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Preface 
The importance of watershed ecosystem research to the management of 

natural areas such as national parks cannot be overstated. Watershed conditions 
are affected by uncertain and complex interactive environmental trends, many 
of global occurrence. Questions about watershed science, although often site 
specific, thus require answers in a global context. Frequently, input to the highest 
levels of government decision making is needed if modern society is to mitigate, 
stop, or reverse the large scale alterations of watershed ecosystems world­
wide. However, our ability to sensibly and effectively manage natural resources 
in today's global environment is often constrained by our lack of knowledge 
about the hydrologic cycle and its relation with the geosphere and biosphere. 
We know that the current condition of natural resources in parks and other 
preserved lands is subject to many widespread anthropogenic changes from 
acidification, eutrophication. toxic substances, boundary encroachments, over­
use, species shifts or extirpation, desertification, loss of biodiversity, land use 
change, and sea level rise. Long-term watershed research and monitoring of 
natural and remote areas in the National Park System and in similar reserves 
provide important data on ecosystem processes and interactions for detecting 
spatial and temporal changes in environmental conditions. These data 
collections allow the partitioning of cause-and-effect relations of ecological 
change in watersheds. They also serve to meet reference and early warning 
objectives correlative with natural ecosystem change. Accordingly, the scientific 
and public policy communities can employ watershed ecosystem information 
as one means of obtaining early indications of the potential effects of 
anthropogenic stress and an improved assessment of its magnitude. Use of the 
concept to address several goals of research into acid precipitation or 
biogeochemical cycling demonstrated the utility of these integrated watershed 
data for inter-ecosystem comparison between preserved and other watersheds. 
The long-term management strategies of the National Park Service combined 
with the protected nature of park lands placed the service in a unique position 
among federal agencies and among international conservation organizations 
to document relations between ecosystem effects and anthropogenic influences. 

Studies of watershed ecosystems collect long-term baseline data on the 
ecosystem health of park and equivalent reserves. Research and monitoring at 
the watershed level by the U.S.Geological Survey and the National Park Service 
since 1980 have contributed to the accumulation of important baseline 
information on deposition, meteorology, hydrology, ecosystem functioning, 
and biology in selected parks and biosphere reserves. Important information 
on biological diversity and biogeochemical processes have also been obtained. 
Activities have ranged from needs identification to reconnaissance or synoptic 
analyses to long-term monitoring and long-term ecosystem research. Quanti­
fication of the hydrologic cycle and chemical flux is a major objective of the 

n 



watershed program. Such measurements, when combined with other geographic 
resource data (e.g., geology, land-use, topography, and historic and pre-historic 
records), provide a better understanding of ecosystem-level processes and of 
how watershed ecosystems respond to various natural and anthropogenic 
stimuli. Currently, these data are available for developing, testing, and 
implementing state-of-the-art methods and procedures for improved 
management of water and land resources at the national and international levels. 

By 1982, the National Park Service had implemented studies in three national 
parks: Sequoia-Kings Canyon, (California), Rocky Mountain (Colorado), and Isle 
Royale (Michigan) national parks. Sites were selected to be biogeographically 
representative of mature ecosystems in relatively remote areas that receive 
varying levels of atmospheric contaminant inputs. Two years later, the largely 
pollution-free Olympic National Park (Washington) was added. The sites have 
several important common attributes including a long-term protected status, a 
core area (undisturbed watershed), research hypotheses and experimental design 
for detection of ecosystem change and understanding the mechanisms of change, 
basic inventory information, research or monitoring capabilities, monitoring 
techniques that will not change unless calibrated to new techniques, sampling 
protocols that fit within the time frame of known physical and biologic events, 
and standardized protocols for data collection, sample storage, sample archival. 
and data management. 

