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THE IMPACT OF HUMAN ACTIVITIES ON BREEDING 
BALD EAGLES IN NORTH-CENTRAL MINNESOTA 

JAMES D. FRASER,1 Department of Entomology, Fisheries and Wildlife, University of Minnesota, St. Paul, MN 55108 
L. D. FRENZEL, Department of Entomology, Fisheries and Wildlife, University of Minnesota, St. Paul, MN 55108 
JOHN E. MATHISEN, Chippewa National Forest, Cass Lake, MN 55633 

Abstract: The impacts of human activities and eagle management practices on bald eagle (Haliaeetus 
leucocephalus) nesting biology were studied on Chippewa National Forest in north-central Minnesota. Nests 
built on developed shoreline were farther from water than nests built on undeveloped shoreline (P < 0.05). 
Nests were farther from houses than random shoreline points (P < 0.02). Breeding eagles flushed at 57-991 
m (x = 476 m) at the approach of a pedestrian. A multiple regression model including number of previous 
disturbances, date, and time of day explained 82% of the variability in flush distance and predicted a 
maximum flush distance at the first disturbance of 503 m (SE = 131). Unsuccessful nests had no greater 
frequency of known human activity within 500 m than successful nests (P = 0.27). Fixed-wing aircraft 
passing 20-200 m from nests did not flush incubating or brooding eagles. Banding young in 1 year did not 
reduce the probability of successful nesting the following year (P = 0.35). We found no evidence that, under 
current management policies, human activities have an important impact on bald eagle reproductive success 
on the Chippewa National Forest. 
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Most bald eagle management strategies in- 
clude provisions to minimize disturbance by re- 
stricting human activities near eagle use areas 
(Mathisen et al. 1977, Stalmaster 1982, Grier et 
al. 1983). Despite this emphasis, only a few at- 
tempts have been made to assess the effective- 
ness of such management programs or to esti- 
mate the impact of human activities on bald 
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eagle populations (Mathisen 1968, Thelander 
1973, Stalmaster and Newman 1978). Sizes of 
restricted activity zones (buffer zones) have 
generally not been based upon quantitative as- 
sessments of the distances at which human ac- 
tivities disturb eagles. We studied the impact 
of human activities on nesting bald eagles on 
the Chippewa National Forest (CNF) and eval- 
uated the buffer zones in effect there. 
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STUDY AREA 

The study was conducted primarily on a 
1,500-km2 intensive study area (ISA) in the cen- 
ter of the 6,500-km2 Chippewa National Forest 
in north-central Minnesota (Fig. 1). The ISA is 
mostly glacial outwash and lacustrine plain and 
contains 440 km2 of lakes and 300 km of rivers 
and streams. 
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The Forest is in a transition zone, with boreal 
forest to the northeast, deciduous forest to the 
south, and prairie to the west. Many upland 
stands are dominated by quaking aspen (Pop- 
ulus tremuloides) or red pine (Pinus resinosa), 
but there are numerous stands of jack pine (P. 
banksiana), balsam fir (Abies balsamea), paper 
birch (Betula papyrifera), and maple-linden 
(Acer spp.-Tilia americana). Most lowland for- 
ests are dominated by black spruce (Picea mari- 
ana), larch (Larix laricina), and eastern arborv- 
itae (Thuja occidentalis). Many stands 
originated following clear-cutting and are near- 
ly monotypic and even-aged. 

METHODS 
Nests on the ISA were observed weekly from 

Cessna fixed-wing aircraft from 21 March to 7 
September 1976 and 21 March to 29 September 
1977-78. Nests were passed at 20-200 m, and 
the location and behavior of all eagles encoun- 
tered were recorded. 

