Figure 4).  Week-
days, however, because they
are more numerous that week-
ends and holidays, account
for about half of all boating.

Boating intensities at peak
times on weekend/holiday
afternoons average about 90
acres per boat, and are about
80 acres per boat on the more
intensively used large lakes.
On weekdays, afternoon
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intensities are about 250 acres
per boat.  Such boating inten-
sities are typical of
Minnesota�s rural lake regions
and comprise part of their
attraction for vacationers
looking for relatively
uncongested waters.  Intensi-
ties are far higher (4 to 5
times) in the Twin Cities
metro area (Figure 5).  Even
weekdays in the metro area
have intensities that exceed
weekends in the north central
area.

Intensity of use (acres per boat as shown on Figure 2 and 5) is one dimension of
boating congestion.  A second dimension is the movement of boats.  Moving boats,
in effect, consume more area and, thus, contribute more heavily to congestion than

0

10

20

30

40

50

60

70

80

90

100

North Central--
Weekend/holidays

Metro --
Weekend/holidays

Metro -- Weekdays

Acres per
Boat

Lower
Intensity

Higher
Intensity

Regional Comparison of Summer Afternoon Boating Intensities:
North Central in 1998 versus Metro in 1996

(excluding Mille Lacs)

Figure 5

0%

20%

40%

60%

80%

100%

All lakes Large lakes
(all have

public
access)

Priority A
lakes with

public
access

Priority B
lakes with

public
access

Priority C
lakes with

public
access

Priority A,
B and C

lakes
without
public
access

Active (moving) Inactive (not moving)

Percent
of Boats

Activity Status of Boats as Observed from the Air
by Boating Resource Class

(excluding Mille Lacs)

Figure 6



18 Boating in North Central Minnesota � Status and Trends

stationary boats.  The portion of moving boats is about one-third, and is slightly
higher for the larger lakes (Figure 6). This portion is basically unchanged since
1985. Mille Lacs also has approximately one-third moving boats in 1998.  The
portion of moving boats is substantially higher in the Twin Cities metro area (about
two-thirds are moving) a factor that�in conjunction with higher boat densities�
adds to the congestion of metro waters.

Changes in intensity of use from 1985 to 1998 can only be examined for weekends/
holidays, because there were too few weekday observations in 1985 and 1998 to
form a valid comparison.  Weekend/holiday trends by themselves, however, provide
a good indication of trends in use.

The comparison of 1998 with 1985 reveals little change in boat numbers.  For lakes
overall and for each boating resource class except one, the 1998 boating intensities
were slightly smaller than in 1985 (Figure 7).  The one exception is the group of
lakes that received public access between 1985 and 1998.  This group had a slightly
higher boating intensity in 1998 than 1985.  None of these slight differences are
statistically different (at the 5% level of statistical significance), however, reiterating
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the conclusion that there is little evidence of any trend since 1985.

Mille Lacs, too, showed little evidence of an overall change between the mid 1980s
and 1998.  Fishing trips on Mille Lacs�which is almost exclusively a fishing lake
from a boating perspective�rose from the mid 1980s to the early 1990s and fell
thereafter, producing both little net change and no significant upward or downward
linear trend over the period (Figure 8).

In the Twin Cities metro area, changes over about the same time period (1984 to
1996) also found little change in boating intensities among lake and river resource
classes, except for those lakes that received a public access between the studies.

Source of Boating Use

Boaters gain access to water through three primary means:
1) public access�free public boat launches and associated parking areas.
2) commercial access�resorts, campgrounds, marinas and for-fee private

accesses.
3) riparian residence�waterfront property owners.
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The contributions of pubic and commercial accesses are measured directly during
the aerial flights.  These contributions are subtracted from the total number of boats
on the water�also counted during the aerial flight�to compute a remainder, or
boats from unaccounted for sources.  Nearly all of the remainder is believed to
derive from riparian residents.  Attempts in the metro area to find any significant
nonriparian sources in this remainder were not successful.

In 1998, public access contributed just under 30 percent of boats (28%) (see Figure
9).  Commercial accesses contributed another 23 percent and all other sources
(mainly riparian residents) contributed nearly half (49%).   Public access contribu-
tions are about the same on weekends/holidays and weekdays, while commercial
access contributions are a larger share on weekdays, and the remainder (mainly
riparian residents) contributions are correspondingly a smaller share on weekdays.

On lakes with public access, the public access contribution varies from 24 to 37
percent; the commercial access from 12 to 28 percent and the remainder from 38 to
55 percent (Figure 10).  On lakes without public access, the remainder category
(mainly riparian residents) contributes the large majority of boating use (70%), with
the balance accounted for by commercial access (30%).
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Between 1985 and 1998, the contribution of public accesses on weekends grew and
commercial access fell, while the remainder (mainly riparian resident) showed little
change (Figure 11).  The
remainder, although smaller in
1998, was not statistically
different than in 1985 (at the
5% level of statistical signifi-
cance); public and commer-
cial access changes were
statistically different.  A simi-
lar pattern of change was
experienced in the Twin Cities
metro area between 1984 and
1996: public access contribu-
tion went up, commercial
access went down, and the
riparian resident contribution
stayed about the same.

Source Contributions to Boats on the Water by Boating
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The rising contribution of public access is due largely to the expansion in number
of public accesses between 1985 and 1998.  As noted above, the number of lakes
with public access went from 135 in 1985 to 162 in 1998.  For lakes with public
access in both 1985 and 1998, the number of boats on the water attributable to
public access did not change significantly.  The increase in public access contribu-
tion to total boats in the Twin Cities metro area between 1984 and 1996 had these
same causes.

On those lakes that received a public access between 1985 and 1998, the number of
boats from the accesses increased, of course, although the remainder category
(mainly riparian resident) continued to be the largest contributor (Figure 12).  The
decrease in number of boats from the remainder source between 1985 and 1998 is
what would have been expected from this source if it followed the same pattern as
other lakes in the region.  The decrease should not be attributed to the arrival of
public access.  The remainder source across the entire study area contributed fewer
boats in 1998 than in 1985.
Its proportional drop across
the entire study area is nearly
the same as that shown on
Figure 12 for those lakes that
received a public access.
The fact that this remainder
source contributed about the
same percentage (not num-
ber) of boats in 1985 and
1998�a conclusion noted
above�is due to the corre-
sponding drop in total num-
ber of boats on the water
(i.e., a drop in the base of the
percentage).

