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Reproduction and Distribution of Bald Eagles in Voyageurs 
National Park, Minnesota, 1973-1993 

by 

Leland H. Grim 

Voyageurs National Park 
3131 Highway 53S 

International Falls, Minnesota 56649 

and 

Larry W. Kallemeyn 

National Biological Sen'ice 
International Falls Biological Station 

3131 Highway 53S 
International Falls, Minnesota 56649 

Abstract. The bald eagle (Haliaeetus leucocephalus) is classified as a threatened species in 
Minnesota. In 1973, the National Park Service began monitoring the distribution and reproduction of 
bald eagles in and immediately adjacent to Voyageurs National Park to obtain data that park 
management could use to protect bald eagles from the effects of use of the park by visitors and from 
the expansion of park facilities. Thirty-seven breeding areas were identified during 1973-93. Annual 
productivity ranged from 0.00 to 1.42 fledglings/occupied nest and averaged 0.68 during the 21 
breeding seasons. The annual number of breeding pairs tripled, the mean number of fledged eaglets 
increased 5 times, and reproductive success doubled during the study. However, in more than 15 of 
the breeding seasons, the mean productivity and the annual reproductive success in Voyageurs National 
Park were below the 1 fledgling/occupied nest and the 70% reproductive success that are representative 
of healthy bald eagle populations. We suspect that toxic substances, human disturbance, severe 
weather, and lack of food in early spring may have kept bald eagles in Voyageurs National Park from 
achieving a breeding success that was similar to that of conspecifics in the nearby Chippewa National 
Forest. The cumulative effect of these variables on reproduction and on habitat of bald eagles in 
Voyageurs National Park is unknown and should be determined. 

Key words: Bald eagle, population dynamics, threatened species, ecological contaminants, wildlife 
management, human disturbance. 

Most records of the distribution, population size, and 
reproduction of bald eagles (Haliaeetus leucocephalus) 
in the Voyageurs National Park area before the park was 
created in 1971 were anecdotal accounts by explorers, 
timber cruisers, loggers, surveyors, geologists, natural 

historians, or bush pilots. Cole (1979) obtained informa­
tion on bald eagles and other wildlife in the park by 
reviewing literature and historical documents and by 
interviewing longtime residents. Although these records 
provided background information, they could not be 
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used to determine the population size and distribution of 
the local bald eagles. 

The only exception to the anecdotal accounts were an­
nual surveys of nesting bald eagles by Superior National 
Forest biologists from 1962 to 1974 in areas (Kabetogama, 
Namakan, and Sand Point lakes) that became part of the park 
in 1971. Three breeding areas were on Namakan Lake and 
two each on Kabetogama Lake and on Sand Point Lake. The 
number of observed nests ranged from one in 1962 to nine 
in 1972. During 13 breeding-season surveys, 14 eaglets 
fledged on Namakan Lake and 1 each on Kabetogama Lake 
and on Sand Point Lake. The reproductive success was 
highest in 1968 when four bald eagle eaglets fledged from 
five occupied nests. Parkwide surveys in cooperation with 
the Superior National Forest and the Minnesota Department 
of Natural Resources began in 1973. In 1975, the park 
assumed sole responsibility for the bald eagle survey. 

Annual aerial surveys have been conducted by the Na­
tional Park Service since 1973 to monitor the reproduction 
and the distribution of the bald eagle in Voyageurs National 
Park. The original purpose for monitoring the bald eagle 
population was compliance with the management guide­
lines of the Endangered Species Act of 1973 (16 U.S.C., 
1531 et seq.), the Northern States Bald Eagle Recovery Plan 
( Grier et al. 1983), and the management policies of the 
National Park Service (*U.S. National Park Service 1988). 
The results were to be used to protect bald eagles from park 
visitors and from expansion of park facilities and to manage 
bald eagle habitat in the park. 

Monitoring during several years revealed that breeding 
success was obviously lower of bald eagles in the park than 
of bald eagles in the nearby Chippewa National Forest in 
north-central Minnesota ( Mathisen 1975). Several expla­
nations were advanced, including human disturbance, se­
vere spring weather, lack of food in early spring (Cole 1979), 
and environmental contaminants (W. Bowerman, Michigan 
State University, personal communication). 

