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Abstract: Human activities have had profound effects on bald eagle (Haliaeetus leucocephalus) populations. 
Few experimental studies exist that address the effects of human activities on foraging eagles during the 
breeding season. Information from these types of studies is needed so that resource managers can allow 
humans and eagles to coexist. We investigated the response of breeding bald eagles to human activities in 
foraging areas on the Columbia River estuary, Washington-Oregon, during spring and summer, 1985 and 
1986. 

We distinguished between 2 forms of interaction. In the first, a moving human approached a stationary 
eagle and induced a disturbance. This type of interaction was rare on the Columbia River estuary and 
accounted for a minor proportion of an eagle's time-energy budget. Only 20% of all moving human activities 
observed during this study resulted in human-eagle encounters within 500 m, and <6% of all encounters 
resulted in a visible disturbance to an eagle. In the second form of interaction, an eagle had a choice of 
alternative foraging sites, some of which may have had human activities occurring nearby. In this situation, 
the eagle had the freedom to choose a destination, given the pattern of human activities. This type of 
interaction represented the major form of human-eagle interaction on the Columbia River estuary. To 
investigate this, we studied 6 pairs of eagles in each of 2 years; each pair was sampled 3 times during the 
breeding season, corresponding to incubation, nestling, and postfledging stages of the nesting cycle. Each 
sample consisted of a 3-day control period, during which we monitored "normal" eagle activity patterns, 
and a 3-day influence period, during which we "disturbed" (i.e., stationary boat with observer) a high-use 
foraging area. We compared eagle activity patterns within 1,200 m of the experimental disturbance between 
sampling periods. 

Eagles typically avoided an area within 400 m of the experimental stationary boat, although avoidance 
areas ranged between 200-900 m among pairs. In most cases, eagles spent less time and made fewer foraging 
attempts in the sample area during the influence period. Responses were consistent among nesting stages, 
although foraging activity increased dramatically and was more concentrated in the high-use areas during 
the later nesting stages. Although we cannot decisively conclude that human activities were directly responsible 
for current eagle spatial use patterns, the results of the experimental disturbances confirmed that boating 
activities have the potential to significantly affect eagle spatial use patterns. Based on these results, we 
developed a model of human-eagle interactions in foraging areas. We used this model and the results of this 
study to develop several alternative management strategies involving temporal and spatial restrictions of 
human activity. We recommend buffer zones 400-800 m wide around high-use foraging areas of bald eagles 
as the most appropriate management strategy for the Columbia River estuary. 
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INTRODUCTION 

Human activities have had profound ef- 
fects on wildlife populations. In extreme 
cases, species have been exterminated by 
direct persecution or habitat alteration. 
More commonly, the effects of human ac- 
tivities have been less dramatic and more 
localized. The bald eagle is a good example 
of a species with many local populations 
that have responded to a variety of human 
activities in a variety of ways. Bald eagles 
occur over a large area, use a variety of 
habitats (e.g., rivers, lakes, estuaries, etc.), 
and are associated with varying degrees of 
human development (e.g., urban, rural, 
wilderness, etc.). Consequently, local pop- 
ulations have undergone changes ranging 
from extermination to increase. 

Human activities causing direct eagle 
mortality (e.g., electrocution, shooting, 
pesticides, poisoning) are commonly cited 
or implied as causes of historical eagle pop- 
ulation declines (Harlow 1918, Hornaday 
1920, Van Name 1921, Bailey and Wright 
1931, Howell 1937, Broley 1947, Coon et 
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al. 1970, Mulhern et al. 1970). These fac- 
tors have continued to impact some pop- 
ulations despite widespread efforts in law 
enforcement and education (Wiemeyer et 
al. 1984). Pesticides are unique because 
they affect natality rates more often than 
mortality rates, although the end result is 
similar-a reduction in eagle numbers. 

Human activities indirectly affecting 
bald eagles present resource managers with 
a problem of even greater magnitude and 
long-term significance. Activities of this 
kind fall into 2 general categories: (1) those 
resulting in permanent disruption of the 
eagle's environment, and (2) those result- 
ing in temporary disruption of the eagle's 
environment. 

Early concerns about permanent dis- 
ruption of bald eagle habitat focused pri- 
marily on the cutting of nest trees (Harlow 
1918, Howell 1941, Broley 1947, Corr 1974, 
Weekes 1974). Consequently, most man- 
agement efforts to date have centered on 
protection of nest sites. Recent studies have 
focused on the destruction of perches and 
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winter roosts and the degradation of for- 
aging sites and have demonstrated the im- 
portance of protecting eagle habitats other 
than nest sites from permanent distur- 
bance (Stalmaster 1976, Stalmaster and 
Newman 1979, Hansen et al. 1980, Shapiro 
et al. 1982, Isaacs and Anthony 1987). Re- 
source managers can use this information 
to identify and protect critical habitats 
from permanent disturbance. 

Human activities resulting in temporary 
disruption of the eagle's environment (e.g., 
most recreational activities) represent a 
major source of potential disturbance in 
many eagle populations. Recreational ac- 
tivities have increased dramatically in 
North America during the past few de- 
cades (U.S. Department of Interior 1982). 
Certain nonconsumptive activities, such as 
boating, have increased even more dra- 
matically (Brockman and Merriam 1973, 
Jensen 1973). The unpredictable and tem- 
porary nature of these activities makes 
them extremely difficult to monitor and 
assess; they present resource managers with 
a formidable regulatory challenge. Al- 
though such temporary human activities 
are reportedly very disturbing to winter- 
ing and migrating eagles (Stalmaster and 
Newman 1978; Russell 1980; Skagen 1980; 
H. Walter and K. L. Garrett, The effect 
of human activity on wintering bald eagles 
in the Big Bear Valley, California, Unpubl. 
rep. to U.S. For. Serv., 89 pp., 1981; Knight 
and Knight 1984; Smith 1988), virtually 
nothing is known about how these activi- 
ties, especially those occurring away from 
nest trees, affect breeding bald eagles. 

Efforts to manage human activities at 
nest sites rather than at other critical areas 
within eagle territories stem from the be- 
lief that nest disturbances are the major 
cause of site desertion and nesting failure. 
Several studies have associated lowered 
productivity and site desertion with nest 
disturbances (Murphy 1965, Retfalvi 1965, 
Juenemann 1973, Weekes 1974, Grubb 
1976, Anthony and Isaacs 1989); others 
have found little or no evidence of distur- 
bance-caused nest failures (Mathisen 1968, 
Grier 1969, Swenson 1975, McEwan and 
Hirth 1979, Fraser 1981, Bangs et al. 1982). 

However, most of these studies have po- 
tential biases that may have influenced 
their conclusions, because human-eagle 
interactions occurring away from nest sites 
were not considered. Despite increasing 
awareness among biologists of the impor- 
tance of foraging areas to eagle survival 
and productivity, there is a general lack 
of consideration for the management of 
these areas for breeding bald eagles. 