* The 10 Lakes are: Borden-180020, Clearwater-180038, Inguadona/Rice-110120/110162, Round-102040,
Esquagamah-101470, Moccasin-110296, Hanging Kettle-101700, Bass-180256, and Pine-110292.
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THE BOATING EXPERIENCE

Trip Satisfaction

Trip satisfaction tends to be high for recreators who willingly engage in an activity
under conditions with which they are familiar.  Boaters in this north central study fit
this profile for high trip satisfac-
tion. Regarding familiarity, boat-
ers, as a group, are familiar with
the lakes at which they were sur-
veyed.  Half have been boating for
14 or more years on the lake, and
only 4 percent were recent arrivals
to the lake (Table 3).

Boaters are relatively satisfied,
too.  Just over half of all boaters
report being �very satisfied� with
their outing, while another 40
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percent report being �satisfied� (Figure 13).  Only 10 percent are �dissatisfied� to
any extent.  Satisfaction is as high on weekends/holidays as on weekdays.  Riparian
residents exhibit the highest levels of satisfaction among the sources of boaters, and
seasonal residents have slightly higher levels than permanent residents.  Satisfaction
also tends to be high across the different classes of lakes (Figure 14).  The large
lakes (excluding Mille Lacs) and priority A lakes have higher satisfaction than the
other classes.  Mille Lacs has the lowest levels of satisfaction, even though some 80
percent of boaters are �satisfied� or �very satisfied�; dissatisfaction on Mille Lacs is
reported by nearly 20 percent of boaters.

Anglers as a group�both on Mille Lacs and other lakes�report substantially lower
levels of satisfaction with their trips (Figure 15).  Because Mille Lacs is almost
exclusively a fishing lake, lower angler satisfaction leads to the lower overall trip
satisfaction on Figure 14.  When asked in the survey as to what contributed to their
dissatisfaction, 147 anglers wrote in reasons.  The leading reason had to do with
fishing quality (e.g., �poor fishing�, �caught no/few fish�, �no fish to catch�).  An-
other reason for angler trip dissatisfaction was equally important to that of fishing
quality on lakes other than Mille Lacs.  This other reason had to do with the behav-
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ior of other boaters.  It was
reported as, for example, �jet
skis�, �high wakes�, and
�incompetent boaters�.  A
third reason�mainly reported
by Mille Lacs anglers�had to
do with wave, wind and
weather, which sometimes
make boating and fishing
difficult.

As noted above for anglers,
trip satisfaction is contingent
on the behavior of other
boaters.  In another part of
the survey, boaters were
asked what problems they
encountered with other boaters on their trip.  When the number of problems with
other boaters becomes sufficient in number and severity, trip satisfaction drops.  A
few problems (1 to 5) of �moderate� or greater severity has a modest effect on trip
satisfaction; more problems of this same severity noticeably lowers trip satisfaction
(Figure 16).  More is said about specific problems in the next section of this report.

Trip satisfaction is also af-
fected by perceptions of
crowding.  When people
judge the number of boats on
the lakes as �too many� their
overall satisfaction declines
(Table 4).  Crowding is dis-
cussed more fully below
following the next section on
problems encountered with
other boaters.

Crowding and problems with
other boaters definitely lower
trip satisfaction, but it is
important to keep one point in
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mind: satisfaction still far out
weighs dissatisfaction even
for boaters who experience
these crowded conditions and
problems with other boaters.

Problems with Other Boaters

Boaters were asked to judge
whether they experienced
problems with other boaters
on their trip.  Of the 11 poten-
tial problems, none was
judged by a majority of boat-
ers as a �moderate�, �serious� or �very serious� problem (Figure 17).  Although not
judged by a majority of boaters, one problem was by far the most frequently re-
ported: �use of personal watercraft (jet skis)�.  It received 35 percent �moderate� or
more serious responses, and it was the only problem with elevated numbers of
�serious� and �very serious� responses.  The next most frequently indicated prob-
lem was noise, followed by careless/inconsiderate boat operation, boats operating
too fast/close to shore/docks, and high wakes.  The remaining six behaviors of
other boaters were judged by
fewer than 15 percent of
boaters as a �moderate� or
more serious problem.

The pattern of problem identi-
fication displayed on Figure
17 is widely shared among the
different sources of boaters
(public access, commercial
access and riparian resident)
and across the different lake
classes.  There are a few
notable exceptions, however.
Problems were more fre-
quently indicated on the large
lakes (excluding Mille Lacs)
and less frequently indicated
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on Mille Lacs.  Boaters engaging in canoeing and sailing were more likely than other
boaters to encounter problems with other boaters (specifically: noise, high speeds,
careless operation, and use of personal watercraft) and boaters using personal
watercraft were less likely to encounter problems with other boaters (few problems
with their own activity, high wakes and noise).

For this same set of potential problems concerning the behavior of other boaters,
the use of personal watercraft also led the list of problems in the Twin Cities metro
area in a 1996 study.  Fewer boaters in the metro area (24% metro versus 35% in
this study), however, judged the problem as of �moderate� or greater seriousness.

Experiencing problems caused by other boaters makes boaters feel more crowded
(crowding is the next topic below).  When other boaters get �close� enough to
cause a �moderate�, �serious� or �very serious� problem, the likelihood of encoun-
tering �too many boats� on the trip goes up (Table 5).  For example, for boaters
who judged large boats (boats over 24 feet) as a �moderate� or more serious prob-
lem, 43 percent encountered �too many boats� on their trip, compared with only 12
percent who encountered �too many boats� and judged this problem as �slight� or
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nonexistent.  Overall, boaters were some 25 percent more likely to have encoun-
tered �too many boats� if they judged a problem caused by another boater as of
�moderate� or greater seriousness.

Crowding

As noted above, boaters have a good deal of familiarity with the lake on which they
are boating.  This familiarity gives boaters a sound basis for judging �usual� or
�normal� boating conditions
for the time they choose to
boat.  When asked to judge
the number of boats encoun-
tered on their current trip
against this �usual� number,
the largest group (45%) indi-
cated the number was about
the same, another 26 percent
indicated either �slightly
fewer� (14%) or �slightly
more� (12%), and 25 percent
indicated either �substantially
fewer� (16%) or �substantially
more� (9%) (Figure 18).
Overall, some 71 percent of
boaters had their �usual�
expectations largely met
(�about the same� plus
�slightly more/fewer� re-
sponses).

A boater�s comparison of �usual� number of boats with boats encountered on this
current trip has a strong influence on their perception of congestion and crowding
on the lake (Table 6).  When the number of boats encountered today versus usual is
�substantially fewer� or �slightly fewer�, only a small portion of boaters indicate
they encountered �too many boats� on the trip (2 to 5%), and an equally small
portion indicate that the lake is �crowded� or �far too crowded� (2 to 6%).  When
the number encountered today rises to �slightly more� and �substantially more�,
perceptions of congestion and crowding increase markedly.  A majority of boater
who encountered �substantially more� boats than usual find �too many boats� on the
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lake (53%) and
�crowded� or �far too
crowded� conditions
(59%).

