


On the cover 

This bulletin reports the results and conclusions of a 5-year study of visitor impact on developed wilderness campsites. The map 
on the cover designates the study area in diagonal lines. This is within the Boundary Waters Canoe Area which is shaded on the 
map. The borders of Superior National Forest, encompassing the Boundary Waters Canoe Area, are indicated with heavier lines. 

Preface 

THIS STUDY' WAS DONE DURING 

the 5-year period 1968 through 
1972 under a cooperative aid grant to 
the University of Minnesota, College 
ofF ores try, from the U.S. Department 
of Agriculture, Forest Service, North 
Central Forest Experiment Station 
(Supplement 24 Contract 
12-11-009-16736). Thirty-three wil
derness campsites in Minnesota's 
Boundary Waters Canoe Area (BWCA) 
were studied for 5 seasons 
(1968-1972) to determine the impact 
of visitor use. All 33 campsites were 
developed in 1967 by the U.S. Forest 
Service. The effects on soils, vegeta
tion, and site size were measured twice 
each year. In addition, visitor registra
tion was taken. 

Strengths of the study include the 
investigation of use on new locations. 
New locations allowed a complete 
record to be kept so the original site 
condition could be compared with 
physical changes. Previous campsite 
studies concerned areas where total 
use was unknown. Many people 
worked on the project, so there were 
opportunities for differing approaches 

1 Appendices covering individual site 
descriptions and more detailed soils 
data have been mimeographed sepa
rately and are available upon request 
to the senior author. 

and innovation and for students to 
learn research techniques. Also, the 
study was done in a way that managers 
could easily replicate. Results are 
primarily for these managers' applica
tion. However, this aspect is also a 
weakness because more sophisticated 
plot techniques and more detailed soil 
and water quality data (requiring 
additional funding) might have pro
vided better variable separation. Onsite 
user interviews might have given better 
insights into public response. Five 
years is a rather short period to obtain 
meaningful results. The study areas 
really should be monitored over the 
next 15 to 20 years. Also, study sites 
represent only a small, but vegeta
tionally representative, sample of 
BWCA camp areas. These new sites 
were secondary choice locations. 
Generally, the more desirable sites had 
been selected and developed before 
this study. The five highest used and 
most popular study sites were older, 
previous-use sites having open rock 
view points and limited insects. 

Much aid was received from the 
granting agency and its staff, especially 
James T. Morgan, Robert Brander, 
C.T. Cushwa, M.L. Heinselman, D.W. 
Lime, Robert C. Lucas (now at the 
Forest Service Research Center, 
Missoula, Montana), and L.F. Ohman. 
Sidney S. Frissell, Jr. (now with the 
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University of Montana) established the 
original project of which this was a 
part. Staff members of the Superior 
National Forest - particularly Harold 
Andersen, Craig Rupp, John Wernham, 
E. Blocker, Dean Buchanan, Donald 
Burge, R.C. Chase, S. Gheen, J. 
Lekatz, F.C. Low, Robert May, 
William Morden, Walter Newman, Earl 
Niewald, James Reid, Paul Smith, R. 
Smith, Clifford Solberg, F. Squillace, 
Brian Stout, James Taubman, Walter 
Tomaschak, John Vogel, Frank 
Voytas, and Willard Wright - were 
most helpful in carrying out the study. 
In the summer of 1969, Donald 
Prettyman, soil scientist of the Supe
rior National Forest, and his associates 
made important soil studies of some 
sites. In I 970, Arnett Mace of the Col· 
lege of Forestry and graduate ass is· 
tants John Clausen and John King 
made valuable water quality investiga· 
tions of several study sites and con· 
trois. Dean F.H. Kaufert and T.B. 
Knopp of the College of Forestry also 
aided the study through the 5-year 
period. 

At various stages, Ernest Anderson 
and John Borovsky served as research 
assislan ts on the project. The authors 
appreciated their help. 

To all these people, we extend our 
grateful thanks for helping make the 
study possible. 



Abstract 

THIRTY- THREE WILDERNESS 

campsites in Minnesota's Boundary 
Waters Canoe Area were studied for 5 
years ( 1968-1972) to determine 
impact of visitor use. All 33 campsites 
were developed in 196 7 by the U.S. 
Forest Service under its criteria. Dur
ing the study, the effects on soils, 
vegetation, and site size were measured 
and rna pped twice each year. Photo
graphs were taken periodically from 
permanent points. At selected sites. 
detailed soil and water quality data 
were also collected. Some sites had 
previous use, and others were altered 
or closed during the study. However. 
23 sites had no previous use. Through 
visitor registration. nearly complete 
use data were obtained for these 23 
locations. Visitors completed cards 
and questionnaires on site selection. 
appearance. and on their satisfaction 
with the sites. 

Physical measurement indicators 
for new campsites were combined into 
an impact stage rating system by six 
cover types. Results indicated that 
new aspen-birch sites had the highest 
average values after 5 years. However, 
use was highest on older sites in pine 
and birch types. For these. stage was 
not determined. A Spearman rank test 
showed correlation between stage and 
use. However. more significant rela
tionships on all sites were revealed in 
regression analysis. Impact leveled off 
before the end of 5 years. Soil 
compaction generally leveled off after 
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2 years and had a probable recovery 
period of 5 years. Tree diameter 
growth was not significantly different 
from that of offsite trees. 

Only for Spearman rank testing of 
stage and appearance index did the 
registered VISitor opinions of site 
appearance to stage value prove 
weakly positive. However in this 
instance, closed canopy aspen-birch 
sites received the highest negative 
ratings. 

Significant differences were found 
between canoeists (the majority of 
study campsites' visitors) and motor
boaters regarding site selection and 
their satisfaction with their sites. 
Canoeists more often used study sites 
because these were the only ones avail
able. 

Results indicate the combination of 
impact changes (stage) tends to level 
off and that many of these changes 
come in the first 2 years. Apparently, 
most sites in key locations, where 
there are few alternative campsite 
choices, could be kept open. This 
assumes that soil conditions are not 
irreversible and that water pollution is 
not critical. Exceptions would be 
closed canopy aspen-birch sites. 
Campsites with popular characteristics 
(rocky ledges, part open, etc.) could 
be hardened for continued use. To 
rotate them with closed canopy sites. 
particularly in aspen-birch stands, 
would seem self-defeating. 
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Changes in campsite 28 in the spruce forest type on Burnt Lake can be seen in the 
upper photos to the left. The upper left photo was taken in 1968, and the upper 
right photo was taken in 1972. The 1972 stage value was 4. There has been a loss of 
t rees and ground cover. The lower photos to the left show campsite 27 at Smoke 
Lake. The photo at the lower left was taken in 1968, and the photo at the lower 
right was taken in 1972. The 1972 stage value was 3.6. The spruce forest campsite 
shows tree loss and exposed roots. 

Momentary recovery through nonuse is shown in campsite 20 at Lake Isabella. The 
top photo was taken in 1969, and the bottom photo was taken in 1971. Grass had 
returned in 1971 at the table use area . The 1972 stage value was 2.5 . 
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Changes in campsite 11 at Lake Insula are 
evident in the photos at left . The left photo 
was taken in 1968, and the right photo was 
taken in 1972. Expansion and loss of ground 
cover are evident. The 1972 stage value was 
4. The registration box on the tree was used 
to receive visitor information . 

Marked changes are noted in comparing the 
1968 (left) and 1972 (right) photos of camp
site 14 at Lake Insula . In 1972,thefiregrill 
had been moved, the ground cover was gone, 
and the lake landing opening had been 
expanded. The jack pine site has potential 
for cementation . The 1972 stage value was 
3.8. 

Ex pansion was blocked by a bluff at camp
site 35 at Lake Saganaga . Comparison of the 
1968 photo (left) and the 1972 photo 
(right) shows loss of ground cover. The 1972 
stage value was 3.6. The registration box was 
twice destroyed by vandals. 