In this paper, we investigate human and 
eagle activity patterns and examine how 
breeding bald eagles respond to temporary 
human activities in foraging areas. Based 
on the results, we develop a model of hu- 
man-eagle interactions that is used to rec- 
ommend both spatial (i.e., buffer zones) 
and temporal (i.e., critical periods) restric- 
tions of human activities around eagle high- 
use areas during the breeding season. 

Acknowledgments.-We thank Geof- 
frey Dorsey (Corps of Engineers) for his 
enthusiastic encouragement and many 
useful suggestions. We also thank Jim Wat- 
son and Monte Garrett for their coopera- 
tive efforts in the field; they provided in- 
valuable data and site-specific eagle 
information. Special thanks are due Nancy 
McGarigal for many hours of field assis- 
tance. We are grateful to Jim Watson, Su- 
san Skagen, and Monte Garrett for review- 
ing an earlier draft of this manuscript and 
Gretchen Bracher for assistance in pre- 
paring figures. This study was conducted 
under the auspices of the Oregon Coop- 
erative Wildlife Research Unit: Oregon 
Department of Fish and Wildlife, Oregon 
State University, U.S. Fish and Wildlife 
Service, and the Wildlife Management In- 
stitute cooperating. This is Oregon State 
University Agricultural Experiment Sta- 
tion Technical Paper 8911. 

STUDY AREA 

Physical Description 

Our study was conducted on the Colum- 
bia River estuary between Longview, 
Washington, and the Pacific Ocean, a dis- 
tance of approximately 98 kilometers (Fig. 
1). The climate is Pacific Northwest Mar- 
itime and is characterized by mild, wet 
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Fig. 1. Study area on the Columbia River estuary. Circles represent locations of occupied bald eagle nesting territories; complete circles represent pairs sampled during this 
study. 
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Fig. 2. Columbia River estuary in the vicinity of Astoria, Oregon. Photo taken by U.S. Army Corps of Engineers, Portland 
District. 

winters (Oct-Jun) and cool, dry summers 
(Jul-Sep); mean annual precipitation and 
temperature between 1951 and 1980 were 
176.7 cm and 10.3 C, respectively (records 
at National Weather Service, Astoria, 
Oreg.). 

The lower river is characterized by its 
expansiveness and the marked cyclic 
changes in aquatic habitat resulting from 
pronounced tidal fluctuations (Fig. 2). Wa- 
ter depth fluctuates as much as 3.6 m be- 

tween high and low tides during summer. 
Consequently, at low tide much of the riv- 
er bottom is exposed as tidal mud flats. 
The river is approximately 14 km across 
at its widest point near Astoria, Oregon; it 
becomes progressively narrower upriver. 
Numerous man-made (i.e., dredge spoil) 
and natural islands create a network of 
channels and sloughs that, when combined 
with abundant intertidal marshes, create 
a rich and diverse habitat for bald eagles. 
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Natural islands are irregularly inundat- 
ed by tides and typically consist of a mo- 
saic of shrub- and forest-dominated 
swamps; Sitka spruce (Picea sitchensis), 
black cottonwood (Populus trichocarpa), 
red alder (Alnus rubra), and willow (Salix 
spp.) are major tree species. Man-made 
islands support varying vegetative growth, 
ranging from none (i.e., dry sand) to her- 
baceous plants and/or young forests of cot- 
tonwood, alder, and willow, depending on 
island age. Marshes occupy the fringe of 
most bays and inlets. 

Mainland shores are characterized by 
extensive upland forests of young (<80 yrs 
old), second- and third-growth conifers and 
isolated patches of old-growth (>200 yrs 
old) forest. Second- and third-growth for- 
ests are dominated by Douglas-fir (Pseu- 
dotsuga menziesii), western hemlock 
(Tsuga heterophylla), and red alder; old- 
growth forests also contain Sitka spruce 
and western redcedar (Thuja plicata). 

Human Population 

Much of the Oregon shore, and to a much 
lesser extent the Washington shore, is de- 
veloped. Shores in the vicinity of Young's 
Bay on the Oregon side and Baker Bay on 
the Washington side (Fig. 1) are occupied 
by high-density industrial, commercial, 
and residential development; the remain- 
ing developed shore consists of scattered 
residential and agricultural development. 
A railroad runs immediately adjacent to 
the Oregon shoreline, and primary and 
secondary paved roads parallel the Wash- 
ington shoreline throughout much of the 
study area. 

The Columbia River estuary is a major 
passageway for commercial vessels mov- 
ing to and from Portland, Vancouver, 
Longview, and other cities located upriv- 
er. Many side channels and sloughs are 
used for storing log rafts, which are even- 
tually transported by tugboat to Astoria or 
Longview for milling or export. The river 
is periodically open to commercial fishing. 
During gill-net seasons, fishing boats oc- 
cupy nearly all open water areas. Except 
for gill netting and some log storage ac- 

tivity, most commercial activities are re- 
stricted to the main river channel and a 
few side channels. Furthermore, the river- 
based commerce proceeds at relatively 
steady levels independent of day of the 
week and weather. 

During spring and summer, recreational 
boating activities (mainly associated with 
fishing) greatly outnumber commercial 
activities on the river. The influx of rec- 
reationists increases dramatically as the ea- 
gle breeding season progresses. In contrast 
to commercial activities, recreational ac- 
tivities have a relatively unrestricted spa- 
tial use pattern. With the exception of sev- 
eral favorite fishing areas, recreational use 
is widely and irregularly dispersed 
throughout the river. These activities oc- 
casionally encroach on even the most re- 
mote areas of the river. Furthermore, lev- 
els of these activities are subject to widely 
fluctuating temporal changes in response 
to factors such as tide level, weather, and 
day of the week. 

Eagle Population 

Year-round, resident, adult bald eagles 
occupied 23 territories (13 in Wash., 10 in 
Oreg.) on the Columbia River estuary (Fig. 
1). Between 1978 and 1990, breeding suc- 
cess and productivity of this population 
were below state and regional averages and 
well below levels required for delisting by 
the Pacific States Bald Eagle Recovery Plan 
(U.S. Fish and Wildlife Service 1986). 
Breeding success averaged 38.5% (range 
23-55%), and productivity averaged 0.56 
young/occupied site (range 0.32-0.77) 
during 1984-87 (see Postupalsky 1974 and 
Isaacs et al. 1983 for terminology and 
methods, respectively). High levels of DDE 
and PCB's in breeding eagles on the Co- 
lumbia River estuary (Robert G. Anthony, 
unpubl. data) suggest that contaminants 
may be 1 cause of the reduced productiv- 
ity. There is considerable evidence that 
environmental contaminants have caused 
reductions in the productivity of other bald 
eagle populations (Stickel et al. 1966; 
Krantz et al. 1970; Postupalsky 1971; Wie- 
meyer et al. 1972, 1984; Sprunt et al. 1973). 
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Nest sites generally were associated with 
stands of old-growth trees and all nests were 
within 1.6 km of open water. Mean dis- 
tance between active nests was 7.1 km 
(range 2.1-22.1 km, SE = 0.7, n = 41). 
Foraging areas consisted of shorelines and 
interchannel tidal mud flats. Diets were 
extremely variable among eagle pairs and 
varied on a seasonal basis; waterfowl con- 
sumption by some eagle pairs increased 
during the winter period (Watson et al. 
1991). Overall, however, fish composed 
90% (based on frequency) of the eagle's 
year-round diet (Watson et al. 1991). 