Today, comprehensive watershed ecosystem inventory, monitoring, and 
research data, a series of publications on ecosystem function and structure, 
and to some extent management of park resources that span more than 15 
years are available from the four original sites and from Shenandoah National 
Park (Virginia) where watershed studies began in 1979. Shorter or discontinuous 
records of watershed ecosystems are available from Big Bend (Texas), Denali 
(Alaska), Glacier (Montana), and Great Smoky Mountains (North Carolina 
and Tennessee) national parks and from Noatak National Preserve (Alaska). 
Six parks are now part of the National Park Service-U.S. Geological Survey 
Global Climate Change Program: Rocky Mountain, Isle Royale, Olympic, 
Sequoia, Glacier, and Crater Lake national parks. Three watershed sites are 
included in the cooperative Inventory and Monitoring Program of the service 
and the survey: Shenandoah, Great Smoky Mountains, and Denali national 
parks. Sites range from the hot Chihuahuan Desert in the Southwest to the 
moist boreal forests of Michigan, the eastern deciduous forests of Virginia, 
Tennessee, and North Carolina, the alpine environment of California and 
Colorado, and the Alaskan taiga-tundra. 

The condition of natural resources within these natural watersheds has often 
been difficult to ascertain, but gaining this knowledge has provided the key to 
understanding the nature of ecosystem change. The existence of sites with a 
commitment to gathering long-term ecosystem level data permits research 
activities aimed at testing hypotheses relevant to ecosystem processes and 
structure. These data further make it possible to question existing paradigms 
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and to obtain new understandings about fundamental relationships within and 
between naturally functioning ecosystems. This applies equally to other areas 
and is suggested as appropriate for a potential network of long-term global 
baseline research sites. Potentially significant conclusions, common to most 
long-term watershed ecosystem programs and studies, are thus emerging. 

This monograph presents the results of the first 16 years of watershed research 
in Isle Royale National Park. It is an example of the value of staying the course 
to increased understanding of park natural resources and of mature boreal 
ecosystems. 

R. Herrmann 
Watershed Research 
U.S. Geological Survey 
Biological Resources Division 
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Abstract. During 1982-96. a study was conducted of the biogeochemistry of the 
mature boreal forested Wallace Lake watershed in Isle Royale National Park. Lake 
Superior basin. Michigan. The research objectives were the quantification of the eco­
system structure and function and the determination of the response of the watershed 
to atmospheric inputs and climate change. The Lake Superior basin receives moderate 
atmospheric H+. NH4

+. NO, , and S04
2 inputs. In recent decades, regional tempera­

tures increased and precipitation amount declined. In the Wallace Lake watershed, 
precipitation averaged 75 cm, 40% of which fell in winter. Canopy interception ranged 
from 20% to 35% incident precipitation. Snowpack depths were sufficient to keep 
soils unfrozen except beneath spruce where high interception reduced snowpack depth. 
Unfrozen soils and mid-winter thaws reduced the peak water equivalent (PWE) of the 
snowpack and the ion content. Stream How was dominated by snowmelt and averaged 
68% of precipitation. Since 1982. precipitation H+ and S04

2" concentrations declined. 
Throughfall H+ and NO, flux were less than precipitation input, but S04

2" increased. 
Base cation (C|s). HCO, . and S04

2" flux were greater in soil water than in throughfall. 
but H+. NH4

+. and NO," were less in soil water than in throughfall. Ninety percent of 
the precipitation entered forest soils where soil processes significantly modified its 
chemistry. Soil inorganic N pools were more than 5 times the precipitation input and 
peaked in spring and early summer. Soil net N mineralization occurred throughout the 
year and peaked in May-June. Net N mineralization rates declined as soil temperature 
increased. Soil gross mineralization rates were about 25 times the net mineralization 
and increased with soil temperature. CO, efflux, and moisture. Microbial N immobili­
zation was greatest beneath alder and increased with soil temperature. Soil net and 
gross N mineralization rates did not correlate. Soil respiration rates increased with 
temperature. During snowmelt, the stream water acid neutralization capacity declined 
more than 475 peq L"1, 98% from dilution. Watershed CB output exceeded input 17 
times. The watershed retained more than 99% of H+ inputs and 75% of NO," and NH4

+ 

inputs. S04
2" output was 1.2 times greater than S04

2" input. The aboveground living 
biomass of the boreal forest was 108 t ha"1, which was comparable to that in the inte­
rior Alaskan taiga. Annual volume-weighted base cation uptake was about 90 and N 
was 39 kg ha~' year1. The net change in total aboveground biomass with time was 
small. 