The most heavily impacted study site in the aspen-birch forest was 
campsite 9 at Birch Lake. The top photo was taken in 1968, and the 
photo below it was taken in 1972. The 1972 stage value was 4 .8 with a 
total of 1,138 visitor days. The bottom two photos show expansion and 
clearing of the landing area from 1968 (third photo) to 1972 (bottom 
photo) . The table shows the effects of vandal ism. 
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Newly Developed Campsites 

In The Boundary Waters Canoe Area 
· A Study Of 5 Years' Use 

L.C. Merriam, Jr.; C.K. Smith; D.E. Miller; Ching tiao Huang; 
J.C. Tappeiner II; Kent Goeckermann; J.A. Bloemendal; and T.M. Costello 2 

Introduction and the problem 

The Boundary Waters Canoe Area 
(BWCA), located in the Superior 
National Forest of Northeastern Minn
esota, includes over I .000,000 acres 
of lakes, streams, and forest land. It's 
one of the most heavily used wilder
ness areas in the United States. It had 
163J 20 visitors in 1972. The BWCA is 
classified and managed under the 
provisions of the Wilderness Act of 

2 Professor, graduate research assistants 
(3), former associate professor and 
graduate research assistants, respec
tively, college of forestry, University 
of Minnesota. 
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1964. Some of its areas are open to 
motor craft. Other areas are paddle 
only (canoe) zones and hiking areas. 
Over the years, use has increased 
rapidly. The pressures of increasing 
visitation and resulting impact on 
water area campsites is a major con
cern of Forest Service land managers. 

This study concerns the use of 
specific campsites designated and 
developed by the U.S. Forest Service. 
The studied campsites were created in 
196 7 and are located in the eastern 
portion of the BWC A ~ east of Ely to 
the Gunflint Trail and north of Grand 
Marais. Physical changes in the camp-



sites were studied as well as total 
visitation, visitor activity on the sites, 
and visitor reaction to the sites. This 
project was nearly unique in that 
changes were related to visitation 
beginning at first use of these camp
sites. 

The Forest Service has developed a 
management handbook for the 
Boundary Waters Canoe Area. The 
book includes a section on campsite 
development, giving criteria for place
ment and construction. It stipulates a 
party size of 15 persons per site 
(lowered to 10 beginning in 1973). 
Visitors, all of whom must obtain free 
travel permits, are asked to use only 
agency developed sites (USFS, BWCA 
Management Handbook, 1969). 

Generally, campsites include a 
landing area for boats, a fireplace 
grate, a tent space (with allowance for 
up to 3 tents), a latrine, and, on main 
travel routes, permanent log or por
table tables. There are variations in 
latrine, table, and fireplace presence. 
Sites are usually spaced at least 300 
feet apart to provide visual and audio 
privacy. Campsites should have soil 
types that are able to withstand com
paction and wind, water, and mechan
ical erosion. At the same time, these 
soils should maintain fertility to sus
tain plant growth and vigor. Sites are 
placed where potential hazards from 
windfall trees are minimal. Other 
criteria include adequate distance from 
water and suitable soils for the pit 
latrine. Attractive location and ease of 
maintenance are also factors. Some 
developed sites are on locations pre
viously selected and used by visitors. 

Tent sites are generally on level 
land, having minimal clearing. The areas 
should then retain most seedlings and 
other ground cover. Hazardous fuels 
and windfalls are removed from an 
area at least 25 feet from the center of 
the site. Visitors are asked to carry out 
all nonburnable trash and refuse. Since 
the 1971 season, no food cans or 
bottles have been permitted in the 
BWCA. Some reusable containers may 
be carried. 

The BWCA Handbook lists criteria 
to help determine when campsites 
need rehabilitation. The criteria vary 
with site and location, but always 
include: exposed tree roots; loss of 
surface vegetation; surface soil com
paction or loss; dying trees or extreme 
loss of tree vigor; or evidence of user 

accelerated erosion. These conditions 
on heavily used sites suggest serious 
deterioration will occur unless these 
sites are rested or rehabilitated (USFS, 
BWCA Management Handbook, 1969). 

The handbook also specifies cri
teria for permanent campsite closure. 
Sites may be permanently closed if 
occupancy will cause permanent loss 
of vegetative cover, excessive loss of 
soil, or serious water pollution. Sites 
may be closed after a fire has de
stroyed the vegetative cover and there 
is inadequate recovery possibility. 
Sites with fire hazards or where 
uncorrectable wind throw dangers 
exist may also be closed. Other camp
sites that may be closed include those 
too close together; those in narrow, 
heavily traveled, and congested water
ways; those in wildlife production 
areas; and those near special historic or 
archeological sites. 

In the past, the Forest Service has 
closed sites where the above condi
tions prevail. This was particularly the 
case when there was no adequate loca
tion for the latrine. The present 
project was carried out on newly 
developed BWCA campsites that met 
the management handbook criteria in 
1967. Results of this study will be 
related to these criteria. Certain ques
tions will then be raised about their 
application to study sites. 

During the spring of 1968, a review 
was made of all BWCA campsites 
developed by the Forest Service in 
1967. Only 38 sites in the eastern por
tion of the BWCA appeared to be new
ly established and to have, besides tent 
space, a fire grill, latrine, and/or table. 
Thirty-three sites were finally chosen 
for the study. (See map and site list
Appendix 1.) The study objectives 
were as follows: · 

1. To determine how newly de
veloped campsites change over a 
5-year period on locations with 
differing vegetation types, soils, 
use intensities, and related fac
tors. 

2. To relate changes to campsite 
user information and visitor 
comments. 

3. To relate data to Forest Service 
BWCA campsite management 
criteria to indicate effects, varia
tions, and possible changes use
ful to BWCA managers, visitors, 
other researchers, and the 
general public. 
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The following questions of interest 
were considered during the study: 

I. Will growth of trees on the sites 
be slowed by campsite use, and 
will significant onsite and offsite 
tree growth differences occur in 
the 5-year study period? 

2. As sites change physically over 
the 5;year period, will visitors 
become less satisfied with them 
as campsites? 

3. Are campsites in some forest 
vegetation types more responsive 
to change from visitor use than 
those in other vegetation types? 

4. Do motorboaters and campers 
differ in their reasons for site 
selection? 

Lucas' ( 1964) work on wilderness 
areas and recreational capacity of the 
Quetico-Superior Area (including the 
BWC A) is basic in its discussion of dif
ferences in visitor perception of wil
derness. He separated canoeists, motor 
canoeists, motorboaters, and other 
users in their views on this wilderness 
region. He said, "Capacity - the num
ber of visitors and their degree of satis
faction seemed to be more of a func
tion of attitudes than of physical fac
tors. " 3 Attitudes appeared to relate to 
use of motorboats or canoes. This 
study, done in 1961, formed the basis 
for later user and campsite studies, in
cluding the present project. 

Other workers have discussed vis
itors' effects on campgrounds and pic
nic areas. Discussions started with 
Meinecke's studies of the California 
redwood state parks (1929) and then 
Lutz (1945), Ripley (I 962 a, b), 
Magill and Nord ( 1963), LaPage ( 1962 
and 1967), Wagar (1964), and Echel
berger (1971). None of these studies 
concerned wilderness nor new, pre
viously unused sites. 

Within the BWCA, studies by 
Frissell and Duncan (1965) and later 
by McCool et a!. (I 968) provided basic 
insights and techniques useful to this 
project. Lime ( 1970) has done helpful 
work on visitor attitudes and per· 
ceptions of crowding in the BWCA. He 
used extensive interviewing, registra· 
tion stations, and diaries. Work on 
BWCA ecology and vegetation history 
by He in selman ( 1970) and Ohman and 
Ream (1971) also contributed to this 
study. 

3 Lucas 1964, p. 26. 



Methods 

The 33 BWCA study campsites 
were Forest Service designated and de
veloped. They included 28 locations in 
motor and paddle zones and five loca
tions on paddle only (canoe) routes. 
Since the objective was to study the 
effects of use on newly established 
sites, the investigators studied available 
sites. There was no choice of location. 
However, the campsite locations are 
generally representative of the range of 
BWCA forest types. Only sites devel
oped in 1967 were used. Aspect, soil 
type, and slope vary. Nine sites are on 
islands, two are by rivers, and 22 are 
mainland locations. Thirty sites have a 
Forest Service grill; all but three have 
latrines; 24 had tables during the 
study; and all have designated tent 
sites. A breakdown of sites by forest 
cover type follows: 

Red and white pine 6 
Jack pine and associates 6 
White-cedar and associates 4 
Spruce and associates 5 
Aspen-birch, birch-fir, 

birch-spruce 8 
Open 4 

Total 33 

Before the summer of 1968, a box 
and signboard were installed at each 
site for the collection of registration 
information. Each box contained regis
tration cards, a pencil, calendar, regis
tration instructions, and a locked com
partment for depositing the completed 
3x7-inch cards. On the signboard 
above the box was a placard asking 
that one member of each party regis,ter 
to aid in a study of campsite use. 