New nests (those built in 1976-78) and houses 
were plotted on 1:24,000 USGS orthophoto- 
maps. To determine if eagles placed nests ran- 
domly with respect to developed shoreline, we 
compared the shoreline distance between each 
new nest and the nearest cluster of houses (23 
houses within 200 m of shoreline) with dis- 
tances between randomly selected shoreline 
points and house clusters on the same lakes. We 
also compared the distances from new nests to 
water in areas of developed shoreline with sim- 
ilar distances in areas of undeveloped shoreline. 

Nests were randomly selected for intentional 
disturbance. We rejected inactive and inacces- 
sible nests and nests that are not adjacent to 
large open areas that permitted eagles to detect 
approaching humans. Each disturbance was 
initiated at 1 km when an adult eagle was at 
the nest facing the observer. The observer stood 
in the open for 15 minutes, then walked toward 
the nest stopping for 2 minutes every 20 m. 
When the eagle flushed, the intruder marked 
his location with a labeled stake. Distances from 
nest trees to stakes were measured in the au- 
tumn. The effects on flush distance of temper- 
ature, wind speed, test number, date, time of 
day, hours from morning twilight, days from 
clutch initiation, and stage of nesting (incuba- 
tion, early brooding, late brooding) were inves- 
tigated using stepwise multiple regression. 

We inspected all roads and trails within 1.5 
km of a random sample of successful and un- 

successful nests and recorded all evidence of 
human activities observed. Areas near each un- 
successful nest and a randomly selected suc- 
cessful nest were inspected as soon as possible 
after nest failure, generally within a week. We 
tested the hypothesis that the probability of 
finding human activities within 500 m of suc- 
cessful nests was equal to the probability of 
finding such activities at unsuccessful nests, us- 
ing chi-square tests. Because 500 m was only a 
rough estimate of the threshold of disturbance, 
and because using an incorrect threshold de- 
creases the probability of finding evidence of 
real impacts on nest success (Fraser 1980), we 
repeated the tests using thresholds from 100 to 
800 m at 100-m intervals. 

The success rate of eagle breeding sites where 
young were banded in the previous year was 
compared with the success rate of sites in which 
young were not banded, using a chi-square test. 
To evaluate the impact of intensive research on 
bald eagle breeding success, we compared the 
reproductive rates of eagles on the ISA with 
reproductive rates on the rest of the CNF using 
data from annual Forest Service reproductive 
surveys. All nests were observed in April to de- 
termine occupancy (presence of adult eagles) 
and activity (presence of eggs) and in July to 
count the young (Fraser et al. 1983). We tested 
for differences between the two areas using em- 
pirical estimates of the standard error (ese) of 
each reproductive statistic (Fraser et al. 1984). 
We considered differences >2 ese significant. 

RESULTS 
Nest Location 

Nests built in sites with shoreline houses were 
80-1,200 m from water (N = 9, x = 510); those 
in sites without houses were 10-400 m from 
water (: = 150, N = 5, Mann-Whitney U = 6.5, 
0.05 > P > 0.02). Nests were 600-4,800 m from 
clusters of houses (x = 2,600), and random points 
were 0-5,100 m from house clusters (x = 1,800, 
N = 8, Wilcoxon signed ranks test, 0.02 > P > 
0.01). Nests were not farther from nearest sin- 
gle houses than random points (Wilcoxon signed 
ranks test, T = 5, 0.1 > P > 0.05). 

Intentional Disturbance 

Thirty-two intentional disturbances at six 
nests produced 34 flushes. Flush distances 
ranged from 57 to 991 m (x = 476, SD = 239). 
Most (91%) flush distances were >200 m (Fig. 
2). Flush distances for the first disturbance 
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Fig. 2. Frequency distribution of 34 bald eagle flush dis- 
tances, Chippewa National Forest ISA, 1977. The numbers 
inside the columns are test numbers, where 1 represents the 
first test at a particular nest, 2 represents the second test, 
etc. 

ranged from 57-507 m (x = 257, SD = 185). 
We eliminated three nests chosen for distur- 
bance because we could not get close enough 
to flush the birds. These tests were abandoned 
at 206-338 m from the nest (x = 250 m). 

