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INTRODUCTION 

The Apostle Islands are located in northernmost Wisconsin 

at thE:! t:ill_Qf t;b~ Bgxf_leld PeninSllla_(Fig_~_l) ___ Twenty uf ___ _ 

the 22 islands and a portion of the adjacent mainland 

constitute the Apostle Islands National Lakeshore. The 

National Park Service manages the Lakeshore for various 

types of outdoor recreation. To facilitate sound planning 

and development, the National Park Service contracted with 

scientists at the University of Wisconsin - Stevens Point to 

inventory. the natural resources of several islands. The 

inventory consisted of soils and vegetation mapping, wildlife 

habitat evaluation, soil and water sample collection and 

analysis, and bank erosion rate measurement. Outer and 

Stockton Islands were inventoried during the summers of 1978 

and 1979, respectively. This thesis contains two aspects of 

the Outer and Stockton Islands inventories: (1) an assessment 

of the suitability of Apostle Islands soils for supporting 

trails and campsites, and (2) an evaluation of bank erosion 

in the Presque Isle campground. 
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I. SOIL SUITABILITY FOR TRAILS AND CAMPSITES 

ABSTRACT 

This study classified the soils of Outer and Stockton 

Islands according to their suitability for supporting trails 

and campsites. New guidelines were developed for the clas

sification because existing guidelines, available from the 

Soil Conservation Service, USDA, are not applicable to the 

soilS and recreation occurring on the Apostle Islands 

National Lakeshore. 

The procedure used in this study involved three steps. 

The first identified how soils contribute to trails and 

campsites. These items, called soil "services" in this 

study beca~se they represent contributions made by the soil 

without expenditure of effort or capital, are providing site 

dryness, good treadability, ease of construction and maintenance, 

vegetative growth and reproduction, and resistance to soil 

deterioration. The second step identified soil properties 

that determine or affect the soil services. These properties 

are surface texture, drainage class, slope, and depth to 

bedrock. The final step classified the soils of Outer and 

Stockton I~lands according to the presence or absence of 

desirable soil properties. 

The most suitable soils for supporting trails and 

campsites are well to moderately well drained with sandy 

loam or stable sand surface horizons, slight slope, and 

1 
., 
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greater than 125 em of soil over bedrock. Less suitable 

soils were somewhat poorly drained or possessed steep 

slopes, shallow bedrock, or loam to silt loam surface 

~---horizons. Lea&t SU-i-table soils were-}1B-Orl-y -B:r-ai-:rred er 

flooded. 



INTRODUCTION 

;)oils vary widely in their ability to support traLl s 

and campsites. Trail and campsite developments on some 

soils are successful while similar developments on other 

soils have problems of wetness, excessive soil and vegetation 

deterioration, poor treadability, and excessive maintenance 

and construction costs. Knowledge of which soils are more 

and less suitable for trail and campsite development is a 

valuable planning tool that allows park managers to locate 

these facilities on compatible soils. Unfortunately, exist·ing 

guidelines for evaluating soil suitability are not applicable 

to trail and campsite development on the Apostle Islands. 

A study was needed to develop criteria applicable to 

the Apostle Islands for evaluating soil suitability for 

trails and campsites. This study was conducted on Outer and 

Stockton Islands during the summers of 1978 and 1979 respec-

tively. This study's results have applicability to the 

entire Apostle Islands National Lakeshore because Outer and 

Stockton IBlands are reasonably representative of the soil, 

vegetatio~ and recreational conditions of the remainin~ 

islands and adjacent mainland. 

Objectives 

The objectives of this study were to: 

1. Develop criteria for evaluating the suitability of 

Outer and Stockton Island·soils for supporting trails and 
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campsites. 

2. Classify the soils of Outer and Stockton Islands accordinro 

to their suitability for supportinc: trails and campnltes. 



LITERATURE REVIEW AND BACKGROUND INFORMATION 

Soil Suitability For Trails an~ Campsites 

Soils directly influence the ability of land to support 

many uses (e.g., Bartelli et al., 1966; Simonson, 1974) and 

should be a key consideration in land use decisions (Davidson, 

1980). Historically, soil studies have collected data 

directed toward use in agriculture and forestry (Bauer, 

1974). However, standard soil surveys can be adapted to 

other types of land use when accompanied by guidelines 

evaluating soil suitability for other uses (Soil Survey 

Staff, 1951). 

Existing soil suitability guidelines for trails and campsites 

Probably the most frequently used and widely accepted 

guidelines for evaluating soil suitability for trails and 

campsites are those developed by the Soil Conservation 

Service (1978) (Table 1). These guides were developed 

around 1967 and were revised slightly in 1977 to about their 

present form (McCormack, 1978). The SCS guides rate soils 

as having slight, moderate or severe limitations for sup

porting trails and campsites. The rating is obtained by 

comparing the properties of a given soil to properties 

listed in tables. 

Vnfortunately, the SCS guides have several deficiencies 

that make them unuseful for planning trails and campsites in 

the Apostle Islands National Lakeshore. Perhaps the major 

problem with the SCS guides was the lack of literature on 
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the ecological impacts of recreational use when the ori~inal 

intct•pt•ctat..ionn wcr·e developed. fl~> a r·(~:;ttiL, :;orne ol' Lite 

criteria used to rate soil suitability may be invalid. 

____ Annther prohlem is that the guides are designed to applcy to-

the entire United States - a very difficult proposition 

given the variation in climate, soils and vegetation that 

occurs in the US. Still another problem is that SCS guides 

were developed for intensive uses involving large numbers of 

users with trailers, recreation vehicles and possibly horses. 

-- ------ Recreationa.l use on the Apostle Islands is lesS intense and 

involves only hiking and tent camping. Finally, the SCS 

system is sometimes useless as a planning tool because too 

many soils are rated as having "severe" limitations for 

trails and campsites. For example, a permanently wet soil 

and a dry, sandy soil are both rated as "severe" for trails 

and campsites, even though the sandy soil is obviously 

preferable. A planner using the SCS guides would be unable 

to choose the superior soil because both are lumped into the 

same category. 

Other guidelines have been developed for eval~ating 

soil suitability for trails in Canada (summari~ed in Epp, 

1977). These guides were written for trail developments in 

specific parks and recreational areas (generally in mountainous 

regions) and for this reason are not applicable to the 

Apostle Islands. 

Methodologies for developing soil suitability guidelines 

There are no recognized methodolor~ies for developirw 

soil suitability guidelines. The methods found in the 
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literature ranFe from purely subjective to ~nalytical. For 

example, SCS guides for trails and campsites were developed 

subjectively from the" ... observations and experiences of 

many .indi vidua:rs in count-. ies and s~ates rather than specifi-c

research" (McCormack, 1978), while Epp (1977) statistically 

analyzed the relationship of various soil properties to 

deterioration on existing trails. 

With the notable exception of Epp (1977), the method 

used to develop soil suitability guidelines is unstated in 

most applicable literature. However, a consistent pattern 

for developing these guides is evident. The pattern is to: 

l. Define the land use. 

2. Identify how soils contribute to the land use 

(referred to in this report as the soil "services" 

because soils contribute these without expenditure of 

effort or capital). 

3. Determine which soil properties influence the 

services. 

4. Rank or classify soils according to the presence 

or absence of desirable soil properties. 

Using Lindsay et al. (1974) (Soil survey for urban development) 

to illustrate this pattern; (l) the land use is urban 

development; (2) services identified by Lindsay et al. that 

soils contribute to urban development are the abilities to 

support vegetation, concrete structures and underground 

conduits; (3) soil properties affecting these qualities 

include percent organic matter, texture, pH, conductivity, 

and percent sulfate; and based on the presence or absence of 
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these properties, soils were (4) classified as having 

Negligible, Positive, Considerable or Severe hazards for· 

urban development. 

_____ Services and properties for trails and campsites 

Other reports have identified the services soils can 

provide for trails and campsites and the properties affect-

ing these services. 

Leonard and Plumley (1979) identify four "capabilities" 

of soils for recreational use. These are the ability to 

----drain, resist erosion, support plant growth and promote 

decomposition of human wastes. The soil properties these 

authors list as affecting these services are soil texture, 

structure, organic matter content and depth to an impervious 

layer. 

Klock and McKolley (1979) identify four soil "factors" 

that influence "recreational use impact." These "factors" -

actually a combination of services and soil properties - are 

trafficability, depth, drainage and erodibility. Trafficability, 

according to Klock and McKolley, is 

" the capacity of a soil to bear a moving load. In 
wilderness areas it is related to the resistance of 
soil to displacement or compaction by the foot of man 
or animal." * 

Depth refers to the amount of soil over an impermeable 

layer. Drainage is the soil's moisture status or internal 

drainage class. Erodibility is the soil's lack of resis-

tance to displacement by wind and water. 

* This definition differs significantly from the meaning 
implied by the Soil Conservation Service (1978). The SCS 
definition implies that trafficability is the ability of 
a soil to provide a sound and stable walking surface. 
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.Soil Conservation Service (1978) guides identify 

trafficability, the ability to promote the ~rowth of veg

etation after heavy use, and resistance to erosion as the 

--------.,s""e.,.r...,•vr+ices--sc-i-i-s--can prev±-de--~-~ils ftftti eai'l'tfJ-fr4:-t-e-s, -,SBil 

properties affecting these services are found in Table l. 

Effects of camping and hiking on soils and vegetation 

Every form of outdoor recreation has deliterious 

effects on the natural environment. These effects are not 

usually caused by the recreational form (e.g., few people 

·compact soil as a recreational activity), but by human 

actions occurring during the activity (Speight, 1973). 

Speight identifies eight human actions occurring during 

recreation as causes of ecological change; three of the 

eight are the agents by which camping and hiking affect 

soils and vegetation: (l) trampling by foot traffic, 

(2) erection of onsite structures, and (3) pollution (i.e., 

addition of feces and urine to soil and water). Because 

trampling is undoubtedly the major agent responsible for 

ecological deterioration on paths and campsites, additional 

discussion will focus on trampling as the agent of deteriora

tion. 

Trampling effects on vegetation 

Vegetation is important in outdoor recreational activities. 

Most recreators probably desire healthy vegetation as part 

of their camping or hiking experience. Vegetation also 

maintains soil integrity bY protecting soil.from raindrop 

impact, cushioning foot traffic, holding water in place to 
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allow infiltration, and binding soil particles to resist 

erosion. Destruction of vegetation increases the vulner-

ability of the soil to deterioration from tramplinp: and 

Ratm±- causes. 

Trampling has direct and indirect effects on vegetation 

(Liddle, 1975a) (Fig. 2). Direct effects include crushing 

roots and tearing and bruising aerial plant tissue. Indirect 

effects are caused by soil. alteration. 

The effects of trampling on vegetation differ with 

plant characteristics, intensity of trampling, soil factors 

and weather. Liddle (1975b) summarizes some plant character-

istics that contribute to deterioration resistance: 

-plant form procumbent or trailing rather than erect, 
-plant armed with protective thorns or prickles, 
-stems flexible rather than rigid or woody, 
-leaves in a basal rosette rather than in any other 
arrangement, 
-leaves flexible and able to fold under pressure rather 
than fracture, 
-seasonal regrowth dependent upon cryptophytic buds 
concealed beneath soil surface rather than upon aerial 
parts (perennials only), 
-reproduction possible by means of suckers, stolons or 
corms in addition to seeding or runners, 
-rapid growth rate. 

In addition, other authors observed that large leafed plants 

are less tolerant than thin leafed (LaPage, 1967), grasses 

·and woody vines (e.g., raspberries) are more durable than 

dicotyledonous herbs (Wagar, 1964), and grasses are more 

tolerant than shrubs (Weaver and Dale, 1978). 

Intensity of use is not always strongly related to 

deterioration of vegetation (Helgath, 197?). Light use can 

cause heavy damage. Frissel and. Duncan (1965) found eighty 

percent vegetation loss on campsites receiving light use 



Ecological Effects of Trampling 

Fig. 2. 

Kinetic Energy lnpul 
from Human Trampling 

Venical and Horizonlal Forces 

Palh Micmdimale 

or Amt>nily Value 

Ecological effects of trampling, after Liddle (1975a). 
used by permission. 

Drawing by Wall and Wright ( 1977), 

..... 
N 
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(less than 30 persons per season) and Bell and Bliss (1973) 

found that as few as fiv~ passes pe~ day were enough to 

eliminate 59% of vegetation on a trail. LaPage (1967) found 

_____ smne _lightly us_e_d_camps~Les _s_u_stained gr_eat_e_r ve_getati on ____ _ 

losses than heavily used ones. 

A type of plant succession often occurs in newly opened 

recreation sites (LaPage, 1967; Merriam et al., 1974). The 

first season of use results in a heavy loss of vegetation, 

however, in succeeding years, resistant plants replace 

fragile ones and ground cover is reestablished (unless use 

is too intense). Other research (Bayfield, 1971) has 

documented changes in species composition with use: inter

mediate use results in a reduction of tall grasses and a 

correspondirig increase in dicotyledons, higher use results 

in fewer dicots and an increase in low growing monocots, and 

extremely high use results in bare ground. 

Soil factors affecting vegetation resistance to trampl

ing include fertility, texture, moisture regime and slope. 

Ripley (1962) found vegetation on fertile sites more resist

ant than on nonfertile and other authors (Beardsley et al., 

1974; Fay, 1975; Beardsley and Wagar, 1971) recommend 

fertilizing to maintain good cover in recreational areas. 

Beard (1973) recommends more coarsely textured soils for 

highly trafficked sites to reduce damage from compaction. 

Moisture regime may play an important role in vegetative 

disturbance. Under dry conditions, plants may lack the 

ability to replace damaged tissue. Wet soils,. however, 



14 

can lead to increased vegetative deterioration (Willard and 

Marr, 1970; Edmund, 1962). Weaver and Dale (1978) report 

increased ve~etative deterioration with increased slope. 

~~~~- S:lippin_g _ _g.nd_ bra_kin_g _are blamed f_o_r _the additional wear-. 

They recommend that ascents on slopes greater than 15° (27%) 

not be permitted in recreational settings. 

Effects of trampling on the litter layer 

The litter.layer has several important functions in the 

natural environment. Litter is food and habitat for a 

myriad of litter dwelling organisms, a source of nutrients 

(especially nitrogen, phosphorus and sulfur) for plant 

growth and may be the major reserve of nutrients for forests 

on certain soils (e.g., glacial outwash sands). Litter 

insulates soil from extremes in temperature and moisture 

conditions, and protects soil from raindrop impact and 

erosional forces (Pritchett, 1979; Woolridge, 1970). 

Increased trampling results in decreased litter cover, 

especially on forested sites with little ground vegetation. 

(Young, 1978; Dawson et al, 1978; Frissell 1978). Legg and 

Schneider (1977) document a typical case of litter loss: On 

2 year old campsites, the litter layer was limited to l 

year's leaf fall (with no humic layer present) compared to 

5-7.5 em thick litter layer in control sites. The percen

tage of a site covered by litter also changed during the 

season: . in June, litter covered 82, 60, and 55%, respectively 

of lightly, moderately, and heavily used sites; at season's 

end, litter cover had been reduced· to 33, 20, and 5%, 

respectively. 
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Tramplinp; affects litter via several mechanisms. 

Litter may be ground into dust and later removed by wind or 

water when dry, or removed as mud caught in hikers' boot 

---- fre-±€-8--wfieft--wet- -{-F'Pi£tre±±-, ±-9-'f-&-f---., u-L€-gg aBG Schneider (±1}"17-+

reported that in heavily used campsites, organic material 

had been ground into th~ upper 1-2 em of soil and had 

cemented soil particles to form a crust. This could have 

several effects. The crust could act as a protective device 

that reduces the effects of trampling on the soil; however, 

it is not readily permeable and therefore al~o prevents 

infiltration and gas exchange. Reduced infiltration will 

cause pending or additional runoff and possible erosion in 

other areas. 

Trampling effects on soil structure 

Trampling exerts pressure on soil that forces soil 

particles closer together, causing increased bulk density, 

changes in pore space and decreased infiltration. In one 

recreational setting, Lutz (1945) found trampling increased 

bulk density by 30%, decreased macropore space by half, and 

decreased permeability markedly. There was a corresponding 

decrease in total pore space and an increase in micropore 

space. These changes occurred in the top 6 inches of soil. 

~imilar results have been found by other researchers (Weaver 

and Dale, 1978; Younr; and Gilmore, 1976; Lep:f~ and Schneider, 

1977). 

Compaction is dependent on several variables. Compact

ion increases with use (Weaver and Dale, 1978; Young and 

Gilmore, 1976), but tends to reach a maximum within two years 
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(Merriam et al, 1973). Soil compacts more easily on slopes 

(Weaver and Dale, 1978) and in loamy soils (Patterson, 

1976). Compactibility also increases with soil moisture. 

Soils ~can- re-co-ver Trom_c_ornpaction if recreational use ls -

diverted from the site. Frost action, wind rocking of trees 

(LaPage, 1967), and organisms help restore the structure. 

Total recovery can be expected in about 5 years in northern 

United States (Merriam, 1975; Thorud and Frissell, 1969). 

Changes in soil structure affect the physical and 

biotic aspects of a recreational site. Reduced infiltration 

causes pending or increased runoff. The former will limit 

the usefulness of trails and campsites in wet weather, while 

the latter may cause erosion on slopes. Plants are affected 

when compaction causes reduced root penetration, decreased 

gas exchange and lack of moisture. LaPage (1967) documented 

decreases in tree growth rates in recreation areas and 

attributed the phenomenon to compaction. Meinecke (1929) 

(in Dooling, 1971) noted dead feeding roots in soils 

compacted by trampling. Meinecke attributed the mortality 

to interference with normal air and water movement. Liter

ature reviewed by Patterson (1976) cites examples of de

creased vigor and growth induced by compaction in agricu1-

tura1 settings. 

Effects of trampling on soil erosion 

Trampling can directly or indirectly cause soil erosion. 

Erosion is di~e6tly cau~ed by trampling when force exerted 

by foot traffic pushes sqil downslope~ This phenomenon is 
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relatively rare (Huxley, 1970 in Speight, 1973) but has been 

observed on sand dunes, talus slopes and sandy banks 

(Spei~ht, 1973; Anderson et al, 1980). 

Erosi-on J'k'om t:t>~lnt=!'- is H&bl.fllly in(J.i-f!B-et ly in4He€-G 

(Speight, 1973). Trampling destroys protective cover and 

modifies structure, thereby making soil vulnerable to 

erosion by wind and water. Wind is probably of minor. 

importance on most recreation sites except where soil is 

poorly aggregated and exposed to wind action, such as on 

sand dunes and banks. Wat~r is more frequently mentioned in 

the literature as the cause of erosion on campsites and 

trails. Trampling removes ground cover and litter, exposing 

soil to direct raindrop impact. In addition, trampling 

induced compaction decreases infiltration and increases 

runoff, further enhancing the erosion hazard. Sheet erosion 

on campsites and picnic areas has reportedly resulted in 

tree r~ot exposure (Ripley, 1962) and soil losses of up to 2 

to 9 inches (Settergren and Cole, 1970). Helgath (1975) 

documented gully formation on trails in the Rocky Mountains. 

Some trails offer ideal circumstances for gully erosion: 

with protective cover gone and a bare path straight down

slope, more conducive conditions are difficult to imagine. 

Study Area 

The Apostle Island~ range in size from 5090 ha 

(Madeline Island) to 1.3 ha (Gull Island). Most of the 

islands (with Oak as the most notable exception) are low 

lying and imperfectly drained. Beals and c·ottam ( 1960) 
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remark that the uplands of the islands are similar to the 

lowlands of the adjacent mainland. The shorelines usually 

consist of till banks with sandstone bedrock common on north 

~~~~----'a""'n~d...._ east exposures. UEX-posed sandstone -i-g_ sometimeS---G-arved 

into elaborate pillars and caves, especially on Devil's and 

eastern Stockton Islands. Sandpits and beaches are found on 

the south and west sides of some islands. 