The Columbia River estuary also is a 
major wintering area for nonresident ea- 
gles. Eagle numbers increased in Novem- 
ber and December, decreased in January, 
and peaked in February or March. Major 
population fluctuations coincided with 
southward and northward migrations. 
During our 3-year study, it was common 
to observe as many as 100 eagles on the 
estuary in 1 day. 

CONCEPTUAL MODEL AND 
OBJECTIVES 

We formulated a conceptual model af- 
ter observing human and eagle activity 
patterns and human-eagle interactions 
throughout the study area during April- 
September 1984. Our observations were 
extensive but nonsystematic and subjec- 
tive. In addition, we intensively monitored 
4 breeding pairs of eagles during July- 
September 1984 (see Home Range Deter- 
mination) to detail their activity patterns. 

We rarely observed obvious human dis- 
turbances of eagles, even though human 
use of the study area was high. We never 
observed nest disturbances and rarely ob- 
served human activities near active nests. 
Most nest sites were relatively inaccessible 
to humans, which led us to suspect that 
nest disturbances probably did not repre- 
sent an important form of human-eagle 
interaction. On the other hand, we ob- 
served high levels of human activities in 
eagle foraging areas and noted that rec- 
reational boating activities greatly out- 
numbered all other human activities. We 

surmised that the irregular spatial pattern 
and widely fluctuating temporal pattern 
of recreational boating activities were po- 
tentially disturbing to eagles. 

We noted that human-eagle interac- 
tions involving moving boats were rare and 
accounted for a small proportion of an ea- 
gle's time budget. Stationary vessels (such 
as anchored fishing boats), on the other 
hand, disturbed the eagles' environment 
for long periods of time and, therefore, 
represented a greater potential for eagle 
disturbance. Interactions involving sta- 
tionary boats were not easily assessed, how- 
ever, because stationary activities did not 
result in visible eagle disturbances, such as 
flushing an eagle from a perch. Instead, 
we hypothesized that stationary boating 
activities were resulting in changes in spa- 
tial and temporal use patterns of eagles, 
even though these changes were not im- 
mediately evident. 

These preliminary observations formed 
the basis for 2 conceptual models. These 
models established the framework for our 
research and are best understood by de- 
scribing 2 contrasting scenarios. In the first 
scenario (hereafter referred to as Active 
Displacement), the foraging area consists 
of a relatively narrow river stretch where 
eagles hunt from shoreline trees or gravel 
bars and where boaters come into close 
contact with eagles. In this situation, hu- 
mans actively approach or pass by eagles, 
and the eagles react (generally by flushing) 
if humans come too close. Active Displace- 
ment is typical of wintering populations 
on rivers in Washington where eagles are 
quite mobile and rely heavily on spawned- 
out salmon as a food source (Stalmaster and 
Newman 1978, Knight and Knight 1984). 
For this scenario, the research approach 
has been to study eagle response to ap- 
proaching boats or pedestrians. 

In the contrasting scenario (hereafter re- 
ferred to as Passive Displacement), the for- 
aging area consists of a large body of water, 
such as a large river, lake, estuary, or coast- 
al area, where both human and eagle ac- 
tivities are not restricted to a narrow cor- 
ridor. In this situation, eagles hunt from 
shoreline trees, pilings, or tidal mud flats, 
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and boats remain stationary most of the 
time. Human activities influence the ea- 
gle's environment and cause eagles to 
change their foraging locations and be- 
haviors. Passive Displacement is typical of 
breeding populations where eagles are sed- 
entary on fixed home ranges. 

Our preliminary observations indicated 
that Passive Displacement represented the 
major form of human-eagle interaction on 
the Columbia River estuary. We also no- 
ticed that each pair of eagles concentrated 
their foraging activity in only a few lo- 
cations within their home range and that 
high-use foraging areas usually were as- 
sociated with shallow water that was rel- 
atively distant from boating activity cen- 
ters. We hypothesized that, under existing 
conditions, stationary boating activities in 
high-use foraging areas represented the 
most significant potential for human-eagle 
interaction on the Columbia River estuary. 
To evaluate this, we developed the follow- 
ing study objectives: 
1. To describe the temporal and spatial 

activity patterns of humans and breed- 
ing bald eagles in foraging areas. 

2. To determine the relative abundance 
of stationary and moving boating ac- 
tivities in foraging areas. 

3. To determine how stationary boating 
activity in high-use foraging areas in- 
fluenced daily activity patterns of 
breeding bald eagles. 

4. To determine how and at what distance 
eagles responded to moving boats and 
what factors influenced their response. 

METHODS 

Sampling Design 

Sampling was designed to accomplish 
objective 3; data for other objectives were 
collected coincidentally. We studied 6 pairs 
of breeding bald eagles each year during 
spring and summer, 1985 and 1986; three 
of the pairs were studied during both years. 
Pairs were widely distributed throughout 
the study area (Fig. 1) to represent a range 
of conditions. We sampled each pair 3 
times during the breeding season, corre- 

sponding to 3 major stages of the nesting 
cycle: incubation (23 Mar-13 May), nest- 
ling (10 May-13 Jul), and postfledging (3 
Jul-27 Aug). Each sample consisted of 2 
sampling periods: (1) a control period dur- 
ing which we monitored "normal" eagle 
activity patterns for 3 days prior to ex- 
perimental disturbance, followed by (2) an 
influence period during which we "dis- 
turbed" a high-use foraging area for 3 days. 
The foraging area that received the most 
eagle use during the control period and 
also afforded the observer good visibility 
of the surrounding area was selected for 
each experiment. The disturbance consist- 
ed of the senior author in a stationary boat 
positioned in the center of a high-use for- 
aging area. Three different open, outboard 
motorboats (3.7-5.5 m) were used during 
the study. The center of the high-use area 
was defined subjectively as the geometric 
center of eagle use in a particular foraging 
area during the control period. We posi- 
tioned the stationary boat as close to the 
geometric center as possible (always with- 
in 100 m). The location of the stationary 
boat was considered the center of the high- 
use area in all analyses. With a few ex- 
ceptions, daily observation periods were 8 
hours long, began at first light, and in- 
cluded morning low tides because this co- 
incided with peak eagle foraging activity. 