The original cards used in 1968 re
quested: date of registration; number 
of people in the party; means of travel; 

length of stay; and number of tents 
(Costello, 1968). 

Use was measured in visitor days of 
18 hours each. Short stays for lunch, 
etc., were converted to days by divid
ing by 18. 

Visitor Hours 
Visitor Days= Visitor Nights+ ---1 fl--

ln following years, these questions 
were added: reasons for site selection: 
what was found least satisfactory 
about the site; and suggestions for im
provement. In the last year of study, 
the improvement suggestion question 
was replaced with a 5-poin t rating 
scale on campsite physical appearance. 
Cards were collected periodically dur
ing the summer season and in the fall 
and spring. New cards were added each 
spring, or they were replaced if there 
was a wording change. Boxes remained 
at each site from spring, 1968, to the 
end of the summer season, 1972. 

During the study, nonregistration 
was checked by observing parties on 
campsites to determine the size of 
their party, the number of tents, and 
their means of travel. This was done 
each season between measurement 
periods. Generally, there was no user 
contact. Later, registration boxes were 
checked to see if the observed party 
registered. Of some 50 parties checked 
from 1968 to 1972, 95 percent had 
registered. 

During the 5-year study period, 
measurements of each site were taken 
twice per year. This was done in the 
late spring to early summer and at the 
end of the summer. Site boundaries, 
originally mapped in 1968 as space 
cleared by the U.S. Forest Service, 
were remapped at each measurement 
period. Maps also show the location of 
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facilities, lakes or streams, features, 
trees, photo points, and soil sampling 
areas. The condition of all vegetation 
and improvements were noted. 

Permanent photo points were estab
lished. Polaroid photos of each site 
were taken at every measurement visit. 
Whenever possible, soil compaction 
readings were taken with a pene
trometer. This was done in use areas as 
well as offsite. Depth of the forest 
tloor organic material was also mea
sured. 

In the last year of the study, sample 
trees were bored for growth measure
ments on and off the sites. Trees of the 
same species, approximate age, and 
diameter were used. Of particular 
interest were the growth rates in the 
last 5- and 1 0-year periods and also the 
difference in their crown conditions. 

Some sites were used previously, al
though the Forest Service first devel
oped them in 196 7. Sites 4 and 5 on 
Newfound Lake were used before 
I 968. So were sites I 3 and 15 on Lake 
Insula; sites 34 and 36 on Seagull 
Lake; site 37 on Long Island Lake; and 
site 38 on Caribou Lake (see map). 
The latter site is on an old logging 
campsite of preBWC A days. As might 
be expected, these old sites were gen
erally the most heavily used during our 
study. Evidently, this was because of 
their locations and their visibility from 
the water. Though separated in Ia ter 
analysis, they were kept in the study 
and measured at each period. They 
provided the basis for comparison with 
virgin sites. 

During the study period, site 10 
opposite the public boat landing in 
Moose Lake was closed (1970) by the 
Forest Service. Site 19 on Isabella 



River was relocated in the fall of 1969. 
Data collection continued on new site 
I 9 for comparison purposes. Study of 
site 10 was discontinued in 1970. This 
report includes no data from site I 0. 

In the summer of 1969. Donald 
Prettyman, soil scientist of the Supe
rior National Forest. and his staff 
made a detailed study of soil charac
teristics and conditions on 20 of the 
study campsites. These included sites I 
through 8 and also I 0 on the Moose
Newfound-Sucker Lake chain; sites I I, 
13. 14. and Ul on Lake Insula; sites 
21, 22. and 24 on Lake Isabella; site 
28 on Burnt Lake; site 29 on Phoebe 
Lake; and sites 34 and 36 on Seagull 
Lake. The study included data on the 
soil properties of depth, texture, struc
ture. consistence. natural drainage. 
depth to water table, and also depth to 
bedrock sampled in early summer. In 
the laboratory. moisture determina
tions and chemical arid mechanical 
analyses were made of soil samples 
from the 20 campsites. 

In the summer of I 970. Dr. Arnett 
Mace, hydrologist at the College of 
Forestry, and graduate assistants John 
King and Jack Clausen· made water 
quality studies of nine study campsites 
and controls. Study locations were 
campsites 2, 3, 4, 5, 7, and 9 on 
Moose, Newfound, and Birch Lakes 
and sites 19, 20, and 2I on Isabella 
River and Isabella Lake. At sample 
points (canoe and boat landings) and 
controls (usually similar water edge 
areas about 200 feet from the camp
site), water samples were taken for 
measurement of temperature, specific 
conductivity, turbidity, hydrogen ion 
concentration, dissolved oxygen, ni
trates and nitrites, total phosphates, 
and coliform bacteria. Laboratory 
measurements were later analyzed for 
nitrate, total Kjeldahl nitrogen, and 
phosphate concentrations. Data were 
rei a ted to campsite recrea tiona! use 
levels. 

During the study period, some 
registration data were lost because of 
vandalism. This included destruction 
of registration stations and the de
struction of cards. The worst year for 
vandalism was 1970. To obtain counts 
for missing time periods, records were 
checked for the site in years before 
and after the loss year. An estimate of 
missing use was obtained by averaging 
use for the subject site in the same 
time period. 

Top: Campsite 15 on Lake Insula was the most popular 
study site in the jack pine forest. This was a previously used 
site which received 2,361 visitor days of use during the 
study period. It has an attractive open point which provides 
good landing. There were definite site changes from 1968 
(middle row, left) to 1972 (middle row, right). However 
the main impact came before 1968. The bottom photo' 
left, is of campsite 6 at Newfound Lake and was taken i~ 
1968. The photo at bottom right is of campsite 6 in 1972. 
Rapid change, even with light use, is evident. The 1972. 
stage value was 4 with only 179 visitor days' use. The camp
site sits in a dense forest back from the lake. 

Study results 

Use data and occupancy 
Sites were used primarily between 

June 1 and September 15 each year. 
The heaviest use came between June 
15 and the 1st week in September. Of 
course, there was use after September 
15 by fall trippers and hunters. A few 
indications of winter camper use were 
also given. The highest use during the 
5-year period and for each season was 
on the old, previously used sites on 
Lakes Newfound (4, 5), Insula (13, 
15), and Seagull (34). Only site 9, 
Birch Lake, and site 3, Newfound 
Lake, approached their totals as this 
tabulation indicates: 

Total use 
Site Lake (Visitor days) Type 

15 Insula 2361 Old 
34 Seagull 1763 Old 
13 Insula 1477 Old 

5 Newfound 1472 Old 
4 Newfound 1297 Old 
9 Birch 1138 New 
3 Newfound 1109 New 
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All other sites had less use. This 
suggests that the characteristics of 
these old sites were more attractive to 
visitors than the new ones. The top 
four old sites listed all were near 
main canoe and motor routes. They all 
had attractive, rocky lake vistas. Site 
4, the site with least use among the old 
sites, and the new sites (9, 3) had more 
closed canopy forest cover, limited 
vistas, and poor landings. However, 
they were located on major travel 
routes or near heavily used portages. 

Lowest use was 28 visitor days on a 
remote site (25) on the Perent River. 
This is in the Portal Zone of the 
BWCA where logging is authorized. 
Sites on main routes generally had the 
hi~hest use. Those with attractive fea
tures, good landings, and mosquito 
free zones were also used more. When 
a site was hard to find because of a 
poor landing, its use was limited even 
if it was on a main travel route. An 
example was campsite 6 (Newfound 
Lake) in a dense aspen-birch stand. It 





had only 179 visitor days. Nearby site 
7, with a visible open landing, had 727 
visitor days' use. Sites 29 and 30 
(Phoebe Lake) on a remote canoe 
route showed similar differences. Both 
are white pine sites. Site 30 is on a 
hilly island visible from the lake, and 
site 29 is less obvious with a poor land
ing approach. Use here was 239 visitor 
days for 29 and 707 for 30. All four 
campsites met the Forest Service 
BWC A campsite establishment criteria. 