Climate 

The Apostle Islands area has long, cold winters and 

short, moderately warm summers (WDNR, 1971). Lake Superior 

has a moderating effect on the islands and Bayfield Penin-

sula that ~auses temperatures to be cooler in summer and 

warmer in winter (Collins, 1972). This area has more frost-

free days than southern Wisconsin because of the lake's 

effect. Climatological statistics for the region are 

summarized in Table 2. 

Table 2. Climatological statistics for the Apostle Islands 
area (Wisconsin Department of Natural Resources, 1971; 
Collins, 1972; Finley, 1975). 

Annual snowfall 
Average temperature 
Annual precipitation 
Frostfree days 
Temperature extremes 

Vegetation 

70-80 inches 
41° F 
29-31 inches 
125-160 
-40 - 107°F 

The islands' vegetation has been influenced by· soils, 

drainage, and logging and fire histories. According to 

Beals and Cottam (1960), the most common forest type consists 

of white cedar (Thuja occidentalis) and yellow birch (Betula 

papyrifera) as dominant species with balsam fir (Abies 

balsamea), paper birch (Betula papyrifera), hemlock (Tsuga 
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canadensis), and sugar maple (Acer saccharum) also present. 

On the rarer, drier sites, red oak (Quercus borealis),· and 

sugar maple dominate with balsam fir, paper birch, hemlock 

_ancJ.H~!'-~Tll_b_:I_~_I"l_&:;_ ~!l:~ __ t>_:l._g_ tc)s:'th _(3._spen _(Populus. tremuloides and 

P. grandidentata) also present. Pine forests are found on 

sandspits and stable beaches. Red pine (Pinus resinosa) is 

dominant there, with white pine (Pinus strobus) as second 

dominant. 

Geology 

The Apostle Islands are hill tops on the submerged 

continuation of the Bayfield ridge. Most of the islands 

have a sandstone core covered by till and lacustrine deposits. 

The sandstone is part of the Bayfield group (Thwaites, 

1912), and is late Pre-Cambrian or early Cambrian age (Hite, 

1968; Martin, 1916). Composition is 75% quartz with smaller 

amounts of feldspars, micas, iron oxides, chert, and ferro

magnesian minerals. The Devil's Island formation is an 

exception, being nearly pure quartz. Color is predominantly 

red, but ranges from" ... pink, through yellow and light 

brown to gray and white" (Thwaites, 1912). 

Prior to the Pleistocene, no lakes occupied the Superior 

basin (Martin, 1916; Hough, 1958.)~ Instead~ a stream system 

was present with a master stream flow~ng from the.western 

end of the basin eastward to a point between Marquette and 

Sault·Ste. Marie, Michigan. Stream erosion in the Apostle 

Islands region removed overburden covering the sandstone and 

carved a system of valleys and summits that w·ould later form 

the cores of the islands (Martin, 1916). 



Glaciation continued to modified the region. Glacial 

ice scoured and enlarged pre-glacial river valleys and 

clcpor.ited a red till over· th0 :~ancl:--.tone :~llfllnllt:;. 'l'hc Li II 

----~ i-8 dense. ~-B-t.t±-k- densit-y ~L-004.lG-j -aOO---e-a±eaPe&tl-6 with 

texture ranging from sandy loam to sandy clay loam to clay 

(Anderson et al., 1979). 

When the glacier began its last retreat from the Lake 

Superior basin about 11000 BP, the ice retreated from the 

southwest to northeast (Farrand, 1969), causing the forma

tion of pro-glacial lakes between the ice margin and the 

southern rim of the basin. Because the low eastern lake 

outlets were blocked by ice, water levels were up to 150 m 

higher than present.· All the islands were submerged at this 

time. The continuing retreat of the glacier opened new 

outlets in the east which resulted in the lowering of lake 

levels. According to work by Farrand (1960). and Saarnisto 

(1975), the Apostles began to emerge from the lake about 

9500 BP, and by 9200 became part of the mainland. The 

lower~ng trend continued until 8500 BP when water levels 

were only 110m MSL (Houghton stage). Eastern outlets of 

the basin uplifted at this time and lake levels again began 

to rise to a maximum of 185.3 m (Nipissing stage) about 5500 

BP (Saarnisto, 1975). Relatively minor fluctuations have 

occurred since that time. Lake levels receded and stabili~ed 

briefly at 181.7 m (Algoma stage) 3200 BP, reached a low at 

177 (?) m (Sault stage) 2200 BP'and have since rebounded to 

183.5 feet. 

The long history of submergence and emergence had 



21 

several effects on the islands and southshore area. During 

submergence, large amounts of clay suspended in pro-glacial 

lakes settled in places in the Apostle Islands region. 

'I'hen, as lake leveJ s receded, wave ~~-Gr:l---J::'€-1#-G-±'-.Kc@-Gl----l';G~Re---G'-f---~--------

the surficial glacial till and produced the sandy and cobbly 

beach deposits that are often found covering till or clay. 

Lake levels did not recede continuously but would drop to 

the elevation of an outlet and become stabilized for a 

period of time. This uneven recession rate formed the 

topography of the islands. Long, linear, features with 6-

30% slope are eroded bluffs that mark former shorelines. 

Often associated with these escarpments are flat areas that 

were planed-off by wave action during a period of stationary 

lake level. Bogs have sometimes formed in areas where a 

lagoon was produced by an offshore bar. 

Geological change still occurs in the region as wave 

action erodes shorelines and builds spits and bars. Since 

the islands were mapped in 1829, one island (Steamboat) has 

been completely destroyed and another was reported to have 

been cut in two (Martin, 1916; Collie, 1901). One reason 

for these phenomena is the uplift of the north shore of Lake 

Superior and the subsequent tilting of the basin with a rise 

of t·he lake level along the south shore. This apparent rise 

in lake level has been blamed for drowning stream mouths and 

destroying a .2000 foot long spit on Madeline Island within 

50 years (Collie, 1901). 

Outer Island 

Outer (Fig. 3) is the third largest Apostle Island. 
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Fig. 3. Outer Island, Apostle Islands National Lakeshore. 
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The island is approximately 9.6 km long, 4.0 km wide, has a 

surface area of 3,238 ha, and rises to An m above lake 

level. The island's shoreline consists of sandstone Lluffs 

till banks overlooking a cobbly and bouldery beach along 

the remaining shoreline. Much of the island is nearly 

level and imperfectly drained, but areas of steeper slopes 

are found bordering drainages and on abandoned shorelines. 

The present vegetation of Outer Island has been greatly 

influenced by recent logging and fire history. The southern 

half of the island was logged in the 1920's and burned 

approximately 1930. The north half did not burni but was 

logged 1948-60. Tree species on the southern half of Outer 
·J 

Island are white birch, yellow birch and ~ugar ~aple while 1 

the northern half is primarily hemlock, yellow birch, and 

sugar maple. Especially notable is an undisturbed 78 ha 

block of forest in the northwest corner of the island 

characterized by large hemlock and yellow birch. Hemlock 

and yellow birch of 90 and 75 em dbh, respectively, are not 

uncommon. Vegetation of the Outer Island sandspit consists 

of red pine - white pine forest on stable, dry places, beach 

grass - shrubs on active dunes, and sweet gale ~Myrica 

gale) - red osier dogwood (Cornus stolinifera) on wetter 

sites (Anderson et al, 1979). 

Outer Island possesses natural and cultural features of 

interest to visitors. Perhaps the most frequently visited 

features a~e t~e lighthotise compiex in the north and the 

sandspit in the south. These are also the only points 
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easily accessible by boat. The lighthouse complex primarily 

attracts day visitors in private boats, but a few visitors 

occasionally camp there. The sandspit is used by both day 

-----vv"'-i-8S~i--btBP&---arul- campers because --e-f -ea-s-y acceBB and large - ~---

beaches. The area has a unique natural beauty and an 

abundance of remnants from logging operations. Boaters also 

moor their craft overnight near the sandspit because it 

affords some protection from the weather. Other features of 

interest and attraction to visitors are rock cliffs alon~ 

the east shore, an abandoned logging camp, the area of 

virgin timber, and many beaver impoundments scattered over 

the island. 

Outer Island does not have a system of developed trails 

or campsites, ·and very few people utilize the island's 

interior. During the summer of 1978, only four backpackers 

hiked the entire length of the island. The island's abandoned 

logging roads, though not always in good condition, serve as 

a trail network of sorts. 

Stockton Island 

Stockton (Fig. 4) is the second largest Apostle Island. 

It has a surface area of 4130 ha, and its highest point is 

approximately 65 m above lake level. Topography and drainage 

are similar to Outer Island. The island's shoreline is 

varied. Sandy beaches are found along the Stockton Island 

tombolo (Fig. 5), at the head of Quarry Bay and along parts 

of the northwest shore (sections 32, 29, and 28) ; sand.st one 

exposures are found along the .eastern shore (sections 20 and 

29), along the eastern part of Presque Isle Point, and near 

~-



N 

1.0 .5 0 1.0 ., 
·t====:::lt:::::==±======:::l m1 es 

1.0 .5 0 1.0 
t=::::::t::=:::t===:::l km. 

Fig. 4. Stockton Island, Apostle Islands National Lakeshore. 
(Reprinted from U.S. Geological Survey 7.5 minute quadrangles - 1963) 
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Quarry Point (sections 4 and 5); and the remaining shore

lines consist of till banks with narrow cobbly and bouldery 

beaches. 

'I'he_ vegetation~--the-island --C-an--0-e <.livi<.led ~-G four 

zones (Stadnyk et al., 1974). The western quarter consists 

of mesic forest species: yellow birch, maple and some 

hemlock. The island's only concentration of oak is found 

here in association with maples. A thin north-south strip 

of dry mesic forest - white birch and maple with some aspen -

separates the western quarter from the rest of the island. 

The eastern two-thirds is mesic, but broken by scattered dry 

mesic and large lowland areas. Several large bogs and 

beaver ponded streams are present. Major tree species 

include white and yellow birch, maples, aspen, white cedar, 

black spruce (Picea mariana) and tamarack (Larix larcina). 

·The fourth.vegetation zone is the tombolo. The tombolo's 

vegetation ranges from red and white pine on the uplands to 

leatherleaf (Chamaedaphne calyculata), sedges (Carex spp.) 

and sphagnum (Sphagnum spp.) on the lowlands. 

Recreation on Stockton Island 

The National Park Service maintains developed recreation 

facilities and is planning additional facilities on Stockton 

Island. Existing facilities include a campground and dock 

at the head of Quarry Bay, a campground alone the tombolo'G 

west shore, and a ranger station, dock and visitor center on 

Presque Isle Point. 

Stockton Island receives four distinct ca~egories of 

recreational use, described below: 
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(1) Short term use by excursion boat passengers. These 

visitors use only the area within l.O km (.6 mi) of the 

Presque Isle Bay dock for a very short time (approximately 3 

~~~~---±h~OftU4-t'r-S- once -a -4a;}Li. un'Nle area -u-s-efi--by H-t-h±~ group includes 

Presque Isle Point, the Presque Isle and Julian Bay beaches, 

and blueberry patches at Julian Bay. 

(2) Day use by private boaters. These visitors use the 

island for picnics, swimming, berry picking and a limited 

amount of hiking near points of landing. Though all clearings 

and beaches around the island receive this type of use, the 

majority occurs on the sandy areas adjacent to Quarry Bay, 

Jul~an Bay and Presque Isle Bay. 

(3) Overnight use by boaters. Visitors from this group use 

areas similar to day boaters during the daytime, but almost 

invariably moor or dock at Julian, Quarry, or Presque Isle 

Bays at night. Their main land based recreational activities 

are picnicking, socializing, swimming, a limited amount of 

hiking, and participating in Park Service campfire programs. 

(4) Overnight camping. targer groups usually camp at the 

Quarry Bay campground while smaller groups and individuals 

camp at the Presque Isle campground. Other campers will 

backpack across the island, and often use existing clearings 

for campsites. Campers in campgrounds also use nearby beach 

areas to swim, sunbathe and hike. 

Characteristics of soils on OutP.r and Stockton Islands 

Soils of Outer and Stockton Islands (Anderson et al, 1979; 

Anderson et al, 1980) (Table 3) can be gr9uped into six 

categories according to type of parent material: (1) recent 
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sandy beach deposits, (2) old sandy beach deposits, 

(3) silt loam to clay lacustrine sediments and glacial till, 

(4) sandy loam to sandy clay loam glacial till, (5) sandy 

~~~~--'-bu;;;e;Qa ..... cll __ ciepo_s.its.: 0-v.e.I' -(.. JJ 0 r .(. 4-}.,u --aM { -6-) Of' -p;-a-H-ice ma-t-er-i-a± .- - -

Some characteristics of soils formed in each parent material 

are described below: 

(1) Soils· formed in recent sandy beach.deposits. These 

soils are formed in deposits younger than Nipissing age 

(less than 5500 years) and are found on present day sand-

spits, bars and beaches. These soils a~e in the suborders 

Psarnrnent, Aquent and Aquod (Soil Survey Staff, 1975). 

Texture is sandy. Psarnrnents and Aquents have little or no 

profile development, except for an occasional thin (6 ern or 

less) Al horizon that may develop under grass and forb 

vegetation. Psarnrnents with the thin Al were observed in the 

Quarry Bay campground on Stockton Island. Aquods sometimes 

occur·in places where the water table fluctuates within 50-

150 ern of the surface. The Aquods are characterized by a 

dense, cemented ortstein* at water table depth. Structure 

in these soils, except for the spodic horizon of the Aq~ods 

is dependent on covering vegetation. Where vegetation is 

sparse or lacking, the soil contains very little organic 

matter, is exposed to frequent wetting and drying cycles, 

and structure is single gra~ned. When vegetabion is present, 

structure is generally w~ak, sub-angular blocky. A granular 

*An ortstein is an indurated B horizon in spodosols in 
which the ~ernenting material consists of illuviated 
sesquioxides (mostly iron) a·nd organic material (SSSA, 1975). 
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structure was observed in the thin Al horizon that developed 

under grass-forb vegetation in the Quarry Bay clearing. 

(2) Soils formed in old sandy beach deposits greater than 

----~~150 em thick. ·These -cl.fr- beach deposit-s -ape. greater tbaR 

5500 year~ old and may contain gravel and cobbles. These 

soils are common on 6-30% slopes that mark the bluffs of 

abandoned shorelines. The soils that formed in old beach 

deposits are usually well-drained, well-developed spodosols 

of the Kalkaska series (Typic Haplorthod). Somewhat poorly 

drained phases are rare and belong t6 an unnamed series of 

Aquic Haplorthods or the Au Gres series (Entic Haplorthods). 

Texture is sand to loamy sand throughout the_profile. 

(3) Soils developed in clayey materials. Soils developed 

in clayey materials are almost always found on less than 6% 

slopes. In flatter areas, these soils tend to be poorly 

drained. Areas with more slope tend to have a slightly 

rolling topography, resulting ~n better drainage on the 

higher areas and poorer drainage on the lower. Soils formed 

in clay loam to clay till are in the Hibbing catena. Soils 

formed iri lacustrine clays are in the Ontonagon-Rudyard 

catena. They include Glossic, Typic and Aquic Eutroboralf 

subgroups. Generally, these soils have silt loam to loam 

surface texture with granular to moderate subangular blocky 

structure in the upper 25 em, over clayey subsoils with 

moderate medium prismatic or angular blocky structure. 