In early spring (late March to late April), park visitors 
may disturb bald eagles that are feeding on carrion on ice 
surfaces or eagles that are courting, building nests, and 
laying and incubating eggs. Later in spring, while eagles are 
incubating and brooding eaglets, concentrations of visitors 
on water near nests may cause eagles to respond in ways that 
could adversely affect reproduction (Gerrard and Bortolotti 
1988). Motorboats that passed close to a nest site during June 
and July 1992 accounted for most of the responses of eagles 
to human presence and may have contributed to the death of 
an eaglet ( Fink 1992). During critical periods in the nesting 
cycle, eagles may abandon nests in response to nearby 
(unauthorized) camping. 

1 An asterisk denotes unpublished material. 

The National Park Service tried to reduce the human 
disturbance of eagles. Before the creation of Voyageurs 
National Park, visitors were not excluded from areas 
close to bald eagle nests during critical periods of the 
breeding cycle. After the park was established in 1975, 
0.4-km buffer zones around nest sites were initiated to 
keep out visitors. After 1983, the guidelines for nest-site 
protection of the Northern States Bald Eagle Recovery 
Plan ( Grier et al. 1983) were followed. 

Severe spring weather periodically reduces reproduc­
tion in bald eagles (Gerrard and Whitfield 1979; Swen-
son et al. 1986). Voyageurs National Park is subjected to 
continental polar air throughout most of the year and to 
freezing temperatures into June (National Oceanic and 
Atmospheric Administration 1993). Heavy snows may 
occur as late as May. Cole (1979) suggested that declines 
in the numbers and kinds of native cervids reduced the 
amount of late-winter and early-spring food sources 
from carrion for scavengers such as bald eagles. He 
estimated the cervid biomass was reduced by two-thirds 
from pre-1920 levels. 

Studies that K. Kozie, park wildlife biologist, and W. 
W. Bowerman of the Pesticide Research Center and 
Institute for Environmental Toxicology of the Michigan 
State University initiated in 1989 indicated that environ­
mental contaminants may also be suppressing the repro­
duction of bald eagles in Voyageurs National Park. The 
polychlorinated biphenyl (PCB) level in a blood sample 
from one eaglet in the park in 1989 was among the 
highest in a study of bald eagles from the Great Lakes 
states ( Bowerman et al. 1991). 

Mercury, which seems to be widespread in the aquatic 
ecosystem of the park, also may be a problem. Mercury 
levels were elevated in common loons (Gavia immer, 
* 
Ensor et al. 1992), in river otters (Lutra canadensis; 

*Route and Peterson 1988), and in fishes from 14 park 
lakes ( Minnesota Department of Health 1993). 

We identified long-term trends in the reproduction of 
bald eagles in Voyageurs National Park and its vicinity; 
evaluated the distribution of bald eagle nests and breed­
ing areas by administrative, biotic, and physiographic 
features of the park; and analyzed the influence of 
weather on reproduction. Results from our study will be 
used to improve the management of bald eagles in Vo­
yageurs National Park and to facilitate research into the 
cumulative effects of environmental contaminants and 
human disturbance on the reproduction and the distribu­
tion of the bald eagles in the park. 

Study Area 

The study area (Fig. 1) was Voyageurs National Park 
in Minnesota and an adjacent 3-km-wide periphery along 
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Fig. 1. Study area of bald eagles (Haliaeetus leucocephalus) in Voyageurs National Park, Minnesota, 1973-1993. 