Figures I and 2 illustrate the char
acter of site use for differing cover 
types, years, and use routes. The use 
measure here is the percent occupancy 
of a 1 00-day season (June I - Septem
ber 8). It shows the number of nights 
in a season in which a particular site or 
group of sites was occupied. Numbers 
of people on the site and length of 
groups' stay are not indicated. Figure 
I groups the sites by cover type. Each 
bar represents I year of the study. 
Representative high and low use sites 
as well as the overall occupancy aver
age are shown for each cover type. In 
addition to showing increasing use and 
indicating the disparity between levels 
of use on the same kinds of sites in 
different areas, this figure shows the 
results of certain managen1ent prac
tices. The sudden jump in occupancy 
of campsite 14 from I 970 onward is 
thought to be the result of the site's 
increased visibility from the lake. The 
Forest Service "brushed out" that 
campsite in 1970. Another manage
ment decision, limiting occupancy to 
one night on the Moose Lake chain 
during the last two seasons of the 
study, manifested itself in the use 
of both campsites 9 and 1. Site 9, 
on the first lake beyond the restricted 
use area, showed a large jump in 
use as it became more popular with 
parties wishing to stay in one place 
longer than overnight. Site 1 on Moose 
Lake had relatively low occupancy 
before, but occupancy markedly in
creased after the "one night" rule was 
put into effect and other campsites 
were closed. 

Figure 2a uses the same percent 
occupancy measure to compare year
to-year use in the five major areas of 
the study. Remoteness of the sites 
in the Isabella and Sawbill areas 
made them the least used sites. 
The Moose and Insula sites were gener
ally the most used. The Gunflint sites 

were a close third. Figure 2b portrays 
this data in yet another way by com
paring occupancy in each study region 
over the 5-year period. It is obvious 
from this figure that use is increasing. 
The steadiest rates of high and low 
occupancy were reflected by the sites 
in the Insula and Isabella areas, respec
tively. 

Tree growth 
Core samples were taken in 1972 to 

determine the effect that five seasons 
of visitor use had on site trees. The 
data, when compiled and tested, 
yielded no significant differences in 
growth increments between on and 
offsite trees.4 The expected result was 
that there would be no growth differ
ences or that onsite trees might show 
lessened growth. Site use had reduced 
soil depths and had exposed tree roots. 
Some tree mortality in heavy use areas 
seemed connected with this wear and 
subsequent exposure. Failure of there
sults to re1lect this is attributed to the 
shallow soil mantle in the BWC A and 
on the study sites. As a result of this 
thin soil mantle, most major tree roots 
may penetrate ·into the underlying 
rock. Soil that has worn away does not 
have the large effect on tree growth 
that might be expected. Also, tree 
growth began to decline naturally on 
most campsites I 0 to 15 years before 
the study started (Miller, 1973). 

Two observed factors tend to sub
stantiate this explanation. Six "old" or 
prior use sites in the study were sam
pled along with 18 new sites. These 
sites have had use that probably goes 
back many years. They received ex
tremely heavy use during the study. 
But despite this, they show no on/ 
offsite growth differences. Tree mor
tality seems more dependent on actual 
direct physical abuse of trees (e.g., 
chopping exposed roots, trunk, or 
limbs and damage from campfires). 

Soils, compaction, and organic matter 
Results of the 1969 soil study of 20 

project campsites by Prettyman and 
associates ( 1972) showed that all but 
two sites were moderately well-

4 t = 0.066, 46 d.f., - No evidence 
to refute null hypothesis that there 
are no significant differences in incre
ment growth between on and offsite 
trees for the last 5 years. 
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drained. Depth to bedrock varied from 
8 inches to over 40 inches. Two jack 
pine sites on Lake Insula ( 11 and 14) 
and one spruce site on Burnt Lake (28) 
had medium-structured loam to loamy 
sand soils with shallow (20-30 inch) 
depth to bedrock. They also showed 
cementation (impervious layer forma
tions potential in the soil B horizon). 

Soil texture varied within several or 
the sites, thereby complicating the 
soils investigation. In his in terpre La· 
tions of soil data, Prettyman stressed 
the importance of soil compactability 
before June 15 (beginning of dry sea
son); the sites' ability to support vege
tation (ground and overstory); soil 
phosphorus levels; and wind throw haz
ard. Erosion control measures were 
suggested for most sites. 

All sites except 2, 3, and 28 had 
medium to high soil compaction 
potential before June 15. After June 
15, compaction potential was low for 
most sites. Wind throw hazard was high 
on shallow soil sites. However later in 
1970 and 1972, considerable wind
throw occurred on the Newfound 
Lake border of site 7 (birch-balsam 
fir). This site was indicated to have 
low wind throw hazard. 

After !-testing for statistical signifi
cance, the differences in means be
tween yearly compaction and organic 
matter depth measurements was re
vealed for only one major pattern. 
Compaction measurements taken in 
the spring in the sites' heavy use areas 
(near table or grate) showed consis
tently significant increases. Yet fall 
compaction and both spring and fall 
organic matter depth measurements 
showed, for the most part, a non· 
significant change. The spring compac
tion level also appeared to reach a 
maximum with the 1970 measure· 
ment. This was the 2nd full year of 
the study. After the 2nd year, the 
values leveled off. They did not in· 
crease significantly again. Apparently 
after the 2nd year of use, any fur· 
ther increase in a site's soil compaction 
was minimal. There were no significant 
changes in the old, previous use sites. 
Probably they had reached their rmxi· 
mum years before the study began. 

In their 5-year study of soil corn· 
paction and recovery in a Minnesota 
oak stand, Thorud and Frissell ( ]969) 
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indicated that it may take up to 6 
years for a compacted soil to return to 
its original state. Although their vege
tation type (oak) was different than 
any of those sampled in our study, the 
soils are closely matched (loamy sands 
to sand loams). The authors feel this 
may have major management implica
tions if a soil that takes only 2 years to 
reach its maximum compaction level 
requires up to 6 years to recover. 

Table I shows the various changes 
that occurred over the course of this 
study. The lack of significant changes 
in any of the measurements other than 
spring compaction is puzzling. This 
can only be attributed to movement of 
measurement plots over the study 
period together with site expansion, 
facility manipulation, and variation in 
site soils. This small sample size did 
not permit comparing cover types, ex
cept in a general manner. 

Site expansion and use 
Perhaps the most striking result 

observed over 5 years of use on new 
campsites was the degree of site expan
sion caused by users. Thus, it is further 
elaborated here for the readers' bene
fit. Not including the sites in the open 
cover type, only one of the remaining 
22 sites showed no expansion over the 
5 years. Ten campsites were expanded 
by more than 50 percent of their orig
inal area. Four experienced over I 00 
percent expansion. Despite the differ
ing degrees of expansion, several recur
rent patterns were evidenced. These 
are shown in figures 3 through 7. Sites 
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Table 1. Changes in compaction (tons/square foot) and organic matter depth (inches) in heavy use areas (1968-1972). 1 

Measurements 
by time periods 

Spring 
compaction 

Fall 
compaction 

Spring organic matter 
Fall organic matter 

1969 
1970 
1971 
1972 

1969 
1970 
1971 
1972 

1968-1972 
1968-1972 

All New 
new pine 
sites sites 

+1.0/- +1.0/-
+2.4**/+1.4 +2.4*/+1.4 
+2.1*/- 0.3 +2.7*/+0.3 
+2.1*/+0.0 +2.4*/- 0.3 

+0.6/- +0.6/-
+1.7 /+1.1 +2.2/+1.6 
+1.5/-0.2 +2.2/+0.0 
+1.1/-0.4 +1.7/-0.5 

-1.0 -1.4 
-1.0 -0.8 

New New New All 
nonpine loam non loam old 

sites sites sites sites 

+1.0/- +0.9/- +0.9/- +0.5 
+2.3**/+1.3 +2.3**/+1.4 +2.3**/+1.4 + 1.4/+0.9 
+2.0*/-0.3 +2.2*/- 0.2 +2.2* /- 0.1 +1.2/-0.2 
+2.0*/+0.0 +2.0/- 0.1 +2.2**/+0.0 + 1.0/-0.2 

+0.7/- +0.9/- +0.5/- +0.3/-
+1.6/+0.9 +2.0*/+1.1 +1.0/+0.5 +1.2/+0.9 
+1.1/-0.5 +2.1/+0.1 +0.8/-0.2 +1.3/+0.1 
+0.9/- 0.2 +1.7/-0.4 +0.8/+0.0 +0.8/-0.5 

-0.9 -1.3 -0.5 -0.8 
- 1.1 -1.1 -0.6 - 1.1 

1 Figures to the left of I indicate change from original level of compaction. Those to the right indicate change from the previous year. Organic 

matter figures are total change 1968-1972. 