(4) Soils formed in sandy loam to sandy clay loam glacial 

till. The parent material of this. soil is a compact, dense, 

red .and weakly calcareous glacial till. Soils formed in 
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this material are found on smooth to gently rolling topography 

with slopes of 1-8%. The texture and structure of the upper 

profile (top 60 em) usually are sandy loam and weak to 

can vary from sand to sandy loam to loam or silt loam. 

Below 60 em texture is sandy clay loam with massive 

structure that breaks into coarse, platy peds. A weak 

spodic horizon occurs at 16-40 em, a B2t at 66 em with a 

fragipan in the lower B2t. 

(5) Soils formed in old sandy beach deposits over dense 

till or lacustrine deposits. These soils are found in 

settings varying from relatively flat to steep areas with 

30% slopes. Soils with a sandy loam to sandy clay loam 

·substratum belong to the Yalmer catena (Alfie Fragiorthods 

and Alfie Haplorthodi); soils with a more clayey substratum 

are· in the Mainistee-Allendale catena (Alfie and Aqualfic 

Haplorthods). The sandy sequum* usually has a 25-35 em 

albic and a 20-30 em spodic horizon. The spodic is well 

developed with a dark brown to dark reddish brown color and 

the sand grains may be cemented by humus and iron into a 

massive hard ortstein. The substratum is very dense (bulk 

density·l.89-2.22). Because of the high density and low 

porosity, the soil is slowly permeable and water is 1erched 

on top the lower sequum on flatter sites. A lower sequum 

has developed in the substratum. Usually, a 25-35 em A'2 is 

present, as well as A'&B', B'&A' and B'2t horizons of 

*Sequum - a sequence of an eluvial horizon and its subjacent 
B horizon (Soil Survey Staff, 1975). 
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varying depths. A fragipan is sometimes present in the 

sandy loam lower sequum of well drained soils . 
. · 

(6) Organic soils. Or~anic soils are found around the 

when lake levels were higher. Most histosols are in the 

Borohemist great group. 

In addition to the six major parent materials listed 

abov.e-,--va:P-iants -e-f-most can be found with bedrock contact 

with 150 em. 



METHODS 

The method used to evaluate the suitability of Outer 

and Stockton Islands soils for supporting trails and camp-

~~~~~£4-t-e-sH f'rulows that descritTed in t-he- literature revi-ew-. U--'fhe 

steps in this method are to: 

(1) Define the land use (trail and campsite development). 

(2) Identify services soils can contribute to the land use. 

(3) Select the soil properties that determine or affect the 

soil services. Only soil properties that were readily 

available from existing data are used in this study. 

(4) Classify soils according to their suitability for 

supporting trails and campsites based on the presence or 

absence of desirable soil properties. 



RESULTS 

Services soils provide for trail and campsite development 

__ _The_ services soils can_ _ _contribnte--tD-trail and- campsite 

development identified by other studies are discussed in the 

literature review and summarized in Table 4. This study 

will use the following for services that soils contribute to 

trails and campsites. 

1. Site dryness. Trails and campsites should be free of 

standing water throughout the season of visitor use to 

maintain visitor satisfaction, maximum utilization and least 

deterioration. This concept encompasses Leonard and Plumleys' 

(1979) "ability to drain" and Klock and McKolleys' (1979), 

"drainage" . 

2. Good treadability. Treadability is defined in this 

study to mean the ability to provide a good walking surface, 

that is, smooth, not muddy, and free of rocks and holes. 

This terin was chosen over "trafficability" to avoid confusion 

over definition (see literature review, page 8). 

3. Ease of construction and maintenance. Almost any site 

can be engineered to be a good trail or campsite. A preferred 

site is one that requires the least time and expense to 

prepare and maintain. 

4. Promote vegetative growth and reproduction. Plants 

receive a:good deal of abuse in recreational settings. 

Certain soil cha~acteristics can reduce veg~tative deteri

oration and promote growth and reproduction. 

5. Resistance to soil deterioration. Some soils have more 



Table 4. Services soils provide for trail and campsite 
development identified in other studies. 

Leonard and Plumley (1979): 

Ability to: -drain 
-resist erosion 
-support plant growth 
-promote decomposition of waste 

Klock and McKolley (1979): 

-trafficability 
-drainage 
-resistance to erosion 

Soil Conservation Service (i978): 

-trafficability 
-promote vegetative growth in recreational 
settings 

-resistance to erosion 
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innate resistance to deterioration than others. These soils 

are therefore more useful for trails and campsites. This 

term encompasses "trafficabil1ty" and "erodibility" per 

Klock and McKollay: _(l97-9-lu__and __ ll_r_esi stance to erosion" __as_ __ _ 

used by Leonard and Plumley (1979) and Soil Conservation 

Service (1978). 

Of the·services listed in Table 4, only ability to 

promote decomposition of human wastes is not addressed in 

this study. Decomposition of human wastes was deleted for 

- two reasons. Wisconsin's summertime climate encourages 

rapid waste decomposition. Furthermore, the NPS policy is 

to install a sea-led vault pit toilet where larger numbers of 

recreators congregate. This author never observed a situ

ation on the Lakeshore where human wastes accumuiated or 

became a nuisance. 

Soil properties determining soil services 

The soil properties identified in. other studies that 

affect or determine the services soils contribute to trail 

and campsite development are discussed in the literature 

review and summarized in Table 5. This study uses the 

following: surface texture, drainage class~ slope and depth 

to bedrock. 

SUrface texture (0-50 em) influences site dryness, 

treadability, the ability to encourage vegetative growth and 

reproduction,.and the ability to resist soil deterioration. 

Surface texture~ of Apostle Islands soils are sand, sandy 

l~am, loam, silt loam and organic. 

Soils with sandy surface texture are rapidly permeable, 
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Table 5. Soil properties determining the services soils 
provide for trail and campsite development. 

Leonard and Plumley (1978): 

-soil texture 
-structure 
-organic m~tter content 
-depth to impervious layer 

Klock and McKolley (1978): 

-depth 
-drainage 

Soil Conservation Service (1978): 

-flooding 
-slope 
-texture 
-coarse fragment content 
-depth to high water table 
-permeability (0-4Q inches) 
-depth ~o bedrock 
-depth to pan (0-20 inches) 
-soil reaction 
-sodium adsorption ratio 
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often provide dry sites wit6 good treadability and resist 

compantion (Bodman and Constantin, 1965). Problems with 

sandy soils are drouthiness (which results in ve~etative 

~~~~~s~t~r~e~s~s~)~, and in some eases, -~-~K4~-~H~-~&B~c~~--~~~~~~~~-------~ 

grains that leads to displacement by foot traffic. Apostle 

Islands soils with sandy surface horizons vary widely in 

their behavior and are stratified into three groups: (1) 

unstable Psamments, (2) stable Psamments and (3) sands with 

well developed profiles. 

Unstable Psamments are the soils of near shore areas 

still subject to wind deposition and erosion. These soils 

have little cohesion between soil particles, very low 

moisture holding capacity and sparse·vegetation. These 

soils are extremely prone to displacement by foot traffic. 

Stable Psamments are also sandy soils with little 

profile development, but are not affected by wind deposition 

and erosion and have well -established vegetation. These 

soili have some cohesion between soil particles and vegetation 

which helps to retain moisture and protects against erosion. 

Examples of these soils are found in the Presque Isle Bay 

campground on Stockton Island where they function adequately 

for this land use. 

Sands with well developed profiles have more stdbility 

and are less subject to erosion and displacement by foot 

traffic than the previously discussed sandy soils. These 

soils often have a better moisture holding capacity because 

of the well developed spodic horizon (Buol, Hole, and 

McCracken, 1973). 
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Soils with loam and silt loam surface horizons present 

several difficulties when used for trails ·and campsites. 

These soils are not rapidly permeable and tend to stay wet 

_____ 4Ud rnnddy after rainfa-11--arui-usnm'fmel~. u- '-Phelr susceptib±-±±t-y---d-

to compaction (Madison, 1971) further aggravates permeability 

problems. Soils high in silt are also highly erosive 

(Wi~chmeier and Mannering, 1969). They have a high water 

holding capacity, but compaction caused by recreational use 

will markedly reduce this capacity (Lutz, 1945). 

Soils with sandy loam surface horizons remain firm 

under foot traffic and probably have an adequate moisture 

holding capacity. However, they are more subject to 

compaction and slow infiltration than sandy soils. 

Organic soils deteriorate rapidly under trampling 

pressure and are indicative of.wet ~onditions. These soils 

are wholly unsuitable for trails and campsites. 

Unfo·rtunately, the literature· concerning preferred 

surface texture for campsites and trail is sparse. Epp 

(1977) found the trend of performance under foot traffic 

(best to worst) went from sandy loam to fine sandy loam, 

silty clay loam, loam, and silt loam, but only the dif

ference between sandy loam and silt loam was statistically 

significant. Turf managers feel that compaction pre ents 

the greatest obstacle to vegetative growth and reproduction 

in areas with high amounts of traffic (Madison, 1971). They 

favor soils that minimize compaction while providing good 

infiltration, p~rcolation·and ae~ation. Nutrient and water 
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retention can be sacrificed to minimize compaction when 

managing turf in highly trafficked areas (Beard, 1973). 

Beard also states that surface horizons hi~h in silt and 

~l~ a±'€-- undes~l-e--t'Q;rm-t'U±'f- under -tr~fi-G- because G-f 

susceptibility to compaction, poor water infiltration and 

restricted water movement. He feels that 5-8% clay content 

is sufficient for adequate nutrient.and water retention. 

While turf science information is useful, some caution must 

be taken when interpreting these recommendations because 

campgrounds and trails are not managed as intensively as 
' 

most playing fields and golf courses. 

Though it is difficult to rate surface texture with the 

limited information available, the most reasonable ranking 

·of favorable surface textures (best to worst) is sandy 

loams, sands with a developed profile, stable Psamments, 

loams, ·silt loams, unstable Psamments, organics. 

Drainage. A good campsite or trail should be free of 

standing water during the season of use. Internal drainage 

class and permeability determine whether a soil will have 

puddles of standing water after snowmelt or following a 

period of heavy rainfall. Since permeability has been 

considered with surface texture, only internal drainage 

class will be considered here. 

Well and moderately well drained soils will be dry 

during most of the recreational season. Somewhat poorly 

drained soils will be wet during part or most of the season. 

(Soils mapped as somewhat poorly drained were wet through 

June 20 during the summer of 1979_and can be expected to be 
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wet through mid-June most years.) Poorly drained soils 

probably will remain wet through Ju~y and perhaps the whole 

camping season. The preferred sequence of drainage .class is 

poorly drained, and flooded. 

Slope is an important factor that influences site 

dryness, ease of construction and maintenance, and de~eri-

oration of plants and so~ls. Increased slope gradient has 

both positive and negative aspects. The positive aspect is 

- - that increased slope promotes surface drainage and site 

dryness. Negative aspects are that vegetation deterioration, 

the potential for soil compaction and erosion, and construction 

costs increase with increasing slope (Weaver and Dale, 1978; 

Epp, 1977) . * 
This discussion will not consider the importance of 

slope to site dryness as site dryness is already adequately 

evaluated by texture and internal drainage class. 

Slope ·considerations for campsites primarily concern 

providing a surface level enough to carry out normal camping 

activities. According to the National Park Service, it is 

important to have: 

"··· as flat a terrain as possible, with drainage, and 
a slope which will permit having a fireplace, ~able, 

trash can and a tent site, if tents are requirel. The 
tent site may require grading, making it essentially 
flat ... " (Kawamoto, 1982). 

Therefore, areas with gentle slopes are desirable for camp-

*Construction costs increa~e if grading, water diversions 
or cuts into hillsides are needed. 
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sites while those with steeper slopes are less desirable 

because of greater efforts needed for initial site prepara

tion. Determining actual slope categories for campsite 

development -rs- difficult~ -UTfi!s study somewhat arbitrarily 

uses the following as categories of most to least preferred 

slopes for campsite development: 0-3%, 3-8%, 8-15%, and 

greater than 15%. 

Slope considerations for trails primarily concern plant 

and soil deterioration. Again, it is difficult to assess 

the degree of slope that results in excessive deterioration 

because of sparse and conflicting research. Epp (1977) 

found no significant increase in trail deterioration with 

increasing slope on sites that ranged from 0 - 60% slope. 

Helgath (1975) reported that on certain "biophysical types", 

excessive erosion occurs at 15% grades while others are 

undamaged at 30% grade. She also found excessive erosion on 

a 5% slope in one biophysical type. Weaver and Dale (1978) 

document increasing trail deterioration with increased slope 

and recommend keeping trail ascents under 15° (27%). 

At what grade does slope become critical for trails on 

Apostle Islands soils? Based on available studies and 

personal observations, this author believes that at less 

than 8% slope, most soils should not show slope related 

deterioration. Eight to fifteen percent slopes probably 

reflect a class where minor damage may occur, especially on 

finer textured soils. Fifteen to 30% slopes should be used 

with care and slopes greater than 30% should be avoided 

whenever possible. 
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Depth to bedrock. Shallow bedrock can affect site 

dryness, treadability, ease of construction and maintenance, 

and vegetative growth and reproduction. Site dryness is 
--- ~---~ -- - --~-- ~-- -~-- -~--~--

adequately reflected by drainage class and will not be 

evaluated relative to bedrock depth. 

In the Apostle Island, soils that are shallow to 

bedrock vary in the degree to which they limit recreational 

use and can be divided into four categories: 

(1) Less than 50 ern of soil over bedrock, stones and 

outcrops on surface, and irregular topography. 

(2) Less than 50 ern of soil over bedrock, but few 

exposed stones and outcrops, and smooth topography. 

(3) Fifty to 125 ern of soil over bedrock. 

(4) Greater than 125 ern of soil over bedrock. 

The numerous stones and outcrops of category (1) soils 

severely affect treadability and provide a poor surface for 

trails and campsites unless cleared. 

Vegetative growth and reproduction are adversely affected 

by shallow to bedrock soils because of limited rooting 

depth. In addition to natural limitations shallow rooting 

depth places on vegetation, shallow roots are vulnerable to 

trampling damage in recreational settings. The critical 

depth at which soil is too shallow to support vegetation in 

a recreational setting is not known. Fifty ern of soil over 

bedrock is used in this study as a minimal depth. 

Shallow to bedrock soils place a more serious restric-

tion on campsites than on trails. Among other considerations, 
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recreators probably find it easier to walk over the outcrops 