the international border between Minnesota in the United 
States and Ontario in Canada. The bald eagle population 
in Voyageurs National Park is contiguous with the popu­
lations of the Superior National Forest and the Kabe-
togama State Forest in Koochiching and St. Louis coun­
ties, Minnesota, and the Rainy River District, Ontario. 
The area is between latitude 48° 20' and 48° 40' N and 
longitude 92° 25'and 93° 15'W and encompasses 30 
named park lakes. Four major lakes (Rainy, Kabe-
togama, Namakan, Sand Point) are 39% of the park's 
total area of 88,628 ha and 96% of the park's total lake 
area. About 37% of the 858 km" area of Rainy Lake is in 
the study area. Seventy percent of the watershed and 75% 
of the Rainy Lake area is in Ontario (Chevalier 1977). 
About half of Namakan and Sand Point lakes arc in 
Ontario, but Kabetogama Lake is entirely in Minnesota. 
Hundreds of islands, numerous bays, and about 1,000 km 
of shoreline are inside the park boundaries (*Route and 
Peterson 1988). Twenty-six small lakes, hundreds of 
bogs, and more than 1,000 beaver ponds are dispersed in 
54,359 ha of mainland and peninsular land of the park 
(Naiman et al. 1988). Land elevations in the study area 
range from 337 to 430 m above mean sea level. Three 
dams, which were built in 1909 and 1914, significantly 
elevated water levels and changed shoreline configura­
tions and the aquatic ecosystem of the park's four major 
lakes (Kallemeyn ct al. 1988). 

The park, which is almost completely forested, is 
considered part of the Great Lakes Forest Region (Mor-
ley 1969). Cole (1987) and Pastor and Mladenoff (1992) 
described the study area as being part of the southern 
boreal-northern hardwood forest border. Dominant 
southern boreal-forest species on mineral soils are the 
quaking aspen (Populus tremuloides), white spruce 
(Picea glauca), balsam fir (Abies balsamea), jack pine 
(Pinus banksiana), and paper birch (Betula papyrifera). 
Black spruce (Picea mariana) grows on peat soils (Kur-
mis et al. 1986). Dominant species of the northern hard­
wood zone are green ash (Fraxinus pennsylvanica), red 
maple (Acer rubrum), American basswood (Tilia ameri-
cana), red pine (Pinus resinosa), and eastern white pine 
(Pinus strobus). Before logging, larger stands of eastern 
white, red, and jack pines were more common and widely 
distributed because of natural fire (Heinselman 1973). 
Anthropogenic activities altered much of the forest, and 
serai species such as aspens and balsam firs are now 
widespread (Heinselman 1973; Coffman et al. 1980). 

The geologic landscape consists of early Precambrian 
metamorphic and igneous formations of the Superior 
Subprovince of the Canadian Shield (Minnesota Geo­
logical Survey 1979; Ojakangas and Matsch 1982). Most 
bedrock in the park is strongly oriented on a northeast-
to-southwest strike and influences lake hasin and is­
land orientation and characteristics. Mineral soils are 
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Aerial photograph of Voyageurs National Park, Minne­
sota, showing interspersion of land and water areas that 
bald eagles (Haliaeetus leucocephalus) use. Photo from 
Voyageurs National Park files. 

A bald eagle (Haliaeetus leucocephalus) nest on Pine Is­
land in Kabetogama Lake, Voyageurs National Park, 
Minnesota. Photo by T. G. Grubb. 

Early ice-out area around which bald eagle (Haliaeetus 
leucocephalus) nesting and feeding is centered before 
ice-out on the main lakes in Voyageurs National Park, 
Minnesota. Photo by R. S. Evans. 
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relatively young and unweathered and derived from the 
till and outwash of the recent glaciation. 

Methods 

Terminology 

The terminology and definitions of Berger (1961), 
Thomson (1964), Postupalsky (1974), and Grubb et al. 
(1975) were followed. 

Breeding pair A breeding pair of bald eagles that 
laid or incubated eggs or brooded 
eaglets in a nest (sometimes 
synonymously reported as an ac­
tive nest). 

Alternate nest One of several nests in a breeding 
area of one pair of breeding bald 
eagles; also called supernumerary 
nest. 

Eaglet A young bald eagle before it is 
fully grown and able to fly. 

Fledgling A young bald eagle from the time 
it leaves its nest until it is inde­
pendent of all parental care (Ber­
ger 1961). Bald eagle fledglings 
remain dependent on parental 
care for several weeks and often 
return to the nest for food (Sprunt 
etal. 1973). 

Mean brood size The number of eaglets per active 
pair. 

Nest years The number of years a specific 
nest existed in the study area; i.e., 
a nest that was in the study area 
during 21 breeding seasons has a 
longevity of 21 nest years. 