Multiple regression models were fit to data 
for 27 flushes at four nests at which more than 
five tests were completed in 1977 (Table 1). The 
model selected accounts for 82% of the vari- 

ability in flush distance and predicts that, if 
other variables are held constant, flush distance 
increases 191.7 m for each successive test per- 
formed on the same nest, decreases 6.8 m/day 
as the season progresses, is least early in the 

morning and late at night, and is greatest at 8 
hours after morning civil twilight. 

Because most nest failures result from in- 

ability to successfully complete incubation 
(Fraser 1981), the flush distance during this pe- 
riod in the reproductive cycle is of particular 
interest. Intentional disturbances during incu- 
bation resulted in flush distances ranging from 
57 to 507 m (x = 289, SD = 145, N = 10). Nine 
of 10 distances were <500 m. When both date 
and time were picked to maximize the pre- 

Table 1. Regression of bald eagle flush distance (m) on test 
number, date (days from 14 March), time (hours from moring 
civil twilight), and time2, Chippewa National Forest ISA, 1977. 
r2 = 0.82, N = 27. 

Partial 
Variable coefficient F1,22 P 

Intercept -280.4 1.61 0.218 
Test number 191.7 52.42 <0.001 
Date -6.8 15.29 <0.001 
Hours from A.M. 

civil twilight 144.6 9.42 0.006 
Hours2 from A.M. 

civil twilighta -8.7 12.89 0.002 

a The quadratic equation m = -8.7H2 + 144.6H - 280.4, where 
m = flush distance in meters and H = hours from A.M. civil twilight, 
describes an upwardly convex parabola, with a maxima (i.e., maximum 
flush distance) at about 8 hours after morning civil twilight. See text. 

dieted flush distance, the regression predicted a 
flush distance of 503 m (SE = 131) on the first 
disturbance. 

Human Activities Near Successful 
and Unsuccessful Nests 

Human activities were evaluated at 19 suc- 
cessful and 17 unsuccessful nests in 1976-77. 
We found no evidence that there were more 
human activities within 500 m of unsuccessful 
nests than within 500 m of successful nests (Ta- 
ble 2). Nominal P-values for tests using distur- 
bance thresholds of 100-800 m ranged from 
0.04 to 0.94. In all tests with P-values <0.1, the 

proportion of successful nests with human ac- 
tivities closer than the hypothesized threshold 
distance was greater than the proportion of un- 
successful nests with such activities. This sup- 
ports the interpretation that birds at unsuccess- 
ful nests, as a group, were not exposed to higher 
levels of human activities than birds at success- 
ful nests. 

Five of 17 unsuccessful nests were exposed 
to human activities other than traffic at <500 
m. At three of these, the activities were not 
visible from the nest. Activities at three of the 
five nests occurred at only slightly <500 m (440, 
460, 475 m) from the nest. In one case the hu- 
man activity (logging) may have been com- 

pleted before the eagles returned from their 
wintering area. 

Research Activities 

During 679 nest observations in 1976-78, 722 
passes with fixed-wing aircraft were made at 
birds in the incubation posture. Once, a bird in 
incubating posture rose in response to the air- 
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Table 2. Distance of human activities from successful and unsuccessful bald eagle nests on the Chippewa National Forest 
ISA, 1976-78. x2 values are for the 2 by 2 (1 df) test of the hyothesis that the proportion of nests within each distance class 
(i.e., above or below 500 m) is the same for successful nests as for unsuccessful nests. 