and stones of category (1) soils than to sleep on them. In 

addition, trails generally affect a small amount of vegeta-
~~~~~~-- -~- -- ~ ~ -~-~~~----~ 

tion in a given area even when bedrock is shallow. Camp-

sites, however, affect a large percentage of an area's 

vegetation. Campground development on shallow soils has the 

potential to decimate vegetation in an area. Finally, pits 

for privies required in campsites are not easily excavated 

in areas with shallow soil over bedrock. 

Based on the preceeding discussion, the least to most 

preferred categories of depth to bedrock are (1) to (4). 

Suitability of Outer and Stockton Islands soils 
for trails and campsites 

Criteria for soil suitability classification 

The following criteria, based on the discussion from 

page 37 to 45, were used to classify soils according to 

their suitability for supporting trails and campsites: 

1. The order of preferred soil surface textures (best to 

worst) is sandy learns, sands with a developed profile, 

stable Psamments, learns and silt learns, unstable Psamments, 

and organic soils. 

2. The order of preferred drainage classes (best to worst) 

is well and moderately well drained, somewhat poorly drained, 

poorly drained. 

3. The order of preferred slope classes for campsites 

(best to worst) is 0-3%, 3-8%, 8-15%, and greater than 15%. 

4. The order of preferred slope classes for trails (best 
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to worst) isd-8%, 8-15%, 15-30% and greater than 30%. 

5. The limitation of shallow soils over bedrock is more 

severe for campsites than trails. Shallow bedrock is a 

hindrance to trail development only when thecondition 

hampers treadability because of the presence of stones and 

outcrops at the surface. Shallow bedrock hinders campsite 

development if the condition precludes the construction of 

privies, leads to excessive vegetation deterioration, or 

requires extensive filling to cover outcrops. 

Guidelines for evaluating soil suitability for trails 
and campsites. 

Tables 6 and 7 present guidelines for classifying soil 

suitability for trails and campsites, respectively. 

Trail guidelines emphasize the soil services of site 

dryness, treadability and ease of construction and mainten-

ance more than promotion of vegetative growth and reproduction 

and resistance to soil deterioration. This author feels 

th.at for trails; deterioration only affects a narrow strin 

which will almost inevitably be denuded of vegetation and 

compacted. Therefore, only the most severe tyues of 

deterioration need to be considered, suet as severe erosion 

or soil and vegetation disturbance on dune type ecosystems. 

Campsite guidelines place equal emphasis on resistance of 

soil to deterioration, promotion of vegetative growth and 

reproduction, site dryness, and ease of construction and 

maintenance. 



Table 6. Soil suitability guidelines for trails. 

Class 

l 

2 

3 

4 

5 

Surface texture 
Depth to 
bedrock class* 

Sandy loam, loamy sand . 2,3,4 
and sand with developed 
profiles ; stable Psamments 

Silt loam to loam 

l 

Unstable Psamments 

Organic 

I 

Drainage Class Sl~) 
Well to Mod. 
Well 

Somewhat poor 

Poor to flooded 

0-8 

8;..1~ 
! 

15-~0 

)30 

' *Depth to bedrock classes: (l) less than 50 em to bedrock, stones and out~rops 
at surface, irregular topography; (2) less than 50 em to bedrock, few ston~s and 
outcrops; (3) 50-125 em of soil over bedrock; (4) greater than 125 em of s9il over 
bedrock. 



Table 7. Soil suitability guidelines for campsites. 

Class 

1 

2 

3 

4 

5 

Surface texture 

Sandy loam, loamy 
san~ and sand with 
developed profile. 

Stable Psamments, 
loam, silt loam 

Unstable Psamments 
Organic 

Depth to 
bedrock class* 

4 

3 

2 

1 

Drainage Class 

Well to Mod. 
Well 

Somewhat poor 

Poorly to flooded 

S~ope (%) 

0-3 

3-8 

8-15 

)15 

*Depth to bedrock classes: (1) less than 50 em to bedrock, stones and outqrops 
at surface, irregular topography; (2) less than 50 em to bedrock, few ston~s and 
outcrops; (3) 50-125 em of soil over bedrock; (4) greater than 125 em of s~il over 
bedrock. · 
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Tables 6 and 7 are used similar to SCS guidelines. It 

is necessary to know the soil's surface texture, depth to 

bedrock, slope and drainage to determine the suitability 

unsuitable property, e.g., a well drained sandy loam soil 

with greater than 125 em to bedrock and 19% would be rated 

as class 3 for trails because of slope. Soil suitability 

classes are defined in Table 8. 

Soil suitability classes for Outer and Stockton Island Soils 

Tables 9 and 10 present the soil suitability classes 

for Outer and Stockton Island based on Tables 6 and 7. A 

soil mapping key is provided in Table 11. 
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Table 8. Definitions of classes used to classify soils for 
trail and campsite suitability. 

Class l. Soils that need little or no modification before 

use, provide good treadability, good resistance to deterior-

atJ:on under expected conditions, and are dry through.entire 

season of use. 

Class 2. Soils requiring little or no modification prior to 

use, provide good treadability, are mostly dry through 

season of use, with minor susceptibility to deterioration. 

Class 3.. Soi1s which are susceptible to deterioration, 

wetness problems during the user season, and/or treadability 

problems. 

Class 4. Marginal soils that have high susceptibility to 

deterioration and/or wetness problems throughout the season. 

Class 5. Soils nearly impossible to use because of wetness 

or instability. 



51 

Table 9. Suitablity of Outer and Stockton Islands soils 
for campsites. 

Soil mappinr~ uni.t Soil suitability rat in[\ by slope 
-------~------------

10, i2, 20~ 30, 50 l 2· 3 4 
'(0 witJ.1 sandy loam l ') 

L 3 
to sand surface horizon 

70 with loam to silt 2 2 3 4 
loam surface horizon 

Ps; stable 2 2 3 

Ps; unstable 5 

80 2 2 3 

13, 33, .3 
53 Ad 

25 40 2 2 3 4 

25, 40; 50 em to 3 3 3 4 
bedrock variant 

25, 28, 40, 43; 50 em 4 4 4 4 
to bedrock variant with 
outcrops and stones 

13, 23, 33, 40, 43 3 
53, 73 Aq, Ad 

14, 44, 54, 5 
74 91, 92 

phase 
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Table lQ; Suitability of Outer and Stockton Islands soils 
for trails. 

Soil mapping unit Soil suitability rating by slope 

10, 12, 20, 25, 30, 40, 1 2 3 4 
50 

70 with sandy loam 1 2 3 4 
to sand surface horizon 

70 with silt loam to 2 2 3 4 
loam surface horizon 

Ps, stable 1 2 

Ps, unstable; BS 4 4 

80 2 2 3 4 

13, 28, 33, 53 3 
73 Ad 

25, 40; 50 em to 3 3 3 4 
bedrock variant with 
outcrops and stones 

14, 24, 44, 5 
54, 74 91, 92 

phase 



Table 11. Mapping key to the soils of Outer anQ. Stockton Islands. 

UMlNAu'" 
MOderate •Y :.omewnat POOr_ & 

r.aterial~ Profile Characteristics Excessiv! Well Well Poor Very PO< 
Sandy and/or co661y Sand to loamy sand. Solum fs less tnan Vilas Croswell Au Gres 
old beach deposits 30". Colors are 3/4 or lighter in 10 12 13 14 >60" thick ~odic horizon. 

na~oamy sand greater than 30" Kalkaska solurn; 3/3 or darker spodic horizon; 20 21 23 24 I 
often has ort~tein. ! 

(<60" to bedrock 21f-60"ciTsaiiit to loamy sand over 25 27 28 29 
varian~s) bedrock. 

-;;;- Sanrl ·to ·lo.in.ysa·na«?0:4o.-ove;:· £f11, YaTmer 33 34 
biscqudl ~rofile, fra~Ean. 30 "'E ~ 

Yalmer (deep var1ant1 ~..: 
.... 0 ~ari:"e"as"atiove:-.rd-::60' orsiildfo loamy 38 39 L.O f! ....,., - sand over t i 11 . 35 -

! 

..,,.. . .. 
DO .. ,.. u 
0 ., tl'•--

i u:: ·C: ~-IV 

8"'-'-' .. _ 
""..,6~ 

0.,. -- >< SaiidtOToamy sand, 20-40" over clay, Man1Stee Allendale 1'1nconn1 9 'C:• "'Q. .. .. 
50 53 54 CCJ c :::1 bf se~a 1 _prOfile. "'""' .,.. ~0 

Manistcelrcfeep variant) Alle~dale P1nconnLg ....... S"ame as-above;-40--=60' Of sand to lOalllY >..c: ... ~ .. 
"'V .. u .. sand over clay. 55 58 59 ! c .. ~ u .... V"O~ "'.., ......... 

... 0: ..... I 

Th10 sand c.ap (less than 151') over 70 73 74 i 
t111. 

Sandy VarfdliTedepth and degree of profile 
! Loam development occurs on greater than 75 
i Till 30~ slope along vegetated 

___j_fa 1 c~~ousl q~ll1es~~.£._d_:!_i_!l2~ wa..r_s___,_ 
lacustrine Loam, silt loam or silty clay loam Ontonagon Rudyard I Berglan1 P.ed Clay .surface texture, may hdve a thin 80 83 I ___if!}_cartous) Sd~!!_ ~~!l.f..l.£~S _ _!._!1~f1_]0-15". _ 

Sandy recent Sandy profile, lacks diagnostic Psa'llments 

I 
Aq Aquents beach deposits horizons; may have some grave·l or Ps 

cobbles. · 

ORGANIC SOILS 

Borosapri s t 92 

16-51" Organ1c Mater1a1 over 
Sand Till Clay 

90s a 90tf 90c 

91sa 91ti 90c 

92sa 92ti 92~ 

Grganic, conta1nlng more than 2/3 plant fibers. Borofibrist 90 
Least deCOfl~i tion of a11~c __ so11 s. ·------=:..=..:..::::~:..::._ ______________ -:-------:-:--:-;-----;:;:: 

-wsariTC"-;-T/2~.TT1T!lerci>ntenCi"EOTum 1n Boroheonist 91 
dece~ositicn. · -r.-~----------·-----------------------------------=:~---urganTi:-;;ess t!ia, l/3Tiber co~~ee.t. ~le11 
deccr.-posed. 

Great Group Greater than 
Jlo'aterial Name 51" Organic fo'oaterial 
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CONCLUSION 

The most suitable soils on Outer and Stockton Islands 

----~a~rPe@- well -t-e- moderately-wel-l drained with -sandy loam --or--u -------

stable sand surface horizons, slight slope, and greater than 

125 em of soil over bedrock. Less suitable soils are some

what poorly drained or possess steep slopes, shallow 

bedrock, or loam to silt loam surface horizons. Least 

suitable soils are poorly drained or flooded. 

The guidelines presented in this study are the best 

estimate the author could make with the limited available 

research. Newly constructed campsites and trails should be 

moni tore.d for wear and required maintenance, and the guide

lines presented in this study modified based on these 

observations. 
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II. BANK EROSION IN THE PRESQUE ISLE CAMPGROUND 

ABSTRACT 

The Presque Isle campground is located on Stockton 

Island. The campground consists of 20 campsites situated 

atop a one to six meter high bank along a portion of the 

Stockton Island tombolo's western shore. This investigation 

was conducted to examine bank erosion in the campground and 

the possible role of hikers and campers as an erosion 

accelerating agent. 

The investigation had two parts. The first examined 

long term changes occurring along the tombolo's entire 

western shore. An interpretation of existing landforms 

indicates the western shoreline has been substantially 

altered since its inception. The shoreline's southern half, 

which includes the Presque Isle campgr.ound, is e·roding and 

eroded sediment is being transported northward where it 

accretes on the shoreline's northern half. This pattern of 

erosion and accretion indicates the original direction of 

material transport has reversed. 

The investigation's second part measured bank erosion 

in the campground during the summer of 1979. Erosion ra~es 

for areas receiving little or no use from hikers and campers 

were compared with those receiving heavier use. It was 

assumed that unused and lightly used areas eroded at natural 

rates and a contributing effect from campers and hikers 
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would be indicated if higher erosion rates were observed in 

more heavily used places. Mean erosion rates were higher 

for heavily used areas than for lightly used, but the 

------ differences b-etween areas were not significant. Based on 

his field observations, the author believes that campers and 

hikers are at least causing aesthetically undesirable 

erosion in the form of "U" shaped gullies carved into the 

bank. Methods to reduce the impacts of campers and hikers 

are suggested. 



INTRODUCTION 

The Presque Isle campground is located on Stockton Island in 

-~----~- tfie Ape-st-3:e lBl.-at'idB Nat1.onal Lakeshore {Fi-g. 1) • jibe camp;.. --

ground consists of 20 campsites situated atop a one to six 

meter high bank along the Stockton Island tombolo's south

western shore (Fig. 2 and 3). Fallen trees and slumped, 

undercut bank tops provide visual evidence that the bank is 

eroding (Fig. 4). Park Service staff were concerned that 

traffic from recreators crossing the bank might be causing 

or accelerating erosion and requested a study to examine the 

erosion and possible contributing effects of recreational 

use. 

Objectives 

The objectives of this study were to: 

(1) Examine the long term patterns of erosion and deposi

tion occurring along the Stockton Island tombolo's west 

shoreline. 

(2) Evaluate the role of traffic from campers and hikers as 

an agent accelerating bank erosion in the campground. 

(3) Develop recommendations for reducing the impact of 

recreation induced erosion. 

3 



Fig. 1. 
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Stockton Island. Apostle Islands National Lakeshore. 
(Reprinted from U.S. Geological Survey 7.5 minute quadrangles - 1963) 
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Fig. 2. Prominent features of Stockton Island, Apostle Islands National Lakeshore. 
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STOCKTON ISLAND 

DRAWN BY: 5 L. FISHER 

TOM BOLO 

BOG 

LAGOON 

CAMPGROUND 

RANGER STATION 

VISITOR CENTER 

NPS DOCK 

N 

Fig. 3. Location of Presque Isle campground on Stockton 
Island tombolo. 
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Fig. 4. Slumps and fallen trees indicating erosion of camp
ground bank. 



Study area 

Apostle Islands National Lakeshore 

Descriptions of the soils, climate, ~eology and ve~eta

t i on of stack t.on_ I sland-arHl- t 1le-A-po_g-t--l--e- l_--s-±-aR8l-8--l'J-<:i-"&-:L-e-JA-a-:L-----

Lakeshore are presented in Part I of this study. 

Stockton Island tombolo 

Tombolos are bars of sand or other sediment that tie 

one island to another or to mainland. General discussions 

on tombolos and their formation are found in Evans ( 1972) 

and Farquhar ( 1972) .-

Landforms and vegetation - The Stockton Island tombolo 

(Fig. 5) is the 190 ha complex of wetlands and sandy uplands 

connecting the main body of Stockton Island to rocky Presque 

Isle Point. The tombolo's backbone (Fig. 6) is a "Y" shaped 

sindy upland ridge that begins .at Stockton Island proper and 

extends to Presque Isle Point. The forest there is dominated 

by red and white pine (Pinus resinosa and~ strobus), with 

white birch (Betula papyrifera), black spruce (Picea mariana), 

red maple (Acer rubrum), and balsam fir (Abies balsamea) 

also present as important species. A hollow formed in the 

opening of the "Y" contains a large triangular shaped bog . 

Vegetation types in the open bog are leatherleaf (Chamr~daphne 

spp.), sedges (Carex spp.), and sphagnum (Sphnagnum spp.), 

and _wooded bog are black spruce, balsam fir, tamarack (Larix 

larcina) and alder (Alnus rugosa). Along the tombolo's 

eastern flank is a series of lowlying parallel ridges and 

troughs, a lagoon, and finally a barrier beach. Bog and 

aquatic vegetation populate the lowlying ridges and flooded 
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Fig. 5. Stockton Island tombolo from a 1938 airphoto. 
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Fig. 6. Vegetation and landforms of Stockton Island tombolo. 
Key to numbers is on follow.ing page. 



Fig. 6, cont'd. 

Key 
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1. "Y" shaped upland ridp;e. Red and white pine forest. 

2. Triangular shaped bog. Tamarack, black spruce, leather

leaf, sedges, sphagnum. 

3. Bog. Leatherleaf, sedges, sphagnum. 

4. Beach and active dunes. Dune grass and bare sand. 

5. Lowlying ridge/trough system. Leatherleaf-pine and 

sedge-sphagnum grading to aquatic vegetation. 

6. Somewhat stabilized sand dune. Beach heather, blue

berry, sparse red pine. 

7. Lagoon. 
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hollows. The beach is generally bare or populated by sparse 

dunegrass, but somewhat stable areas support sparse red and 

white pine, white birch, blueberry (yaccinium spp.) and 

beach heather (Hudsonia tomentosa). A small bog :i,§ a]_so 

present along the tombolo's northwest shoreline (Coffin, 

1977; Anderson et al., 1980). 

Tomb.olo formation - Coffin (1977) presents a theory of 

Stockton Island tombolo formation in the context of Lake 

Superior post-glacial water level fluctuations worked out by 

Farrand (1960) and Saarnisto (1975). Presque Isle Point and 

Stockton Island proper were separate islands prior to the 

fall of lake levels from the Nipissing stage of Lake Superior, 

185.3 m (5500 BP). According to Coffin, material eroded off 

the larger island during the Nipissing stage and was deposited 

in twin_underwater spits which would later provide the 

foundation for the tombolo's "Y" shaped uplands (Fig. 7A). 

The spits were exposed when lake levels dropped from the 

Nipissing stage and, aided by beach drifting and longshore 

currents, merged with each other, connected Presque Isle 

Point to the larger island, and trapped a large triangular 

shaped lagoon (which has since become a bog) in the hollow 

between the bars (Fig. 7B). Water levels continued to fall, 

and at this time a series of parallel low-lying ridges were 

formed on the tombolo's east flank (Fig. 7C). The ridges 

were deposited " ... during major storms by ice push or by a 

combination of these processes and ~etreating lake levels." 

The final barrier beach is believed to have been formed 

during the periods of lake stability at the 181.7 m Algoma 
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stage (3200 BP) and 177.2 m Sault stage (2200 BP). The rise 

to present lake level (183.5 m) flooded the low lying areas 

behind the barrier beach, forming the lagoon and wetlands on 

the temb-el-o-' s -east side (Fig; 7B}. 

Tombolo and recreational use - The tomobolo is a 

~opular recreation area that receives all types of recreational 

use summarized in Part I of this study. Visitors are attracted 

to the tombolo because of its accessibility, natural features, 

and recreational facilities. 

Access to the tombolo is readily available by public 

excursion boat or private vessel. The excursion boat runs 

daily between Bayfield and the dock on Presque Isle Point 

(Fig. 3). Private vessels also use the dock or moor in the 

protected bays along the tombolo's east and west shores. 

Natural features attracting visitors are the tombolo's 

open pine forest (which provides a park-like atmosphere) and 

kilometers of well used beach. 

Recreational facilities include a ranger station, 

visitor center and the campground. The campground's 20 

sites are more or less equally spaced along a kilometer of 

shoreline. Each campsite has a picnic table, tent pad and 

fire pit. 



14 

D 

Fig. 7. Stages in the formation of Stockton Island tom
bolo. (A) Sediment is eroded off larger island and de
posited on underwater bars. (B) Lowering of lake levels 
exposes bars and creates a triangular shaped lagoon. 
Bars enlarge and connect Presque Isle Point to larger is
land. (C) Troughs and ridges formed by lowering lake 
levels and ice push. (D) Rise to modern lake level floods 
troughs and creates lagoon. 



MATERIALS AND METHODS 

Two approaches were used to examine bank erosion in the 

Presque Isle campground. The first approach assessed the 

long term patterns of erosion and deposition occurring alon~ 

the tombolo's entire west shoreline. The second approach 

used a short term study to examine bank erosion in the 

Presque Isle campground and the role of recreational use as 

an agent accelerating bank erosion during the summer of 

1979. 

Long term study 

The long term patterns of erosion and deposition 

occurring along the entire western shoreline of the Stockton 

Island tombolo were evaluated through interpretation of 

existing landforms. Aerial photography and field observa-

tions provided the basis of this interpretation. 

Short term.study 

Overview 

The method developed to measure bank erosion during the 

1979 camping season compared erosion rates in unused or 

lightly used areas to areas receiving heavier use from 

campers and hikers. It was assumed that unused areas eroded 
' 

at natural rates and a contributing effect from campers and 

hikers would be indicated if higher erosion rates were 

observed in heavily used places. 

Erosion rates were determined by measuring the position 
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of the bank edge (Fig. 8) before (late June) and after (mid

September) the camping season. The bank edge was chosen as 

the indicator of bank erosion because the author felt (1) it 

could be easily, quickly, and precisely measured, and (2) it 

is a feature which reflects the erosion of the entire bank. 

The bank edge was measured in a series of plots 

established along the bank top parallel to the shoreline in 

order to sample erosion rates under various conditions. A 

baseline was established in each plot and bank edge location 

was determined by measuring the distance from the baseline 

to the bank edge. The measurements were used to produce a 

p~an view graph of the bank edge in each plot. Erosion 

rates were then calculated by comparing June and September 

graphs. 

The levels of traffic within each plot were period

ically checked during the summer. Most plots contained both 

well-used and lightly used segments. Beach width, bank 

height, and bank slope were measured at plot endpoints to 

check for relationships between these parameters and erosion 

levels. 

Plot design, layout and bank edge measurement 

Plot and campsite locations are shown on Fig. 9. Two 

types of plots were established along the bank edge. One 

set of plots (to be referred to as "systematic" plots) were 

established at 30 m intervals to systematically sample 

erosion rates without bias. These plots were about 17 m 

long. Nine additional plots in areas ~f special interest 

(to be referred to as "selected" plots) were selected to 
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BANK FACE 

BANK BASE 

BEACH! 

Fig. 8. Diagram illustrating terms used to describe bank fea
tures on Stockton Island tombolo. 
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Fig. 9. Location of campsites (C·l ... C·20) and measurement plots 
P·l ... P·21 and P·A) in the Presque Isle campground. 
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measure erosion and establish existing conditions at camp

sites ~2, -6, -7, -9, -11, -13, and -16 and plot -A. 

A baseline consisting of a nylon line stretched tightly 

bet;_ween two tr~es Cl.t the required distance was established 

in each plot as illustrated by Fig. 10. The line was leveled 

with a line level and a small nail was put into both trees 

for attachment points to facilitate remeasurement. The bank 

edge was mapped by measuring: (1) the perpendicular from 

the baseline to the bank edge, and (2) the distance from the 

starting point to the perpendicular (Fig. 11). 

In the first several plots, measurements were taken at 

regular intervals along the baseline. This system was soon 

abandoned because it often missed changes in the bank edge 

position. Instead, measurements were taken at points that 

represented the irregularities of the bank edge as illustrated 

in Fig. 11. A plumb bob was used to accurately locate the 

bank edge. 

Some plots contained areas where the bank edge was 

diffuse and difficult to delineate; the edge location had to 

be estimated in this case. Slumps - temporarily stabilized 

places below the bank edge often held in place by vegeta

tion - were usually mapped along with the bank edge. 

Estimating levels of use 

Intensity of traffic associated with human use was 

subjectively evaluated and classified as None, Low, Moderate 

and High. Two distinct types of traffic were observed; 

"Across" traffic - that which traversed the bank face 

perpendicular to the shorel"ine, and "Along" traffic - that 
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Fig. 10. Baseline and tape arrangement for Plot -14 (top) 
and Plot -18 (bottom). 
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Fig. 10. Baseline and tape arrangement for Plot -14 (top) 
and Plot -18 (bottom). 
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Fig. 10. Baseline and tape arrangement for Plot -14 (top) 
and Plot -18 (bottom). 
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----------d2--------- BASELINE 

Plan view of a bank erosion measurement plot. 
distance from bank edge to baseline. 
distance from starting point. 

"'-.-BANK 
EDGE 

Dots on bank edge designate points used to construct map in short-line 
segments. 
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which was along the bank face, parallel to the shoreline and 

between the beach and bank edge. 

Seven different levels (combinations of type and inten-

~ity) were obl3erved: None, Low, MGderate Aepe-ss_, .Me-derate 

Along, Moderate Along and Across, Heavy Along, and Heavy 

Across. Plots were checked periodically during the summer 

to determine the intensity and type of traffic occurring 

within each plot. Traffic levels were not uniform within 

most plots; therefore, the location of each level was recorded 

as a segment along the oaseline (e.g., 1-3m, Low use; 3-5 

m, Heavy Across; 5-7 m, Moderate Across). 

Analysis of data 

The June and September bank edge measurements from each 

plot were graphed, and each graph was divided into segments 

based on level of traffic (Fig. 12). Two parameters were 

then determined: the amount of area change in each segment 

and the length of the segment's bank edge in June. The area 

change was determined by measuring the area between the two 

graphs of the bank edge with a dot grid. June bank-edge

length· was divided into the segment's area change, producing 

a rate of area change in m2/m (area loss or gain per length 

of bank-edge) . 

Data from systematic plots were pooled according to 

traffic level. Differences between categories of traffic 

level were analyzed using analysis of variance. Analysis of 

variance and other statistical tests were performed utiliz

ing the Minitab statistical package (Ryan et al., 1976) on a 

Burroughs 6700 digital computer. 
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1.5~--------------------------------------------------~ 
LEVEL OF TRAFFIC 

NONE .. MODERATE . , .. MODERATE --~. tew ·j 
--ALONG- ACROSS ....... 

1 • e 

e.e 2.5 5.0 7.5 10.0 12.5 15.0 
DISTANCE FROM START (METERS) 

Fig. 12. Hypothetical June (solid line) and September 
(dashed line) data from a measurement plot with level 
of traffic occurring in each interval. 

t7.5 
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An average erosion rate was also calculated for each 

plot. This calculation was similar to calculations for 

intervals, except the sum of area changes was divided by the 

~~- .. sum of June bank~-lengtfl.s fep the entire- pl-ot. 



RESULTS AND DISCUSSION 

Long term study 

_Exisllng_-landforms -i-n4iB-a-t-e tfte-- -tomb-olo's west-em s-hore~ 

is in a state of flux and bank erosion in the campground is 

part of a long term trend. The following interpretation of 

existing landforms provides some insight to the changes 

occurring on this shoreline. 

Patterns of erosion and accretion on tombolo's western shoreline 

- --- --Tne north- arid south halves of the tombolo Is western 

shoreline are distinctly different (Fig. 13). The south 

half, which virtually coincides with the Presque Isle 

campground's shoreline, consists of a 0-8 m wide beach 

adjacent to a steep 1-6 m high sand bank. Vegetation along 

the bank top is well established forest. Fallen trees, 

undercut bank tops, and slumps indicate this is an older, 

actively eroding shoreline (Fig. 14B). In contrast, the 

northern half gradually grades from bare beach to dune, bog, 

and finally older forest vegetation (Fig. 14A), indicating 

this is a young, accreting shoreline. 

The pattern of erosion and accretion suggests sand is 

eroding off the southern shoreline and accreting on a bar 

formed to the north, parallel to an older shoreline (Fig. 

15). The bog behind the bar formed from a lagoon trapped 

between the bar and the older shoreline. The pattern of 

erosion and accretion also indicates the direction of 

material transport has reversed since the tombolo's western 

flank originally developed. 
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Fig. 13. Eroding and accreting portions of Stockton Island 
tombolo's west shore. 
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BOG 

MATURE 

FOREST 

Fig. 14. Contrast between cross-sections of north (A) 
and south (B) parts of Stockton Island tombolo west 
shoreline. 
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Fig. 15. Patterns or erosion and deposition along tom
bolo's west shore. Note remnant shoreline. 
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Extent of shoreline change 

While the patter~s of erosion and deposition indicate 

how the western shoreline is changing, an examination of 