Keywords: boreal, watershed, biogeochemistry. nutrient cycling. Isle Royale. Michigan. 
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Since the 1960s, concern and interest in the potential effects of atmospheric 
H+, NH4

+, NO-,", and S04
2" inputs on North American terrestrial and aquatic 

ecosystem structure and function have been considerable (Bormann and Lik­
ens 1967; Bormann 1985; Edmonds et al. 1997). The heightened interest 
contributed to an expanded use of the watershed ecosystem concept to more 
fully link terrestrial to aquatic effects (Likens 1983). To better establish link­
ages between anthropogenic atmospheric inputs and ecosystem health, the 
National Acid Precipitation Assessment Program (NAPAP) was established in 
1980. The program was complemented by similar research in Europe and by 
the Electric Power Research Institute's Integrated Forest Study in North America 
(Johnson and Lindberg 1992). 

As part of NAPAP, in 1982 the National Park Service established the Water­
shed Research Program with four ecosystem study sites: Isle Royale National 
Park, Michigan; Olympic National Park, Washington; Rocky Mountain Na­
tional Park, Colorado; and Sequoia-Kings Canyon National Parks, California. 
The program was funded by the National Park Service from 1982 until 1992, 
by the National Biological Service from 1993 until 1995, and by the Biologi­
cal Resources Division of the U.S. Geological Survey as of 1996. The research 
objectives were the quantification of ecosystem structure and function and the 
determination of the response of the watersheds to atmospheric inputs and 
climate change (Herrmann and Stottlemyer 1991). Stressor-oriented monitor­
ing was to be emphasized for the detection of change with time. 

Isle Royale was selected as a research site for several reasons. First, it is one 
of the most remote national parks in the 48 contiguous states (Fig. la). Sec­
ond, it has a history of little human land use and no possible conterminous 
land use. Third, it is representative of a mature southern boreal ecosystem 
(Fig. 2), a system that despite its expansive global importance has been little 
studied in a long-term context. Fourth, the Wallace Lake watershed has the 
highest atmospheric H+, NH4

+, NOy, and S04
2" inputs (NADP 1982-96) of 

parks and reserves in the Watershed Research Program and, like much of the 
boreal biome, is in a region that is experiencing climate change (Schindler et 
al. 1990). 

Isle Royale is in the Northern Superior Upland section of the Superior Up­
land geomorphic province, a glacially scoured peneplain characterized by 
rolling hills and level uplands with elevations from 180 to 700 m (McNab and 
Avers 1994). The park is in the transition zone between northern hardwood 
and southern boreal forests. Such ecotonal regions are intrinsically sensitive 
(Lavoie and Payette 1994; Risser 1995; Arseneault and Payette 1997). Linked 
forest productivity and soil-process models suggest this boreal ecosystem fringe 
may be the most sensitive of the eastern North American forests to climate 
change (Pastor and Post 1988; Solomon 1988). 

Boreal forest ecosystems, like deserts and the tundra, provide good evi­
dence of the importance of functional group diversity in maintaining stability 
(Tilman et al. 1997). The effect of removal of a single species can be consider-

3 
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Figure la. Isle Royale National Park in the Lake Superior Basin of Michigan. 

Figure lb. Wallace Lake watershed and the location of major water, soil, and vegeta­
tion sampling points. Isle Royale National Park, Michigan. 
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Figure 2. Boreal forest of Isle Royale National Park with dominant speeies of white 
bireh (Betulapapyrifera), quaking aspen (Populus iremuloides). white spruce (Pieea 
glauca), balsam fir (Abies balsamea), and tag alder (Alntis rugosa). 

able. Examples of the influence of single species on Isle Royale are the beaver 
(Castor canadensis) and the moose (Alecs aires). The boom-and-bust cycles 
of mammalian gra/ers in this ecosystem are related to the system's simplicity 
(McLaren and Peterson 1994). Despite this sensitivity (Pastor and Post 1988; 
Schindler et al. 1990; Lavoie and Payette 1996) and the extensive area cov­
ered globally by the boreal forest, this ecosystem has been little studied (Larsen 
1980; Van Cleve et al. 1983a. 1983b; Van Cleve et al. 1986: Mooney et al. 
1991). 