Occupied breeding An area with one occupied nest 
area or with one occupied nest and one 

or more alternate nests. 
Occupied nest Any nest where a breeding pair is 

present irrespective of whether the 
female laid eggs. 

Productivity The number of fledglings per oc­
cupied nest. 

Reproductive success The proportion of breeding pairs in 
occupied breeding areas that raised 
one or more fledglings per breed­
ing season (sometimes synony­
mously reported as percent nesting 
success or nest success). 

Active pair A breeding pair of bald eagles at 
an occupied nest that raised at 
least one young to an advanced 
stage of development (sometimes 
synonymously reported as a suc­
cessful nest). 

Unactive pair A breeding pair of bald eagles at an 
occupied nest that failed to raise 
young because of any cause 
(sometimes synonymously re­
ported as an unsuccessful nest or 
nest failure). 

Surveys 

The reproduction and distribution of the bald eagles 
in Voyageurs National Park were monitored annually. 
Two sets of data were annually collected from fixed-
winged aircraft. In 1973, traditional survey guidelines by 
the Minnesota Department of Natural Resources and by 
biologists of the Chippewa National Forest and the Su­
perior National Forest were followed. When appropriate, 
minor changes were made when new guidelines for aerial 
surveys of bald eagles (Postupalsky 1974; Leighton et al. 
1979; Grier etal. 1981; Fraser etal. 1983, 1984) became 
available. Such changes were made for the pilot's and 
observer's safety and did not affect the experimental 
design. One survey was conducted on about 10 April to 
determine occupancy of the breeding areas, and the other 
survey was conducted on about 10 July to determine 
productivity and reproductive success. The same ob­
server conducted 41 of the 42 aerial surveys during 21 
breeding seasons (personal observation). The park pilot 
flew a Piper Super Cub or Christen Husky in 17 of the 
21 survey seasons. Long-term familiarity with the survey 
area and with the breeding areas in the survey area raised 
the probability of consistent monitoring that we think 
accounted for more than 90% of the annual breeding 
population. 

Analysis 

Geographic Information System 

The Geographic Information System (GIS) was used 
to prepare maps of the study area, the park boundary, 
park lakeshores, nest-site locations, breeding areas, 
open-water areas in early spring, nesting sites of gulls 
(Larus spp.), the year of establishment of breeding areas 
of bald eagles, and the average reproductive success and 
average productivity of bald eagles by breeding area. 
The base maps for GIS were the 7.5-min topographic 
quadrangle series and the Voyageurs National Park topo­
graphic map by the United States Geological Sur­
vey. Survey data and Universal Transverse Mercator 
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coordinates of all nests were entered into dBase III Plus 
(Ashton-Tate Corp. 1987) and linked to PC ARC/INFO, 
3.4D Plus (Environmental Systems Research, Inc. 1992). 
Linking the database information to GIS laid the ground­
work for more extensive analysis of the reproduction and 
distribution of bald eagles in Voyageurs National Park. 

Identification of Bald Eagle Breeding Areas 

The locations and sizes of bald eagle breeding areas 
in Voyageurs National Park were estimated from infor­
mation collected by the same observer during 21 breed­
ing seasons. The variables for determining the locations 
of breeding areas included the location of all nests during 
21 breeding seasons, the distances between nests that 
were simultaneously occupied by breeding bald eagles, 
the distances between simultaneously occupied nests 
and alternate nests, the patterns of simultaneous occu­
pancy and use of nests during 21 breeding seasons, the 
location and accumulation of alternate nests, the location 
and use of perching and feeding sites, the location of 
territorial interactions between bald eagles, the density 
of breeding pairs, and the longevity and habitat charac­
teristics of traditional breeding areas. 

Stratification of Breeding Areas 

To evaluate the variability of reproduction between 
breeding areas over time, we stratified the breeding areas 
by three ranges of productivity (0.0-0.69, 0.70-0.99, 
1.00-2.00 fledglings/occupied nest) and by four ranges 
of reproductive success (0-25, 26-49, 50-69, and 70-
100%). 