~~~~-_other_ features suggest-S- t-oo -e-x-t-ent- B-f t-he---ehange-. 

The remnants of the original spits that formed the 

tombolo, the hollow between the spits, and a remnant pre

erosional tombolo shoreline are shown in Fig. 16. A pro

jection of the remnant shoreline's and hollow's curves 

suggest the tombolo once had the orientation shown in Fig. 

- 17, indicating erosion has truncated a sizable portion of 

the tombolo's southwest shoreline. 

The author believes the height of the bar on the 

tombolo's northwest shore indicates current erosion and 

deposition patterns began no earlier than 'about 2000 BP, 

when Lake Superior reached it present stage. The author 

cannot estimate how late these patterns began. Enough time 

has passed for the lago6n_to become a bog~ Radiocarbon 

dating of bog sediments may place a firmer date on bog 

inception and hence the age of current patterns. 
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Fig. 16. West and east spits that originally formed 
Stockton Island tombolo. 
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·Fig. 17. Reconstruction of Stockton Island tombolo's 
pre-erosional west shoreline based on a projection of a 
·remnant shoreline and the mid-line.of two spits. 



Short term study 

Overview 

This study was inconcluslve in Ghowinr: a relationship 

-b-etween eros~ rate-suarui intensi~y-~B-f- recreat-i-efta1 --t-raf'-f1:-e-. 

Part of the reason may be due to poor method performance. 

In many plots, the graphs of June and September locations of 

the bank edge did not agree closely enough to be useful, and 

as a result, about one-third of the plot segment data were 

rejected. Possible factors for the high incidence of 
-

~failure a·:re discussed later in this report. Remaining data 

were processed as outlined in the Methods section. 

Systematic plots 

Plot descriptions and graphs showing June and Sept-

ember bank edge positions are presented in Appendices A, ·B, 

and c. 

Table 1 pres~nts erosion rates and traffic levels for 

individual plot segments. Segments.labeled "R" are those 

rejected from analysis. Data from Table 1 were pooled 

according to traffic level (Table 2) and compared using 

analysis of variance. The means of each traffic level show 

a trend of increasing erosion with increasing traffic, but 

the differences are not significant (Table 3). 

The average erosion rate of each plot and the mean of 

average plot erosion rates were calculated (Tables 2 & 3). 

The grand mean indicates that as a whole, the bank eroded an 

average of .0306 m2!m (+ .0498 m2/m), about 3 em over the 

duration of this study. 

32 
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Table 1. Bank edge change and traffic lev~l for each 
--- -----plot segment. Negative rmmbers- fn-d.I-c-ate erosion, posi

tive indicate growth. 

Plot 

2 

3 

4 

5 

6 

7 

9 

10 

11 

Traffic Plot Segment(m) Level 

.5 - 2.69 L 
2.69- 8.88 MAc 
8.88- 15.25 H Ac 

15.25- 18.25 L 

.4 - 12 

. 5 - 2~ 13 
2.13- 4.50 
4.50- 9.0 
9.0 - 13.0 

13.0 - 15.3 
15.3- 17.0 

. 5 - 5. 25 
5.25- 7.75 
7. 75- 10.0 

10.0 - 11.0 
11.0- 12.0 
12.0 - 18.0 
18.0 - 19.75 

.. 5 - 3.0 
3.0 - 9.1 
9. 1 - 11. 0 

11.25-13.5 
13.5 -16.5 
16.5 -19.5 

.5 - 1.25· 
1.25- 4.50 
4.50- 7. 75 
7.75-13.2 

13.2 -16.6 

. 25- 7. 75 
7.75- 12.5 

. 5.- 1. 'iO 
1. 50- 4. 50 
4.50- 7.25 
7 :2s- 8. so 
8.50-16.25 

.4 - 8.5 
8.5 -12.0 

12.0 -15.75 

.25-12.75 
12.75-14.70 

.25- 7.0 
7.0- 9.0 
9.0.-12.75 

No 

No 
Low 
H Ac 
MAc 
Low 
Low 

No 
No 
No 
No 
No 
M Ac 
Low 

Low 
H Ac 
HAc 
No 
H Ac 
H Al 

No 
Low 
M Ac 
No 
Low 

Low 
No 

MIll 
MAl & Ar: 
M Al 
No 
MAc 

Low 
No 
Low 

No 
No 

No 
No 
No 

Segment -
Edge length(m) 

2.60 
7.15 
8.47 
3.89 

12.84 

1. 90 
2.65 
6.40 
3.95 
2. 76 . 
2.88 

4.61 
2.50 
2.40 

Bend42 
1.02 
6.76 
2.66 

2.79 
8.52 
1. 97 
3.14 
3.24 
3.19 

0.86 
4.13 
3.40 
5.59 
3.66 

6.90 
5.81 

1. "l7 
3.21 
2.69 
1. 05 
8.80 

8.79 
4.0 
4.10 

13.5 
1. 95 

6.57 
3.4 
4.37 

Area 
Change(m) 

Rl 
R 
R 
R 

-.104 

-.112 
-.141 
-.480 
-.028 
+.508 
R 

+. 31 
R 
-.053 
R 
+.093 
+1.50 
+. 134 

-.081 
0 
R 
+.612 
-.122 
-.408 

R 
R 
R 
R 
R 

-.205 
+.060 

-. 1/H 
-. ·w l 
+.053 
+.053 
-.125 

-.339 
R 
... 085 

-.796 
R 

-.275 
R 
-.412 

A!~.!.._C-ha_f!_g_p 2/ 
Edge Length (m/m) 

R 
R 
R 
R 

-.104 

-.059 
-. 053 
-.075 
-.007 
+.183 
R 

+.067 
R 
-.022 
R 
+.091 
+.222 
+.050 

-.029 
0 
R 
+. 195 
-.036 
-.128 

R 
R 
R 
R 
R 

-.003 
+.010 

-.I Hl 
-.IJ'Jl 
+.020 
+.050 
-.014 

-.039 
R 
-.021 

-.059 
R 

-.042 
R 
-.094 



Table 1, cont'd. 

------------------------- --tr:arnc: -------- · · . ··-·- - ~-- ... --- ---- - ---Area··-··- ·-·-·· ·- -------·- -·---2 Seqment ~ea Char~___!!!__ Plot Plot Segment(m) Level Edge length(m) Change(m) Edge Length m 
12 . 25- 6.75 No ·6.85 -.196 -.029 6.75- 9~25 No 2.80 R R 9.25-10.25 No 2.02 -.226 -.112 
13 1.25- 3.75 M Al 2.7 +.033 +.012 3.75- 5.50 M Al & Ac 2. 01 +.097 +.048 5.50- 7.25 Low R R R 7.25-12.0 No 5.05 -. 211 -.042 12.0 -15.0 Low 3.34 -.243 -. 072 
14 .5 - 7.5 Low 7.60 -.286 -;038 7.5 ~- 9:o· H Ac 3.41 -.165 -. 048 9.5 -14.0 Low 4.65 -.090 -.019 
15 0 - 4.5 H 4.95 R R 4.5 - 8.5 M Ac 5.61 R R 8.5 -13.0 No 6.3 R R 
16 .25- 2.50 No 2.29 +.041 +.018 2. 50- 7.60 M Al 5.72 -.083 -. 014 7.60- 11.0 MAc 3.92 -.073 -.019 11.0 -12.75 Low 2.19 +.021 +.009 12.75-16.0 Low 3.40 

17 .25- 2.5 H Ac 2.60 -.076 -.029 2.5 - 4.25 No 2.90 R R 4.25- 8.25 H Ac 4.42 -.174 -.039 8.25- 9.75 No 2.30 R R 9.75-10.25 M Ac 1. 34 -.118 -.088 10.25-13.75 No 3.68 R R 
18 . 5 - 5.0 L 5.112 0 0 5.0 - 5.5 L . 36 R R 5.5 -10.75 L 5.57 +. 165 +.030 10. 75-12._25 L 1. 53 R R 
19 .25- 6.25 No 6.80 R R 6.25-12.75 No 7.16 -.2.24 -. 021 12.75-15.0 No 2.00 R R 
20 .25- 3.0 M Ac 2.67 -.095 -.036 3.0 -13.0 Low 11.61 -1.30 -.112 13.0 - 13.75 Low .83 R p 

21 . 25- 3 H Ac 3.30 R ,, 
3. -13.5 H Ac 11.66 -1 . 2f, -. orn 

----------------------------- ----- ---·-- -·--- ------ --- -------- .. - .. -

1. Rejected Segments 

2. Bend in Baseline 
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-----±TGavbl~ 2--.-- -Rat-e -{}f -aPea- change -b-y---traf'f'-±c ievei:- and mean 
plot area change. Negative numbers indicate eroslon, 
positive indicate growth. 

"Rate nf I\ rea Change (m2/m)" 

Plot No Low Mod Ac1 Mod Al 2 Mod Al & Ac3 tlea~ll 81 tlea~ll 8~ Plot t:leao 
2 -.104 

-.104 
3 ~.059 -.053 -.007 -.075 -.032 +.1834 

4 +.067 +.050 +. 222 4 - +.113 ~.022 
+.091 

5 +.195 4 -.029 -.128 0 0 
-.036 

7 +.010 -.003 +.011 
8 +.050 -.014 -.130 -.093 -.029 +.020 

9 -.039 -.034 -.021 

10 -.059 
-.059 

11 -.042 
-.063 -.094 

12 -.029 
-.048 -.112 

13 -.042 -.072 +.012 +.048 -.025 
14 -.038 -.048 -.035 -.019 

16 +.018 +.009 -.019 -.014 -.006 
17 -.088 -.029 -.044 

-.039 
18 0 +.015 +.030 

19 -.021 
-.0/1 

20 -.112 -.036 - JJ'JI 
21 -. ()~] -. 09"l 

1. ~ladera te Across 
2. 11oderate Alan~ 
3 .. Moderate Along and Across 
4. Error suspected, not included in statistical analysis 

.. 



Table 3. Average rate of bank edge change by traffic level. Negative num~ers 
indicate erosion, positive indicate growth~ 

Type and intensity 
of traffic 

None 

Low 

Moderate Along 

Moderate Along & Across 

Moderate Across 

Heavy Across 

Heavy Along 

Average of plot means 

Sample 
Size 

15 

13 

4 

2 

5 

7 

l· 

18 

Mean area Confidence interval 
change (m2/m) (95%) 

-.0232 (-.0570, . 0106) 

-.0228 G-.0486, .0029) 

-.0280 (-.1386, .0826) 

-.0225 G-.9183, .8733) 
! 

-.0328 (-.0743, .0078) 

-.0457 (-.0740, .0078) 

-.128 ---------------
I 

-.0306 
I 

(-.0554, -.0058) 

w 
0\ 
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Selected plots 

Most selected plots had erosion rates substantially 

higher than the bank averar,e (Table 4). This was expected 

where erosion was at or below the average rate were camp~ 

sites - two, - nine, - ten, and plot -A. The bank measured 

in camp-sites two and -nine did not receive heavy traffic. 