*Indicates significance at .05 level. 
**Indicates significance at .01 level. 
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9 (aspen-birch type) and 11 Uack pine 
type) (figures 3 and 4) show a con
centric pattern of expansion. This is 
characteristic of campsites whose 
understory is sparse and easily cleared 
away on all sides and whose location 
permits them to expand a great deal in 
all directions before encountering a 
permanent physical feature (lake, cliff, 
marsh, etc.). Note that these two sites, 
after 5 years of continuous expansion, 
are beginning to encounter permanent 
features on 1 side. 

Another pattern, linear expansion, 
is reflected by sites 27 and 20 (both 
spruce-fir type) (figures 5 and 6). 
Linear expansion occurs when under
story density or some permanent 
physical feature prevents development 
of a concentric pattern. The site tends 
to elongate further and further in 

order to accommodate new tastes or 
larger parties. Incidental to the pattern 
of expansion exhibited by these two 
sites, facility manipulation is shown on 
site 27 (note the three different loca
tions of the portable table and the 
movement of the grate). Partial re
covery of vegetative ground cover, 
resulting from lack of use, is shown 
on site 20. 

The last general pattern of expan
sion is that of satellite tentsites. Site 
35 (red and white pine type) (figure 7) 
is one of the study's smallest sites. It 
was originally constrained by Lake 
Saganaga on two sides and a 4-foot 
rock wall on a third. Initial concentric 
expansion moved over this wall. How
ever when more room was needed, a 
tentsite was created at the end of a 
long trail rather than adjacent to the 

site's already cleared section. This 
could have resulted from a number of 
things (e.g., severe exposure atop the 
rock wall, tight intervening understory 
between the main site and the "satel
lite," an "ideal" tent pad further back 
in the woods, etc.). 

Over time, a site may be expanded 
in more than one pattern. Also, use by 
one large, vigorous party may expand 
a site so that it may not diminish 
regardless of future party size. An 
attempt was made to correlate party 
size with site expansion, but the 
limited number of large parties ren
dered this fruitless. Expansion was 
greatest on new sites. 

Determination of impact stage 
Forest Service management guides 

for campsite rehabilitation or closure 

Table 2. 1968-1972 University of Minnesota study campsite use impact classification, Boundary Waters Canoe Area, Minnesota. 

Measurement indicators 

Percent of 
Early summer original site 

mean soil trees 1-inch DBH 
Percent of Percent of compaction in or more, dead 

original site original site heavy use area or having 
bare soil not vegetatedb) (tons/square foot) exposed roots 

Impact stage 
value a) 

1 0 0-19.99 0-1.99 0-19.99 

2 0.001-9.99 20-49.99 2.0-2.99 20·39.99 

3 10-29.99 50-79.99 3.0-3.99 40-59.99 

4 30-59.99 80-109.99 4.0-4.99 60-79.99 

5 60+ 110+ 4.5+ 80-100 

a) Add the stage value scores of all measurement indicators used (3 or more). The average stage value score determines the impact stage. 

Impact stage 

I 
II 

Ill 
IV 
v 

Average impact stage value 

1-1.99 
2-2.99 
3·3.99 
4-4.59 
4.60-5.00 

b) Percentage of original site not vegetated is the ratio of the total nonvegetated area to the total original site area. 
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Percent 
increase in 

site size 

0-9.99 

10·29.99 

30-49.99 

50-69.99 

70+ 



and also site characteristics were com
bined in a studied way to establish 
stages of impact. These stage indi
cators were bare soil, soil compaction, 
loss of ground vegetation, dead trees 
or trees with exposed roots, and in
crease in site size (Goeckermann, 
1972). 

Indicators in table 2 are related to 
five impact stage values. The highest 
(5) is the most change or impact of the 
added combination of the five indi
cators. Of course with other measures, 
a system could be developed to go be
yond these values. Percentage of 
original site in bare soil can include 
areas beyond original site boundaries, 
with 60+ percent bare soil having a 
stage value of 5. 

Percentage of original site not vege
tated includes duff, litter, bare soil, 

and rock areas exposed from erosion. 
If the site was expanded, it could in
clude areas beyond the original camp
site boundaries. A site could be over 
85 percent nonvegetated with no bare 
soil. Such a site would have a stage 
value score of 4 for nonvegetation. 
Soil compaction was measured in the 
heavy use zone (table or grill area) at 
the beginning of the use season. It was 
limited to 4.5 tons/square foot as the 
top of the penetrometer scale. A site 
with an average penetrometer reading 
of 3.1 would have a compaction stage 
value of 3. Percentage of trees dead or 
with exposed roots includes trees 
1 inch in diameter or larger on the 
original site. This measure was used 
only where I 0 or more trees were on 
the campsite. A site with 25 percent of 
its total number of trees dead or with 

exposed roots would have a stage value 
score of 2 for dead trees or exposed 
roots. 

Finally, percentage increase in site 
size ranges here from zero to 70 per
cent + expansion beyond the original 
mapped site boundaries. A site with a 
5 percent increase would have a stage 
value of I for expansion. A minimum 
of three indicators is considered neces
sary to obtain an average stage value 
for a site. Thus a site with the values 
mentioned above would have an aver
age stage value of 3 and be in Stage Ill 

(5+4+3+2+1 . 
- " = 3). Table 3 shows nn-

pact stage values for the 23 new study 
sites as well as total use and stage com
ponents. 

Table 3. Impact stage components and total use for new sites, 1968-1972, University of Minnesota 
BWCA campsite study (23 sites). 1 

Percent 
trees 

Total Percent Percent with 
use- original original Soil exposed Percent 

Site Stage visitor site-bare site not compaction roots increase in 
number value days soil vegetated tons/square foot or dead site size 

Stage components 

1 1.5 617 0.0 2.7 3.8 100.0 0.0 
2 3.8 681 31_7 54.5 4.5 16.6 34.7 
3 4.0 1109 14.9 122.6 4.1 85.7 47.7 
6 4.0 179 13.1 123.7 3.5 63.3 74.5 
7 4.0 727 24.8 162.5 3.1 78.6 96.6 
8 3.2 631 44.5 58.6 3.8 37.5 35.7 
9 4.8 1138 86.1 609.1 4.5 77.2 577.2 

11 4.0 920 0.0 191.3 4.3 100.0 135.8 
14 3.8 604 9.9 172.5 3.2 61.1 112.3 
17 3-0 265 35.0 48.8 4.5 36.8 21.0 
18 3.0 741 8.6 120.7 3.3 33.3 35.8 
20 2.5 123 5.2 70.5 3.2 57.2 13.6 
21 3.5 501 7.7 119.8 82.1 19.8 
22 2.8 58 7.0 84.3 1.6 84.7 0.0 
23 1.2 123 0.0 12.9 32.0 3.0 
24 1.7 184 6-8 25.7 33.3 3.4 
25 3.0 28 4.5 50.5 2.7 30.0 83.5 
27 3.6 332 15.1 124.2 1.7 71.5 51.7 
28 4.0 712 11.4 119.9 3_2 90.0 56.8 
29 2.0 239 0.0 73.6 2.1 100.0 13.0 
30 3.4 707 7.3 108.8 3.0 100.0 46.1 
32 3.8 206 5.9 135.3 3.2 87.5 68.3 
35 3.6 692 6.2 108.5 4.1 64.0 141.4 

1 Data at the end of 197 2. 
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Comparison of impact stage and use 
All of the previously unused study 

sites started in impact stage value I in 
1968. Stage values were not deter
mined for older sites showing greater 
initial compaction, bare soil, dead 
trees, etc. By 1972, stage values varied 
considerably. The two open grassy 
sites had the lowest average (I .4 ). The 
six birch type sites had the highest 
average ( 4.1 ). Use was not directly re
lated to stage value in every case. One 
jack pine site on the Perent River (25) 
shows this very clearly. It had an im
pact stage value of 3 with only 28 
visitor days' use, while a white-cedar 
site on Lake Insula (18) had the same 
stage value with 741 visitor days. 
There were differences in stage compo
nents on most sites, but, in general, 
stage and use were related within vege
tation types (table 3 ). 