Breeding-pair Densities 

Densities of breeding pairs per 10 km" of total lake area 
(water and land area) were compared among the four large 
lake districts. Each district consisted of its water and island 
areas. This unit of density was used because bald eagles 
built nests on islands throughout the large lakes and along 
the primary shorelines that define the peripheries of the 
lakes. The land and water areas of each lake district were 
obtained from the Minnesota-Ontario Boundary Waters 
Fisheries Atlas for Lake of the Woods, Rainy River, Rainy 
Lake, and Namakan Lake ( Minnesota Department of 
Natural Resources and Ontario Ministry of Natural Re­
sources 1992). 

Climate Variables 

Weather records were obtained from the International 
Falls Station of the U.S. Department of Commerce, En­
vironmental Data and Information Service (National 
Oceanic and Atmospheric Administration 1993). Dis­
tances from the station, which is 19 km west of the west­
ern boundary of Voyageurs National Park, to nesting 

areas ranged from about 15 to 80 km. We determined 
mean temperature, coefficient of variation of tempera­
ture, total degree-days below 0° C, mean windchill, 
maximum windchill, total snowfall, and total precipita­
tion. Mean windchill was calculated from the monthly 
means of temperature and monthly means of wind speed. 
Maximum windchill values in each month were selected 
from daily windchill maximums that were computed 
from daily minimum temperatures and daily maximum 
wind speeds. Dates of ice-outs were obtained from the 
International Falls Daily Journal, a local newspaper that 
has published local ice-out data for more than 40 years. 

Nest Longevity 

Nest longevity was determined by annual monitoring 
of the presence and condition of each nest. 

Nest Distribution 

The distributions of nests and breeding areas during the 
study were evaluated by lake district, geographic features, 
tree species, forest cover types, aspect (orientation to open 
water), distance from open water, relation to early ice-out 
areas, and proximity to breeding colonies of gulls. 

Forest cover types that breeding bald eagles used in 
Voyageurs National Park during 1973-93 were com­
pared with the distribution of forest cover types to deter­
mine if the birds had a preference for certain cover types. 
A map by Steigerwaldt ( 1973) of 12 generalized forest 
and nonforest cover types in Voyageurs National Park 
was digitized by the Natural Resources Research Insti­
tute, University of Minnesota-Duluth. The sizes of the 
various cover types were then calculated with PC 
ARC/INFO. 

The aspects (north, east, south, and west) of nests that 
were within 100 m of open water were determined with a 
compass. Distances from ice-free areas to nest sites were 
computed with GIS. 

Because gulls may be an important prey item for bald 
eagles in Voyageurs National Park, we determined the 
proximity of eagle nests to 26 breeding colonies (>10 
breeding pairs/area) of herring gulls (Larus argentatus) 
on the park's major lakes. Distances from herring gull 
colonies to nest sites of bald eagles were computed with 
GIS. 

Statistical Analyses 

Standard summary statistics, paired r-tests, linear re­
gression analyses, and analysis of variance (ANOVA) 
were calculated on a microcomputer with the software 
package SYSTAT (Wilkinson 1990). Significance was 
accepted at P < 0.05 for all tests. 

The instantaneous rate of growth (r) in breeding pairs 
was calculated with r = [\n(N{/No)]/U where M is the 
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population size at time t, No is the initial population size, 
and t is the number of time periods (Ricklefs 1973). 

Paired r-tests were used to compare the densities of 
bald eagle breeding pairs in the four large lake districts; 
and bald eagle productivity, reproductive success, and 
mean brood size in Voyageurs National Park and Chip­
pewa National Forest. 

Unpaired r-tests (Steel and Torrie 1960) were used to 
determine the significance of differences of reproduction 
and nest distribution parameters in unequal time periods. 
The comparisons included the number of nests in older 
with the number of nests in younger breeding areas, 
productivity and reproductive success in the four breed­
ing seasons with the latest ice-out dates with all other 
breeding seasons, productivity during 1973-81 with pro­
ductivity during 1982-93, and breeding pair densities in 
Kabetogama and Rainy lakes during 1973-81 with those 
in 1982-93. The test was also used to assess differences 
in slopes from linear regression analysis of number of 
breeding pairs during 1973-81 and during 1982-93. 