Low traffic levels in these areas and subsequent low erosion 

rates may have been due to the steps present at both camp-

------sites (Fig.- 18). Steps seem to have -two effects: (lY hardening 

the bank against traffic, and (2) concentrating traffic into 

narrow zones rather than encouraging use over a wider area. 

Although traffic levels at campsite - 10 were heavy, erosion 

rates remained low. This may be due to the long, gently 

sloping nature of the bank. Erosion rates measured at 

Plot -A were also low, which was unexpected ftir a high bank 

that received heavy use. The reason for this low erosion 

rate is not known, but based on high erosion rates in 

similar areas, erroneous measurements are suspected. 

Bank height, beach width and bank slope 

Bank height, beach width and bank slope were measured 

at plot endpoints (Table 5). No apparent correlations were 

found between .these parameters and erosion rates, possibly 

because there ~s no relationship or because of small sample 

size. 

Because the author suspected a relationship between 

erosion rates on heavily used plot segments and bank height, 

data from heavily used systematic and selected plots were 



Table 4. Bank edge change in selected plots. Negative! numbers indicate 

Location1 Segments 
Measured (m) 

C-2 0.4-1.45 
2.5-3.2 

C-6· 3.25-10.5 

C:....7 0.5-11.5 

C-9 2.5-3.3 
3.8-5.8 
6.4-7.1 

C-10 1. 75-7.25 

C-11 0.5-3.6 

C-13 1.15-3.85 

C-16 0.25-4.25 

P-A 2.80-5.80 

Total edge 
length (m) 

3.24 

8.21 

13.34 

3.80 

11.64 

3.83 

4.20 

4.80 

5.87 

Total are~ 
change (m ) 

-.096 

-.412 

-.966 

-.045 

-.325 

-.272 

-.725 

-.668 

0 

1c indicates campsites, P indicates plot. 

I 

Rate of area 
change (m2/m) 

-.030 

-.050 

-.072 

-.012 

-.028 
I 

-.071 

-.172 

-.139 
I 

0 

Bank 
height 

2.4 

2.0 

2.3 

1.0 

3.0 

2.8 

5.3 

3.8 

5.2 

' \ 

~ :-:: i 

w 
co 
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Fig. 18. Top photo: steps at campsite -2. Bottom photo: 
steps at campsite -9. 
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Table 5. Bank heifht above lake level, beach width, and 
bank slope at plot endpoints. 

Plot and Bank heiv,ht above Bank slope* 
endpoint* lake level (!Tl) Beach width UO 

----- lH 1.0 5.5 v 
lS 1.3 5.5 v 

2N 1.7 5.5 v 
2S 2.3 8.0 v 

3N 1.8 5.5 v 
3S 3.7 3.5 v 

4N 1.8 2.5 If 
4s 2.3 2.0 v 

2:6 
-

60 5N 3.5 
5S 2.6 3. 5 60 

6N 3.0 lj • 5 v 
6s 3.5 7.0 v 

7N 3.8 9.0 68 
7S 3.8 11.0 v 

8H 3.7 5 h . 60 • J 
ss 4.1 3.0 61{ 

9N 3.8 2.5 58 
9S 3.8 2.0 64 

lON 4.6 2.5 v 
lOS 4.6 2.5 92 

llN 4.6 2.5 92 
llS 4.7 2.9 60 

12N 5.3 2.0 58 
12S 5.3 2.5 60 

13N 5.9 7.0 55 
13S 3. 8 2.0 50 

li{N 3.2 9.0 v 
14S 2.7 8.5 v 
15N 1.8 3.5 v 
15S .2.4 5.5 v 

16N . 2.1 4. 5 v 
16S 2.6 4.5 96 
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Table 5 (cont'd) 

Plot and Bank height above Bank slope 
endpoint lake level (m) Beach width (%) 

17N 2~6 3.5 v 
17S 2.1 2.5 50 

18N 2.3 2.0 v 
18S 2.3 2.0 v 

19N 2.3 2.0 v 
19S 2.3 2.0 v 

20N 2.0 3.5 
20S 2.0 3.0 v 

~~ - -- -- -------

21N 2.6 2.0 60 
21S 3.5 1.5 v 

P-A 5.2 0 

*"N" indicates north endpoint, "S" indicates south endpoint, 
"V" indicates a vertieal drop. 
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pooled (Table 6) and subjected to linear regression. The 

relationship is not significant at the .05 level (r = .36, 

elf= 1?), however, tf the plot-/\ datum (tlwur':ht. to be 

erroneous-} is delrte-d, a significarrt relationship (Y = 

.0247- .0296X) exists at the .01 level (r = .76, df = 11). 

This analysis is not statistically valid, however, the 

relationship seems likely. 

Traffic intensity vs. percentage of bank 

The percentage of the bank receiving each level of use 

was calculated from Table 1 and is presented in Table 7. 

Over a third of the bank received no traffic. Another 27% 

received low use. Moderate and high use occurred on 16% and 

20% of the bank edge, respectively. 

Evaluation of method 

Several sources of error were present in the method 

used to measure bank erosion: (1) error from measurement, 

(2) error from estimating traffic levels, and (3) error from 

chance occurences. 

The potential for measurement error was high because 

any change that occurred during the entire season was 

usually only a few centimeterG. Contrary to the :.J.[~r;tlrnpt 1 on 

made in the Methods section (page 14), the bank edge was not 

always distinct and therefore may not always have been 

measured precisely. Perhaps profiles of the bank face or 

three dimensional bank mapping with transit and level would 

reduce this type of error. However, mapping with .transit 

and level would also greatly increase the amount of time 

needed to conduct the study. 



Table 6. Erosion rates vs. bank heights for heavily used plot segments. 

Segment Erosion Rate Bank Height 
Location (m) (m2/m) (m) 

P-3 4.5-9.0 -.075 2.0 

P-5 3.0-9.1 0 2.6 
13.5-16.5 -.036 2.6 

P-14 7.5-9.5 -.048 3.0 

P-17 .25-2.5 -.029 2.4 
4:=" 

4.25-8.25 -.039 2.4 w 

P-21 3.0-13.5 -.093 3.0 

P-A Plot average -.087 5.2 

C-6 Plot average -.050 2.0 

C-7 Plot average -.072 2.3 

C-10 Plot average -.028 3.0 

C-11 Plot average -.071 2.8 

C-13 Plot average -.172 5.3 

C-16 Plot average -.139 3.8 
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'I'ab-le 7-. Percentage -of-- bank- receiving eachutr-a-ffic---level ~u 

Type and intensity % of bank 

None 37 

Low 27 

Moderate Along 3.5 

Moderate Across 11.0 

Moderate Across &. Along 1.5 

Heavy Along 1.0 

Heavy Across 19.0 
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The estimation of traffic levels was subjective and 

areas that were receiving traffic during one observation 

period may not have been used during another. Perhaps a 

accurate estimate of traffic levels in each plot segment. 

Chance events (trees falling, banks slumping) that do 

not occur uniformly can cause large deviations in the data. 

Longer term studies would tend to even out chance events. 

To summarize, this method is better suited for an area 
-~------ ----- - - --------- --- - -- ----------

with higher erosion rates or when a longer time interval is 

available. Either a higher erosion rate or longer time 

period would make up for the lack of precision in this 

method. 
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CONCLUSIONS 

(l) Bank erosion in the Presque Isle campground is largely 

due to the. long te~rm chg.nges occurring on the tomho±.G 's 

entire weqtern shoreline. The campground is located on the 

southern part of the shoreline which has been eroding 

possibly since Lake Superior attained its present level. 

(2) The direction of material transport along the tombolo's 

west shoreline has apparently reversed. The tombolo originally 

formed when sediment-eroued-off StocK~on--Islarid proper in 

the north and was transported and deposited to the south. 

Material is currently eroding off the southern half of the 

tombolo's western shoreline and is transported and deposited 

along the northern half. 

(3) Erosion has truncated a sizable portion of the south

west part of the tombolo. 

(4) This study was inconclusive in showing traffic from 

recreators as a contributor to bank erosion in the Presque 

Isle campground. While the effects of human use on the 

stability and longevity of the bank are difficult to as

certain, the aesthetic effects are obvious: In areas 

receiving heavy use, U-shaped gullies are carved into the 

bank edge (Fig. 19) and vegetation is trampled until forbs 

and shrubs are destroyed. 

(5) Traffic on the campground's bank occurs in varying 

intensities. This study subjectively divided traffic 

intensity into four categories: none, low, medium, and 

high. 
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Fig. 19. U-shaped gullies and bare soil caused by human use. 
Left: Plot -A. Right: Campsite -7. 
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(6) Two distinct types of traffic patterns were observed: 

(1) "across" type traffic - that which traversed the bank 

face from beach to bank top perpendicular to the shoreline, 

and (2) "Along" type traffic -that which wa-s along the bank 

face, parallel to the shoreline and between the beach and 

bank edge. The latter usually occurred when people strolling 

on the beach climbed the ba~k to avoid obstructions. 

(7) ·Most of the campground's bank (64%) receives little or 

no traffic. Sixteen percent of the bank receives moderate 

-u.se-and 20~ receives heavy. 

(8) There is an apparent relationship between bank 

erosion and bank height in heavily used sites. 

(9) The average erosion rate calculated for the bank 

is .0306 m2/m (+ .0498), or about 3 em of edge loss over the 

period of measurement. 

Management alternatives 

Several management options can be implemented to reduce 

erosion caused by visitors: 

(1) Move the campground to another location. While this 

step would reduce the amount of traffic crossing the bank, 

the southwest shore of the tombolo would probably remain a 

focal point for visitor use because of the protected bay, 

beach and attractive forest. Other actions would ~till be 

necessary to reduce the adver~e effects of traffic on the 

shoreline. 

(2) Minimize traffic across high banks. This can be 

accomplished in certain instances by moving trails away from 

bank edges. Depositing debris (e.g., branches or logs) 
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along susceptible banks may also discourage use. Not all 

high banks are subject to traffic. Steep, high banks that 

are difficult to negotiate often receive no traffic and may 

the bank. 

(3) Maintain an open pathway along the beach to reduce the 

necessity of climbing the bank in order to avoid obstructions. 

Removal of fallen trees and other debris to permit easy 

passage along the beach would help prevent this situation. 

Just-enough clearing should be done to make it more attrac-

tive for the stroller to continue his walk on the beach 

rather than climb the bank. 

(4) Educate users as they arrive about the erosion problem 

and their role in reducing the erosion rate. 

(5) Patrol the campground occasionally to check.for new 

paths created by users and take steps to close these trails 

with brush or other barriers if they cross fragile areas. 

(6) Continue monitoring bank erosion to determine if some 

campsites in sensitive areas should be removed. 

(7) Concentrate use on low banks when possible when locating 

trails and campsites. 

(8) Install log stairways or other protective devices in 

heavily used areas to harden the bank against continued 

deterioration. 
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APPENDIX A 

DESCRIPTION OF PRESQUE ISLE BAY EROSION MEASUREMENT PLOTS 

Plot-one. This plot crosses campsite-20. The bank is close to beach level 

and there is no clear bank edge, making precise measurement difficult. Wind 

blown sand is being deposited at this site. The high use zone is denuded 

of vegetation and litter. Vegetation in unused portions consists of white 
--- --- - ----- ---- --

pine and blueberry and the litter layer consists of pine needles and twigs. 

North endpoint: 24· inch dbh white pine, 265° of campsite 20 firepad; nail 

located on landside of tree. 

South endpoint: 190° of same firepad; nail located on landside of a 20 

inch dbh white pine. 

Plot-two. Plot location is between campsites-19 and 20. The bank rises 

about 1 m above the beach. No human use was observed on this plot. The 

vegetation is dense and consists of red and white pine, blueberry and 

bracken fem. 

North endpoint: 176° of campsite-19 firepad; nail located on the lakeside 

of a 3 inch dbh white pine. 

South endpoint: 164° of same firepad on the landside of a 3 inch dbh white 

pine. 

Plot-three. Plot crosses campsite-lB. The bank receives various intensities 

of use. A small gully is present in the high use area. The plot has an open 

canopy and is vegetated mostly with grasses and sedges. 

North endpoint: 266° campsite-18 firepad; nail located on a 2 inch dbh white 

pine. 

South endpoint: 180° of same firepad in a 4 inch dbh white pine. 

51 



52 

Plot-four. Plot is located between campsites-17 and 18. Bank height is 

about 2 m. Vegetation is predominantly low growing blueberry. The north 

end receives little use, but the intensity of use increases towards the 

south end. 

North endpoint: . 314° of campsite-17 firepad in a 14 inch dbh white pine; 

nail is located on landside of tree. 

-South endpoint-:--300ILof same-firepad on-lakeside-of-a-2m high white-pine.

This transect is not a straight line petween endpoints. A bend is present 

at 10 m around the outside of a cl~.mp of white birch. 

Plot-five. Plot starts in front of campsite-17 and extends south. Bank height 

is about ·2m above beach' level. Some trees along the bank are falling Ol'lto 

the beach. Vegetation consists of .ground juniper, blueberry, sedges, and 

Canada. mayflower; the canopy is open. H1.man .use is minimal at the north end 

of the plot, but increases substantially at the southern end. 

North endpoint: 2800 of campsite-17 firepad on the shoreside of a 8 inch 

dbh white pine. 

South endpoint: 172° of same firepad on the lakeside of a 2 inch dbh white 

pine. 

Plot-six. Located between campsites-16 and 17. Bank height is about 3m. 

Vegetation is mostly red pine greater than 8 inch dbh and red pine _seedlings. 

The canopy is fairly open, but ground vegetation is sparse in places due 

to trampling. Many fallen trees and slumps are present along the bank, which 

makes accurate measurement of bank edge difficult. This portion of the bank 

is a low use area, adjacent to it is heavy. 

North endpoint: 294° of campsite-16 fire area on the lake side of a 14 inch 
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dbh red pine. 

South endpoint: 284° of same fire area· in a 10 inch dbh red pine. 

Plot-seven. Located slightly south of campsite-16. Bank height is about 

4 m above the beach. Vegetation includes sparse stocking of red pine and 

ground cover of blueberry, huckleberry, sedges, bastard toadflax, and Canada 

mayflower. A path is located about twenty fe~t_frol'rl_j:he bank ec!ge,_but_t:.h.e _ 

bank receives little or no human traffic. 

North endpoint: 210° of campsite-16 firepad on the landside of a 10.1 dbh 

red pine. 

South endpoint: 182° of same firepad, on the landside of a 13.1 inch dbh 

white pine. 

Plot-eight. Located between campsites-15 and 16. Bank height is about 

4 m. Vegetation within the plot includes light stocking of nid pine, and 

ground cover consisting of blueberry, juniper, bastard toadflax, wintergreen 

and lichens. Most of this plot receives a moderate amount of human use. 

North endpoint: 2740 of the outhouse on the lakeside of a 9.6 inch dbh 

red pine. 

South endpoint: 2420 of same outhouse on an 8 inch dbh white pine. 

·Plot-nine. Located between campsites-15 and 16. Bank height is about 4 m, · 

and the plot receives only light human use. Vegetation near the bank edge 

is sparse and consists of a light stocking of white pine seedlings, blueberry, 

sedges and reindeer moss. 

North endpoint: 304° of campsite-15 fire area in a 3 inch dbh red pine. 

South endpoint: 238° of same fire area on an 8.5 inch dbh red pine. 



Plot-10. Located between campsites-14 and 15. Bank height is about 4 m 

and no human traffic was observed. Vegetation includes sparse white and red 

pine, sedges, and blueberry (blueberry was found in the southern section of the 

plot only). Some sand deposition occurs in this plot and in the general area 

on top of the bank during periods of strong southwest winds. 

North endpoint: 150° of campsite-14 firepad on the landside of a 12 inch dbh 

red pine. 
- --

South endpoint: 294° of campsite-14 firepad in a 9.1 inch dbh white pine. 

This endpoint is the starting point of plot 11. Only the first 18m of Plot-10 

were measured. 

Plot-11. Located slightly north of campsite-14 tent pad area. Bank height is 

about 4 m, and the bank receives no traffic. Vegetation consists of a light 

stocking of red pine and a dense cover of blueberry and huckleberry. 

North endpoint: 2940 of campsite-14 fire_area on the lakeside of a 9.1 inch 

dbh white pine. 

South endpoint: 248° of same fire area on the lakeside of a 11.6 inch dbh 

white pine. 

Plot-12. Located slightly north of campsite-13. The bank is about 5 m high 

and received no human use. Vegetation consists of red and white pine, and 

a dense stocking of blueberry, ground juniper, Canada mayflower, bracken fern 

and bastard toadflax. 

North endpoint: 292° of campsite-13 firepad on the lakeside of a 9.1 inch dbh 

red pine. 
dbh 

South endpoint: 280° of same firepad on the lakeside of a 15.4 inch red pine. 
~ 
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Plot-13. Located partly in campsite-12 and to the north. Bank height is 

6 m in the north part of the plot, and drops to 4 m in the south. A midpoint 

was established at 7.25 m because of a change in topo~raphy. Human traffic 

on the bank varies from none to moderate. Vegetation consists of a moderate 

stocking of white pine less than 4 inches dbh, sedges and Canada mayflower. 

Start: 308° of campsite-12 fire area on the landside of an 8.6 inch dbh 
red pine. 

Midpoint: 7.5 inch dbh white pine. 

Endpoint: 264° of campsite-12 firepad on the landside of a 7.6 inch dbh 
white pine. 

