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INTRODUCTION 

The principal objectives of this report are to provide an 

overall assessment of the history of scientific study in Isle 

Royale National Park, and to compile a bibliography citing the 

numerous scientific studies that have taken place in the park 

and its immediate surroundings. A "Literature Cited" section 

has also been attached since there are a number of references 

cited which do not deal directly with Isle Royale and therefore 

are not in the bibliography, but are germane to the topic under 

discussion. 

This report emphasizes scientific studies that have been 

conducted since the turn of the century. This qualification is 

necessary since in the mid die of the nineteenth century Isle 

Royale was the site of numerous detailed mineralogical 

assessments undertaken as part of the region-wide studies 

associated with copper mining. While selected key references 

pertinent to this period are mentioned in this report and in 

the bibliography, no attempt has been made here to include all 

of the many specific mineralogical reports and surveys. 

Isle Royale is located in the northwest quarter of Lake 

Superior, the largest (by surface area) freshwater lake in the 

world. It is the northern-most point in the state of Michigan 
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and is located 21 km from Ontario. Canada, and 29 km from the 

Minnesota, USA mainland (Fig. 1 ) . 

Isle Royale is actually an archipelago consisting of a main 

island surrounded by over 200 smaller islands of greatly 

varying sizes. The main island is 72 km long and 14 km across 

at its widest point. In orientation it roughly parallels the 

north shore of Lake Superior with its long axis running in a 

southwest-northeast direction. The island is characterized by 

a series of ridges and vaileys which run parallel to the long 

axis. Numerous inland lakes and hundreds of swamps, ponds and 

bogs are located between the ridges (Fig. 2 ) . 

The park boundaries extend 7.2 km out into Lake Superior. The 

total park area is 231,403 hectares. Of this (approximately 

one-quarter of the total) 54,143 hectares is land area. The 

highest elevation in the park is 242 meters above Lake 

Superior, or 4 25 meters above mean sea level. 

Much of the land is thin-soiled with numerous rocky outcrops. 

The almost continuous and dense vegetation is characterized by 

discrete boreal conifer forest in near-lake locations and 

northern hardwoods at inland sites. The climate is typically 

mid-continental but greatly tempered by the surrounding waters 
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of Lake Superior. The fauna consists of moose, wolves, beaver, 

snowshoe hare, and nine additional mammalian species. 
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Figure 1 

Lake Superior region showing location of Isle Royale National Park, Michigan. 



Figure 2. Map showing detail of Isle Royale National Park, Michigan. 



HISTORY OF OBSERVATION AND RESEARCH ON ISLE ROYALE: 

A S UNWARY 

Accumulated information concerning the physical and biotic 

components of the Isle Royale ecosystem date from as early as 

1669, when Jesuit Fr . Claude Dablon entered observations into 

the Jesuit Relations (Dablon 1669-1671). A few other early 

accounts exist, such as other Jesuit writings, records of fur 

trading companies, and Agassiz1 descriptions of the Lake 

Superior area (Agassiz 1850); these are of a general 

descriptive nature however. 

In 1847, a General Land Office survey of Isle Royale was made 

by William Ives (Ives 1847). Ives1 extensive notes and 

accurate survey provide good information about the natural 

ecological conditions existing at that time (Gilchrist 1968-69; 

McKaig 1978). Because mineral exploration commanded so much 

attention from the mid-1800s to the early 1900s, a wealth of 

early geological information was produced (Jackson 1849, 1850a, 

b, 1854; Foster and Whitney 1850, 1851; Lane 1898, 1899, 1911). 

Later contributions to geological knowledge were made by 

Stanley (1932) and Ferrand (1960, 1962, 1969) who contributed 

significantly to the understanding of the Quaternary of the 

Great Lakes area, and by Huber (1969, 1971, 1972, 1973a, b, c, 

1975) who described and mapped in detail the bedrock geology of 

Isle Royale and vicinity. Huber's papers concerning Isle 
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Royale and Lake Superior geology (from the Precambrian to the 

Quaternary) are a complete and modern record, incorporating the 

latest techniques and theories. 

Ecological studies have been conducted at Isle Royale from 

early in the history of the discipline. In 1904, a party from 

the University of Michigan Museum conducted an ecological 

survey of the Porcupine Mountains (on the south shore of Lake 

Superior in Upper Michigan) and a small portion of southwestern 

Isle Royale. Ten "stations" were established on Isle Royale at 

which plants, mammals, birds, and invertebrates were collected 

and their habits and interrelationships were studied (Ruthven 

1906). In the following year, 1905, a second Museum party 

concentrated solely on Isle Royale, establishing five primary 

stations consisting of 38 substations which were located at 

Rock Harbor, Siskiwit Bay and Washington Harbor (northeast, 

central and southwest, respectively). Data similar to those of 

the first year were collected and analyzed to form a reasonably 

extensive compendium of basic ecological information (Adams 

1909). In 1909 and 1910, William S. Cooper carried out field 

studies that described the climax forest of Isle Royale and the 

several successional pathways by which it became established. 