It is apparent that the aspen-birch 
sites had higher occupancy levels and 
stage values among new sites. Most of 
these were on the Moose Lake chain. 

Avg. Avg. 
Number stage total 
of sites value use 

Aspen-birch 6 4.1 673 
Red and 

white pine 4 3.1 567 
Jack pine 4 3.4 454 
Spruce-fir 3 3.4 389 
White-cedar 4 2.8 371 
Open 2 1.4 369 
Total new sites 23 

After the new campsites' impact 
stage values were determined, a 

USE In VIsitor Days 

method was needed to compare stage 
changes to use in the form of visitor 
days. Impact stage and use were 
rank-correlated by the Spearman test 
at the 99 percent level. However, a 
more specific test was needed. Rather 
than comparing all stage values of all 
sites with all corresponding visitor day 
totals, the sites were divided into the 
six previously mentioned cover types. 
There was a lack of sufficient variables 
to calculate reliable stage values on 
open sites, so they were dropped from 
the analysis. The remaining 21 sites in 
five cover types were then analyzed. 
This was done by making a scatter plot 
of stage values against their respective 
cumulative visitor day totals within 
each cover type. The striking feature 
of these various plots was the apparent 
"leveling off" exhibited by the stage 
values prior to their·defined maximum 
of 5. To best summarize the large 
number of points in each plot, 
regression analysis was used to find a 
trend line of best fit for each cover 
type. Because of the apparent leveling 
off which characterized the stage 
values, the method of least squares was 
used to generate a line which became 
asymptotic to a stage value of less than 
5. The general form of the function 
was: 

y = a(l-be-cx) 
where y = stage value (to the nearest 
0.1 ), 

x = cumulative use in visitor 
days, 

20 

and a,b,c are parameters to be 
estimated by least squares. 

Parameter estimation was 
facilitated by the NONLINR computer 
program developed for the MERITSS 
time-sharing system at the University 
of Minnesota, College of Forestry. 
Five separate sets of parameters were 
generated - one for each cover type. 
This was done by entering the various 
x-y pairs of use and stage for each site 
measurement into the program 
together with preliminary estimates or 
what the parameters might be. This 
latter operation was necessary so that 
the computer would have a realistic 
starting figure with which to begin its 
iterative convergence process. The five 
resultant functions have been plotted 
in figures 8 through 12 together with 
their respective r2 values. 5 In order to 

5 In a few cases, the r2 value of this 
function is less than one or both of 
the accompanying linear and qua
dratic functions (i.e., figure 9, red
white pine). However, this function is 
preferred over the others for two rea
sons. First, it shows more precisely 
where the manager can expect the 
stage value to be after many visitor 
days. Secondly, it does a better job 
of describing the actual character of 
change. Stage value obviously levels 
off at some point and does not in
crease indefinitely, as a linear func
tion would indicate, or rise and then 
fall off, as a quadratic function 
would lead us to believe. 
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check the relative efficiency of these 
functions in describing the data. both 
linear and quadratic functions were 
also approximated by least squares. 
Their respective r2 values are also 
shown on these graphs. 

This hyperbolic function gives the 
best description of stage and use data. 
Four of the five cover types show a 
definite leveling off before a stage 
value of 5. They seem to substantiate 
the idea that a site will be affected 
very much by initial use and that 
each successive use impact will have 
less and less rei a tive effect on the 
site's physical character. This is shown 
to be true by the first derivative of 
each of the functions involved by the 

formula:~= abce-cx, which indicates 

the resultant rate of change. Declining 
rates of change for each function as 
use increases are given on each graph. 
The number in parentheses after each 
rate of change shows the rank (I to 5, 
highest to lowest) that the cover type's 
rate of change had in relation to the 
others at the use level in question. 

User information 
It was difficult to relate user 

perceptions of campsite change to 
measured physical conditions (stage). 
Asking vtsttots to rate physical 
appearance on a 5-point scale from 
good to poor ( I to 5) did not produce 
results correlated with stage (table 4). 
Results for low stage open sites (stage 
1.4) were the same (2.2) as higher 
stage red-white pine sites (stage 3.1 ). 

Visitors possibly interpreted the term 
"physical appearance" to mean 
aesthetic attraction of the site or 
appearance from the water rather than 
appearance of the use zone. 

Some registrants, however, listed 
"appearance" as the reason for site 
selection. Others indicated 

appearance of site" as least 
satisfactory. By subtracting !he 
percentage of negative appearance 
responses (dissatisfaction) from the 
percentage of positive responses 
(reason for selection), an appearance 
index was developed for all sites in 
1972 [Appearance Index (AI) = 'k 
Positive Appearance Response - % 
Negative Appearance Response]. 
Comparison of stage values and 

Table 4. Average impact state and appearance indicators for BWCA new study sites by vegetation type, 1972. 

Impact Physical Appearance 
Vegetation Number of stage appearance index 
cover type sites value rating rating 

Aspen-birch 6 4.1 2.1 -21.6 
Red and white pine 4 3.1 2.2 -10.6 
Jack pine 4 3.4 2.3 -13.6 
Spruce-fir 3 3.4 2.3 -14.0 

White-cedar 4 2.8 1.6 0.0 

Open 2 1.4 2.2 - 11.1 
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This is campsite 21, a popular cedar forest campsite on Lake Isabell a. It has a sand 
beach which provides a good boat land ing, and an open rock point is see n on th e 
left. The 1972 stage value was 3.5. 

appearance indices for all study sites 
on the basis of a Spearman rank 
corre lat ion te st produced significant 
associa ti on at the 95 percent level. 
Ave rages in tab le 4 for appearance 
index and stage va lue are somewhat 
related. Aspen- birch and spruce sites 
show highest negative value in 
appearance in dex. All site show 
nega tive indices except white-cedar 
which is offse t by the high ly rated 
sand beach site 2 1 on Lake Isabella. 

Registered study site use over the 5-
yea r period indicated a mu ch higher 
pr oportion of canoeists than 
motorcraft users. Th is is typical of use 
patterns fo r the entire BWCA .6 With 
allowance for a loss of over 5 percent 
of the data due to nonregistra tion and 
van dal i m, an approximate breakdown 
of registran ts on all campsites (o ld and 
new) by year and watercraft categor ies 
was: 

Canoeists 

Motorboaters 

1968 1969 

1518 

625 

2113 

1164 

6
Vis itors in clud ed 99 percent padd le 
ca no eists, motor canoeists, and 
motorboaters. Snowmobile and 
hikers were infrequent users of our 

The average number o f peopl e per 
party va ried fr om 4 .g8 to 5.67. 
Individual parties range d fr om I to 70 
people . Over the study period, the 
number of tents used each season went 
up fr om 504 in 1968 to I , 127 in 197 1 
and I , I 07 in 1972. The average 
number of persons per tent for all 5 
study yea rs was 3 .I . A check o f 
number of tents for high stage sites 
revealed no significant rela tionships 
between number of tents on the site 
and stage va lue. Apparently while 
parti es e ttin g up several tent s 
occupied a large part of the site, it was 
more comm on for one-tent parties to 
use alternative area when the original 
tent space became du sty or devoid of 
vegetation . Thus over time, sites 
expanded wherever new partie were 
ab le to find new tent locations 
(Bioemenda l, 1970). 