Plot-14. Located between campsites-11 and 10. Bank height is 2. m above 

beach level. Vegetation consists o{ a moderate stocking of white pine; 

ground cover is sparse sedges and Canada mayflower. Cover is lacking in 

many places. Human use across the bank varies from low to high. 

North endpoint: 196° of campsite-11 firepad on the lakeside of a 7.3 inch 

dbh red pine. 

South endpoint: 176° of same firepad on the landside of !l 4.9 inch dbh 

~ite pine. 

Plot-15. Located between campsites-10 ar.d 9. Bank height is 1 to 2m. Human 

use has been light to heavy across the bank. Vegetation includes a moderate 

stocking of .red and white pines with a sparse cover of sedges ·and Canada 

mayflower. Measurements were difficult because of the vague bank edge. 

North endpoint: 168° of campsite-10 fire area on the landside of a 5.5 inch 

dbh white birch. 

South endpoint: 274° of same fire area on the landside of a 4.1 inch dbh red pine. 
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Plot-16. Located south of campsite-9. Bank height is about 2m and many 

fallen trees are present. Vegetation consists of a medium stocking of red 

and white pine, bracken fern and sedges. Human use of th~ bank varies from 

low to moderate. 

North endpoint: 230° of campsite-9 fire area on the landside of a 10 inch 

dbh white pine. 

South endpoint: 180° of same fire area, on the landside of a 2 inch dbh 

white birch. 

Plot-17. Located south of campsite-eight. Bank height is 2m. A trail 

is present adjacent to the bank edge and traffic on the bank is high. 

Ground cover is sparse because of trampling. 

North endpoint: 188° of campsite-eight fire area on the lakeside of a 7.5 

inch dbh white pine. 

South endpoint: 162° of the north endpoint in a 1 inch dbh white pine. 

Plot-18. Located between campsites-seven and eight. The bank is 2m high 

and receives only light use. The northern half of the plot is bare ground. 

This indicates high use of the top of the bank, however, traffic across the 

bank was light. The rest of the bank top is vegetated with shrub size seedlings 

of white pine, red pine and balsam fir. 

North endpoint: 320° of campsite-seven fire area on the landside of a 9 inch 

dbh red pine. 

South endpoint: 312° of same fire area on the landslide of a 6 inch dbh red pine. 

Plot-19. Located south of campsite-seven. Bank height is 2m. Little or no 

use occurs. Vegetation consists of red pine, balsam fir and white birch, 
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balsam fir seedlings, and bracken fern. 

North endpoint: 184° of campsite-seven firepad on the landside of a 3 inch 

dbh red pine. 

South endpoint: 156° of north endpoint, on a 4 inch dbh white birch. 

Plot-20. Begins in front of campsite-six and goes south to campsite-five. 

Bank height is 2 m. This p~ot IJiisses the major ~mpac_! _ar~~- frOITl__c:ampsite

six, but the bank still receives some traffic. Vegetation includes tree 

and shrub size white pine and balsam fir .. Many fallen trees are present 

along the bank. 

North endpoint: 282° of campsite-six fire area on the lakeside of a 5 inch 

dbh white pine. 

South endpoint: 222° of same fire area on the landside of a 4.5 inch dbh 

balsam fir. 

Plot-21. located across campsite-five. Bank height is 2 to 3m, and the 

entire bank receives heavy use. Vegetation and ground cover adjacent to the 

bank are non-existent. 

North endpoint: 254° of campsite-five fire ~rea on the landside of a 1.5 inch 

dbh balsam fir. 

South endpoint: 192° of same fire area on a 4 inch dbh balsam fir. 
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Plot-A. This plot is about 8 m long and is located between campsites-three 

and four. The bank is 5.2 m above lake level and receives heavy use. 

North endpoint: 6.6 inch dbh white pine. 

South endpoint: 354° of campsite-3 fire area on a 3 inch dbh red pine. 

Campsite-two. This plot was measured south to north. Bank height is about 

3m. A log stairway from the beach to the _cam~s~te abs~r_b~ rno~t ()f th~_traf_i!£_ 

impact at this site. Vegetation along the bank is mostly a dense growth of 

balsam fir. The baseline is about 5.5 m long, but only the first 3.5 m were 

measured. 

North endpoint: 12 inch .dbh white birch. 

South endpoint: 5 inch dbh white birch. 

Campsite-six. Bank height is 1 to 2 m. The bank receives heavy traffic. 

Vegetation and litter layer are not present immediately adjacent to the 

bank. The baseline is about 11 m long, but the first 3.5 m were not measured. 

North endpoint: 4 inch dbh wh~te pine. 

South endpoint: 222° of fire pit on the lakeside of a 5 inch dbh white pine 

(also used for the north endpoint of plot 20). 

Campsite-seven. Similar to campsite-six. 

North endpoint: 5 inch dbh white pine. 

South endpoint: 3 inch dbh white birch. 

Campsite-nine. Bank height is 1-2 m. Heavy use occurs across part of the 

bank, but a step is present that helps prevent some bank deterioration. 

Heavily used areas on the bank top are denuded of vegetation and litter; 
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more lightly used areas have a moderate to sparse cover of bracken fern, 

blueberry and Canada mayflower. Baseline length is about 9 m, but only the 

interval from .7 to 8 m was measured. 

North endpoint: 4 inch dbh white birch. 

South endpoint: 10 inch dbh white pine. 

Campsite-10. Bank height is about 3 m. The bank receives a high amount of 

traffic. The bank edge was very diffuse and difficult to measure. Baseline 

length is 10m, but only the first 8 m wer~· measured. 

North endpoint: 3 inch dbh white pine. 

South endpoint: 8 inch dbh red pine. 

Campsite~l. The bank is about 2m high and receives heavy use. Vegetation 

is _mature red pine. There is little ground cover or litter along the bank 

edge due to heavy traffic. This plot was measured from south to north. 

North endpoint: 8 inch dbh red pine. 

South endpoint: 5 inch dbh red pine. 

Campsite-13. The bank is about 4 m high and receives heavy use. Vegetation is 

mature red pine. Ground cover is absent in highly ·used areas; in lightly used 

places it consists of blueberry and Canada mayflower. Baseline length is about 

8 m, but only the first 5 were measured. Measurements were taken starting at 

the south endpoint. 

North endpoint: 14 inch dbh red pine. 

South endpoint: 3 inch dbh red pine. 
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Campsite-16. Bank height is about 3m. A small section of heavy use is 

present.· Vegetation consists of sedges and Canada mayflower. 

North endpoint: 8 inch dbh red pine. 

South endpoint: 12 inch dbh fallen red pine. 



APPENDIX B 

PLAN VIEW GRAPHS OF EROSION STUDY PLOTS 

This section shows the graphs of bank measurements for each plot, including 

features that occur along or near the bank edge, such as standing and fallen 

tre·es, s 1 umps and roots projecting from the bank. 

KEY TO SYMBOLS 

.... -"" - ..... __ September measurements 

..__.....-..... June measurements 

~ Fallen tree 

~ Vague edge 

~ Standing tree 

Q Sapling 

WP White pine 

W~ White birch 

RP Red pine 

HE Hemlock 
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APPENDIX C 

PLOT MEASUREMENTS FOR EROSION STUDY 

P1ot-1 

June _?eptember 

Distance from Distance to Distance from Distance to 
Start (m) Edge (m~ Start (m~ Edge (m) 

----- .45 2.5l ~ 30 2.57 
.91 2.43 1.18 2.33 

1.37 2.30 2.70 1. 83 
1.83 2. 31 3.21 1.25 
2.13 2.39 4.20 .52 
2.72 1.83 5.32 .48 
3.05 1.30 6.27 .99 
3.66 • 70 7.03 1. 54 
4.57 .04 8.95 1.13 
5.03 .24 9.05 0 
5.49 . 13 9.47 -. 81 
6.10 .11 10.81 -1.56 
6. 71 • 10 11.96 -1.88 
7.32 .17 12.85 -1.59 
7.93 • 17 13.16 -.82 
8.53 .03 14.29 -.58 
8.90 -.03 14.63 .38 
9.14 -.58 15.19 1.39 
9.75 -.92 15.55 1. 731 

10.36 -1.22 15.94 1. 91 
10.97 -1.30 17.20 1.86 
11.58 -1.39 17.76 1.40 
12' 19 -1.66 18.24 1.10 
12.80 -1.09 18.48 1.19 
13.41 -.35 
14.02 -.57 
14.63 -.13 
15.24 1.14 
15.84 1.80 
16.69 1.9j 
17.37 1.85 
17.98 1.27 
18.59 1.21 

End 18.90 
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P1ot-2 

June Se2tember 

Distance from Distance to Distance from Distance to 
Start (m~ E.!lge (m~ Start (m) Edge (m) 

.30 2.72 .14 2.68 

.61 2.50 .69 2.61 
1.52 2.66 2.07 2.69 
2.13 2.84 2.65 2.85 
2.74 2.95 3.87 3.66 
3.35 3.40 5.69 4.44 
3.96 3.84 6.41 4.78 
5.18 4.72 7.76 3.61 
5. 79 4. 74 10.38 3.44 
6.40 4.98 14.07 3.142 
7. 01 4.50 14.68 2.92 
7.62 3.87 15.43 3.10 
8.23 3.65 
8.84 3.48 
9.45 3.56 

10.06 3.48 
11.28 3.43 
11.89 3.45 

End 12.45 

P1ot-3 

June September 

. 31 2.96 .12 2.84 

.56 3.02 .64 2.99 
1.22 2.81 .67 2.87 
1.83 2.73 1.60 2.66 
2.44 2.47 2.89 2.08 
3.05 2.00 3.58 1.96 
3.66 1.92 4.26 1.69 
4.27 1.92 4.61 2.28 
4.88 2.24 5. 91 2.30 
5.49 2.40 6.97 2.21 
6.10 2.57 7.96 1.90 
6. 71 2.41 8.40 .74 
7.32 2.07 8.78 .60 
7.92 2.25 9.07 1.45 
8.53 .86 9.68 1.48 
8.99 .95 10.49 1.02 
9.14 1.46 10.49 1.63 
9.75 1.52 11.02 1.11 

10.36 1.49 j 1.02 1. 70 
11.28 1. 72 12.39 2.02 
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P1ot-3 (cont'd) 

June SeEtember 

Distance from Distance to Distance from Distance to 
Start {ml Edge (ml Start (ml Edge (m) 

11.58 1.84 13.10 2.84 
12.19 2.100 14.80 3.82 
12.80 2.115 15.97 4.09 
13.41 2.89 15.97 5.34 
14.02 3.16 17.07 3.73 
14.63 3.30 ---- - - - - - -

15.24 3.99 
15.85 5.26 
16.46 5.65 
17.07 5.21 

End 17.29 

Plot-4 

June September 

.61 1.55 .73 1.64 
1.22 1.75 1.28 1.77 
1.83 1.78 2.35 1.84 
2.44 1.77 .73 1.64 
3.05 1. 75 1.28 1.77 
3.66 1.70 2.35 1.84 
4.27 1.68 3.72 1. 78 
4.88 1.77 4.91 1.84 
5.49 1.85 5.83 1. 91 
6.10 1.69 5.87 1. 70 
6. 71 1. 53 6.47 1.22 
7.32· 1.67 6.47 1. 54 
7.92 1.05 7.33 1.44 
8.53 1.03 8.03 1.09 
9.14 1.02 9.28 .893 
9.75 1.01 10.51 bend 

10.51 bend 11.07 1.35 
10.67 1.22 14.02 .91 
11.28 1.30 14.34 .04 
11.88 . 91 14.49 -.274 
12.50 .68 14.72 -.33 
13.11 .51 15.03 -.06 
13.72 .20 15.78 -.03 
14.33 -.04 16.80 -.32 
14.71 -.48 17.20 .06 
14.94 -.41 17.69 -.09 
15.54 -.04 18.59 .555 
16.15 -.17 19.71 .743 
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P1ot-4 (cont'd) 

June Se2tember 
Distance from Distance to Distance from Distance to Start {m) Edge {m) Start {m) Edge (m) 

16.76 -.33 
17.37 .D7 
17.98 0 
18.59 .43 
19.20 .69 
19.81 .81 

~ --- 20.42- .972 

End 20.67 

P1ot-5 

~ SeEtember 
.31 4.50 .03 4.30 .61 4.42 l. 19 4.33 1.22 4.35 2.20 4.49 1.83 4.47 3.90 4.13 2.44 4.46 4.98 3.80 3.05 4.28 5.95 3.81 3.66 4.23 6.96 3.26 4.27 4.06 7.42 1.94 4.88 3.87 7.40 .63 5.49 3.76 7.67 .57 6.10 3.60 7.87 .93 6. 71 3.21 9.38 1.64 7.32 2.26 9.99 1.64 7.42 1.08 9.99 2.13 7.61 .63 10.92 l. 95 8.12 1.05 12.19 1.65 8.53 1.24 12.66 .70 9.14 1.66 13.67 -.58 9.75 1.54 14.58 -.82 10.36 1.62 14.80 -.64 10.97 2.02 15.00 -.63 11.58 1.64 15.65 -.33 12.19 1.17 16.14 -.47 12.80 .03 16.69 -.50 13.41 -.03 17.83 -.36 13.72 -.48 18.14 0 14.02 -.68 19.85 0 14.63 -.66 

15.24 -.45 
15.85 -.34 
16.46 -.53 
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P1ot-7 

June Se~tember 

Distance from Distance to Di5tance from Distance to 
Start (m) Edge (m) Start (m) Edge (m) 

.23 .84 .25 .77 

.98 .so 1.07 .86 
l. 13 .842 2.40 .32 
2.34 • 31 2.75 .37 
3.48 .42 3. 17 .28 
4 .. 81 .16 3.45 . 15 -- 5.30 .08 5.78 .09 
6.81 .30 6.48 .28 
7.21 .28 7.89 .58 
7.49 .48 8.02 . 71 
7.91 .48 8.67 .82 
8.29 .73 8.67 1.06 
8.66 .69 9.02 1.24 
9.14 1.26 10.23 1.34 

10.24 1.34 10.71 1.16 
10.68 1.12 11.86 1.09 
11.05 1.13 12.09 1.10 

12.67 1.14 
11.28 3.66 
11.52 3.71 
11.88 3.46 
12.19 3.65 
12.69 3.56 
13.11 5.13 

End 13.29 

P1ot-8 

June Se~tember 

.47 3.51 .45 3.24 

.79 3.28 1.42 2.74 
2.45 2.25 2.07 2.26 
3.16 2.35 2.72 2. 21 
3.69 1.93 3.16 2.16 
4.88 1.83 3.44 1.92 . 5. 77 1.73 4.42 1.80 
6.38 1.65 4.79 1.85 
7.23 1.84 6.18 1.67 
8.26 1.59 7.01 1.88 
9.45 1.64 8. 31 1.64 

10.08 1.40 9.78 1. 55 
10.59 1.40 10.02 1.62 
11.12 1.22 11.02 1. 24 
11.61 1.38 11.31 1.44 
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---- ----- -

Plot-8 (cont'd) 

June Se~tember 

Distance from Distance to Distance from Distance to Start (m) ,Edge (m) Start (m) Edge (m) 

12.56 1.19 11.99 1.29 12.90 5.78 12.51 1.14 
13.32 6.56 12.75 1.24 13.92 6.93 12.85 1.53 15.08 7.06 13.16 1.95 
15.65 6.90 14.82 2.20 16.37 5.22 16.26 1.57 

End 16.48 

Plot-9 

June Se~tember 

.30 1.20 .14 1.15 
1.12 1.07 .77 1.16 
1.67 .98 1.71 .69 
2. 01 .40 2.00 .34 
3.68 .38 2.46 .38 
4.08 .33 2.94 .40 
4.31 .31 3.18 .33 
4.83 .06 3.50 .35 
5.25 .13 4.22 .27 
5.92 .54 4.58 0 
6.64 .41 5.12 .076 
7.04 .41 5.76 .50 
7.24 .24 6.12 .57 
7.90 .22 6.60 .38 
8.31 .06 6.72 .45 
9.18 -.12 7.12 .23 

10.35 .58 8.01 . 17 
10.67 1.08 8.31 -. 13 
11.30 -.12 8.79 .07 
12.40 .55 9.77 .09. 
13.44 .63 10.27 .27 
13.86 .88 10.57 1.08 
14.19 1.32 11.57 1. 36 
14.73 . 78 11.78 .16 
15.44 .68 13.11 . 79 
15.88 .34 14.79 . 72 

15.39 .64 End 16.15 15.83 .27 
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P1ot-10 

June September 
Distance from Distance to Distance from Distance to 
Start {m} E,dge {m~ Start (m} Edge (m~ 

.24 1.64 .17 1.40 
1.15 1.59 .59 1.50 
1.49 1.00 1.05 1.45 
2.35 1.19 1.46 .95 
3.40 1.87 2.15 . 79 
3.98 1.64 3.08 1.44 
5. 31 2.40 3.49 1.44 
6.40 2.41 3.72 1. 70 
6. 78 2.30 4.02 1.64 
7.86 2.31 4.08 1.64 
8.06 2.61 4.58 1.58 
9.53 2.24 4.87 1.94 

10.69 2.33 5.19 2.12 
11.48 2.57 7.83 2.42 
12.76 2.56 7.93 2.25 
14.67 2.16 8.54 2.55 
14.67 2.54 8.98 2.49 

9.62 2.28 
10.59 2.39 
11.37 2.69 
12.30 2.80 
13.15 2.60 
14.39 2.32 
15.63 2.34 
16.78 2.12 