Field Methods 

During the control period, we observed 
eagles from a motorboat or land-based ve- 
hicle, depending on accessibility. We tried 
to maintain a minimum distance of 500 m 
between the observer and eagles. During 
the influence period, we observed eagles 
from a motorboat positioned centrally in 
a high-use foraging area. Consequently, 
observations during the influence period 
were restricted to a smaller area than dur- 
ing the control period. Early in the breed- 
ing season, when 1 eagle of a pair re- 
mained at the nest site while the other 
foraged, we focused observations on the 
foraging eagle. Later in the breeding sea- 
son, during late nestling and postfledging 
stages, when both adults foraged away from 
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the nest site simultaneously, we attempted 
to monitor both adults. As a result of our 
efforts to maintain continuous and detailed 
observations on eagles throughout their 
large home ranges, we were not able to 
document all human activities occurring 
within the home ranges. Consequently, we 
recorded complete observations on the for- 
aging areas and noted human activities 
outside of these areas whenever possible. 

We plotted all human and eagle move- 
ments on enlarged large-scale (1:12,000) 
black and white photographs that allowed 
us to identify individual trees, pilings, and 
other fixed objects and record eagle perch 
sites accurately to within a few meters. 
Human and eagle locations in open water 
were variously difficult to plot; all loca- 
tions, however, were accurate to within 20 
m. Consequently, distance calculations 
were accurate to within 20 m. Human ac- 
tivities around permanently occupied ar- 
eas such as homes, highways, and marinas 
were not recorded for 2 reasons. First, hu- 
man activities associated with these areas 
were difficult to observe and were too 
abundant and frequent to record accu- 
rately. Second, these activities were reg- 
ular in occurrence (often nearly continu- 
ous) and, therefore, did not bias 
comparisons of eagle activity patterns be- 
tween control and influence periods. We 
differentiated between research- and non- 
research-related human activities; unless 
otherwise noted, research activities were 
not included in the analyses. 

We categorized human activities by type 
(pedestrian, boat, automobile, aircraft, 
train, industrial noise, gunshot, blasting, 
chainsaw or logging noise), motion (sta- 
tionary, moving), relative noise level (soft, 
moderate, loud), and relative speed (slow, 
moderate, fast), and recorded the time of 
day, duration of activity (in seconds), and 
distance from the center of the high-use 
foraging area. Noise level and speed were 
categorized subjectively. Distances were 
measured to the nearest meter from plot- 
ted map locations using a digitizer. 

We recorded time and activity budgets 
for eagles. Each time an eagle changed 
locations or behaviors, we categorized the 

observation by general activity (e.g., 
perching, directional flight, soaring flight, 
foraging attempt, etc.), specific activity 
(e.g., prey pursuit, hunting, resting, han- 
dling prey, feeding self, etc.), habitat type 
(e.g., open water, mud flat, old-growth co- 
nifer, etc.), perch substrate (e.g., tree spe- 
cies, piling, driftwood, ground, etc.), tide 
level (1 = all tidal flats exposed, water depth 
<0.3 m; 2 = tidal flats partially exposed, 
water depth 0.3-0.9 m; 3 = tidal flats 
slightly exposed, water depth 0.9-1.5 m; 
and 4 = tidal flats covered, water depth 
> 1.5 m), and weather conditions (i.e., cloud 
cover, precipitation, and wind speed). We 
also recorded the time of day, time since 
last known feeding (in hours), duration of 
activity (in seconds), distance from the 
center of the high-use foraging area, and 
height above water. Height above water 
was estimated visually in the field by com- 
parison to objects with known height (mea- 
sured with a clinometer) and was accurate 
to within 20 m, depending on the birds 
height above water. Distances were mea- 
sured to the nearest meter from plotted 
map locations using a digitizer. Based on 
horizontal distance and height above 
water, we converted all distance mea- 
sures to straight-line distance for analyses. 

We noted hunting tactic (direct pre- 
dation of live prey, scavenge, pirate), out- 
come (successful, unsuccessful), prey spe- 
cies, and prey size for foraging attempts 
whenever possible. Multiple dives at the 
same prey were considered 1 attempt. We 
defined foraging success as the percent of 
foraging attempts with known outcome re- 
sulting in prey capture. 

To assess human-eagle interactions, we 
noted each time a human activity occurred 
within 500 m of an eagle. We chose 500 
m because we had previously never wit- 
nessed a human-induced eagle distur- 
bance at distances >500 m. A human ac- 
tivity occurring within 500 m of an eagle 
was considered a single encounter; a single 
human activity could be involved in more 
than 1 encounter. We defined "encounter 
rate" as the percent of all human activities 
approaching within 500 m of an eagle, 
where each individual human activity was 
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considered 1 observation regardless of the 
number of eagles encountered. We de- 
fined "disturbance" as any human pres- 
ence or activity that caused a change in 
the behavior of nearby eagles (Fraser 1984). 
We defined "disturbance rate" as the per- 
cent of all encounters resulting in a visible 
eagle disturbance. Disturbances were fur- 
ther separated by whether they caused an 
agitation or flush response. We defined 
"agitation response" as a visibly disturbed 
behavioral state that did not result in a 
flush. Keen attentiveness and frequent ag- 
gressive vocalizations characterized this 
condition when directed at stationary hu- 
man activities; flightiness (e.g., wing-flick- 
ing, flight-ready posture) and rapid head 
movements were characteristic responses 
to approaching humans. We defined "flush 
response" as any human-induced flight that 
was preceded by agitated behavior. When 
no agitation behavior was observed prior 
to flight, human-induced flights were dif- 
ficult to distinguish from natural flights. 
Therefore, we confined the analyses to ver- 
ified flush responses. 

For each encounter, we recorded eagle 
response behavior (no response, agitation 
response, flush response), minimum dis- 
tance between human and eagle, mini- 
mum distance between human and nest, 
minimum distance between eagle and nest, 
duration of behavioral response (in sec- 
onds), and flight distance following a flush. 
Following flush responses, we noted 
whether the eagle left the immediate area, 
flew to a nearby perch, or returned to the 
original perch. Again, we measured all dis- 
tances from plotted map locations using a 
digitizer and converted them to straight- 
line distance. 

Data Analyses 

Human and Eagle Activity Patterns.- 
To describe human activity patterns, we 
report summary statistics in units of boat- 
ing activity minutes (BAM's), unless oth- 
erwise noted. A stationary BAM represents 
1 boat occupying a fixed location for 1 
minute. A moving BAM represents 1 boat 
in motion for 1 minute. Total BAM's refers 

to all boating activity minutes, including 
both stationary and moving BAM's. Be- 
cause we could not effectively observe and 
document all human activities, the data on 
human activity patterns represent conser- 
vative measures of real human activity lev- 
els. 

To describe eagle activity patterns, we 
used eagle activity minutes (EAM's) with- 
in 400 m of high-use foraging areas and 
number of foraging attempts within 1,200 
m of high-use foraging areas as indices of 
foraging effort. We limited EAM's to with- 
in 400 m to exclude nonforaging activities 
from the measure. Two nest sites were lo- 
cated approximately 500 m from the for- 
aging areas under study, making it difficult 
in those cases to differentiate foraging ac- 
tivity from other activities. We limited for- 
aging attempts to within 1,200 m because 
this was the extent of our sampling area 
during both sampling periods (see Exper- 
imental Disturbance). Trends for total ea- 
gle activity time (total time) and foraging 
activity time (search-capture time, see Ex- 
perimental Disturbance) were identical 
because most eagle activity within 400 m 
of high-use foraging areas was associated 
with the search and capture of prey. All 
measures were standardized on a per hour 
of observation (hr obs.) basis to facilitate 
comparisons. 