1970 

1806 

786 

1971 

3731 

816 

1972 

3594 

646 

Total 

12,762 

4037 

tudy sites. Motor canoeists, motor
boaters , and parties with one or more 
motorcraft plus ca noes were co n
sidered motorboat ers. 
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Visitor co mments about sites 
genera lly concerned size of site , 
in sects, lack o f fa cilities, weather , 
litter, and the too open or too closed 
(no light) nature of the site . While 
there were many mo re can oeists th an 
mo torb oaters usin g study sites from 
1968 to 1972 , statisti ca lly significant 
differen ces occurred in co mplaints 
between the two travel method 
catego rie s (Miller, 1973). 

This was born e out by Chi-square 
tests. Two by two contingency tables 
were es tablished to tes t specific 
responses of paddlers and mo tori sts 
fo r s ignifi ca nt diffe re n ces in 
f requ e nc ies . Va ri ous hypotheses 
ass um ed th e re were significant 
response diffe rences associated wi th 
mea n of travel. 7 

Chi- quare testing of th e responses 
to the question " Wh y did you se lect 
thi s sit e ·)" gave the fo ll owing 
sta ti ti ca ll y signi fica nt results: 

I. Paddle ca noe ist se lec t sit es 
signifi ca ntly mo re o ften (th an 
mo tori sts do): 
a. Because of the elements of 

time. distance, and hunge r; 
b. Because the ite is available ; 
c. Because of bad wea th er. 

-, M o t o r b o a I e r s s e I e c t s i t es 
signi ficantl y mo re o ft en (th an 
paddle can oei ts do): 
a. Because of site appearance; 
b. Beca use of site fac ilities. 

3. Site se lec ti on due to loca tion 
(for example, nea r a portage or 
fi shing spot) was independent o f 
travel means. 

Regardin g the ques tion: "Wh at do 
yo u find least sati sfac tory about this 
ite," Chi-squ are tes ting produced 

these signifi cant result s: 
I . P a d dI e ca n o e i s t s w e re 

signifi cantly les satisfi ed with 
sites due to: 
a. Appearance : 
b. mall size: 
c. Inadequacy of tentsite; 
d . onwilderne qua li ties (e .g. , 

t oo many peo ple , too 
developed , mo tors, etc.) . 

2. Mo torboaters were signi ficantly 
less ati sfied (than paddle 
can oeists) with sites la cking a 
table. 
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Table 5. University of Minnesota study campsite characteristics and changes by cover type ( 1968-1972) 
Boundary Waters Canoe Area, Minnesota (Averages). 

Number 
Cover type of sites 

Red and white pine 6 
Jack pine and assoc. 6 
White-cedar and assoc. 4 
Spruce and assoc. 5 
Aspen-birch, birch-fir 
and birch-spruce 8 
Open 3 

Total sites 32 

3. Motorboaters were significantly 
more satisfied with study sites 
than were paddle canoeists. 

4. Dissatisfaction with sites because 
of insects, being "too open." or 
"too closed" was independent of 
travel means. 

In summary, motorboaters, with 
more travel flexibility, may have 
decided on site conditions before using 
a site. The dissatisfied may have 
rejected the site and not registered 
their comment. Canoeists. on the 
other hand, often took sites because 
they were the only ones available. 
They were sometimes displeased with 
conditions and the noise of motofs. 

Sites in genera I 
Table 5 presents campsite changes 

by cover type from ]l)6g to 1972 for 
all sites except I 0 (which was removed 
in 1970). The older, previously used 
sites for which impact stage was not 
computed are included in the 
tabulation. However, they contributed 
little to site increase. Overall use was 
greatest on the jack pine sites followed 
by birch type sites. As might be 
expected, sites easily visible from the 
water and on main routes with 
attractive rock points were used more 
than closed canopy or remote sites. 

1970 water quality study 
In their 1970 study of water 

quality, Mace and associates found 
that coliform bacteria populations of 
water at campsites were significantly 
higher than at control points. This was 
particularly noticeable at medium to 
high use sites on the Moose Lake chain 
(King, 1971). 

Heavy use 
Percent soil compaction 
bare soil tons/square foot 

Visitor Spring Fall Spring 
days/site 1968 1972 1968 

791 17.0 26.9 2.16 
943 5.2 16.0 1.27 
371 0.0 7.4 0.81 
369 9.8 16.4 1.72 

849 5.1 21.6 1.54 
292 0.0 0.0 1.75 

An analysis of variance revealed 
that the difference in bacteria 
population between campsites and 
controls was highly significant. For 
the various use categories, the average 
number of coliform bacteria per I 00 
milliliters is shown in table 6. The 
difference between campsites and 
controls is large for the high and 
medium use sites, while it is small for 
the low use campsites. This leads to 
the hypothesis that recreational use of 
campsites in the BWC A affects the 
population of coliform bacteria near 
the sites. The degree of inlluence 
seems to depend on the number of 
people that use the campsite. The 
campsite coliform levels were above 
the maximum (2.2 organism/! 00 mi.) 
considered safe for drinking water 
(USDHEW, 1962). Nearby controls 
were safe except on the Isabella Lake 
and River campsites. 

Recreational usc of campsites also 
had an effect on the phosphate 

Fall 
1972 

3.52 
3.67 
3.10 
3.51 

3.73 
3.45 

Percent trees Percent 
dead or with increase in 

exposed roots site size 
Spring Fall Spring 1968 to 
1968 1972 Fall 1972 

26.4 76.7 39.9 
15.0 68.3 55.5 

1.2 65.4 13.6 
20.5 81.0 52.9 

12.9 78.9 94.8 
3.0 42.4 2.2 

concentration and the turbidity levels 
in the vicinity of the campsites. The 
other parameters involved 
(temperature, dissolved oxygen, 
hydrogen ion concentration, specific 
conductance, nitrate concentration, 
and total Kjeldahl nitrogen) were not 
affected by recreational use. 

Northeastern Minnesota is 
characterized by numerous 
oligotrophic lakes of high recreational 
value. This study revealed that the 
recrea tiona! use of these lakes is 
affecting certain water quality 
parameters, especially the populations 
of coliform bacteria. The findings 
indicate that the effect on the lakes is 
generally small. However, oligotrophic 
lakes quickly respond to only small 
changes in nutrient levels. With the 
predictions for increased use of the 
BWCA, it is hoped that a close watch 
will be kept on the lakes' water 
quality. It may be necessary to change 
latrine facilities and to control site use 
to maintain water quality. 

Table 6. Coliform populations for the various use classes of campsites. 
University of Minnesota, BWCA campsite study (1970). 

(Number of coliform/100 mi.) 

Use categories 
High 1 Medium Low 

Location Site #3,4,5,9 Site #2,7,21 Site #19,20 

Campsite 4.61 2 6.63 5.83 

Control 0.28 1.95 4.68 

Difference 4.33 4.68 1.15 

1 High use sites location on the Moose Lake chain having over 1,100 visitor days total use. 
Medium use sites were on Moose Lake chain and Lake Isabella and had over 500 visitor days 
total use. Low use sites were on Lake Isabella and Isabella River with under 300 visitor days 
total use. 

2 Water with coliform levels of 2.2 organisms per 100 mi. or more is not recommended by the 
Minnesota Health Department for drinking. 
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Summary and implications of the study 

Thirty-three wilderness campsites 
developed during 1967 by the U.S. 
Forest Service and according to their 
criteria in Minnesota's Boundary 
Waters Canoe Area were studied for 5 
years ( 1968-1972) to determine the 
impact of visitor use. The effects on 
soils, vegetation, and site size were 
measured and mapped twice each year. 
Photographs were taken from 
permanent points, and detailed soil 
and water quality data were collected 
on selected sites over the study period. 
Though some sites were found to have 
had previous use and others were 
altered or closed by the agency during 
the study, 23 sites had no previous 
use. Over the 5 years, nearly complete 
use data via visitor registration were 
obtained for thes~ new locations. This 
report primarily concerns those 23 
sites. 