Most boaters (86%) did
not encounter �too many
boats� on their trip, while
the balance (14%) did
(Figure 19).  Slightly
more encountered �too
many boats� on weekend
and holidays compared
with weekdays.  Public
access boaters encoun-
tered �too many boats�
more frequently than commercial access boaters, who in turn encountered �too
many boats� more frequently than riparian resident boaters.  The reason for this
pattern among sources of boater is unknown.  Public access boaters did not follow
the two patterns (identified above) that are associated with higher perceptions of
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crowding and congestion.  They neither were more likely to encounter more boats
than usual compared with commercial access and riparian resident boats, nor did
they experience more problems with other boaters than commercial access and
riparian resident boaters.  In addition, this difference between sources of use was
not found in the 1985 study (data from 1985 are presented below).

Across the lake classes, the highest frequency of �too many boats� is found on the
large lakes (excluding Mille Lacs) and the lowest frequency is found on the lakes
without public access (Figure 20).

The pattern of responses described above for �too many boats� is the same as the
pattern for �crowded� and �too crowded responses� across days of week, sources
of use  (Figure 21) and lake classes (Figure 22).  Of the crowded responses, most
are reported as �crowded� and few as �far too crowded�.
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There has been an increase in
perceptions of crowding
between 1985 and 1998
(Table 7).  Overall, 10 percent
more boaters judge condi-
tions as �crowded� or �far
too crowded� in 1998 than in
1985.  Increases are recorded
for each source of use and
for each lake class.  The
increase is largest for public
access users.

The rise in perception of
crowding is not consistent
with the stable boat numbers
on the lakes.  But boaters can
feel crowded for reasons other than the sheer number of boats.  To reiterate from
previous discussion, when boaters encounter problems with other boaters, they are
more likely to feel crowded.  It may be that more problems with other boaters (such
as personal watercraft; larger, faster-moving boats; more noise) are giving rise to
more crowding.  Personal watercraft are new since the 1985 study, boats are larger
and more powerful than in 1985 (see section below on boating equipment) and
more boaters are engaging in boat riding and fewer in fishing than in 1985 (see
section below on boating activities).  It may be that the combination of these
changes has�at a minimum� contributed to the increase in crowding perceptions.

Irrespective of their perception of the number of boats, the large majority of boaters
would return to boat under
the same conditions (Table
8).  Virtually all boaters (98%)
who did not encounter too
many boats would return if
the numbers would be the
same.  This return rate falls to
80 percent for boaters who
encountered too many boats,
leaving 20 percent who would
think twice before returning.
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PUBLIC ACCESS FACILITIES

Quality of Facilities

Boaters give high marks to
public access facilities.  Posi-
tive ratings (�good� to �excel-
lent�) comprise over 80 per-
cent of boater ratings (Figure
23).  Few boaters give nega-
tive ratings of �poor� or �very
poor�.  High ratings extend
across the lake classes.  The
current high ratings represent
a continuation of such ratings
since 1985, when boaters
rated the facilities virtually the
same.

There are problems, however,
in the use of the public access
facilities.  Just over 20 percent
of public access boaters
indicated that they had some
type of problem using the
public access (Figure 24).
Nearly 30 percent of Mille
Lacs access users reported a
problem.  These problems
have a noticeable effect on
access ratings (Table 9).
They lower the positive rat-
ings, and raise the middling
and poor ratings.

Access users identified spe-
cific problems.  The leading
problems have to do with the
perceived small size of many
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parts of the access facility:
insufficient parking spaces,
not enough maneuvering room
on land/water near the ramp,
and insufficient number of
launch lanes (Figure 25).
Additional problems have to
do with shallow water, diffi-
culty of landing/launching due
to wind and waves, and lack
of a dock.  None of these
problems, however, was all
that common.  The top-ranked
problem was identified by less
than 10 percent of access
users (8%), and it was the
only problem identified by
over 5 percent of users.  Mille
Lacs access users differed
somewhat from the other lake
users.  They were more likely
to identify shallow water and
difficulty of landing/launching
do to wind and waves as
problems than other lake
users, and were less likely to
report insufficient parking
spaces as a problem.

Improvements to Facilities

When asked what improve-
ments are needed at access
sites, boaters suggested im-
provements that solve their
use problems.  The top-
ranked improvement had to
do with expanding  the size of
the facility: more parking
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spaces in the lot (22% of
users) (Figure 26).  This was
accompanied by another
high-ranked, size-related
improvement calling for move
launch lanes/ramps (12% or
users).  Other improvements
suggested by over 10 percent
of users included: a beacon
light visible from the lake,
trash containers and toilets.
Mille Lacs access users, once
again, differed from other
lakes users.  They were more
likely to indicate the protec-
tion from wind/waves near
ramp (19% of Mille Lacs
users) and the trash container
improvement (31%), and less
likely to indicate the improve-
ment regarding more parking
spaces (12%).

Access users were also que-
ried about the types of infor-
mation that should be avail-
able at public access sites to
enhance their boating experi-
ence.  The highest-ranked
types of information had to
do with boating safety (haz-
ards) and boating restrictions
(Figure 27).  These were the
only two types reported by a
majority of access users.  The
next ranked type of informa-
tion was a depth map of the
lake, followed by emergency
information.  Fishing informa-
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tion was not commonly requested (34%), even by anglers (39%), although Mille
Lacs boaters were somewhat higher (47%).  Few boaters showed interest in natural
history information of the lake.

Use of Facilities

In the past, the large majority of public access users fit the profile of a traditional
user: someone who trailers their boat to the access, launches/lands the boat at the
access, and uses the access lot for parking their vehicle-trailer while they are on the
water.  Boaters who lived on the lake occasionally used the access to get their boat
in and out of the water, especially to launch in spring and land in the fall.  People
staying at resorts and private campgrounds generally were not large users of the
access, because most resorts/campgrounds provide their own launch facilities.

The portion of traditional users has decline (Table 10).  Between 1985 and 1998,
traditional users decreased from 83 percent to 62 percent of the traffic through
public accesses.  Accounting for more of the traffic between 1985 and 1998 are
riparian residents and resort-camp-
ground guests.  These latter two are
now estimated to account for nearly
40 percent (38%) of traffic through
the accesses, up from 17 percent in
1985.  Public accesses�it appears�
are becoming more and more an asset
that all lake interests take advantage
of, including riparian residents and
commercial boating-related interests.
Once again, Mille Lacs is different.
Public access users on Mille Lacs are
almost all of the traditional type
(96%).

The reason for change in the use of public accesses is unknown, but one hypoth-
esis comes to mind: the increasing size of boats and motors (see later section on
boating equipment), and associated need to launch/land these boats at a well de-
signed access facility.  If this hypothesis is true, and if the upward trend in boat
sizes and motors continues, public access facilities may become increasingly im-
portant to lakeshore residents and resorts/campgrounds on the lakes.