This he later published (Cooper 1913a) along with related 

studies on the moss flora and a list of the plant specimens he 

collected (Cooper 1912, 1913b, 1914). When Cooper returned to 

8 



Isle Royale in 1927, he failed to relocate most of his original 

study plots; nevertheless, he obtained sufficient information 

to publish his landmark, "Seventeen Years of Successional 

Change..." paper (Cooper 1928). Even though restricted to the 

northeastern portion of Isle Royale, Cooper's studies clearly 

delineated the nature of the climax spruce-fir and its several 

sub-climax and successional community types on Isle Royale. 

In 1929 and 1930, another party from the University of Michigan 

Museum of Zoology and University Herbarium carried out field 

studies at Isle Royale. Some important changes had taken place 

since the first Museum party of 1904-05: caribou, which 

previously inhabited Isle Royale, had disappeared by about 

1922; moose, which previously had not been present, arrived on 

Isle Royale in about 1912; lynx, previously present, had 

disappeared; and a movement had been on-again-off-again since 

the early 1920s to make Isle Royale a state or national park. 

The faunal changes resulted in vegetational changes, especially 

the near extinction of yew, which had formed nearly 

impenetrable thickets at the time of the Ruthven and Adams 

surveys. Also, the copper prospectors of the 1850-1900 period 

had burned off considerable portions of Isle Royale which by 

1930 had reached various post-fire successional stages. 

Therefore, the surveys and studies of the 1929-30 period 

documented a crucial stage of conditions. Adolph Murie's "The 
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Moose of Isle Royale" (19 3 4) initiated a long series of inquiry 

into the population dynamics of this species, and Clair Brown's 

"Ferns and Flowering Plants of Isle Royale, Michigan" (1936) 

remained the most important floristic listing up to the present 

time, succeeded only by Slavick and Janke's (198 4) updated 

list. Other studies included fungi (Povah 1934), phytop 1ankton 

(Taylor 1935), bryophytes (Thorpe and Povah 1935), and lichens 

(Hedrick and Lowe 1936), 

During the mid-1930s, several important events contributed to 

our overall understanding of the Isle Royale ecosystem. First, 

a large fire - resulting from a combination of a small 

lumbering operation at Siskiwit Bay, a series of very dry 

years, and probably lightning - burned between one-fourth and 

one-third of the forested area of the main island (mostly in 

the central portion). This fire produced a variety of 

successional stages that later became valuable study plots and 

provided a large amount of sorely-needed browse for the 

depauperate moose population. Paul Hickie's studies on the 

moose (Hickie n.d., 1936, 1937), served to augment the 

continued interest in this animal on its island home. Second, 

Civilian Conservation Corps (CCC) funds enabled a number of 

projects to occur (Isle Royale had three CCC camps), among 

which was a project to map the island's vegetation (Anon. 

1937). At the end of the 1930s, the advent of World War II and 
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the demise of the CCC essentially spelled the end of any 

important scientific inquiry until the 1950s. Third, 1941 

witnessed the final Act establishing Isle Royale as a national 

park. 

The acquisition of national park status made Isle Royale one of 

the few boreal conifer-northern hardwood areas in the United 

States that was relatively well protected from development and 

exploitation. This was a great attraction to those wishing to 

conduct long-term ecological studies. Continuing the studies 

of the moose (begun by Murie and Hickie in the early 1930s), 

Krefting (1946, 1949, 1951, 1956, 1960, 1974; Krefting and Lee 

1948) established four moose exclosures at various island 

locations. He obtained data from these and from paired 

non-exclosed plots on a nearly annual basis for many years to 

obtain a fairly long record of moose browse conditions, along 

with observed moose population conditions. Sometime in 

1947-49, the eastern timber wolf arrived on Isle Royale, either 

from Minnesota, or more probably, from Ontario. The 

newly-arrived wolf was studied during three winters (1953, 

1956, 1957) by Park Service biologists (Cole 1953, 1954, 1956, 

1957a; Hakala 1953; Linn 1956a, b.) and in 1958 Durward L. 