P1ot-11 

June September 

.22 .55 . 18 .73 

.32 .83 .56 . 41 

.93 .52 1.58 .65 
1.63 .72 1.82 1.20 
1.96 1.28 3.51 1.65 
3.25 1.65 3.79 2.02 
3. 91 2.08 4.32 2.21 
4.32 2.27 5.61 2.00 
5.68 2.08 6.15 l. 73 
6.27 1.77 7.13 1.52 
7.25 1.63 7.46 2.00 
7.58 1.36 8.85 l. 79 
7.58 l. 99 9.03 1.63 
8.84 1.56 9.70 1.80 



85 

Pl ot-11 (cont'd) 

June Se2tember 

Distance from Distance to Distance from Distance to 
Start {m) Edge {m) Start (m) Edge (m) 

8.84 1.95 10.34 2.17 
10.22 2.06 11.01 2.35 
11.59 2. 71 11.42 2. 51 
12.34 2.68 12.80 2. 38 
12.97 2.77 
13.32 2.86 

End 13.50 

Plot-12 

June Se2tember 

.15 1.63 .11 1.58 

.43 1.82 .83 1.45 

.66 1.49 1. 37 1. 65 
1.84 1.64 2.50 1.64 
3.23 1.56 3.07 1.60 
3.92 1.69 3.29 1.44 
4.18 1.79 3.88 1. 53 
5.85 1.99 4. 14 1.84 
6.85 1.65 4.83 1.96 
7.01 1.84 5.76 1.96 
7.33 1. 71 6.42 1.61 
7.38 1.38 6.82 1.63 
8.56 2.12 7.00 1. 55 
9. 14 2.19 7.45 1.47 
9.87 .96 8.52 1. 96 

10.22 1.77 9.29 1.95 

End 10.94 

Plot-13 

June Se2tember 

.17 1. 30 .01 1.29 
1.36 1.48 1.27 1. 51 
2.16 1.88 2.02 1.86 
2.95 1.60 2.76 1.59 
3.42 1. 79 3.19 1.77 
4.34 1.86 3.91 1.81 
4.42 2.04 4.25 2.09 
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Plot 13-(cont'd) 

Distance from 
Start (m) 

June 

Distance to 
Edge (m) 

5.14 2.21 
5.23 2.86 
5. 75 2.65 
6.43 3.06 
7.25 2.97 

Midpoint 7.30 
7.71 2.78 

10.02 2.85 
10.72 3.34 
11.56 3.64 
12.56 3.72 
14.44 3.78 
15.29 3.33 

Plot-14 

June 

.13 .51 

.45 .53 

.58 .64 

.83 .61 
1.07 .25 
2.95 .49 
3.45 . 71 
5.59 -.50 
6.68 -.55 
6. 81 -.45 
7.38 -.47 
7.44 -.33 
7.75 -.35 
7.85 -1.11 
8.41 -1.38 
8.62 -1.20 

86 

September 

Distance from 
Start (m) 

Distance to 
Edge (m) 

4.87 2.18 
5.12 2.22 
5.19 2.96 
5.76 2.59 
6.33 3.069 

- 6.62 2.87 
6.99 3.09 

Midpoint 7.30 
7. 74 2.69 
8.93 2. 74 
9.08 2.87 

10.39 2.89 
10.59 3.19 
11.49 3.55 
11.86 3.42 
12.52 3.66 
12.14 3. 56 
11.93 3.74 
13.84 3.76 
14.15 3.75 
14.50 3.51 
15.08 3.36 
15.47 3.39 
15.94 3.11 

September 

.33 .52 
1.10 .20 
1.37 .38 
2.14 . 31 
2.31 . 41 
3.09 .51 
3.30 .69 
3.90 . 18 
4.16 .22 
4.62 -.05 
5.70 -.58 
6.28 -.42 
7.09 -.44 
7.62 -.60 
7. 71 -1.11 
8.24 -1.43 
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P1ot-14 (cont'd) 

June Se~tember 

Distance from Distance to Distance from Distance to 
Start (m} Edge (m} Start (m} Edge (m} 

9.73 -.84 8.44 -1.25 
10.63 -.80 9.06 -.95 
11.34 -.41 10.57 -.80 
11.87 -.56 10.84 -.52 
12.62 -.52 11.25 -.45 
12.80 -.32 11 .51 -.61 

---- - -------

14.08 .213 12.29 -.50 
12.71 -.33 
13.89 -.09 

P1ot-15 

June Se~tember 

. 10 1.25 .13 1.25 
1.24 • 91 .81 1.02 
1.24 1.48 1.02 1.43 
1.99 .so 1.74 1.22 
1. 99 1.40 3.17 1.06 
2.88 • 71 3.27 1.28 
3.84 1.16 4.64 2.47 
3.84 1.59 5.07 2.98 
4.43 2.17 5.84 2.98 
5.12 2.91 6.28 1.99 
6.03 3.08 7. 31 1. 79 
6.38 1.97 8.36 1.72 
7.67 1. 75 8.74 1.82 
7.87 1.61 9.10 2.52 
7.87 1. 74 9.32 2.78 
8.70 1.77 11.05 1.97 

10.34 2. 77 12.04 1.96 
11.21 1. 99 12.53 2.19 
12.14 1.97 
12.64 2.21 

End 13.02 
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P1ot-16 

June Se[!tember 

Distance from Distance to Distance from Distance to 
Start (m) Edge (m~ Start (m~ Edge (m~ 

.15 .15 .08 .11 

.37 .41 .22 .14 

.54 -.06 .44 -.04 
1.00 .25 .86 .30 
1.80 -.13 1.27 .19 
2.89 -.09 . 1.68 -.09 
3.58 -.31 2. 31 -.10 
4.28 -.04 3.41 -.33 
5.07 .03 3.47 -.32 
6.87 -.42 3.93 -.23 
7.20 -.64 4.30 -.09 
7. 72 -.16 4.56 .055 
8.97 -. 76 5.32 .015 

10.33 .29 6.22 -.27 
10.94 .55 6.67 -.35 
11.23 .44 6.79 -.47 
11.67 .65 7.07 -.60 
12.23 .47 7.52 -.53 
12.72 • 76 7.76 -.33 
12.84 1.13 8.26 -.43 
13.31 1.17 8.74 -. 77 
13.84 .45 9.08 -.70 
13.84 1.08 9.70 -.09 
14.17 .41 10.18 .27 
14.61 .43 10.58 . 31 
14.61 1.22 10.79 .50 
15.29 .99 11.58 .65 

12.16 . 51 
12.62 .69 
12.75 1.12 
13.28 1.12 
13.49 .72 
13.94 1.07 
14.42 1.06 
14.94 1.01 

P1ot-17 

June Se[!tember 

.22 .83 . 16 .80 
1.17 .30 .37 . 79 
1.28 . 14 .81 .48 
1.80 -.06 1.00 .34 
2.44 .37 1.16 . 10 
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P1ot-17 (cont'd) 

June SeEtember 
Distance from Distance to Distance from Distance to Start (m) Edge (m~ Start (m) Edge (m~ 

2.60 .85 1.88 -.06 3.68 1.04 2.89 .68 3.99 .16 3.11 .95 4.32 0 3.66 1. 01 6.17 -.19 4.02 . 16 6.37 -.29 5.06- -.12 7.04 0 5.78 -.25 7.28 .43 6.30 -.25 8.40 1.12 6.55 0 8.72 1.23 7.05 0 9.37 1.20 7.18 .37 9.73 .59 8.18 .61 10.36 .54 8.17 .99 11.23 1.14 8.67 12.31 12.62 .20 9.37 1.08 13.56 .30 9.36 .512 
10.18 .56 End 13.80 10.37 .68 
11.31 .77 
11.35 1.12 
12.05 .56 
12.59 .17 
13.06 . 14 

P1ot-18 

June SeEtember 

.35 1.06 .08 .19 .85 1.30 . 11 .98 
1. 35 1.28 .44 .02 1.94 .81 1.29 1.25 2.03 1.16 2.46 .65 3.38 .76 3.46 .47 3.90 .38 3.96 .83 4.83 .43 4.16 .57 5.28 .79 5.27 .55 5.50 .52 5.27 .75 6.55 .33 5.60 .49 7.66 .59 6.35 .24 8.39 1.22 7.18 .62 9.08 1.32 7.53 .66 9.59 1.15 8.04 1.18 

' 



90 

/ 

Plot -18 ( cont' d) 

June Se~tember 

Distance from Distance to Distance from Distance to 
Start (m) Edge (m} Start (m} Edge (m~ 

9.59 1.15 8.04 1.18 
10.98 1.43 9.23 1.23 
12.47 1. 79 9.37 1.18 
12.47 2.33 10.68 1.40 

12.37 1. 74 
12.37 2.37 

Plot-19 

June Se~tember 

.34 1.14 .67 1.14 

.99 1.18 1.20 1.35 
1.07 1.06 2.40 1.11 
2.06 .83 2.40 1.55 
2.06 1.27 3.53 1.30 
2.06 1.73 4.65 1.54 
2.61 1.11 5.27 1.38 
2.61 1.50 6.07 1.53 
3.42 1.29 7.11 1.34 
3.42 1.52 7.65 .74 
4.37 1.36 9.02 .60 
4~95 1.59 10.92 .78 
5.16 1.28 11.99 .78 
6.17 1.39 12.77 .92 
7.40 1.31 13.04 .79 
7.77 .70 14.53 .79 

11.09 .76 14.55 1.38 
12.84 .98 16.13 .08 
12.98 .83 16.13 1.28 
14.91 1.37 

End 17.96 

Plot-20 

June SeEtember 

.11 1.42 .32 1.55 
• 11 1.87 1.24 1.26 
.44 1.55 2.33 1.19 
.70 1.34 2. 33 2.18 
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P1ot-20 (cont'd) 

June Se~tember 

Distance from Distance to Distance from Distance to 
Start (m) Edge ~m) Start ~m) Edge (m} 

.98 1.48 2.76 l. 34 
1.19 1.35 3.27 l. 25 
2.43 1.23 3.27 l. 93 
2.96 l. 31 4.67 1.07 
2.96 2.09 4.92 2.36 
3.61 1.69 5.95 . 18 
3.61 1.29 6.89 .81 
4.34 1.19 8.60 2.68 
4.34 2.26 10.46 .24 
5.80 .16 11.88 .54 
5.80 1.98 12.61 .59 
6.17 .15 13.05 .27 
6.63 .86 
7.72 .75 
8.20 1.50 
8.38 .87 
9.46 .56 
9.61 .98 
9.97 .60 

10.64 .22 
10.64 .63 
11.02 .10 
11.96 .49 
12.70 .53 
13.15 .98 
13.72 .57 

P1ot-21 

June Sej!tember 

.33 .18 .39 .49 

.91 .66 1.23 .77 
l. 30 1.13 2.06 .47 
1. 74 .55 2.13 1.11 
2.17 .22 2.95 l. 21 
2.17 1.13 4.03 .50 
2.87 .19 4.00 .26 
2.87 .98 4.87 .03 
4.13 .52 4.38 -.40 
4.46 .52 3.95 -.46 
4.57 .27 6.65 -1.01 
4.90 0 6.89 -1.58 
5.75 -.20 7.62 -1.63 
6.18 -.41 7.83 -1.10 

' 
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P1ot-21 (cont'd) 

June Se~tember 

Distance from Distance to Distance from Distance to 
Start (m) Edge (m} Start (m~ Edge (m} 

6.36 -. 72 9.05 0 
6.62 -.75 9.23 .62 
7.24 -1.54 9.72 1.07 
7. 71 -1.55 10.37 1.39 
7. 81 -1.05 11.37 1. 32 
8.18 -.87 11.70 .74 
8.41 -.27 13.05 .60 
8.66 -.23 
8.59 .09 
9.04 .15 
9.19 .47 
9.58 .90 

10.31 1.45 
10.67 1.29 
11.10 1.25 
11.33 1. 34 
11.86 .68 
12.50 .75 
12.67 .65 
13.32 .55 

Plot-A 

June Se~tember 

.28 1.58 .03 1.62 

.97 1.21 1. 39 1.49 
1.37 1.10 2.60 1.60 
1.59 1.68 2.81 1.27 
2.06 1.00 2.85 .30 
2.06 1.54 3.42 .56 
2.81 1.45 3.79 .38 
2.91 .36 4.40 .58 
3.91 .46 4.40 .79 
4.58 .63 5.14 1.68 
4.69 .93 5.09 2.68 
4.94 .84 5.73 3.61 
5.21 1. 51 
5.17 2.27 
5.18 2.90 
5.09 3.54 
5.81 3.95 

End 7.04 
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Cam~site-2 

June Se~tember 

Distance from Distance to Distance from Distance to 
Start (m} Edge (m} Start (m) Edge (m) 

. 39 2.09 .22 2.21 

.95 1. 71 .85 1.68 
1.19 .94 1. 36 .75 
1.35 .84 2.38 .88 
1.42 .49 2.50 1.13 
1.45 .68 3.14 1.44 
2.10 .17 3.34 1.56 
2.40 .32 4.09 1. 72 
2.54 .86 4.97 1.25 
2.65 1.11 
3.26 1.55 

Cam~site-6 

June Se~tember 

3.35 .71 3.29 .74 
3.53 .62 5.63 .20 
3.80 .22 6.26 .50 
4.10 .18 6.73 .52 
4.77 .30 7.51 .43 
5.51 .26 8.30 .33 
5.68 .37 8.74 .20 
6.26 .46 8.82 .09 
6.92 .61 9.36 .60 
7.81 .43 9.21 .66 
9.18 .40 9.12 .96 
9.32 .86 9.48 1.24 
9.33 1.04 9.49 . 16 
9.59 1.25 10.53 1.28 

10.07 1.13 
10.58 1.38 

Campsite-7 

June September 

.38 .85 .27 .94 
1.65 .33 1.55 .33 
1.93 .37 1.84 .37 
2.44 .12 2.65 -.12 
2.75 -.15 3.31 -.08 
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Campsite-7 (cont'd) 

June Se2tember 

Distance from Distance to Distance from Distance to 
Start (m} Edge (m} Start (m} Edge (m) 

4.39 .43 4.06 .29 
6.10 .32 4.54 .32 
7.02 -.28 5.04 .06 
7.63 -.31 5.16 . 19 
7.92 -.13 5.71 .27 
8.57 -.30 6.93 -.41 
8.90 -.11 7.81 -. 31 
8.97 • 18 8.37 -.42 
9.02 .79 8.49 -.97 
8.82 .95 8. 81 -. 91 
8.95 1.13 8.83 -. 31 
9.53 1.37 9.06 .87 
9.97 1.66 9.68 .98 

11.57 1.85 10.07 1. 57 
11.20 1.86 

Cam2site-9 

June Se2tember 

2.51 1.94 2.52 1. 91 
2.57 1.22 2.48 1.26 
2.79 1.36 3.12 1.23 
2.92 1.25 3.58 1.64 
3.24 1.42 3. 77 1.48 
3.37 1.45 3.93 1.58 
3.63 1.66 4.79 1.59 
3.78 1.54 5.49 1.51 
4.04 1. 52 5.83 1.61 
4.89 1.59 6.29 1. 33 
5.32 1.50 7.07 1.40 
5.70 1. 53 7.43 1.18 
6.05 1.80 7.64 1.59 
6.40 1.41 8.02 1.47 
6.81 1.35 
7.01 1.36 

Camj;!Site-10 

.52 2.74 .31 2.39 

.71 2.22 1.25 1.62 

.74 1. 78 1.82 .38 
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Campsite-10 (cont'd) 

June Se!!tember 

Distance from Distance to Distance from Distance to 
Start {m) Edge {m) Start {m) Edge {m} 

1.14 1.92 2.05 .30 
1.35 .37 2.20 .92 
1. 37 1. 70 2.83 1.09 
1. 75 .29 3.89 .68 
2.22 .32 3.92 .40 
2.25 1.01 4.37 .48 
2.37 .73 4.43 .74 
2.46 .99 4.86 1.04 
2.56 1.03 5.03 .89 
2.47 .98 5.88 1.06 
2.93 1.09 6.53 1.37 
3.38 1.09 6.73 1.77 
3.78 .82 7.30 2.12 
4.21 .67 7.41 2.43 
4. 71 .96 8.22 2.48 
4.81 1.06 
4.99 1.07 
5.21 .88 
5.81 1.12 
6.46 1.44 
6. 72 1.94 
7.35 2.25 

End 8.88 

Caml!site-11 

June Se!!tember 

.48 2.13 .19 2.92 

.80 1.93 .51 2.05 
1.01 1.96 1.04 1.77 
1.16 1.90 2.14 1.25 
1.63 1.55 2.88 .70 
2.64 .94 3.64 .42 
4.18 .39 3.84 .24 
4.58 .43 4.60 .40 
5. 71 1.45 5.24 .31 
6.27 .57 5.90 .78 
6.78 .48 6.07 .59 

6.33 .44 
7.16 .56 
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Cam(!site-13 

June Se(!tember 

Distance from Distance to Distance from Distance to 
Start {m) Edge {m) Start (m) Edge (m) 

l. 16 4.20 .43 4.35 
1.47 3.94 .95 4.14 
1.59 3.81 1.46 3.86 
l. 78 3. 71 l. 73 3.37 
l. 91 3.66 1.92 2. 01 
2.07 3.39 2.25 l. 96 
2.17 2.40 2.78 2.64 
2.40 2.34 3.07 3.84 
3.73 3.42 3.26 2.98 

3.58 3.40 
End 7.01 4. 77 3.08 

Cam(!Site-16 

June Se(!tember 

• 31 .61 . 19 .62 
.76 .96 .41 .63 

l. 32 .28 .95 .09 
2. 71 .48 2.39 .20 
3.38 1.21 3.25 l. 21 
3.85 1.43 3.88 l. 34 
4.06 1.42 4.38 1.20 
4.22 1.28 