Distance from nest 

Nearest activity Nest outcomea <500 m >500 m x2 P 

Traffic S 10 9 0.54 0.46 
F 11 6 

Visible traffic S 6 13 0.29 0.59 
F 4 13 

Pedestrian S 8 11 1.39 0.24 
F 4 13 

Visible pedestrian S 4 15 0.56 0.45 
F 2 15 

Main road S 7 12 1.65 0.20 
F 3 14 

Machinery S 3 16 0.02 0.88 
F 3 14 

Building S 0 19 
F 0 17 

Recreation area S 3 16 2.93 0.09 
F 0 17 

Closest human activity S 9 10 1.22 0.27 
(traffic excluded) F 5 12 

a S = success; F = failure. 

craft, but no eggs were present. Brooding adults 
were passed 149 times during 121 nest obser- 
vations. In one case, a bird rose from the brood- 
ing posture apparently in response to the air- 
craft. The three young in the nest were well 
feathered, and two of them were standing up- 
right in the nest. 

Perched adult eagles were passed 2,479 times 
on 2,132 occasions, and 230 flushes were re- 
corded; 68 of these (30%) occurred at three nests. 
One of these pairs produced no young from 
1976 to 1978, another produced two young, and 
the third produced seven. 

Eighteen of 42 sites (43%) in which birds were 
banded in 1976 or 1977 were unsuccessful the 
following year, compared to 3 of 11 (27%) sites 
in which young were not banded (x2 = 0.89, 1 
df, P = 0.35). Two nestling deaths were attrib- 
uted to marking and banding. Potentially fatal 
fishhooks and line were removed from two nest- 
lings during banding. 

One of six nests (17%) subjected to intention- 
al disturbance in 1977 failed, compared to 6 of 
23 (26%) undisturbed active nests which, like 
the disturbed nests, were observed with an in- 
cubating adult on three successive aerial obser- 
vations early in the season. The incubating bird 

at the unsuccessful nest was not flushed until 
the 29th day of incubation, but there was no 
evidence of an embryo in the abandoned egg 
(S. N. Wiemeyer, pers. commun.). The bird in- 
cubated for 28 days after the last experimental 
disturbance and for a total of at least 56 days. 
Thus it appears that the disturbances were not 
responsible for nest failure. 

There were no differences between the ISA 
and other CNF nests in activity or success in 
1976-78, but eagles on the ISA produced more 
young per occupied site and per active site in 
1976 and 1978, and larger broods in 1976-78, 
than eagles on the rest of the Forest (Table 3). 

DISCUSSION 
Nest Location 

Our data suggest that eagles avoid human 
settlements when building new nests. The re- 
lationship was stronger for clusters of houses 
than for single houses, probably because the 
former were homes inhabited throughout the 
year while the latter were hunting cabins used 
primarily in the autumn. Thelander (1973) re- 
ported that California eagles avoided develop- 
ment when building new nests. These results 
suggest that optimal eagle management will in- 
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Table 3. Bald eagle reproduction, Chippewa National Forest, on ISA and off ISA. Significance (*) or nonsignificance (NS) was 
determined using empirically estimated standard errors, with P < 0.05 (Fraser et al. 1984). Values in parentheses are % or 
young per site. 

Statistic 

Active sites/occupied site 

Successful sites/occupied site 

Young/occupied site 

Successful sites/active site 

Young/active site 

Young/successful site 

Year 

1976 
1977 
1978 

1976 
1977 
1978 

1976 
1977 
1978 

1976 
1977 
1978 

1976 
1977 
1978 

1976 
1977 
1978 

On ISA 

32/39 (82) 
39/44 (89) 
43/48 (90) 

26/39 (67) 
27/44 (61) 
31/48 (65) 

44/39 (1.13) 
45/44 (1.02) 
57/48(1.19) 

26/32 (81) 
27/39 (69) 
31/43 (72) 

44/32 (1.38) 
45/39 (1.15) 
57/43 (1.33) 

44/26 (1.69) 
45/27 (1.67) 
57/31 (1.84) 

Off ISA 

35/38 (92) 
38/41 (93) 
37/40 (93) 

22/38 (58) 
30/41 (73) 
25/40 (63) 

34/38 (0.89) 
41/41 (1.00) 
35/40 (0.88) 

22/35 (63) 
30/38 (79) 
25/37 (68) 

34/35 (0.97) 
34/35 (1.08) 
35/37 (0.95) 

34/22 (1.55) 
41/30 (1.37) 
35/25 (1.40) 

Significance 

NS 
NS 
NS 

NS 
NS 
NS 

NS 
* 

NS 

NS 

* 

* 

elude maintenance of substantial areas of un- 
developed shoreline. Because this habitat type 
is disappearing rapidly in the coterminous states, 
it is imperative that inventory and protection 
begin immediately. 