To assess the relationship between boat- 
ing activity and eagle foraging activity lev- 
els on a daily basis, we regressed 3 boating 
activity parameters (total, moving, and 
stationary BAM's) on 2 eagle foraging ac- 
tivity parameters (search-capture time and 
number of foraging attempts) both within 
400 and 1,200 m of high-use foraging areas 
in 12 separate simple linear regressions (n 
= 96 days). We included only control pe- 
riod days and used log or reciprocal trans- 
formations of some variables to better meet 
regression assumptions. 

To assess the relationship between time 
of day and eagle foraging activity, we re- 
gressed hour on number of foraging at- 
tempts per hour of observation within 1,200 
m of high-use foraging areas pooled across 
all pairs. The data were grouped on the 
basis of 2 factors: (1) eagle pairs subjected 
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to low levels of boating activity (<40 total 
BAM/hr obs. within home range; 4 pairs) 
versus pairs subjected to high levels of 
boating activity (>81 total BAM/hr obs. 
within home range; 5 pairs), including only 
control period foraging observations and 
(2) control period observations versus in- 
fluence period observations. The division 
between pairs subjected to high versus low 
human activity was done after completion 
of the field work to reflect obvious differ- 
ences among territories in human activity 
levels. To assess whether the relationship 
between time of day and eagle foraging 
differed between groups, we treated each 
grouping factor as an indicator variable in 
separate multiple regressions. For each 
grouping factor, this was analogous to test- 
ing whether the slopes of the regressions 
for each group were different. 

Experimental Disturbance.-To assess 
eagle response to the experimental station- 
ary boat, we defined a sample area sur- 
rounding each high-use area as the visible 
area <1,200 m from the observer during 
the influence period (Fig. 3). This repre- 
sented the largest area that we could con- 
sistently and effectively observe during 
both sampling periods. In addition, we de- 
fined a series of 12 concentric, 100-m-wide 
influence zones around the experimental 
stationary boat (Fig. 3) to aid in comparing 
eagle activity between sampling periods; 
influence zones were defined arbitrarily 
within the data base and were not used to 
delineate observations in the field. The fol- 
lowing 5 variables were used to measure 
eagle activity and were standardized to an 
8-hour day: 

1. Total time: Duration of time spent in 
each influence zone. This measure in- 
cluded all behavioral activities associ- 
ated with a fixed location (i.e., perched 
eagle or foraging attempt); flight times 
between perch locations were not in- 
cluded. 

2. Search-capture time: Duration of time 
spent in foraging-related activities in 
each influence zone. This measure in- 
cluded time spent actively searching for 
prey from a perch and time spent en- 

Fig. 3. Sample area (bold line) and influence zones (concentric 
bands) around 1 high-use foraging area for the Deep River bald 
eagle pair on the Columbia River estuary. 

gaged in prey capture; it did not in- 
clude flight times or time spent engaged 
in feeding or other activities from a 
perch. The subjectivity involved in de- 
termining an eagle's behavioral status 
(i.e., actively hunting or not) limited the 
accuracy of this measure. 

3. Perch visits: Number of perch visits to 
each influence zone. A single perch visit 
was defined as an entry into an influ- 
ence zone associated with 1 or more 
fixed locations (i.e., perched eagle or 
foraging attempt). Flights between 
perches in the same zone that did not 
enter the next closer zone were includ- 
ed in the same visit. Flights entering 
the next closer zone terminated the visit 
to that zone. Number of perch visits was 
more appropriate than number of perch 
locations as an index to foraging area 
use because the latter was subject to the 
spurious effects of multiple, short perch- 
to-perch movements during a single 
"visit" to a foraging area. 
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4. Perch-flight visits: Number of perch 
visits plus flight-only visits to each in- 
fluence zone. A single flight-only visit 
was defined as an entry into an influ- 
ence zone not associated with a fixed 
location. Only the closest influence zone 
approached in a flight received a visit. 
This measure was designed to assess 
sensitivity of eagle flight movements to 
the experimental stationary boat. 

5. Foraging attempts: Number of forag- 
ing attempts in each influence zone. This 
measure included successful and un- 
successful attempts involving actual 
strikes (for live prey), active pursuits 
(for pirate attempts), and scavenging 
attempts. Sorties not associated with an 
actual strike and flights over carcasses 
were not included. Consequently, this 
measure underestimated activity asso- 
ciated directly with the capture of prey. 

We compared eagle activity in the sam- 
ple area between the control and influence 
periods. No statistical procedure was com- 
pletely effective in quantifying this rela- 
tionship, largely because some influence 
zones were not used by eagles and because 
some data were not normally distributed. 
Consequently, we developed a nonstatis- 
tical procedure for quantitatively com- 
paring eagle activity between sampling 
periods. Expected use of each influence 
zone was based on eagle activity during 
the control period. A zone was used less 
than expected if use during the influence 
period was <50% of control-period use. 
Likewise, a zone was used more than ex- 
pected if use during the influence period 
was >50% of control-period use. We chose 
50% subjectively for 2 reasons. First, 50% 
assured us that "significant" differences in 
eagle use of influence zones between sam- 
pling periods (i.e., used more or less than 
expected during the influence period) rep- 
resented real and biologically meaningful 
differences in eagle use patterns. Lower 
percentages allowed smaller differences in 
eagle use to become "significant," but did 
so at the cost of lowered confidence that 
measured differences reflected real biolog- 
ical responses and not sampling error. Sec- 
ond, 50% provided a quantitative measure 

that reflected the obvious changes in eagle 
use of influence zones between sampling 
periods apparent in graphical displays of 
the data. We defined "response distance" 
as the distance between the experimental 
stationary boat and the outside edge of the 
closest influence zone used as expected or 
more than expected during the influence 
period. 

Moving Human Activities.-We cate- 
gorized all human-eagle encounters into 
100-m intervals, based on minimum dis- 
tance between human and eagle, and used 
Pearson's chi-square statistic (2-dimen- 
sional models) to test for independence of 
response behavior (i.e., no response vs. 
flush) and encounter distance (Fienberg 
1982). Because of sample size limitations, 
we included encounters involving both re- 
search and nonresearch human activities 
and all eagles, including breeding adults, 
nonbreeding adults, and immatures. Based 
on these results (i.e., the distance at which 
response behavior changed significantly), 
we reclassified encounters into 2 distance 
intervals (<200 m and >200 m) and used 
the maximum likelihood ratio statistic (G2; 
3-dimensional models) to examine the in- 
dividual effects of several factors (Table 
1) on response behavior while controlling 
for encounter distance (Fienberg 1982). 
For each factor, we established categories 
that were biologically meaningful and 
combined categories when necessary to 
ensure adequate expected cell values 
(Fienberg 1982). The procedure involved 
a hierarchical partitioning of the 3-dimen- 
sional log-linear model into its individual- 
effect and interactive-effect components. 
The difference in G2 between the model 
of no 3-way interaction (includes all 3 
2-way interactions) and the model without 
the factor-response interaction (includes 
distance-response and distance-factor in- 
teractions) is a statistical measure of the 
effect of the factor on response behavior 
while controlling for encounter distance 
(Fienberg 1982). Interpretation of factors 
with significant effects was based on an 
analysis of the standardized residuals for 
the model without the factor-response in- 
teraction. For flush responses, we used 
nonparametric procedures (Mann-Whit- 
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Table 1. Factors evaluated for their effect on bald eagle flush response rate and flush distance for human-eagle encounters 
involving moving human activities on the Columbia River estuary, 1985-86. 

