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FOREWORD 
In states south of Canada, the once widely distributed gray wolf 

is represented by two viable populations. The largest inhabits the 
forested area of northern Minnesota. In this book we are concerned 
with the second population, which occupies a Michigan island in 
upper Lake Superior. The wolves of Isle Royale National Park have 
been intensively studied since June 1958 in a cooperative effort by 
Purdue University and the National Park Service. 

In the first 12 years the work was carried on largely by three 
graduate students, each of whom produced a doctoral thesis, and 
two post-doctoral associates on 3-year appointments. It was a fairly 
long stint as wildlife studies go. The component projects each with 
its own emphasis, had been tied together nicely by the steadily 
growing skills of our winter pilot and enthusiastic wolf observer, 
Donald E. Murray. 

By way of initial planning, I had hoped that the program could be 
maintained for 10-12 years, but by the time Rolf Peterson arrived 
on the scene, in June 1970, any prospective termination date had 
receded into the indefinite future. The work of each year confronted 
our discoveries with new circumstances and new results. There 
were challenging questions on which we were just beginning to see 
light. 

Rolf was the right man in the right place at the right time. He 
brought along important assets in addition to his record as a distin­
guished student in zoology at the University of Minnesota at 
Duluth. Experience gained on two canoe trips in northern Canada 
was reassuring; I suspected, correctly, that he could take care of 
himself. However, there were bonuses of which I was not im­
mediately aware. Rolf had made good in the nationwide fellowship 
competition of the National Science Foundation. With two renew-
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als for which he became eligible, he paid his own stipend for 3 
years. In a situation where fund-raising is a never-ending necessity, 
this was especially welcome. Finally, at the end of the first sum­
mer, a bride would enter the program, and it soon became evident 
that Carolyn Clarke Peterson had much to contribute. 

The new phase of the investigation was to be different in several 
important aspects. The winter of 1969 introduced a series of years 
characterized by deep snows, abundant runoff waters, and a doubl­
ing of the beaver population. Moose and wolves responded with 
behavior and relationships that were new to us. Wolf increases set 
the stage for an improved appraisal of territoriality and pack in­
teractions. Above all else, we needed to learn more of the summer 
habitats of our island wolves. The Petersons as one team, and with 
two summer assistants as another, literally scoured the island 
during the warm season. In each of two summers their backpacking 
exceeded a thousand miles, much of it off-trail, through brush and 
blowdown, across innumerable swamps and beaver dams. They 
established contact with the breeding packs and inspected dens and 
rendezvous sites. They learned to know the island as no one had 
known it before. After 1970, with everything on the upswing, our 
"autopsy" file on moose remains examined in the field more than 
doubled. 

The outdoor job was a major demand, but at this stage of the Isle 
Royale studies we needed a synthesis of findings—the new with the 
old—that could bring our conclusions reliably down to date. The 
much-worked-over computer sorting system got more refinements, 
and Rolf went at it. His thesis produced updated generalizations on 
17 years of wolf research. 

Appropriately edited, the thesis now appears as number 11 in the 
Scientific Monograph Series—which replaced and expanded the 
justly famous National Parks Fauna Series. It tells more than we 
previously have been able to tell of the island wolves and their prey. 
It demonstrates how the work on Isle Royale has been well started 
but by no means finished. As a staff member in biology at Michigan 
Technological University, Rolf Peterson will employ students, as I 
have, and go on with the project as its director. We hope the wolves 
on this island laboratory have a great future and the recording of 
their history will long continue. 

DURWARD L. ALLEN 

Professor of Wildlife Ecology 
27 April 1976 Purdue University 

xvi 



SUMMARY 

Predator-prey relationships between timber wolves (Canis 
lupus) and moose (Alces alces) were studied from 1970 to 1974 in 
Isle Royale National Park, a 544-km2 island in Lake Superior, as 
part of a continuing research program begun in 1958. 

Initial studies in the late 1950s and early 1960s showed that a 
single large pack of wolves hunted the entire island, preying in 
midwinter on old adult moose and calves. In nonwinter months 
wolves relied heavily on moose calves; beaver were a minor food 
supplement. Moose productivity was very high and was attributed 
to intensive predation by wolves. 

By 1970, moose productivity had declined markedly and there 
was increased evidence of winter nutritional stress. Young adult 
moose and calves became especially vulnerable to wolves in winter 
due to the effects of malnutrition early in life and to the unusually 
deep snow. Also, wolves relied heavily on an increased beaver 
population. The food resources for wolves thus were expanded 
significantly. Concurrently, the size of the original pack's territory 
was reduced, allowing a second pack to establish itself in the 
summer of 1971. As a result, the winter wolf population increased 
from 20 in 1971 to 31 in 1974. 

The two principal wolf packs were tracked by plane in midwinter 
for 234 "pack-days." The packs traveled an average of 11 km/day 
and 33 km/kill. Travel for both packs was least when, because of 
snow conditions, moose were easier to kill. 