Table 10
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On a related topic, the majority of
boaters (56%) use additional lakes
near the lake where they were sur-
veyed (Table 11).  This includes
nearly half of riparian residents (46%).
Access to these additional lakes is
dominated by public access, indicat-
ing that many more boaters than just
those surveyed at public access have
a stake in public access facilities
(Table 12).

A large portion of public access users
(64%) have at some time in their past
found a public access parking lot full
on the lake they were surveyed (Fig-
ure 28).  On average, this happened
twice in the last year.  Most of these
were able to find a way onto the lake.
They either went to another access on
the lake (especially prevalent for Mille
Lacs),  parked on the road or
parked elsewhere (Figure 29).
Some 14 percent went to
another lake.  Few (5%) did
not boat that day.

Need for Additional Facilities

Full parking lots and con-
gested facilities (noted earlier)
give boaters reasons to want
additional public access
facilities.  This want, or per-
ceived need, for additional
public access was examined
in the survey for the lake at
which the boaters were sur-
veyed.  Overall, some 14
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percent of all boaters though
additional public access was
needed, 72 percent did not
think additional access was
needed, and 14 percent were
uncertain (Table 13).  Public
access boaters were more
likely to indicate a need for
additional access (25%), but
still a majority (52%) did not
see a need for more access.
Few riparian residents saw a
need for more access (5%).
On lakes presently without
public access, 8 percent of
boaters using these lakes
(mainly riparian residents)
saw a need for an access, 72
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percent did not, and 20 percent were
uncertain.

The primary reason�shared across all
the lake classes and Mille Lacs�given
for additional access need had to do
with congestion at the present
access(es) on the lake (Table 14).
Secondary reasons had to do with
landing/launching in certain types of
weather, location of the access on the
wrong part of the lake, and shallow-
ness of the present access.  The
weather and shallow-water reasons
were more important for Mille Lacs
access users than users on other lakes.
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BOATING SAFETY AND ENFORCEMENT

Boating Restrictions

The special boating restrictions that occur on north central lakes are all speed, no
wake restrictions in channel
areas.  Of the 54 sample lakes
on which boaters were sur-
veyed in the study, 24 have
such a restriction (Table 15).
Both the Gull and Whitefish
chains of lakes (19 total
lakes), and 5 other lakes have
this restriction.

Boaters were asked whether
they were aware of the special
boating restrictions on the
lake where they were sur-
veyed.  Just over 40 percent
(43%) of boaters were aware
of the speed, no wake restric-
tion on the lakes where it
existed (Figure 30).  Aware-
ness may be lowered by the
fact that the restrictions only
apply to channels, where
some boaters may not travel.

In addition to awareness,
boaters were asked whether
the existing restrictions were
needed.  On those lakes with
the speed/no wake restric-
tions, 27 percent of boaters
indicated the restriction was
needed.  Furthermore, boaters
were asked if a variety of
additional restrictions were

Table 15
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needed.  On those lakes presently without a speed/no wake restriction, 18 percent
of boaters thought the restriction was needed.  Other possible restrictions (time,
horsepower and boat type/size) were indicated by few boaters.  The only potential
restriction that was indicated by a large portion of boaters concerned the use of
personal watercraft (jet skis).  This desire to restrict personal watercraft is one more
indication of the opinion a large
portion of boaters have of personal
watercraft use.  As noted above,
personal watercraft use was the
leading problem boaters were having
with other boaters.  Personal water-
craft use only represents a few
percent of the boating use on these
lake (see section below on activi-
ties).

Few boaters (2%) believe that the
current level of boating restriction�
which is not very extensive�is �too
restrictive�, somewhat more (15%)
believe it is �not restrictive enough�,
and the majority (60%) believe it is
�about right� (Figure 31).  A fair
portion of boaters simply do not
feel they know enough about this
topic to give an opinion.  These
perspectives are widely shared
among sources of boaters and
across lakes classes.

Most boaters (68%) believe the
current restrictions have little or no
effect on their enjoyment of boating
(Figure 32).  More boaters believe
existing restrictions add to their
enjoyment (28%) than detract from
their enjoyment (4%).  These views
are widely shared among sources of
boaters and across lakes classes.
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Enforcement Presence

Enforcement officers are
much more likely to be seen
by certain boaters.  Public
access boaters see an en-
forcement officer more than
boaters using commercial
access and far more than
riparian resident boaters
(Figure 33).  Boaters on the
large lakes and Mille Lacs are
more likely to see an enforce-
ment officer than boaters on
the smaller lakes.  About five
percent of boaters report
being checked by an officer.
Most of these boaters were
fishing (73%) (Figure 34).

Safety Courses

Formal safety courses have
been completed by one-fifth
of all boaters  (Table 16).
Boaters using public and
commercial accesses are
somewhat more likely to have
completed a course than
riparian resident boaters.  The
portion having completed a
course does not appear to
have changed materially since
1985.  In 1985 this question
was asked without specifying
the �formal� qualifier for the
safety course.  The �formal�
qualifier probably leads to a
smaller portion of boaters
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having completed a course.

Boaters having completed a
formal safety course are more
likely than other boaters (75%
compared with 30%) to believe
all boaters should be required to
complete a safety course (Table
17).  Overall, 39 percent believe
all boaters should be required to
complete such a course.

Requiring an operators license
for motorboat operators is not all
that popular.  It is supported by
only 27% of boaters (Table 18).
Boaters having completed a
safety course are more likely than
other boaters to support this
license requirement, although less
than half of those having com-
pleted a safety course support
the license requirement.

Types of Beverages on Board

Since the 1985 study, Minnesota
enacted a law that makes it illegal
to operate a motorboat after
consuming too much alcohol,
very much like the alcohol restric-
tions on driving an automobile.
In 1998, about one-quarter of
boaters report having some type
of alcoholic drinks on board
during their trip (Figure 35).  Very
few have only alcoholic drinks
(1%).  Most boaters have no
alcohol on the boat: either they
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have only non-alcoholic
drinks on board (52%), or
have no drinks of any type
(24%).  Riparian residents are
more likely than boaters from
public and commercial ac-
cesses to have no drinks on
board.

Since 1985, boaters who take
drinks on board are more
likely to take a mix of alco-
holic and non-alcoholic bev-
erages (Table 19).  The
changes are not dramatic,
however, and basically the
same pattern of drinks prevail
in 1985 and 1998: boaters
with non-alcoholic drinks are
the largest group by far,
followed by those with a mix
of drinks, and�at a distant
third�boaters with only
alcoholic drinks.