In this paper, we provide (1) a summary of the precipitation and stream 
water chemistry and flux during 1982-96 in the Wallace Lake watershed. (2) a 
comparison of the chemical flux of dominant boreal-forest species. (3) a de­
scription of the modification of the precipitation chemistry by the forest canopy 
and the surface mineral soils before entering the stream, and (4) a description 
of the processes that may account for the observed changes. 
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Study Site 

Conducting long-term, ecosystem-level research in a national park has a 
major advantage because of the legal protection against arbitrary land-use 
changes. Because the value of long-term study increases with time, the se­
lected site can represent a significant investment of funding, time, and personnel. 
The removal of potential arbitrary and incompatible land use or activity, which 
are common on public land outside wilderness and parks, on or conterminous 
to the site is probably the most important site-selection criterion. 

Selection of the Wallace Lake watershed on Isle Royale followed an exten­
sive survey of surface-water quality in the park's streams and lakes in 1980-81 
(Table 1). The two objectives of the survey were the characterization of sur­
face-water chemistry throughout the park and the determination of whether 
the increase in glacial till coverage and depth from the northeastern to the 
southwestern end of the park (Huber 1973) significantly affected surface-wa­
ter chemistry. Our site-selection criteria were a watershed ecosystem with 
surface-water-quality characteristic of Isle Royale and a system vegetated ex­
clusively by boreal forest. The latter objective limited our site selection to the 
northeastern two-thirds of the park because portions of the southwestern end 
of the park are vegetated by mature northern hardwoods. A final consideration 
was accessibility. Sites in the interior of the park are especially difficult to 
reach in fall, winter, and early spring. 

At the time of site selection, interest in the response of sensitive (low acid-
neutralization capacity or ANC) lakes and streams to acid precipitation was 
great. The 1980-81 surface water survey revealed that the lakes and streams of 
Isle Royale were not directly sensitive to acid precipitation. The lower specific 
conductance and pH waters on Isle Royale are dominated by high concentra­
tions of dissolved organics. The absence of a clear-water, sensitive system was 
not a limitation because our primary research goal was the long-term study of 
the structure and function of a southern boreal ecosystem and its response with 
time to a variety of atmospheric inputs and climate change. 

Topography 

The 115-ha Wallace Lake watershed (48° 03' N, 88° 38' W) is in the north­
eastern third of Isle Royale National Park, Michigan, in northwestern Lake 
Superior, about 130 km north of Houghton in the upper peninsula of Michigan 
(Fig. la). In the watershed is the 5-ha Wallace Lake (Fig. lb) and the gauged 
first-order subcatchment Wl (16 ha), the only subcatchment with year-round 
stream discharge (Fig. 3). This stream flows north-northeast into Wallace Lake, 
and the Wallace Lake outflow, gauged at Station W2, flows north-northwest 
into the Moskey basin. 

The watershed elevation ranges from 195 m at the lower stream gauging 
station (W2) to 275 m on a ridge that is the watershed's eastern border. The 



Table 1. Parameters sampled in a subset of streams and lakes on Isle Royale during 1980-1981 to characterize surface water quality. 
Lakes and streams are arranged from the northeastern to the southwestern sections of the park. Upst ream-downst ream stations are 
numbered with the lowest number at the head of the watershed and the highest number at the mouth of the watershed. Concentrat ions 
are in peq L"1. 