Significance of changes in 12 reproductive parame­
ters in three equal comparison periods (1973-79, 1980-
86, and 1987-93) was determined with a one-way analy­
sis of variance (ANOVA). Linear regression analysis 
was used to examine possible relations between weather 
in April, May, and June; ice-outs on Kabetogama and 
Rainy lakes; and productivity of bald eagles. 

The likelihood that frequencies of occurrence of bald 
eagle nests may be influenced by the frequencies of 

occurrence of early ice-out areas and herring gull colo­
nies was determined with a chi-square test. The analyses 
were conducted with the Geographic Information Sys­
tem software GRASS. Each test was based on the number 
of nests in eight distance intervals—500-m increments 
to 3,000 m; nests above 3,000 m were pooled—originat­
ing at either an early ice-out area or at a herring gull 
colony. The actual number of nests in these intervals was 
compared with the number of nests in the study area that 
were expected in each interval if all nests were evenly 
distributed. 

A chi-square goodness-of-fit test was used to deter­
mine whether the difference between the expected use of 
forest cover types by bald eagles for nest sites and the 
actual frequency of usage of the different forest cover 
types was significant. Expected values for lowland and 
upland brush and rock outcrop cover types were pooled 
to meet the commonly accepted minimum sample size of 
five for each expected usage (Steel and Torrie 1960). 

Results 

Breeding Areas and Nests 

From 1973 to 1993, the number of breeding areas 
(Table 1; Fig. 2) increased from 15 to 37; it remained 
constant on Namakan (6) and Sand Point (3) lakes but 
increased from 4 to 9 on Kabetogama Lake and from 9 

Table 1. An annual summary of bald eagle (Haliaeetus leucocephalus) reproduction in Voyageurs National Park, 
Minnesota, 1973-1993. 

Variable 

Breeding areas 
Occupied nests 
Breeding pairs 
Active pairs 
Fledglings 
Productivity 

Eaglets/active pair 
Brood size 

Total nests 

Variable 

Breeding areas 
Occupied nests 
Breeding pairs 
Active pairs 
Fledglings 
Productivity 
Eaglets/active pair 
Brood size 

Total nests 

1973 

15 
12 
12 

9 
17 

1.42 
1.42 
1.89 

17 

1974 

16 
8 
6 
1 
1 
0.13 
0.16 
1.00 

18 

1984 

22 
18 
14 

6 
9 
0.50 
0.64 
1.50 

39 

1975 

15 

7 
7 
1 
1 
0.14 
0.14 
1.00 

19 

1985 

24 
18 
17 
10 
18 

1.00 
1.06 
1.80 

42 

1976 

17 
7 
7 
3 
4 
0.57 
0.57 
1.33 

23 

1986 

24 

13 
13 
7 

13 
1.00 
1.00 
1.86 

40 

1977 

18 
10 
10 

5 
6 
0.60 
0.60 
0.83 

23 

1987 

29 
23 
19 
13 
15 
0.65 
0.79 
1.15 

49 

1978 

17 
5 

4 
1 
1 
0.20 
0.25 
1.00 

21 

1988 

29 
21 
19 
12 
18 
0.86 

0.95 
1.50 

49 

1979 

15 
9 
7 

0 
0 
0.00 
0.00 
0.00 

21 

1989 

29 
22 
20 

9 
13 
0.59 

0.65 
1.44 

42 

1980 

15 
9 
8 
4 
6 
0.67 
0.75 
1.50 

25 

1990 

31 
28 
22 
17 
23 

0.82 
1.05 
1.35 

43 

1981 

16 

9 
8 
2 

3 
0.33 
0.38 
1.50 

26 

1991 

31 
25 
22 
16 
S T 

0.88 
1.00 
1.38 

42 

1982 

18 
11 
8 
4 
5 
0.45 
0.63 
1.25 

29 

1992 

34 
29 
23 
16 
26 

0.90 
1.13 
1.63 

50 

1983 

21 
13 
12 

9 
16 

1.23 
1.33 
1.78 

34 

1993 

35 
33 
33 
29 
47 

1.42 
1.42 
1.62 

58 