Safety Equipment

Most boats (88%) are
equipped with some form of
safety equipment other than
personal flotation devices
(Table 20).  Lights, fire extin-
guishers and horns are the
most common equipment
types.  The small portion of
boats without any safety
equipment (12%) may not
need any, because no safety
equipment other that personal
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flotation devices is required for boats less that 16 feet long operated during daylight
hours.

PREVENTING THE SPREAD OF EXOTIC SPECIES

Exotic species such as Eurasian watermilfoil and zebra mussels are not a prevalent
problem in the north central boating region at the present time. There is interest,
understandably, in ensuring that this situation does not change.

In the Twin Cities metro area, where exotic species are a significant problem, boat-
ers have been queried about the effectiveness of various means to prevent the fur-
ther spread of exotics by boaters.  The five most effective means identified by
metro boaters were included in the north central surveys to assess if north central
boaters agreed with metro boaters.  The results indicate that they do.  All of these
means were given high �very effective� and �moderately effective� ratings by boat-
ers, similar to results in the
metro area (Figure 36).  The
means are of three types.
One type is the information
delivered at boat landings,
either in the form of signs or
inspection-education pro-
grams.  The second type is
related to enforcement, and
includes laws to make the
transport of exotics illegal and
road checks to enforce those
laws.  And the third type is
information delivered directly
to boaters in fishing and
boating regulations docu-
ments.  There was excellent
agreement across sources of
boaters and lakes classes on
the effectiveness of these
means to prevent the spread
of exotic species.
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CHARACTERISTICS OF THE BOATING TRIP

Activity

There are two main activi-
ties on north central lakes:
fishing and boat riding.
The former is slightly
larger than the latter for all
lakes combined (Figure
37).  On the larger lakes
(excluding Mille Lacs),
however, boat riding is
more popular than fishing,
and the two activities are
the same size on the prior-
ity A lakes with public
access (Figure 38).  Mille
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Lacs is almost exclusively a fish-
ing lake.  The activity pattern of
fishing and boat riding is relatively
constant by day of week and
source of boater.  All other activi-
ties are comparatively small.
Water skiing accounts for about 5
percent of activity time.

Activities have changed since
1985.  The major changes have
been a sizable drop in fishing and
a sizable gain in boat riding (Table
21).  Notable changes of a lesser
magnitude are the decrease in
water skiing and the increase in
�other activities.�  About 2 percent
of �other� is personal watercraft use, which was not measured in 1985.

The changes experienced between 1985 and 1998 are moving the activity patterns
of this region closer to that of the Twin Cities metro area, where boat riding is
slightly larger than fishing. The larger lakes (except Mille Lacs) have activity patterns
in 1998 very much like those in the Twin Cities.  It is interesting to note that water
skiing also showed a decrease in the Twin Cities metro area between 1984 and
1996.

The fishing decreases were experienced across the board (Table 22).  Each source
of use and each lake class (except Mille Lacs) showed a drop in fishing as a portion
of activity time.  The boat riding increase was equally pervasive, with each source
of use and each lake class (save Mille Lacs again) showing an increase (Table 23).
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Table 22

Table 23
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Boating Equipment

The type of craft most used for boating in 1998 is runabouts, followed closely by
fishing boats  (Table 24) (runabouts have a deck and windshield; fishing boats are
open; a fishing boat is a type of
craft, and is not related to the
activity of fishing).  Pontoons
are the next most common type
of boat.  They are more com-
mon among riparian residents
than public and commercial
access boaters.  Pontoons are
less common on Mille Lacs.
Fishing boats are more common
on the smaller lakes and run-
abouts are more common on the
larger lakes.

Craft types have changed since
1985.  The primary changes are
the increase in runabouts (includ-
ing cruisers, which were lumped
with runabouts in 1985), and the
decrease in fishing boats (Table
25).  Secondary changes are the
small increase in pontoons and
the increase in �other�, which
includes personal watercraft, a
craft type not measured in 1985.
Craft changes since 1985 are
generally consistent across
sources of boaters and lake
classes.

Boat lengths now average
around 17 or 18 feet, and are
relatively constant across
sources of boaters and lake
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classes (Table 26).  Motor sizes average just over 90 horsepower; the median is
lower at 70 horsepower.  Motor sizes vary by source of boater�with public and
commercial access boaters having larger motors than riparian residents�and by
lake class, with the larger motors tending to be on the larger lakes.  Overall, motor
sizes are comparable to those found in the Twin Cities metro area.

Most craft have motors (Table 27).  Only
about 4 percent are non motorized.  The
most common craft has one gas-burning
motor.  Craft with two motors are not
uncommon, however, and represent 40
percent of all boats.  Two-motor combina-
tions are more likely to be gas with electric
than two gas motors.

Both craft length and motor sizes have
shown increases since 1985 (Table 28).
Lengths are up a foot or two across the
board, and motor sizes, too, are up across
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the board.  The increase in motor size represents nearly a doubling since 1985.  An
increase in motor sizes was also experienced in the Twin Cities between 1984 and
1996, although the increase
was less dramatic in the Twin
Cities.

Boater Characteristics

Boaters, as a group, are
familiar with the lake at which
they were surveyed.  The
median length of use of the
lake is 14 years, and is larger
for riparian residents than for
public and commercial access
boaters (Table 29).  Mille
Lacs boaters have a compara-
tively long history of use.
Few boaters (4%) have
started boating in the last year
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on the lake where they were
surveyed.

The public and commercial
accesses serve two geo-
graphic markets.  One is the
local market (within 25 miles
of home, about a half-hour
drive) and the other is the
more distant �tourist� market.
The former accounts for
about one-quarter of access
use; it accounts for less on
Mille Lacs and the smaller
lakes (Table 30).   The other
market is the �tourist� market,
and it is evident from median
travel distances in the 90 to
130 miles range, which is the
distance of this lake region to
its main �tourist� origin in the
Twin Cities.  Both the public
and commercial accesses are
primarily serving a tourist
market.