Station3 pH Temp Cond HCO," Ca2+ Mg2+ Na+ K+ NH4
+ NO," S0 4

2 " CI 

Lakes 
Amygdaloid 7.0 81 620 343 371 34 13 0 <0.5 104 25 
Forbes 7.2 13 74 360 287 190 60 4 0 <0.5 91 7 
Newt 6.6 7 97 500 547 245 37 4 3 <0.5 67 5 
John 7.6 97 460 342 80 34 2 0 1.0 124 4 
Epidote 7.1 15 73 280 397 162 29 3 0 <0.5 90 0 
Theresa 7.5 5 32 120 180 109 20 3 3 0.1 54 7 
Angleworm 7.3 15 63 240 202 148 54 4 0 <0.5 128 6 
Chickenbone 6.3 9 69 580 377 289 61 5 0 7.0 98 12 
Livermore 7.7 57 980 328 435 93 6 0 <0.5 88 7 
Richie 7.5 15 77 340 314 214 63 6 0 <0.5 117 18 
Scholtz 6.7 14 58 260 238 149 33 7 0 5.0 103 5 
George 7.0 13 94 520 506 122 20 1 0 11.0 77 8 
Dustin 6.8 13 59 280 256 145 30 14 0 8.0 96 6 
Whittlesey 7.8 16 67 300 277 159 41 10 0 0.5 96 7 
Intermediate 7.3 15 60 220 224 171 44 6 0 <0.5 132 14 
Hatchet 7.2 78 700 282 411 91 6 0 <0.5 91 43 
Desor 7.9 88 860 370 452 80 13 0 <0.5 90 9 
Halloran 6.6 185 1614 223 140 12 14 3.0 97 121 
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Table 1. Continued. 

Stationa pH Temp Cond H C C y Ca2+ Mg2+ Na+ K+ NH4
+ NOf S 0 4

2 " Cl" 

Streams 

Tobin 7.8 99 935 15.0 60 33 
John 7.7 17 146 590 768 213 50 4 0 3.0 103 4 
John 2 7.7 119 476 498 145 32 2 4 0.0 33 0 
Newt 7.1 6 106 459 581 246 52 33 34 1.0 55 6 
Epidote 7.0 9 90 312 460 191 34 3 0 2.0 79 0 
Scholtz 6.6 9 66 262 344 125 23 0 0 0.0 78 3 
Whittlesey t2 6.0 11 56 148 309 177 44 7 5 1.0 68 2 
Whittlesey t3 6.2 11 58 131 318 179 49 9 7 1.0 69 3 
Whittlesey t4 6.2 II 55 180 316 182 41 6 4 2.0 70 0 
L. Siskiwit 6.2 94 213 391 378 57 3 3 14.0 458 18 
Little Todd 6.9 115 820 430 633 100 7 0 1.0 142 16 
Island Mine 7.4 132 918 569 576 117 9 0 16.0 153 9 
Washington 6.9 7 115 489 370 100 10 2.0 129 52 
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Table 1. Continued. 

Station" pH Temp Cond HCOf Ca2+ Mg2+ Na+ K+ NH4
+ NO" SG4

2" CI" 

Upstream-Downstream 

Washington 1 6.7 9 100 486 354 91 10 2.0 94 22 
Washington 2 7.3 19 150 789 526 87 18 
Washington 3 6.6 7 105 475 362 96 10 0.0 108 27 
Washington 4 6.7 7 100 468 362 100 10 
WashTrl 6.5 5 76 525 75 313 65 13 8.0 72 10 
WashTr2 6.8 6 148 1427 133 1398 235 16 5.0 58 10 
WashTr3 7.0 5 162 1542 105 1069 196 16 0.0 117 15 
Greenstone 1 7.1 13 64 168 269 218 50 3 0 1.0 89 1 
Greenstone 2 6.9 63 156 248 208 64 4 4 0.0 101 14 
Greenstone 3 7.0 17 64 143 246 204 60 3 4 0.0 100 10 
Greenstone 4 7.7 16 64 150 254 210 63 3 0 2.0 104 10 
Noname2 7.0 12 65 303 320 105 33 8 7 1.0 31 6 
Noname3 6.9 11 70 310 327 125 39 6 5 1.0 29 II 

a Station numbers increase downstream. 
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Figure 3. Stream gauging station (\V11 at the mouth of the first-order sub-catchment 
Wallace 1 in the Wallace Lake watershed. Isle Rovale National Park. Michigan. 

watershed has a northern aspect. Rock outcrops (Fig. 4) are generally veg­

etated by scattered white spruce (Picea filiiuca) and make up about 40 ha of 

the watershed, primari ly in the western portion. The watershed is character­

ized by a relatively flat topography, broken by northeast-southwest oriented small 

(< 5-m elevation change) bedrock ridges, most of which were exposed by glacia-

t ion. Such geomorphology is characteristic of the Northern Superior Uplands 

(McNab and Avers 1994). One of these small ridges dams Wallace Lake. 