Factor Levels Additional notes 

Eagle characteristics 
Perch height 

Distance to nest 

Activity 

Age 

Breeding status 

Residence status 

Hunger condition 

Nesting stage 

Human characteristics 

Approaching speed 

Noise intensity 

Other characteristics 
Time of day 

Precipitation 

Sky cover 

<1 m 
1-10 m 
>10 m 
<400 m 
400-800 m 
> 800 m 
on nest 
foraging or feeding 
resting or other 

adult 
subadult 
active 
inactive or failure 
resident adult 
all others 
fed within 2 hrs 
not fed 
incubation 
nestling 
postfledging 

slow 
moderate 
fast 
soft 
loud 

<0600 hrs 
0600-0800 hrs 
0800-1000 hrs 
-1000 hrs 

none 
rainy 
clear 
cloudy 
overcast or fog 

Included incubating, brooding, feeding young. 

Included miscellaneous activities associated with resting 
(e.g., preening). 

Based on plumage characteristics. 

Terminology defined by Postupalsky (1974). 

Did not include eagles with unknown condition status. 

Adult on eggs. 
Young in the nest. 
Young out of the nest. 

Based on relative speeds. 

Based on relative noise. 

Steady or intermittent, light, or heavy rain. 
<25% cloud cover. 
25-95% cloud cover. 
>95% cloud cover. 

ney U test [MW] for factors with 2 groups, 
Kruskal-Wallis test [KW] for factors with 
>2 groups) to examine the individual ef- 
fects of several factors (Table 1) on flush 
distance. 

Home Range Determination 

We determined home ranges for 9 pairs 
of eagles. Each pair was monitored during 
8-hour observation bouts at least 4-6 times/ 
month over a 1-year period during July 
1984-April 1986 for a total of 2,405 hours 

of observation. We scheduled observation 
bouts to correspond with peak activity pe- 
riods (i.e., early morning and late after- 
noon). We observed eagles from a 5.8-m 
outboard motorboat or land-based vehicle, 
depending on site accessibility. We plotted 
locations of perches and foraging attempts 
on enlarged 1:12,000 aerial photographs 
and transposed locations onto 1:24,000 U.S. 
Geological Survey topographic maps to 
determine Universal Transverse Mercator 
coordinates. 

We analyzed the locational data using 



WILDLIFE MONOGRAPHS 

A FREQUENCY 
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Fig. 4. Relative occurrence of major human activity types and 
moving versus stationary boats by (A) frequency (n = 2,967) 
and (B) time (n = 138,645 min) on the Columbia River estuary, 
1985-86. 

the MCPAAL software program (Stuwe 
and Blowhowiak 1986); locations for male 
and female of each pair were combined 
for analyses. We used the harmonic mean 
method (Dixon and Chapman 1980) to de- 
termine the sizes of home ranges and high- 
use areas. Home range was defined as the 
area that included all activities of a pair 
of resident eagles; the 95% utilization con- 
tour was chosen as the most realistic esti- 
mator of home range size. High-use areas 
were defined as specific areas within home 
ranges that received disproportionately 
high eagle use; the 50% utilization contour 
was chosen as the estimator for high-use 
areas. 

RESULTS AND DISCUSSION 
Human Activities 

Stationary boating activities represented 
the greatest potential source of disturbance 
to breeding bald eagles on the Columbia 
River estuary, as they accounted for 87% 
of all boating activities by time and 33% 
by frequency (Fig. 4). The high frequency 
of moving boats reflects the fact that each 
stationary boat was usually associated with 

2 or more movements (i.e., to and from 
the site). Almost all stationary boating 
activities were recreational in nature. Off- 
road vehicles (e.g., beach combing for fire- 
wood) and pedestrians (e.g., beach walk- 
ing) accounted for 5% each by frequency 
and 2% and 7% by time, respectively, but 
these activities were largely confined to a 
single site. 

These results confirmed our preliminary 
observations and supported the Passive 
Displacement conceptual model as the 
most appropriate basis for the study de- 
sign. We are not aware of other attempts 
to distinguish between the effects of sta- 
tionary and moving activities on bald ea- 
gles. Investigations designed to measure 
disturbance responses usually have been 
formulated on the basis of the Active Dis- 
placement model and often without rec- 
ognition of the differences among alter- 
native conceptual models. However, most 
of the previous work has been done on 
relatively small rivers where stationary ac- 
tivities are relatively less common. 

Temporal Patterns 

Nesting Stage.-Human activity levels 
varied with nesting stage and were greatest 
when eagle foraging activity was highest. 
Boating activity increased >6-fold from 
incubation (mid-Mar to mid-May) to post- 
fledging (Jul-Aug); eagle foraging activity 
increased >4-fold for the same period (Fig. 
5A). Increased eagle foraging activity re- 
flected the increasing nutritional needs of 
growing young. Increased foraging effort 
also may have reflected a decrease in fish 
availability during the postfledging period 
(Watson et al. 1991). It also is possible that 
the seasonal increase in eagle foraging ef- 
fort was the result of a human-induced 
decrease in foraging efficiency. Knight and 
Knight (1986) found that feeding efficien- 
cy declined as the possibility of human 
encounter increased, largely as a result of 
more time spent scanning for intruders. 

Day to Day.-There was no strong ev- 
idence that eagles modified their foraging 
activity level in relation to daily fluctua- 
tions in human activity (Fig. 5B). Eagle 
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Fig. 5. Temporal patterns of adult, breeding bald eagles and boating activities by (A) nesting stage, (B) day of week, (C) time 
of day, and (D) tide level on the Columbia River estuary, 1985-86. Eagle activity for nesting stage and day of week represent 
total eagle activity minutes within 400 m of high-use foraging areas during the control period (n = 10,910 min) per hour of 
observation (EAM/hr obs.). Eagle activity for time of day represents number of foraging attempts within 1,200 m of high-use 
foraging areas during the control period (n = 144) per hour of observation. Eagle activity for tide level represents number of 
foraging attempts observed throughout the study area (n = 701) per hour of observation. Boating activity for nesting stage and 
day of week represents total boating activity minutes observed throughout the study area during control and influence periods 
(n = 123,574 min) per hour of observation (BAM/hr obs.). Boating activity for time of day represents frequency of boating 
activities observed throughout the study area during control and influence periods (n = 2,498 boats) per hour of observation. 

search-capture time and number of for- 
aging attempts within 1,200 m of high-use 
foraging areas, and number of foraging 
attempts within 400 m of foraging areas 
exhibited mild negative correlations with 
moving boating activity minutes within 
1,200 and 400 m of foraging areas, re- 
spectively (r > -0.208, n = 96 days, P < 
0.042, 3 separate simple linear regres- 
sions). All other possible correlations be- 
tween eagle activity parameters and boat- 
ing activity parameters within either 400 
or 1,200 m of high-use foraging areas were 
inconsistent and insignificant (r < ?0.167, 
n = 96 days, P > 0.108, 9 separate simple 
linear regressions). 