The Twin Cities metro area is
also the main origin of sea-
sonal home boaters on these
lakes (Table 31).  The local
region (central region) is the
next largest origin.   Together
the local region and the Twin
Cities metro account for 80
percent of seasonal home
boating.
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$FFHVVHV
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APPENDIX A

Lakes in the north central study area

Topic Page

List of sample lakes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
List of all other boating lakes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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/DNH ���� ����
1XPEHU /DNH�1DPH &DWHJRU\ &DWHJRU\ &KDLQ $FUHV

������ 0LOOH�/DFV 0LOOH�/DFV 0LOOH�/DFV � �������
������ *XOO &DW�� &DW�� *XOO �����
������ 0DUJDUHW &DW�� &DW�� *XOO ���
������ 1LVVZD &DW�� &DW�� *XOO ���
������ 5R\ &DW�� &DW�� *XOO ���
������ 8SSHU�*XOO &DW�� &DW�� *XOO ���
������ /RYH &DW�� &DW�� *XOO ��
������ 5D\ &DW�� &DW�� *XOO ���
������ :KLWHILVK &DW�� &DW�� :KLWHILVK �����
������ $UURZKHDG &DW�� &DW�� :KLWHILVK ���
������ %HUWKD &DW�� &DW�� :KLWHILVK ���
������ %LJ�7URXW &DW�� &DW�� :KLWHILVK �����
������ &ODPVKHOO &DW�� &DW�� :KLWHILVK ���
������ &URVV &DW�� &DW�� :KLWHILVK �����
������ 'DJJHWW &DW�� &DW�� :KLWHILVK ���
������ ,VODQG &DW�� &DW�� :KLWHILVK ���
������ /LWWOH�3LQH &DW�� &DW�� :KLWHILVK ���
������ /RZHU�+D\ &DW�� &DW�� :KLWHILVK ���
������ 3LJ &DW�� &DW�� :KLWHILVK ���
������ 5XVK &DW�� &DW�� :KLWHILVK ���
������ 3HOLFDQ &DW�� &DW�� � �����

������ $GD &DW���3$ &DW���3$ �����
������ %D\ &DW���3$ &DW���3$ �����
����� )DUP�,VODQG &DW���3$ &DW���3$ �����
������ 5RXQG &DW���3$ &DW���3$ �����
������ 6DQGEDU &DW���3$ &DW���3$ ���
������ 6\OYDQ &DW���3$ &DW���3$ ���
������ %RUGHQ &DW���13$ &DW���3$ � �����
������ &OHDUZDWHU &DW���13$ &DW���3$ � ���
������ ,QJXDGRQD &DW���13$ &DW���3$ ,QJXDGRQD ���
������ 5LFH &DW���13$ &DW���3$ ,QJXDGRQD ���
����� 5RXQG &DW���13$ &DW���3$ � ���
������ 7HQ�0LOH �QHZ�LQ�
��� &DW���3$ �����
������ +XEHUW �QHZ�LQ�
��� &DW���3$ �����
������ %LJ�'HHS �QHZ�LQ�
��� &DW���13$ ���

&ODVV�FRGHV�DUH�DV�IROORZV�
���0LOOH�/DFV��0LOOH�/DFV
���&DW����5HPDLQLQJ�ODUJH�ERDWLQJ�ODNHV��DOO�KDYH�SXEOLF�DFFHVV�
���&DW���3$��3ULRULW\�$�ODNHV�ZLWK�SXEOLF�DFFHVV
���&DW���13$��3ULRULW\�$�ODNHV�ZLWKRXW�SXEOLF�DFFHVV
���&DW���3$��3ULRULW\�%�ODNHV�ZLWK�SXEOLF�DFFHVV
���&DW���13$��3ULRULW\�%�ODNHV�ZLWKRXW�SXEOLF�DFFHVV
���&DW���3$��3ULRULW\�&�ODNHV�ZLWK�SXEOLF�DFFHVV
���&DW���13$��3ULRULW\�&�ODNHV�ZLWKRXW�SXEOLF�DFFHVV

6DPSOH�/DNHV�LQ������	������%RDWLQJ�6WXGLHV
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/DNH ���� ����
1XPEHU /DNH�1DPH &DWHJRU\ &DWHJRU\ &KDLQ $FUHV

������ &ODUN &DW���3$ &DW���3$ � ���
������ (PLO\ &DW���3$ &DW���3$ (PLO\ ���
������ 0DU\ &DW���3$ &DW���3$ (PLO\ ���
������ /LWWOH�%R\ &DW���3$ &DW���3$ � �����
����� 1RUG &DW���3$ &DW���3$ � ���
����� :DXNHQDER &DW���3$ &DW���3$ � ���
����� (VTXDJDPDK &DW���13$ &DW���3$ � ���
������ +DWWLH &DW���13$ &DW���13$ � ���
������ 0RFFDVLQ &DW���13$ &DW���3$ � ���
������ 2�%ULHQ &DW���13$ &DW���13$ � ���
������ 0DQQ �QHZ�LQ�
��� &DW���13$ ���

������ (DJOH &DW���3$ &DW���3$ � ���
����� +DQVHQ &DW���3$ &DW���3$ � ���
������ /LWWOH�7KXQGHU &DW���3$ &DW���3$ � ���
������ /RRQ &DW���3$ &DW���3$ � ���
������ :KLWH�6DQG &DW���3$ &DW���3$ � ���
����� +DQJLQJ�.HWWOH &DW���13$ &DW���3$ � ���
������ %DVV &DW���13$ &DW���3$ � ���
������ 3LQH &DW���13$ &DW���3$ � ���

&ODVV�FRGHV�DUH�DV�IROORZV�
���0LOOH�/DFV��0LOOH�/DFV
���&DW����5HPDLQLQJ�ODUJH�ERDWLQJ�ODNHV��DOO�KDYH�SXEOLF�DFFHVV�
���&DW���3$��3ULRULW\�$�ODNHV�ZLWK�SXEOLF�DFFHVV
���&DW���13$��3ULRULW\�$�ODNHV�ZLWKRXW�SXEOLF�DFFHVV
���&DW���3$��3ULRULW\�%�ODNHV�ZLWK�SXEOLF�DFFHVV
���&DW���13$��3ULRULW\�%�ODNHV�ZLWKRXW�SXEOLF�DFFHVV
���&DW���3$��3ULRULW\�&�ODNHV�ZLWK�SXEOLF�DFFHVV
���&DW���13$��3ULRULW\�&�ODNHV�ZLWKRXW�SXEOLF�DFFHVV

6DPSOH�/DNHV�LQ������	������%RDWLQJ�6WXGLHV��FRQW
G�
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5HPDLQLQJ��QRQ�VDPSOH��SULRULW\�$��%�DQG�&�ODNHV�LQ�QRUWK�FHQWUDO�ERDWLQJ�VWXG\�DUHD