To provide a reference set of stream water chemistry, the conterminous 

Sumner Lake watershed east of the Wallace Lake watershed is also gauged 
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Figure 4. Exposed ridge vegetated with white spruce (Picea glauca), Wallace Lake 
watershed. Isle Royale National Park. Michigan. 

(Fig. la). The Sumner Lake watershed is slightly larger than the Wallace Lake 
watershed and has a more northeastern aspect, but its elevation is similar. Stream 
water chemistry is monitored here at two locations: in the year-round stream 
feeding Sumner Lake (Station SI) and in the Sumner Lake outflow (S3). 

Climate 

In the Northern Superior Uplands, annual precipitation ranges from 66 to 78 
cm and generally increases from north to south (McNab and Avers 1994). An­
nual precipitation along the southern shore of Lake Superior exceeds this range 
(Stottlemyer and Toczydlowski 1996a, 1996b). Sixty percent of the annual 
precipitation in the Northern Superior Uplands falls in the growing season 
(80-123 days). The mean annual temperature is 2-3°C; the warmer tempera­
tures are near Lake Superior. 

During 1982-96. the mean annual temperature in the Wallace Lake water­
shed was 3°C (standard deviation = 1.8°C: Fig. 5). The mean annual minimum 
temperature was 0.2° and the mean maximum temperature 5.8°C. The mean 
annual temperature was 2.4°C lower in the Wallace Lake watershed than at the 
NOAA (National Oceanographic Atmospheric Administration) station on the 
Houghton County Airport. 100 km south of the Wallace Lake watershed, and 
1.3°C lower than at the NOAA station in Grand Marais. Minnesota. 142 km 
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Figure 5. Mean annual temperature and precipitation. NOAA station on the Houghton 
County Airport, Houghton, Michigan, 6 km from the Calumet watershed and 100 
km south of Wallace Lake; NOAA station in Grand Marais, Minnesota, 142 km west 
of Wallace Lake; and Wallace Lake watershed. Isle Royale National Park. Michi­
gan, 1982-1996. 

west of the Wallace Lake watershed. We were unable to obtain post-1990 data 
from Thunder Bay, Ontario, 62 km northwest of Wallace Lake. During 1982-
90, when the Thunder Bay and the Wallace Lake watershed records overlap, 
the annual mean temperatures were similar. In the Wallace Lake watershed, 
the mean monthly seasonal temperatures ranged from -9°C in January to 15.8°C 
in July (Fig. 6). 

The mean annual precipitation in the Wallace Lake watershed was 75 (16) 
cm and ranged from 57 to 104 cm. Annual precipitation in the Wallace Lake 
watershed was near the upper range of that in the Northern Superior Uplands 
(McNab and Avers 1994). About 40% of the annual precipitation was snow­
fall, which is average in this region. The mean monthly precipitation in the 
Wallace Lake watershed ranged from 3.3 cm in February to 9.0 cm in NovemT 

ber (Fig. 6). The annual precipitation was 7 cm less in the Wallace Lake 
watershed than at the NOAA station on the Houghton County airport and 13 
cm greater than in Grand Marais, Minnesota. The differences in precipitation 
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Figure 6. Mean monthly precipitation amount and air temperature, NOAA stations on 
the Houghton County Airport and in Grand Marais, Minnesota, and in the Wallace 
Lake watershed; and solar radiation, Wallace Lake watershed, Isle Royale National 
Park. Michigan, 1982-1996. 

amounts occurred in winter when there is less lake-effect snowfall at Grand 
Marais. Only 23% of the annual precipitation at Grand Marais occurred during 
winter. 

Prior to initiation of the study, year-round climate data of Isle Royale were 
not continuous. The amount of precipitation on Isle Royale is seasonally moni­
tored by the National Park Service at the Windigo Ranger Station (hereafter 
Windigo) and on Mott island (Fig. la). Results from the National Park Service 
stations are summarized to 1984 (Stottlemyer et al. 1985a, 1985b). The Na-
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tional Oceanographic and Atmospheric Administration (NOAA) collects data 
on wind speed, wind direction, and temperature but not precipitation amount 
at the Passage Island lighthouse, 5.5 km to the northeast of the main island, 
and at the Rock of Ages lighthouse, 6 km to the southwest (Fig. la). The Rock 
of Ages lighthouse is on a point of exposed bedrock, and Passage Island is 
small. Climate data from these stations, except perhaps data on wind direction, 
are probably not representative of most of Isle Royale. 