Similarly, there was little evidence that 
eagle foraging activity was affected by the 
weekend influx of humans on the estuary. 

Boating activity increased >3-fold from 
weekdays to weekend, but eagle foraging 
activity was not strongly affected by this 
temporal factor (Fig. 5B). Eagle search- 
capture time within 400 m of high-use ar- 
eas was, however, slightly greater on week- 
ends (weekday x = 77 EAM/day, SE = 13, 
n = 83 days; weekend x = 120 EAM/day, 
SE = 26, n = 24 days; Mann-Whitney U 
test, MW = 1,245, P = 0.061). The eagle's 
persistent, or perhaps even increased, for- 
aging activity on the weekend may have 
been the result of decreased foraging ef- 
ficiency, their unwillingness to reduce food 
supplies to their young, or their unwill- 
ingness to abandon the nest territory for 
areas of lower human activity. We noted 
that eagles that failed in their nesting at- 
tempt were quite mobile and often spent 
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considerable time outside their established 
"breeding" territories, suggesting that un- 
successful or nonbreeding pairs may be 
more easily displaced by periodic influxes 
of human activities. 

Bald eagles wintering on the Skagit Riv- 
er in Washington were easily displaced by 
temporally high levels of human activity 
(M. V. Stalmaster, Stalmaster and Associ- 
ates, Milton, Wash., pers. commun.). He 
observed a significant decrease in the num- 
ber of feeding eagles and the amount of 
feeding activity on weekends in associa- 
tion with increased boating activity. Like- 
wise, Smith (1988) observed significantly 
fewer summering and migrating eagles on 
Jordon Lake and Falls Lake in North Car- 
olina on weekends when human activity 
levels were higher than on weekdays. Un- 
like wintering or postbreeding eagles, 
breeding eagles on the Columbia River es- 
tuary were either unaffected by the week- 
end influx of human activities or they in- 
creased their foraging effort to compensate 
for human-caused reductions in foraging 
efficiency. 

Time of Day. -Different daily activity 
patterns of humans and eagles resulted in 
fewer potential interactions. Boating ac- 
tivity increased steadily from sunrise 
(0430-0610 hrs) to 0900 hours and there- 
after remained relatively constant. Eagle 
foraging activity, on the other hand, was 
highest from 0400 to 0600 hours and de- 
creased steadily thereafter (Fig. 5C). Sim- 
ilar trends in eagle foraging activity have 
been noted for other populations (Servheen 
1975, Skagen 1980, Stalmaster 1980, Har- 
mata 1984), although some populations also 
foraged extensively in the evening 
(Servheen 1975, Steenhof 1976). Early 
morning foraging is most likely related to 
food stress, although it may be an effort 
by eagles to minimize their interaction with 
humans. Stalmaster (pers. commun.) par- 
tially attributes higher morning counts of 
wintering bald eagles on the Skagit River 
to less boating activity early in the day. 

On the Columbia River estuary, eagle 
pairs subjected to relatively high boating 
activity levels concentrated their foraging 
in the early morning more so than pairs 

subjected to relatively low boating activity 
levels (difference in slopes, F = 5.78, 1 df, 
P = 0.027; Fig. 6A), indicating a possible 
human-induced change in eagle temporal 
activity patterns. In addition, eagles con- 
centrated their foraging in the early morn- 
ing during the control period more than 
during the influence period (difference in 
slopes, F = 13.93, 1 df, P = 0.002; Fig. 
6B). Knight et al. (In Press) noted a similar 
shift in foraging activity of wintering ea- 
gles on the Toutle River in Washington 
from early morning to late afternoon in 
response to anglers. The delay in foraging 
activity during the influence period may 
have been due to later low tides in addition 
to the experimental disturbance. Regard- 
less of the reason for the observed temporal 
patterns, it is apparent that early morning 
human activities are potentially the most 
disruptive to eagle foraging activity on the 
Columbia River estuary. Skagen (1980) also 
concluded that human activities during the 
early morning hours were most disturbing 
to foraging eagles wintering on the Skagit 
River. 

Tide Level.-Eagle foraging patterns 
were strongly influenced by tidal fluctu- 
ations, which altered the exposure of tidal 
mud flats and shorelines. Eagles foraged 
much more than expected at low tides and 
less than expected at high tides (Fig. 5D) 
(Watson et al. 1991). Other investigators 
have suggested a similar relation between 
tide and foraging activity (Broley 1947, 
Hancock 1964, Ofelt 1975, Todd 1979), 
but we are unaware of other attempts to 
quantify this relationship. More fish car- 
casses on the mud flats and less boating 
activity in the shallows both may have con- 
tributed to the increased foraging at low 
tide. Most boating activity was restricted 
to deep water during low tide. Unfortu- 
nately, we were unable to separate the ef- 
fects of increased prey availability from 
the effects of reduced human activities on 
tidal mud flats. 

Spatial Patterns 

Among Territories.-Boating activity 
levels varied considerably among eagle 
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Fig. 6. Foraging attempts within 1,200 m of high-use foraging areas of adult breeding bald eagles per hour of observation (hr 
obs.) in relation to time of day for (A) eagle pairs subjected to high (>81) versus low (<40) boating activity minutes per hour of 
observation and (B) control period versus influence period observations on the Columbia River estuary, 1985-86. Foraging 
activity for part A includes control period observations only. 

territories (range 0.4-296.5 BAM/hr obs.), 
largely depending on proximity to favored 
fishing areas. Four territories accounted 
for 87% of the total BAM's recorded and 
were responsible for most of the temporal 
changes in human activities discussed pre- 
viously. We recorded the lowest human 
activity in an atypical territory on lower 
Young's River, a tributary of the Columbia 
River (Fig. 1). The primary foraging area 
adjoined the nest site and consisted of a 
narrow river channel that dissected exten- 
sive agricultural (i.e., predominantly dairy 
pasture) and low-density, rural-residential 

areas. Few people used this portion of the 
river for temporary activities, but there 
were considerable habitat alterations and 
permanent centers of human activity (i.e., 
highway traffic, houses). In contrast, we 
recorded the highest human activity in a 
territory near Rocky Point, Washington 
(Fig. 1). The primary foraging area con- 
sisted of an undeveloped inlet with exten- 
sive tidal mud flats near a major fishing 
area. Consequently, although there was 
virtually no permanent disturbance of the 
area, there was considerable temporary 
boating activity. These sites illustrate the 
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Fig. 7. Breeding season home range (Harmonic Mean 95% 
utilization contour) and high-use areas (Harmonic Mean 50% 
utilization contours) for the Deep River bald eagle pair on the 
Columbia River estuary, 1985-86. 

disparity of conditions within the study 
area and the distinction between tempo- 
rary human activities in foraging areas and 
other forms of permanent human activi- 
ties. 