Allen began his long-term studies of the ecological 

relationships between the wolf and other island wildlife 

populations. Allen's program, as continued today by Rolf 
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Peterson, is a landmark of long-term ecological inquiry now in 

its 25th year. It has proven the ind i spensab i 1 i t y of 

continuous study of ecosystems over long- and short-cycle 

environmental variables (Allen 1969a, b, 1974, 1979a, b, c; 

Allen and Mech 1963; Johnson 1969, 1970; Jordan 1964; Jordan et 

al. 1967; Mech 1963a, b, 1965, 1966, 1970; Peterson 1974, 1975, 

1977, 1979; Peterson and Allen 1974; Peterson and Scheidler 

1977; Scheidler 1979; Shelton 1966, 1979; Wolfe 1969; Wolfe and 

Allen 1973). These studies also spawned an interest in various 

peripheral aspects of moose and wolf ecology at Isle Royale 

(Belovsky et al . 1973; Belovsky 1978; Belovsky and Jordan 1978; 

Botkin et al . 1973; Jordan et al . 1971; Jordan et al . 1973; 

Karns and Jordan 1969; Rykiel and Kuenzel 1971; Stauber 1963, 

1964; Wilson and Johnson 1971). 

Renewed interest in the vegetation of Isle Royale began to 

emerge in the 1950s when Linn began a series of studies on 

forest succession and the environmental causes for the apparent 

existence of both boreal conifer and northern hardwood climax 

types on Isle Royale (Linn 1952, 1957, 1962). Linn has 

permanent quadrats from which data were initially collected in 

1951 and resampled in 1974. These may prove valuable, along 

with the still extant moose exclosures of Krefting, for 

additional long-term successional and productivity studies. 
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Studies of the boreal conifer type on Isle Royale have been 

continued to the present time by various investigators. 3anke, 

in particular, has investigated fire as a factor in the 

spruce-fir type and has studied the establishment of seedlings 

of dominant species and the effect of the island's faunal 

components on the vegetation (3. de Waal Malefyt 1974; S. de 

Waal Malefyt 1974; 3anke 1979; 3anke et al. 1976; Raymond et 

al. 1975a, b; Snyder and 3anke 1976). Recently, studies of air 

and water quality have been initiated by Stottlemyer (1979, 

1981, 1982) in an attempt to discern external threats emerging 

as a result of the near and far production of industrial and 

other airborne pollutants. Also, in progress are studies 

concerning the bryophyte flora, algae, aquatic invertebrates 

and plants, and studies on the role of lichens in bare rock 

successions along the shores. 
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GEOLOGY 

The Region 

The Great Lakes occur at the boundary between the Precambrian 

rocks of the Canadian Shield and the more southern, 

predominantly Paleozoic sedimentary formations. The Lake 

Superior Basin is entirely within the Canadian Shield. Lake 

Huron, to the east and south, is bordered on the north by 

Precambrian bedrock and its remainder by Paleozoic deposits. 

The remaining lakes are entirely within Paleozoic sedimentary 

deposits. The Silurian Niagra dolomite is a dominant 

structural feature in Lakes Michigan, Huron, Erie, and Ontario. 

Lake basin morphology differs considerably among these lakes 

due to the differences in geologic substrate. The benthic 

morphology of upper Lake Michigan, Lake Superior, and Lake 

Huron is quite rough while that of Erie and Ontario is quite 

smooth. 

Much geologic study of the region has taken place since the 

1850s. Primarily these studies relate to the native copper 

deposits of the Lake Superior Basin. These studies began with 

the survey by Agassiz (1850) of the physical character and 

biology of the basin. An interpretation of the Portage Lake 

Volcanics, especially along the south shore of Lake Superior, 

is presented in some detail by white (1960) who also provided a 

relatively recent summary of the nature and origin of the 
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copper deposits in Michigan's Upper Peninsula (White 1968). 

Keweenawan geology of the Lake Superior region and the 

relationships of Keweenawan rock groups were reviewed by Halls 

(1966). 

As is the case for perhaps all other sections of the North 

American continent influenced by Quaternary and Pleistocene 

glaciation, this region has witnessed much attention devoted to 

the events of these periods (Flint 1961). Bird (1972) 

described the physical landscape and the effects of glaciation 

on the Canadian Shield. Kelley and Ferrand (1967) provide a 

good summary of the glacial and post glacial lakes of the Lake 

Superior Basin. Much of this and the work of other 

investigators was subsequently summarized by ,Ferrand (1969). 

Dorr and Eschman (1970), in their excellent text on the geology 

of Michigan, provide a descriptive overview of the sedimentary 

and metamorphosed geologic substrates characteristic of most of 

the Lake Superior Basin, in particular its southern half. 