Food availability for pack members ranged from 4.4 kg to 10.0 
kg/wolf/day and declined for both packs between 1971 and 1974. 
Concurrently, the amount of spatial overlap between the two packs 
increased, leading in 1974 to direct conflict and the death of one 
wolf. 

x v i i 



A social hierarchy existed in both packs, with dominant, or 
alpha, males and females leading the pack in daily activities. Alpha 
wolves did most of the mating and discouraged courtship behavior 
among subordinate wolves. Leadership in both packs exhibited 
pronounced year-to-year stability. 

Wolf predation accounts for most of the adult moose mortality, 
which occurs primarily in winter. Normally, losses between the 
ages of 1 and 7 years are relatively light but moose mortality 
increases steadily thereafter. Average annual adult mortality was 
estimated by a life-table to be 13%. Male moose die slightly sooner 
than females and exhibit a higher incidence of arthritis and malnu­
trition. The oldest males and females recorded were 15.5 and 19.5 
years, respectively. 

The incidence of moose aged 1-6 years among wolf kills in­
creased from 13% prior to 1970 to 53% since 1970. This reflected a 
major increase in vulnerability of young moose which appears to 
have resulted from increased malnutrition early in life and resultant 
adverse effects on growth and development. Bone measurements 
revealed that calf size at birth was correlated with the severity of the 
previous winter, and generations of calves born after winters of 
nutritional distress account for almost all of the young adult moose 
killed by wolves. 

Increased nutritional stress among Isle Royale moose in the early 
1970s apparently resulted from a combination of plant successional 
trends which reduced browse supply, increased winter severity 
because of deep snow, and an increase in the moose population 
during the 1960s. 
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" S U P E R I O R S H O R E " 

1 
Introduction 

Opportunities to study the large, native predators of North America in an 
undisturbed situation are quite rare today, for these animals have been eliminated 
from most of their former range, at least in the continental United States. Persecu­
tion of the gray wolf (Canis lupus) has accompanied the spread of modern 
civilization into every frontier on the continent. Today, wolves are found in the 
United States only in Alaska, northern Minnesota, and Isle Royale, with perhaps a 
handful in upper Michigan and in remote areas of the mountainous West. In 
Canada, wolves still inhabit most of the provinces and territories where the land 
has not been altered for agriculture or livestock production. 

Isle Royale has not always been known for its wolf population. The wolf is a 
relative newcomer to this island, having arrived in the late 1940s (Fig. 1). For 
decades prior to their arrival, the island was famous for its moose herd (Alces 
alces), the increase and decline of which attracted nationwide attention (Fig. 2). 

I 



2 Wolf Ecology and Prey Relationships 

Fig. 1. Isle Royale has supported wolves since the late 1940s. 

Fig. 2. Moose colonized Isle Royale in the early 1900s. 



Introduction 3 

In addition to concern for the welfare of the moose population, there was great 
public interest in the other natural features of the island. Although the island had 
experienced periodic attempts at copper mining and associated disturbances in the 
form of man-caused fires and logging in the 1800s, by the third decade of this 
century forest regrowth had restored the landscape. The need to preserve this 
unique island was clear by the late 1920s, and Isle Royale was established as a 
national park in 1940. 

The island has been the focus of many geological, botanical, zoological, and 
archaeological studies since the early part of this century. After wolves colonized 
the island, biologists were presented with a predator-prey system uncomplicated 
by a great number of interacting species and, importantly, an ecosystem set aside 
by man for preservation of its natural features. 

A long-term study of wolf-moose relationships on Isle Royale began in 1958 
under the direction of Durward L. Allen of Purdue University. Individuals with 
principal responsibility for field studies in wolf-moose ecology were L. David 
Mech, 1958-62; Philip C. Shelton, 1962-63; Peter A. Jordan, 1964-66; and 
Michael L. Wolfe, 1967-70. My work began in 1970. 

In this monograph, previous published work on the Isle Royale wolves is briefly 
reviewed. Data gathered on the wolf population from 1971 through 1974 are 
presented in detail. I also have attempted a synthesis of moose mortality data 
recorded in systematic fashion from 1958 through the winter study of 1974 to 
provide a composite picture of mortality patterns. 

Study Area 

Isle Royale is actually an archipelago, distinguished by a single large island 72 
km long and 14 km at the widest point. Many small islands extend off the 
peninsulas of the main island. The closest Canadian island is 20 km from Isle 
Royale, and the Canadian mainland is 24 km distant. Although Isle Royale is part 
of Michigan, it is closer to the northeastern tip of Minnesota (Figs. 3, 4). 

Geology and Physiography 
Recent geological investigations of Isle Royale (Huber 1973a, b, c; Wolff and 

Huber 1973) provided the basis for this brief account of the formation and 
subsequent reworking of the bedrock strata that form this island. 