Flush Distance 
Rather than habituating to repeated intru- 

sion, eagles flushed at increasing distances with 
additional disturbances. Thus it cannot be as- 
sumed that eagles will readily adapt to new 
stimuli. Although some may indeed adapt to 
changes, it appears that others will not, at least 
in the short run. 

The great variation in flush distances ob- 
served and the influence of recent experience 
on the flushing response suggest the difficulties 
of implementing a single buffer zone over broad 
geographic areas. Not only are individual ea- 
gles likely to differ in their response to distur- 
bance, but the same eagles may respond differ- 

ently at different times due to experiences 
undetectable by the wildlife manager. This 
supports the concept of creating management 
plans for individual pairs of nesting eagles and 
for allowing extended buffer zones in some cases 
(Mathisen et al. 1977). 

Because precise estimates of flush distances 
for specific eagles are not always available, 
however, land managers may be forced to im- 

plement some "standard" zone. Our results sug- 
gest that, if buffer zones remain inviolate, re- 
striction of human activities within 500 m of 
nests will prevent disturbance in populations 
similar to the CNF population. If occasional 
violations of the buffer zones are expected, as 
might be the case in populated regions, a larger 
zone may be desirable to ensure against dis- 
turbing sensitized birds. We emphasize that 
these recommendations are based upon limited 
trials within one population. Because we sus- 
pect that tolerance varies among populations, 
we strongly recommend that buffer zones be 
based on data from each managed population 
and, to the extent possible, from observations 
of specific pairs of eagles. We also point out 
that our regression model was fit to existing data. 
The model should be tested using different nests 
and, preferably, different populations. 

The mean flush distance for adult bald eagles 
wintering on Washington's Nooksack River was 
196 m (Stalmaster and Newman 1978). Only 
6% of the adults tested in the open (N = 100) 
flushed at >300 m, whereas in this study 79% 
of flush distances were >300 m. The difference 
may be attributable to differences in season, to 
the fact that repeated flushes of the same eagle 
were uncommon in the Washington study, and/ 
or to the difference in approach in the two stud- 
ies (continuous in Washington, intermittent in 
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the present study). Stalmaster and Newman 
(1978) also discounted several birds that flew at 
>500 m because they felt the flight could not 
be attributed with certainty to the intrusion. 
The behavioral response of nesting birds to in- 
trusion (rapid wing beats, local flight, and char- 
acteristic vocalizations) indicated when birds 
were responding to the observer, and we in- 
cluded long-distance flushes producing such be- 
havior in our data. 

Flush distances may differ among popula- 
tions because of geographic differences in levels 
of human persecution. Bald eagle aggression to- 
ward humans has recently been reported only 
from the wilder portions of the species' range 
(Murphy 1962, Grubb 1976, Sherrod et al. 1976). 
Stalmaster and Newman (1978) found that adult 
eagles were more wary of man than preadult 
birds. Snyder and Snyder (1974) reported that 
Cooper's hawks (Accipiter cooperii) accus- 
tomed to man were more likely to be shot than 
those that were not. These observations suggest 
strong selective and/or conditioning pressures 
against raptorial birds that do not avoid humans 
and in favor of birds that flush at great dis- 
tances. 