Geology 

The bedrock sequence on Isle Royale consists of a series of lava flows (flood 
basalts) and sedimentary rock tilted to the southeast (Huber 1973). The sedi­
mentary rocks are sandstones and conglomerates. The linear ridges, generally 
running northeast to southwest, are the edges of the stacked layers modified 
by erosion and glaciation. The rock sequence consists of two formations: the 
lowest and oldest is the Portage Lake Volcanics that includes the lava flows 
and minor imbedded sedimentary and pyroclastic rocks and the upper more 
recent formation or Copper Harbor Conglomerate that contains only sedimen­
tary rocks. 

Isle Royale was overridden by ice in each of the four major glaciations of 
the last 2.5 million years (Huber 1973). The last advance in this region was 
during the Wisconsin Glaciation about 12 000 years ago (McNab and Avers 
1994). Because of the resistant nature of Isle Royale's predominantly volcanic 
substrate, the ridges largely survived the glacial advances. Glacial striations 
are clearly visible over much of the exposed bedrock in the Wallace Lake wa­
tershed (Fig. 4). The glaciation removed most pre-glacial weathered rock from 
the island (Huber 1973). Glacial till deposits are thin and scattered in the north­
eastern portion of the park. Southwest of Siski wit Lake (Fig. la), till is extensive 
and covers most of the bedrock. 

The bedrock beneath Wallace Lake is metamorphosed volcanics. Low areas 
and depressions are filled with glacial debris and beach deposits. Foreign gla­
cial materials consist of granitic pebbles from the Canadian mainland and 
fossiliferous (Proterozoic) limestone and chert from the Hudson Bay area south 
of James Bay (McNab and Avers 1994). The resorting and mixing of the gla­
cial till with beach deposits produced a cobbly and sandy mineral-soil parent 
material (Shetron and Stottlemyer 1991). Weathering of this parent material 
dominates surface-water chemistry and is an important process that contrib­
utes nutrients for vegetation growth (Bailey and Hornbeck 1992). 

Soils 

Soils in the watershed are primarily sandy to coarse loamy, mixed, and frigid 
Alfic Haplorthods deposited during the post-glacial Lake Nipissing stage and 
re-sorted during the post-Lake Duluth stage (Dorr and Eschman 1970). After 
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Table 2. Chemical and physical characteristics of forest soils beneath domi­
nant vegetation types, Wallace Lake watershed, Isle Royale, Michigan. Data 
from Stottlemyer and Hanson (1989). 

Horizon 

Oi&Oe 

E 
Bhs 
Bsl 
E/Bt 

2Bt 

Oi&Oa 
A 
Bhs 
2Bsl 
2Bs2 
3E 

3E7Bt 

3Bt 

Depth cm 

70 

0-5 
5-18 
18-27 
27-39 
39-60 

7-0 

0-5 
5-21 
21-24 
24^19 
49-65 

65-85 

85-89 

Texture 

Exchangeable 

OM g kg"1 

Spruce (Picea) 

Is 
si 
si 

scl 

sicl 

660 

23 
33 
23 

134 

132 

PH 

4.5 

3.8 
4.4 
4.3 
4.9 

5.1 

Birch-Aspen (Betula-Populus) 

gs 
8 s 

Is 
Is 
s & si w/cl 
lenses 
s & si w/cl 
lenses 

s & si w/cl 
lenses 

560 
80 
62 

44 
36 
50 

27 

26 

4.6 
4.9 

5.0 
4.9 
5.0 
5.1 

4.9 

5.0 

Cations mM kg ' 

Ca2+ 

28 

7 

9 
8 

22 
58 

53 
63 
21 
17 
19 

15 

16 

16 

Mg2+ 

3 
2 
3 
3 

17 
38 

10 

10 
3 
4 
4 
2 

3 

5 

k-

0.1 
0.7 

0.6 
0.8 

0.9 

3.0 
2.0 
0.4 

0.5 
0.3 
0.3 

0.2 

0.3 

Na+ 

1 
6 
5 

8 
12 

8 
7 

11 
6 
8 

10 

10 

deglaciation, Isle Royale rebounded and rose above lake water level. Because 
of gradual emergence, soils in the Wallace Lake watershed are only between 
3000 to 5000 years old. Dating of lake cores from Wallace Lake confirmed 
this age (Dr. K. Cole, Paleoecologist, University of Northern Arizona, per­
sonal communication). 