The oldest rocks found on Isle Royale are Keweenawan lavas, which probably 
erupted a little over a billion years ago from what is now the middle of the Lake 
Superior basin. Occasionally, sedimentary deposits washed in from surrounding 
regions as the areas slowly subsided, resulting in interbedded volcanic and less-re­
sistant sedimentary strata. Continued subsidence created the basin which now 
contains Lake Superior and tilted the bedrock strata that form Isle Royale toward 
the southeast (Fig. 5). 
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Fig. 3. Map showing location of Isle Royale. 
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Fig. 4. Map of Isle Royale, showing locations mentioned in text. 
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Preglacial stream erosion removed portions of the softer strata running the 
length of present-day Isle Royale. Glacial ice further scoured these valleys, 
resulting in the longitudinal ridge-and-valley topography that is characteristic of 
Isle Royale (Fig. 6). The final glacial retreat occurred during the Valderan period, 
about 11,000 years ago. The ice withdrew in a northeasterly direction, exposing 
the western end of the island first, then halted for a period of time just west of Lake 
Desor. Consequently, significant deposits of glacial debris can now be found at the 
southwestern end of the island, while the more rapid retreat of ice from the 
northeastern end left little material behind. Further retreats of the glacier opened up 
successively lower outlets for the large, postglacial lakes that formed at the edge of 

>the ice, and lake levels dropped, exposing more of Isle Royale. Coupled with the 
fall of lake levels has been a slow postglacial rise of the bedrock. The highest 
elevation on the island is 238 m above Lake Superior, which lies 181m above sea 
level. 

The soil mantling the northeastern two-thirds of the island is, for the most part, 
thin and azonal, with many sloping ridges devoid of soil except in depressions. 
Exposure of bedrock on the southwestern third of the island is much less frequent, 
and soils are somewhat deeper and more developed, primarily because glacial 
deposits at this end were greater. 

Climate 

Surrounded by the world's largest body of fresh water, Isle Royale's climate is 
greatly modified relative to nearby mainland areas. The principal effects of Lake 

Fig. 5. Cross-section through Lake Superior, Isle Royale, and Keweenaw Peninsula (Huber 1975). 
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Fig. 6. Characteristic ridge and valley topography of Isle Royale. 

Superior are to buffer temperature changes and increase precipitation and humidity 
over the island (Fig. 7). 

TEMPERATURE 

Isle Royale temperatures are generally cooler in summer and warmer in winter 
than those of the mainland, with less range in temperature extremes. Temperatures 
of — 34°C ( —30°F) have been recorded only three times in the last 14 years, with 
the record —37°C ( —35°F) recorded in 1972. The mean number of days per year 
with a maximum temperature over 32°C (90°F) is only two along the north shore of 
Lake Superior (U.S. Department of Commerce 1968); however, further inland in 
Minnesota, extreme temperatures over 32°C and below — 34°C are not uncommon. 

Temperatuers during the annual 7-week winter study are generally above 
- 18°C (0°F) (Fig. 8), and thaws in midwinter are frequent. The years 1964 and 
1973 stand out as unusually warm, while 1967 and 1972 were, on the average, the 
coldest recorded since measurements began in 1962. 

PRECIPITATION 
Most of the weather systems that move over Isle Royale come from the 

northwest, and moisture is picked up as they cross Lake Superior. Those storms 
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Fig. 7. Lake Superior is responsible for high humidity and frequent fog. 

which do come from the east bring more moisture toward Isle Royale and the 
Minnesota shore of Lake Superior. Precipitation in northeastern Minnesota, 
closest to Lake Superior, is considerably above that of northwestern Minnesota. 
Precipitation on the south side of the lake, in upper Michigan, is even greater, since 
this area receives moisture picked up by prevailing winds (Table 1). Annual 
precipitation for Isle Royale has not been measured on a year-round basis but is 
probably intermediate between northeastern Minnesota and upper Michigan. 

Snowfall. Mean annual snowfall on the north shore of Lake Superior (1931 - 60) 
was approximately 150 cm, while the Keweenaw Peninsula in upper Michigan 
received in excess of 250 cm. The average snowfall for Houghton, Michigan, was 
452cm from 1931 to 1960(U.S. Department of Commerce 1968). In recent years, 
when water content of snow was measured on Isle Royale during the annual study 
period, precipitation (ca. January-March) on the island was 55-609r more than the 
nearest mainland stations in Minnesota, and about 409r less than Houghton, 
Michigan, on the south side of the lake (Table 2). 

Peek (1971a), working in northeastern Minnesota, found that snow depths were 
greater and crusts stronger in the part of his study area closest to Lake Superior. On 
Isle Royale, mild temperatures may produce crusting conditions that do not exist in 
colder, mainland areas. In all three winters that I have spent on the island, there 
were well-developed crusts either within or on top of the snowpack for a sufficient 
length of time to affect either wolf mobility or moose habitat preference. 
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Fig. 8. Winter temperature records for Windigo, Isle Royale National Park. 

TABLE I. Mean annual precipitation in mainland areas in Minnesota and Michigan 
(1931-55).3 

Millions of 
cm liters/ha 

Northwestern 
Minn. 

Northccntral 
Minn. 

Northeastern 
Minn. 

Western half, 
Upper Peninsula, 
Mich. 

53.3 

62.5 

69.3 

82.0 

5.4 

6.3 

7.0 

8.3 

aU.S. Department of Commerce, 1968. 

During the span of wol f -moose studies on Isle Royale , trends in snowfall and 

snow depth have been general ly upward , though not without great year- to-year 