For those interested in a more historical perspective relating 

man to the pursuit of native copper deposits, the work of 

Foster and Whitney (1850) provides interesting sketches of 

early explorations in the Lake Superior region. Griffin (1961) 

examined in detail the prehistoric activities of indian copper 

miners especially on Isle Royale. Rakestraw (1965) assessed 
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the post-indian explorations for copper, again with emphasis on 

Isle Royale. 

Geology of Isle Royale 

The most extensive geologic study of Isle Royale is the 

contemporary work of Huber (1975). A series of publications 

authored and coauthored by Huber examines in detail the glacial 

and post-glacial geologic history of the park (Huber 1973a) and 

the islands' middle Keweenawan deposits of Portage Lake 

Volcanics and Copper Harbor Conglomerates (Huber 1973b, Wolff 

and Huber 1973). Huber also produced a detailed geologic map 

of Isle Royale (Huber 1973c). Additional publications deal, in 

some detail, with specific interesting minerals associated with 

the geological deposits of the park (Courter 1972, Huber 1971). 

Most of Isle Royale's geologic substrate consists of 

interbedded volcanic and sedimentary rocks which include the 

Portage Lake Volcanics. This thick bedded layer forms the 

syncline beneath Lake Superior jutting up to form the bulk of 

the Isle Royale archipelago. Overlaying this extensive 

formation are the post-voleanic sedimentary rocks (the Copper 

Harbor Conglomerate is a member) which in this region are 

nearly completely covered by Lake Superior except for a narrow 

band on the north shore of the Keweenaw Peninsula and a 
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relatively small portion of Isle Royale at Feldtmann Ridge and 

surrounding Siskiwit Bay. The thick series of flood basalts 

and sedimentary layers tilt (10 -55 ) southeast toward the 

axis of the Lake Superior basin. The tilt is steeper on the 

north side of the Isle Royale archipelago (Huber 1975). That 

portion of the island between south-central Siskiwit Bay and 

Rock Harbor, to the northeast, is somewhat pushed up or domed 

and is an area of extensive faulting. These fault lines run 

predominantly in a northeast-southwest direction. The remainder 

of the Portage Lake Volcanics throughout the archipelago 

generally have less closely spaced fault lines running in a 

north-south direction. The erosion that has occured along 

these fractures creates the conspicuous ravines characteristic 

of the islands. Fault displacement along these fractures is 

almost always minor. 

Foster and Whitney (1850) and Lane (1898) recognized that the 

geologic sequence on Isle Royale was similar to that of the 

Keweenaw Peninsula only in reverse. Thus they were able to 

deduce that the layers must be of the same origin and similar 

in age, and probably extended in an arch under Lake Superior. 

As is characteristic of geologic information in any region 

affected by mineral exploitation, there is considerable 

detailed information on local mineralogy, while questions 
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regarding the overall geology of the region still remain. The 

best general overviews of the region are probably provided by 

Dorr and Eschman (1970). The best general study of the geology 

of Isle Royale clearly is Huber (1975) who, based upon personal 

extensive surveys of the island and the synthesis of the work 

of many of his predecessors, provides a summary of the geologic 

history easily understood even by the layman. Both Dorr and 

Eschman's and Huber's texts provide a reasonably good synthesis 

of the effects of Pleistocene glaciation on changes in 

landforms, lake levels, and major soil variations. For details 

related to these subject areas, and in particular on matters 

dealing with the effects of Pleistocene glaciation at any 

specific geographical site, one should consult the references 

mentioned in this report. 
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SOILS 

Information regarding soils, even in its most rudimentary 

descriptive form, is lacking for the Lake Superior basin and 

especially Isle Royale. As is the case for much of the United 

States, those counties having an agricultural or forestry base 

generally have soils maps produced by the Soil Conservation 

Service, USDA. However, for this region most of them are quite 

old, having been prepared in the 1920s and 1930s. General 

soils maps exist for Houghton and Keweenaw counties but have 

never been published (pers. comm., Soil Conservation Service, 

USDA, Hancock, Michigan). 

Soils of Boreal/Northern Hardwood Ecotone 

The widespread soil type in boreal regions is podzols. This 

soil type typically develops on sandy or more coarse substrates 

such as granite. During podzo 1 ization the very soluble 

monovalents potassium and sodium along with the divalent 

calcium ions are readily washed from the soil by water 

movement. Iron and aluminum are typically removed from the A 

horizon to the B horizon. Iron leaching is complex and 

involves chelators found in the upper organic layers which help 

reduce iron into the mobile ferrous state. Biomass typically 

accumulates as litter on the soil surface, and considerable 

humus lenses may be found as deep as the B horizon. Northern 
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coniferous species are especially rich in the compounds that 

promote podzo1ization, such as chelaters. Surface soil 

layers are typically of the mor type. The podzo1ization 

process is understood in concept but is poorly understood or 

def ined in detai1. 