The soils in the Wallace Lake watershed are dominated by two associations, 
the Histic Humaquepts-Froberg-Rudyard and the Michigamme-Arcadian-Rock 
Outcrop (Appendix). Mineral-soil horizons are moderately acidic (Table 2). 
Deeper horizons are stratified clays and sands. The Wallace Bhs horizon is 
thicker but has the same organic-matter content (3%-6%) as soils beneath 
mature forests of the McCormick Experimental Forest in the Upper Peninsula 
of Michigan (Pregitzer 1981; Pregitzerand Barnes 1984). The Bhs has a simi­
lar thickness but somewhat higher exchangeable CB content than soils of the 
Turkey Lakes watershed in Ontario (Foster et al. 1989). Soils in the Wallace 
Lake watershed tend to be poorly drained because of low topographic relief 
and shallow depth to bedrock. 
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Vegetation 

Isle Royale is in the transition zone between the boreal forest on the north­
ern shore of Lake Superior and the eastern deciduous forest that predominates 
on the southern shore (Larsen 1980). The watershed's overstory is dominated 
by trembling aspen (Populus tremuloides), white birch (Betula papyrifera), 
balsam fir (Abies balsamea), and white spruce (Picea giauca). The boreal for­
est is best developed in the lower elevations of Isle Royale (Slavick and Janke 
1993). The birch-aspen vegetation type occurs in about 61 ha of the water­
shed, spruce-fir in 6 ha, tag alder (Alnus rugosa) in 3 ha, northern white-cedar 
(Thuja occidental is) in 1 ha, and wetlands in more than 2 ha. 

Land Use and Disturbance 

There is no evidence of direct human disturbance of the watershed. In 1971, 
the National Park Service designated the Wallace Lake watershed as wilder­
ness. Because of the absence of trails, campgrounds, development, and easy 
boat access, visitor use of the drainage is almost non-existent. There is no 
archeological evidence of significant early American use in the Wallace Lake 
watershed (Clark 1995). Periodically in the early part of the twentieth century, 
scattered northern white-cedar was removed from the shoreline of the Moskey 
basin for cabins and other construction before the island became a park. But 
there is no evidence of cutting or human habitation in the late nineteenth or 
early twentieth century in the Wallace Lake watershed. 

A small portion (<10%) of the watershed burned in 1936 in an intense, an­
thropogenic fire throughout the central one-third of Isle Royale National Park. 
No evidence exists of other fires in the watershed for at least 125 years. Fire in 
boreal forests has a significant effect on surface-water chemistry and ecosys­
tem nutrient flux (Schindler et al. 1980). Greater than 80% of the Northern 
Superior Uplands burns every 300-400 years, and intense canopy fires occur 
every 150-200 years (McNab and Avers 1994). The frequency of significant 
fire in boreal forests of Alberta, Canada, ranges from 90 to 180 years (Larsen 
and MacDonald 1998). But fire frequency in boreal forests is heavily influ­
enced by topography and geography, especially when the forest is near a lake 
or on an island (Heinselman 1973). The frequency of fire on Isle Royale over the 
long term is not well documented. One method of determining the long-term fre­
quency of fire disturbance is charcoal deposition. Lake cores have been collected 
from Wallace Lake and other lakes in the park but have not been fully analyzed 
(Dr. K. Cole, Northern Arizona University, personal communication). 

Other natural processes such as windthrow are important mortality factors, 
particularly in balsam fir and spruce (Toczydlowski et al. 1993; McNab and 
Avers 1994). Risenhoover and Maass (1987), Brandner et al. (1990), Mclnnes 
et al. (1992), Pastor et al. (1993), and McLaren and Peterson (1994) quantified 
the significance of herbivory by moose as a natural disturbance of Isle Royale 