/DNH ���� ���� /DNH ���� ����

1XPEHU /DNH�1DPH &DWHJRU\ &DWHJRU\ $FUHV 1XPEHU /DNH�1DPH &DWHJRU\ &DWHJRU\ $FUHV

������ $GQH\ &DW���3$ &DW���3$ ��� ������ (GZDUG &DW���3$ &DW���3$ �����

������ $JDWH &DW���13$ &DW���13$ ��� ����� (OP�,VODQG &DW���3$ &DW���3$ ���

������ %DE\ &DW���13$ &DW���3$ ��� ������ (UVNLQH &DW���3$ &DW���3$ ���

������ %DVV &DW���3$ &DW���3$ ��� ������ )LYH�3RLQW &DW���3$ &DW���3$ ���

������ %DVV &DW���3$ &DW���3$ ��� ����� )UHQFK &DW���3$ &DW���3$ ���

������ %LJ�3RUWDJH &DW���3$ &DW���3$ ��� ������ *LOEHUW &DW���3$ &DW���3$ ���

������ %LJ�5LFH &DW���3$ &DW���3$ ����� ������ *LUO &DW���3$ &DW���3$ ���

������ %LUFK &DW���3$ &DW���3$ ����� ������ *ODGVWRQH &DW���13$ &DW���3$ ���

������ %ODFN�%HDU &DW���3$ &DW���3$ ��� ������ *RRGULFK &DW���13$ &DW���13$ ���

������ %ODFN�:DWHU &DW���3$ &DW���3$ ��� ������ *UDYH &DW���13$ &DW���13$ ���

������ %ODFNKRRI &DW���3$ &DW���3$ ��� ������ *UHHU &DW���3$ &DW���3$ ���

������ %OXH &DW���13$ &DW���13$ ��� ����� *XQ &DW���3$ &DW���3$ ���

������ %RZHQ &DW���13$ &DW���3$ ��� ������ +DPOHW &DW���13$ &DW���13$ ���

������ %URRNZD\ &DW���13$ &DW���13$ ��� ����� +DPPDO &DW���13$ &DW���3$ ���

������ %XOO�'RJ &DW���13$ &DW���13$ ��� ������ +DQG &DW���3$ &DW���3$ ���

������ %XWWHUILHOG &DW���13$ &DW���13$ ��� ������ +D\ &DW���13$ &DW���3$ ���

������ &DPS &DW���13$ &DW���3$ ��� ����� +LFNRU\ &DW���3$ &DW���3$ ���

����� &HGDU &DW���3$ &DW���3$ ��� ����� +LOO &DW���3$ &DW���3$ ���

������ &KLOG &DW���13$ &DW���13$ ��� ������ +ROW &DW���13$ &DW���13$ ���

����� &OHDU &DW���3$ &DW���3$ ��� ������ +RUVHVKRH &DW���3$ &DW���3$ ���

������ &OHDU &DW���3$ &DW���3$ ��� ������ +RZDUG &DW���13$ &DW���13$ ���

������ &URRNHG &DW���3$ &DW���3$ ��� ������ +XQWHU &DW���13$ &DW���13$ ���

������ &URZ�:LQJ &DW���3$ &DW���3$ ��� ������ ,VODQG &DW���3$ &DW���3$ ���

����� 'DP &DW���3$ &DW���3$ ��� ������ ,VODQG &DW���3$ &DW���3$ ���

������ 'XFN &DW���3$ &DW���3$ ��� ������ -DLO &DW���13$ &DW���13$ ���

������ (DJOH &DW���13$ &DW���13$ ��� ������ .HJR &DW���3$ &DW���3$ ���

������ (DVW�)R[ &DW���3$ &DW���3$ ��� ������ .LG &DW���13$ &DW���13$ ���

������ (DVW�7ZLQ &DW���3$ &DW���3$ ��� ������ .LPEDOO &DW���3$ &DW���3$ ���

������ (GQD &DW���3$ &DW���3$ ��� ������ /DUVRQ &DW���13$ &DW���13$ ���

����� (GQD &DW���13$ &DW���13$ ��� ������ /DXUD &DW���3$ &DW���3$ �����

&ODVV�FRGHV�DUH�DV�IROORZV�

���0LOOH�/DFV��0LOOH�/DFV ���&DW���3$��3ULRULW\�%�ODNHV�ZLWK�SXEOLF�DFFHVV

���&DW����5HPDLQLQJ�ODUJH�ERDWLQJ�ODNHV��DOO�KDYH�SXEOLF�DFFHV ���&DW���13$��3ULRULW\�%�ODNHV�ZLWKRXW�SXEOLF�DFFHVV

���&DW���3$��3ULRULW\�$�ODNHV�ZLWK�SXEOLF�DFFHVV ���&DW���3$��3ULRULW\�&�ODNHV�ZLWK�SXEOLF�DFFHVV

���&DW���13$��3ULRULW\�$�ODNHV�ZLWKRXW�SXEOLF�DFFHVV ���&DW���13$��3ULRULW\�&�ODNHV�ZLWKRXW�SXEOLF�DFFHVV



57
 M

N
 D

epartm
ent of N

atural R
esources

5HPDLQLQJ��QRQ�VDPSOH��SULRULW\�$��%�DQG�&�ODNHV�LQ�QRUWK�FHQWUDO�ERDWLQJ�VWXG\�DUHD��FRQW
G�

/DNH ���� ���� /DNH ���� ����

1XPEHU /DNH�1DPH &DWHJRU\ &DWHJRU\ $FUHV 1XPEHU /DNH�1DPH &DWHJRU\ &DWHJRU\ $FUHV

������ /DZUHQFH &DW���3$ &DW���3$ ��� ������ 3HUFK &DW���3$ &DW���3$ ���

������ /LQG &DW���3$ &DW���3$ ��� ������ 3HUU\ &DW���13$ &DW���13$ ���

������ /LWWOH�+XEHUW &DW���13$ &DW���13$ ��� ������ 3LOODJHU &DW���3$ &DW���3$ ���

������ /LWWOH�3HOLFDQ &DW���3$ &DW���3$ ��� ����� 3LQH &DW���3$ &DW���3$ ���

������ /LWWOH�5DEELW &DW���13$ &DW���3$ ��� ������ 3LQH &DW���3$ &DW���3$ ���

������ /LWWOH�:HEE &DW���13$ &DW���13$ ��� ������ 3LQH�0RXQWDLQ &DW���3$ &DW���3$ �����

������ /L]]LH &DW���13$ &DW���13$ ��� ������ 3ODWWR &DW���3$ &DW���3$ �����

����� /RQH &DW���3$ &DW���3$ ��� ������ 3OHDVDQW &DW���3$ &DW���3$ ���

������ /RQJ &DW���3$ &DW���3$ ����� ������ 3RLQWRQ &DW���13$ &DW���13$ ���

������ /RQJ &DW���3$ &DW���3$ ��� ������ 3RQWR &DW���3$ &DW���3$ ���

������ /RQJ &DW���13$ &DW���13$ ��� ������ 3RUWDJH &DW���13$ &DW���13$ ���

������ /RQJ &DW���13$ &DW���3$ ��� ������ 3RUWDJH &DW���3$ &DW���3$ ���

����� /RQJ &DW���3$ &DW���3$ ��� ������ 5DEELW &DW���3$ &DW���3$ ���

������ /RQJ &DW���3$ &DW���3$ ����� ����� 5DEELW &DW���3$ &DW���3$ ���

������ /RXJHH &DW���13$ &DW���3$ ��� ������ 5LFH &DW���3$ &DW���3$ ���

������ /RZHU�&XOOHQ &DW���13$ &DW���3$ ��� ����� 5LSSOH &DW���13$ &DW���3$ ���

������ /RZHU�0LVVLRQ &DW���3$ &DW���3$ ��� ������ 5RFN &DW���3$ &DW���3$ ���

������ /RZHU�7UHOLSH &DW���3$ &DW���3$ ��� ������ 5RFN &DW���13$ &DW���3$ ���

������ 0DKQRPHQ &DW���13$ &DW���13$ ��� ������ 5RJHUV &DW���13$ &DW���13$ ���

������ 0F�.HRZQ &DW���13$ &DW���13$ ��� ������ 5RRVHYHOW &DW���3$ &DW���3$ �����

������ 0LGGOH�&XOOHQ &DW���3$ &DW���3$ ��� ������ 5RVV &DW���13$ &DW���13$ ���

������ 0LWFKHOO &DW���3$ &DW���3$ ��� ����� 5RXQG &DW���3$ &DW���3$ ���

����� 0RXOWRQ &DW���3$ &DW���3$ ��� ������ 5XWK &DW���3$ &DW���3$ ���

������ 0XOH &DW���3$ &DW���3$ ��� ������ 6DQEXUQ &DW���3$ &DW���3$ ���

������ 1RND\ &DW���3$ &DW���3$ ��� ������ 6FRWW &DW���13$ &DW���13$ ���

������ 1RUZD\ &DW���3$ &DW���3$ ��� ������ 6HELH &DW���3$ &DW���3$ ���

������ 2VVDZLQQDPDNHH &DW���3$ &DW���3$ ��� ����� 6HFWLRQ��� &DW���13$ &DW���3$ ���

������ 2[ &DW���13$ &DW���13$ ��� ������ 6HUSHQW &DW���3$ &DW���3$ �����

������ 2[�<RNH &DW���3$ &DW���3$ ��� ������ 6KLUW &DW���13$ &DW���13$ ���

������ 3DUWULGJH &DW���3$ &DW���3$ ��� ������ 6LEOH\ &DW���13$ &DW���3$ ���

&ODVV�FRGHV�DUH�DV�IROORZV�

���0LOOH�/DFV��0LOOH�/DFV ���&DW���3$��3ULRULW\�%�ODNHV�ZLWK�SXEOLF�DFFHVV

���&DW����5HPDLQLQJ�ODUJH�ERDWLQJ�ODNHV��DOO�KDYH�SXEOLF�DFFHV ���&DW���13$��3ULRULW\�%�ODNHV�ZLWKRXW�SXEOLF�DFFHVV

���&DW���3$��3ULRULW\�$�ODNHV�ZLWK�SXEOLF�DFFHVV ���&DW���3$��3ULRULW\�&�ODNHV�ZLWK�SXEOLF�DFFHVV

���&DW���13$��3ULRULW\�$�ODNHV�ZLWKRXW�SXEOLF�DFFHVV ���&DW���13$��3ULRULW\�&�ODNHV�ZLWKRXW�SXEOLF�DFFHVV
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5HPDLQLQJ��QRQ�VDPSOH��SULRULW\�$��%�DQG�&�ODNHV�LQ�QRUWK�FHQWUDO�ERDWLQJ�VWXG\�DUHD��FRQW
G�

/DNH ���� ���� /DNH ���� ����

1XPEHU /DNH�1DPH &DWHJRU\ &DWHJRU\ $FUHV 1XPEHU /DNH�1DPH &DWHJRU\ &DWHJRU\ $FUHV

������ 6LOYHU &DW���3$ &DW���3$ ��� ������ 8SSHU�/RQJ &DW���3$ &DW���3$ ���

����� 6LVVDEDJDPDK &DW���3$ &DW���3$ ��� ������ 8SSHU�0LVVLRQ &DW���3$ &DW���3$ ���

������ 6PLWK &DW���13$ &DW���13$ ��� ������ 8SSHU�7UHOLSH &DW���3$ &DW���3$ ���

����� 6SLULW &DW���3$ &DW���3$ ��� ������ 9HOYHW &DW���13$ &DW���13$ ���

������ 6WDU &DW���13$ &DW���13$ ��� ������ :DEHGH &DW���13$ &DW���3$ �����

������ 6WDUN &DW���3$ &DW���3$ ��� ������ :DVKEXUQ &DW���3$ &DW���3$ �����

������ 6WHZDUW &DW���13$ &DW���13$ ��� ������ :HEE &DW���3$ &DW���3$ ���

������ 6WRQ\ &DW���3$ &DW���3$ ��� ������ :HVW�)R[ &DW���13$ &DW���13$ ���

����� 6XJDU &DW���3$ &DW���3$ ��� ������ :KLSSOH &DW���13$ &DW���3$ ���

����� 6ZDPS &DW���3$ &DW���3$ ��� ������ :KLWHILVK &DW���13$ &DW���13$ ���

����� 7KRUQWRQ &DW���13$ &DW���13$ ��� ������ :LGRZ &DW���3$ &DW���3$ ���

������ 7KUHH�LVODQG &DW���3$ &DW���3$ ��� ����� :LONLQV &DW���3$ &DW���3$ ���

������ 7KXQGHU &DW���3$ &DW���3$ ����� ������ :LOOLDPV &DW���3$ &DW���3$ ���

������ 8SSHU�&XOOHQ &DW���13$ &DW���13$ ��� ����� :ODGLPLUDI &DW���13$ &DW���3$ ���

������ 8SSHU�'HDQ &DW���3$ &DW���3$ ��� ������ :RPDQ &DW���3$ &DW���3$ �����

������ 8SSHU�+D\ &DW���3$ &DW���3$ ���

&ODVV�FRGHV�DUH�DV�IROORZV�

���0LOOH�/DFV��0LOOH�/DFV ���&DW���3$��3ULRULW\�%�ODNHV�ZLWK�SXEOLF�DFFHVV

���&DW����5HPDLQLQJ�ODUJH�ERDWLQJ�ODNHV��DOO�KDYH�SXEOLF�DFFHV ���&DW���13$��3ULRULW\�%�ODNHV�ZLWKRXW�SXEOLF�DFFHVV

���&DW���3$��3ULRULW\�$�ODNHV�ZLWK�SXEOLF�DFFHVV ���&DW���3$��3ULRULW\�&�ODNHV�ZLWK�SXEOLF�DFFHVV

���&DW���13$��3ULRULW\�$�ODNHV�ZLWKRXW�SXEOLF�DFFHVV ���&DW���13$��3ULRULW\�&�ODNHV�ZLWKRXW�SXEOLF�DFFHVV