Project study questions were 
related to campsite physical changes, 
types of visitor travel (canoe vs. motor
boat), forest vegetation type, and 
visitor response obtained from 
registration cards. 

Extensive soil data gathered on 20 
sites in 1969 indica ted generally 
shallow soils, some potentially serious 
cementation problems on a few sites, 
and wind throw, erosion, and 
compaction problems on other sites. 
Water quality studies carried out at 
nine sites and controls in 1970 
indicate that recreational use of sites 
increases coliform bacteria and 
phosphate concentration in the lake 
water at the campsite. Coliform 
populations at study sites were higher 
than public health standards allow for 
drinking water. Latrine location may 
be a causal factor. 

Measurements of new campsite soil 
compaction in heavy use areas 
generally showed a leveling off after 
the 2nd year, while it might take up to 
6 years to recover. Tree growth 
borings at the end of the study did not 
reveal significant on and offsite 
differences in diameter growth for new 
or old sites. On these generally shallow 
soils with difficult growth conditions, 
roots go deep whenever possible. Tree 
diameter growth usually had declined 
I 0 to 15 years before the study 
started. Some of the high stage sites 
( 4+) in the shallow rooted spruce
balsam fir types also showed tree 
loss to windthrow and visitor damage. 
Except for this physical damage to 
trees in the campsites' heavy use areas, 
5 years of use apparently did not 
retard tree growth. 

Combining physical measurement 
indicators in to an impact stage rating 
system by cover type indicated that 
new aspen-birch sites had the highest 
average values after 5 years. Expansion 
of sites was a major phenomenon (and 
factor of stage) on sites where rock 
walls or dense shrubs did not impede 
it. People apparently expand to new 
tent locations as older ones become 
dusty or bare of vegetation. Though a 
Spearman rank test showed correlation 
between stage and use, more 
significant relationships were revealed 
in regression analyses of stage over use 
by cover type. Stage value increased 
with use on all new sites, but leveled 
off below the arbitrary maximum 
stage of 5. Red and white pine sites 
seem to level off after other types. 
Rate of change declined on all sites 
after use. Although one spruce site (20 
- Lake Isabella) showed momentary 
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recovery with decreasing use, on most 
sites there was no recovery before the 
end of 5 years. 

Use was heaviest in old, previously 
used campsites on the main travel 
routes - Moose Lake chain, Lake 
Insula, and Gunflint (Seagull 
Saganaga Lake) sites. With the one 
night rule on the Moose Sucker Lake 
chain, many of the sites served as 
"motel-type" camps for people 
moving on to more desirable locations 
the next night. Insula Lake sites, on 
the other hand, are destination points. 
Here people were more selective in 
picking locations. The old sites with 
heaviest use had rocky points for lake 
views and insect avoidance. Many of 
the new sites were secondary 
locations, especially in aspen-birch 
stands. They had low use due to 
insects, closed canopy, or limited 
views. This suggests that the best sites 
have already been chosen, there are 
limited alternatives, and rotation of 
sites to meet U.S. Forest Service 
criteria may face space limits. 

Only in the case of Spearman rank 
testing of stage and appearance index 
for all sites did attempts to relate 
registered visitor opinions of site 
appearance to stage value prove 
weakly positive. However on 
appearance index alone, aspen-birch 
sites received the highest negative 
ratings. 

Generally, users seeing a site only 
once were not aware of physical 
changes. They noticed if a site was too 
open, too closed and dark, too small, 
or covered with litter. It is not possible 
to say that visitors generally become 
Jess satisfied with sites in the 5-year 
period. Physical changes, however, 
may be more apparent to the manager 
than to the visitor. The manager has a 
point of reference for changes -
particularly if he has photographs. 

Significant differences were found 
between canoeists (the majority of 
study site visitors) and motorboaters 
regarding site selection and 
satisfaction. Canoeists more often had 
to use study sites which were the only 
ones available. They were tired; it was 
getting late; the weather was bad; or it 
was time to eat. Motor canoeists could 
pick and choose sites more easily with 
the maneuverability provided by the 
motor. Canoeists were more 
discriminating in opinions on sites and 
more critical of those visited. They 



usually avoided dark, not easily seen, 
buggy, aspen~ birch sites which do meet 
U.S. Forest Service BWC A campsite 
criteria. Another small site that was 
too open and partly watersubmerged 
in the early season was similarly 
avoided. 

Depending upon soil conditions, 
some sites in the aspen-birch type 
seem to change more under impact 
than in other vegeta lion types, with 
spruce-balsam fir. jack pine, red
white pine, and cedar types following 
in order. Open sites with sod seem to 
be most resistant to change. However, 
the story is more complex than would 
appear on the surface. Some of the 
sites that meet the criteria for 
rehabilitation could well continue in 
use even though they have exposed 
roots, dying trees, loss of surface 
vegetation, and soil compaction on 
heavy use toea tions. 

Our results indicate the 
combination of these conditions 
(stage) tends to level off, with much of 
the change coming in the first 2 years. 
Therefore, it would seem that most 
sites, in key locations where there are 
few alternative site choices, could well 
be continued without too much 
problem. This is assuming that soil 
conditions are not irreversible (as with 
B horizon cementation) and water 
pollution is not critical. Sites could he 
hardened for continued use if they 
have popular characteristics (rocky 
ledges, part open, etc.). To rotate 
them with closed canopy sites, 
particularly in aspen-birch, would 
seem self-defeating. More and more 
area would be opened to use due to a 
longer recovery time than impact time. 

These hardened sites would become 
enclaves of development requiring 
treatment to provide for passing 
visitors going to the more remote 
wilderness beyond the campsites. 

Finally, sites with a combination of 
heavy, closed forest cover, no open 
landing, many insects, soil 
cementation problems, and rapid 
expansion with no understory 
vegetation might well be closed for 
more attractive and durable rocky 
sites. If necessary, a pump out latrine 
could be installed and serviced once or 
twice per season in the durable rocky 
sites. Attractive sites may be used 
anyway, while less inviting U.S. Forest 
Service criteria sites may well be 
passed by. 
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Appendix 1 

University of Minnesota campsite study 
Location of 33 BWCA campsites studied 
and use. 

Site No. Lake or river 

1 Moose Lake 
2 Moose Lake 
3 Newfound Lake 
4 Newfound Lake 
5 Newfound Lake 
6 Newfound Lake 
7 Newfound Lake 
8 Sucker Lake 
9 Birch Lake 

10 Moose Lake (closed 1970) 
11 Lake Insula 
13 Lake Insula 
14 Lake Insula 
15 Lake Insula 
17 Lake Insula 
18 Lake Insula 
19 Isabella River (altered 1969) 
20 Lake I sa bella 
21 Lake Isabella 
22 Lake Isabella 
23 Lake Isabella 
24 Lake Isabella 
25 Perent River 
27 Smoke Lake 
28 Burnt Lake 
29 Phoebe Lake 
30 Phoebe Lake 
32 Kelly Lake 
34 Seagull Lake 
35 Saganaga Lake 
36 Seagull Lake 
37 Long Island Lake 
38 Caribou Lake 
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1968-1972 by lake or river, cover type, 

Forest cover type Use prior to study 

Open No 
Aspen-birch No 
Aspen-birch No 
Birch-spruce Yes 
Aspen-birch Yes 
Aspen-birch No 
Birch-fir No 
Red pine No 
Aspen-birch No 
Open No 
Jack pine No 
Jack pine Yes 
Jack pine No 
Jack pine Yes 
Jack pine No 
White-cedar No 
Spruce No 
Spruce No 
White-cedar No 
White-cedar No 
Open No 
White-cedar No 
Jack pine No 
Spruce No 
Spruce No 
White pine No 
White pine No 
Birch-fir No 
Red pine Yes 
Red pine No 
Red pine Yes 
White-cedar Yes 
Open Yes 



Two of the authors, Kent Goeckermann (left) and J. A. Bloemendal, collect study data at campsite 24 by Lake Isabella . The 
photo was taken in 1970. This bulletin reports the findings of the 5-year study of visitor use impact at 33 wilderness camp
sites in Minnesota's Boundary Waters Canoe Area . 
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