Boreal zone soils are interrelated to climate and vegetation, 

and one can not be considered without attention to the others. 

Podzol soils are not confined to just the boreal zone. But the 

podzo1ization process is particularly intense at the southern 

boundary of the boreal zone especially where precipitation is 

abundant, and in the Great Lakes region where there are acid 

sandy glacial deposits. In highly podzolized soils the upper A 

subhorizons are nearly depleted of all but organic and 

siliceous materials. Where there is less intense podzo1ization 

or where the substrate is not sandy a wide variation of soil 

characteristics will be found in the upper horizons. The time 

available for substrate weathering and subsequent soil 

formation is a significant factor. In areas of recent 

glaciation the time available for soil development has been 

very short as is the situation for much of the Upper Great 

Lakes region. 
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Within the boreal zone there are also soils that would be 

correctly described as regosols, peats, gleys, 

gray-and-brown-wooded soils, and azonal lithosols. 

There are no clearly distinguishable changes in soil types or 

their formation processes at the southern (or northern) ecotone 

of the boreal zone. The gradual shift from deciduous to 

coniferous litter is one subtle factor along with the gradual 

decrease in litter decomposition rates with increasing 

latitude. In deciduous forests along the southern ecotone, 

litter decay rates are high. The litter is rich in bases which 

are in turn quickly recycled back into the living tissue of the 

tree. Upper soil horizons are zones of enrichment rather than 

zones of leaching. The resulting gray-wooded soils of the 

transition zone are distinctly different from the northern 

podzo1s. 

A modification of the classic podzol formation exists where 

topography and parent material conditions inhibit leaching. 

Topography most often elevates the soil water table into the 

upper B or A horizon resulting in a gley mottling. The 

resulting soil is termed a bog soil or gley podzol. 

Conversely, immature podzol soils might be found in upland, 

well-drained areas where humus accumulation is very thin and 

horizon formation retarded. Natural or manmade forest 
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perturbation, particularly on dry sites, can also result in 

poor podzol soil profile development. 

Soils of Isle Royale 

The soils of Isle Royale have never been extensively studied. 

They have not been mapped, nor does any type of systematic soil 

survey exist. What little is known about the soils has come 

from portions of largely unpublished vegetative research 

studies that included some soils data. Most of this work has 

been confined to the northeast section of the island and in 

particular soil differences among the spruce-fir, birch-aspen, 

and jack pine vegetation types (3anke unpub. Final Report to 

NPS, 1983). Linn (1957) examined soil moisture characteristics 

in the sugar maple forest type and selected transition 

vegetation zones in the southwest end of the island. Linn 

concluded that there was little discernable influence of soil 

physical and chemical properties on vegetation makeup in this 

portion of the island. 

Due to Pleistocene glaciation and the relative recent emergence 

of significant portions of Isle Royale from Lake Superior and 

its predecessors, it is thought that none of the soils on the 

island are derived from the Precambrian volcanic substrate. 

Rather, they have developed from the glacial till which was 

deposited on the island by the retreating glaciers. Glacial 
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till deposits are extensive and deep on the southwestern 

one-third of the island, and extensive and scattered on the 

remaining two-thirds of the island. The tills are alkaline in 

character with a high carbonate content. They are probably 

derived from calcareous deposits brought south from Hudson Bay 

by g1aci at i on. 

Most of the published and unpublished soils information can be 

found in Shetron (1973), Snyder (1973), S. de Waal Malefyt 

(1974), and 3anke (1981, 1982, unpub.). The only professional 

descriptions of soil profiles are those by Shetron (1972, 

unpub.) who studied 15 soil profiles in the northeastern 

section of the island and described them employing the 

Comprehensive System of Soil Classification. The soils were 

classified down to soil series, and the location of the 

sampling points is known. However, no soils map was prepared. 

As part of the ongoing watershed studies by Stottlemyer (pers. 

comm.) on the northeast section of the island, soils within 

these drainages will be sampled and the watershed soil types 

mapped. In addition, much of the rather scarce quantitative 

soils information collected by other investigators in the past 

is being entered in computer files as part of this study. 

However, soils information has been identified by the park as 

one of its top information deficiencies for many years now. 
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