Impact of Human Activities on 
Reproductive Rates 

We found no evidence that human activities 
had a major impact on bald eagle reproduction 
at occupied nests during our study. The cases 
of the five unsuccessful nests with human activ- 
ities at <500 m are equivocal because of lack 
of nest-to-disturbance visibility at three nests, 
uncertainty of timing of the intrusion at one, 
and possible alternative explanations for the 
failures (e.g., contamination-an egg collected 
at one nest contained 1.2 ppm dieldrin). 

These difficulties suggest the futility of con- 
ducting observational studies with retrospective 
analyses to determine the nature of human ac- 
tivities that provoke changes in bald eagle pop- 
ulation parameters. Clearly, experiments in 
which a substantial number of eagles are dis- 
rupted to the point of nest failure by a variety 
of human activities will have to be carried out 
in a number of different areas in order to ad- 
dress this question adequately. The relatively 
stable populations of Alaska and Canada could 
be used in such studies. A more conservative, 
but perhaps less realistic approach, would be to 
assume that any flushing is likely to be bad and 
to base buffer zone sizes on empirically deter- 

mined flush distances in a variety of popula- 
tions and conditions. Either approach will re- 
quire a substantial investment of time and 
money. 

Impacts of Research 
We attributed no nest failures or nestling or 

egg mortalities to the use of aircraft. The ap- 
parent indifference to fixed-wing aircraft ex- 
hibited by incubating and brooding eagles was 
similar to the behavior observed by Sprunt et 
al. (1973), Harper (1974), and Swenson (1975). 
The energy expended by perched birds react- 
ing to aircraft is probably a small part of the 
birds' energy budget. We believe that the im- 
pact of aircraft on the reproduction of the stud- 
ied birds was minimal. 

Hancock (1966) suggested that climbing to 
nests might interfere with reproduction the fol- 
lowing year, but presented no data to support 
that view. Grier (1969) found no evidence that 
nests climbed in 1 year were less successful the 
following year than unclimbed nests. Like Grier, 
we find no convincing evidence that banding 
in 1 year had an impact on reproduction in the 
following year. 

The higher reproductive rates observed on 
the ISA are likely the results of a better food 
supply there than elsewhere in the CNF (Fraser 
1981). This possible environmental difference 
could have masked an impact on reproduction 
caused by research activities. However, our be- 
havioral observations and other analyses pro- 
vided no evidence of such an impact. 

The Effect of Persecution 
We believe that human persecution plays an 

important role in determining flushing dis- 
tances and, consequently, the location of bald 
eagle nests. The observation that some eagle 
nests are found close to human habitation sug- 
gests that certain eagles can tolerate human ac- 
tivities at close range. The degree to which bald 
eagle populations are able to adjust to the cer- 
tain continual encroachment on their habitat 
may well depend upon the level of shooting 
those populations experience. We recommend 
continued efforts in the areas of enforcement 
and education to minimize future persecution 
of this species. 
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Wintering bald eagles (Haliaeetus leuco- 

cephalus) are opportunistic scavengers and 
predators but may range widely to locate food. 
In this paper we reexamine radiotelemetry data 

gathered by Griffin et al. (1982) to compare 
local winter ranges of adult and immature ea- 

gles in relation to changing food availability. 
Recent reports on bald eagle behavior (Griffin 
1981, Ross and Schaal 1982, Knight and Knight 
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1983, Stalmaster and Gessaman 1984) and bio- 

energetics (Stalmaster and Gessaman 1982, 
1984) provide a theoretical basis for examina- 
tion of such data. 

We report here information on 14 radio- 

tagged bald eagles that wintered in the vicinity 
of Swan Lake National Wildlife Refuge (NWR), 
Missouri, in 1975-76 and 1977-78. In a pre- 
vious report, Griffin et al. (1982) summarized 
local movements of these eagles, using data from 
2 years combined. Movements were influenced 
most by food availability, waterfowl distribu- 
tion, and weather. Minimum local winter range 
sizes varied between 3.3 and 69.0 km2. Here, 
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