We found little evidence that pairs with 
higher boating activity in their high-use 
foraging areas were using these areas less 
than pairs with lower boating activity. To- 
tal eagle activity time, search-capture time, 
and number of foraging attempts were not 
correlated with moving, stationary, or total 
boating activity minutes within either 400 
or 1,200 m of high-use foraging areas (r < 
?0.415, n = 9 pairs, P > 0.267, 18 separate 
simple linear regressions). Because eagles 
foraged most intensely in the early morn- 
ing, foraging activity may have been un- 
affected by human activities occurring lat- 
er in the day. To evaluate this, we tested 
for independence of eagle activity and 
boating activity within 400 and 1,200 m 
of high-use foraging areas during early 
morning hours only (<0900 hrs). Although 

boating activity levels were much lower 
during this time of day, their relative dis- 
tribution among territories remained near- 
ly the same. Again, there was no strong 
relationship between eagle activity and 
boating activity, although there was a weak 
negative correlation between stationary 
boating activity and search-capture time 
within 400 m of high-use foraging areas 
(r = -0.567, n = 9 pairs, P = 0.112). 

These data suggest that within the ob- 
served range of boating activity levels, 
overall long-term (i.e., breeding season) 
eagle use of high-use foraging areas was 
largely independent of overall boating ac- 
tivity in those areas, although there was a 
noticeable trend for high-use areas with 
greater boating activity to be used less by 
eagles. Apparently, any human-induced 
changes in eagle foraging activity patterns 
were obscured at these coarse spatial and 
temporal scales. Our previous results in- 
dicate that eagles may be responding at 
more complex temporal scales, for exam- 
ple, by concentrating foraging activity in 
the early morning and at low tide. Perhaps, 
such subtle temporal shifts in activity pat- 
terns in response to increasing human ac- 
tivity levels precedes any large-scale spa- 
tial responses. Unfortunately, these data do 
not allow us to predict at what human 
activity levels permanent displacement 
from these areas might occur or whether 
eagles already were being displaced to 
these areas from other preferred foraging 
areas. 

Within Territories.-Within territo- 
ries, eagles and humans differed in their 
spatial use of the habitat. Most eagle pairs 
concentrated their activity in a few loca- 
tions (i.e., high-use areas), which included 
the nest site and key foraging areas (Fig. 
7). High-use areas based on harmonic mean 
50% utilization contours composed an av- 
erage of only 6% (1.3 km2) of the average 
home range size (range 0.1-4.2 km2, SE = 
0.47, n = 9 pairs). All eagle pairs dem- 
onstrated this highly concentrated spatial 
use pattern. Within high-use foraging ar- 
eas, eagles usually concentrated their ac- 
tivity around 1 or more hunting perches 
that offered good visibility of the adjacent 
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Fig. 8. Distribution of adult, breeding bald eagle foraging ac- 
tivity (search-capture time, n= 12,138 min) and boating activity 
(n = 15,807 min) during the control period in relation to distance 
from the centers of the high-use foraging areas (HUA) on the 
Columbia River estuary, 1985-86. 

foraging area. Consequently, eagle for- 
aging activity within high-use areas gen- 
erally decreased abruptly with increasing 
distance from the high-use center or fa- 
vorite perch site (Fig. 8). 

Conversely, boating activities were less 
common in high-use foraging areas than 
elsewhere. Less than 12% of all boating 
activity minutes occurred within 800 m of 
high-use foraging areas (Fig. 9). This pat- 
tern was mostly governed by the distri- 
bution of stationary boating activities. Less 
than 7% of all stationary BAM's occurred 
within 800 m of high-use foraging areas, 
largely because most stationary boating ac- 
tivities were associated with deep-water 
areas, whereas foraging areas were asso- 
ciated with shallow water or exposed mud 
flats. In contrast, almost 50% of all moving 
boating activities occurred within 800 m 
of high-use foraging areas, largely because 
boating channels were often close (200- 
800 m) to these foraging areas. 

These data indicate that eagles and hu- 
mans spatially partitioned the foraging 
habitat. It is unclear, however, whether 
human activities displaced eagles to a few 
concentrated, shallow-water foraging ar- 
eas or whether eagles actually preferred 
these areas and the spatial partitioning of 
the habitat was coincidental. On the Co- 
lumbia River estuary, observations suggest 
that fish are more available and perhaps 
more vulnerable in shallow water and that 

<400 400-800 800-1,200 >1,200 
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Fig. 9. Distribution of boating activity (n = 69,229 min) during 
the control period in relation to distance from the centers of 
the high-use foraging areas (HUA) of adult, breeding bald ea- 
gles on the Columbia River estuary, 1985-86, and the relative 
contribution of stationary versus moving boats to this pattern. 

fish carcasses, which are a large compo- 
nent of the eagle's diet, are more abundant 
on exposed mud flats (Watson et al. 1991). 
It also is widely acknowledged that human 
activities sometimes displace eagles to ar- 
eas of lower human activity. In Minnesota 
and Maryland, nests are farther from per- 
manent human activity centers than ran- 
dom points (Andrew and Mosher 1982, 
Fraser et al. 1985). Wintering eagles on 
the Nooksack River in Washington dis- 
proportionately used areas of low human 
activity (Stalmaster and Newman 1978). 
These authors and Servheen (1975) also 
noted significantly higher eagle use of the 
riverside with least human activity on the 
Nooksack and Skagit rivers, respectively. 
Corr (1974) speculated that shoreline sec- 
tions near eagle nests in southeast Alaska 
that were heavily used by commercial and 
recreational crafts received less eagle use. 
Smith (1988) noted a spatial partitioning 
between humans and eagles on Jordan Lake 
and Falls Lake, North Carolina, and re- 
lated it to varying water depths. He sug- 
gested that shallow water created unde- 
sirable conditions for boating-related 
recreational activities and also concentrat- 
ed fish, perhaps increasing eagle foraging 
success. These spatial use patterns are sim- 
ilar to the one we observed on the Colum- 
bia River estuary. It is plausible, therefore, 
that both foraging preferences and hu- 
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man-induced displacement operated si- 
multaneously to restrict spatial use pat- 
terns of foraging eagles on the Columbia 
River estuary. 

Response to Stationary 
Human Activities 

Most eagles did not approach stationary 
human activities at close distances and were 
almost never visibly disturbed when they 
did so. Boating activities accounted for 91% 
of all stationary human activities by time 
(n = 118,206 min). Of 822 individual sta- 
tionary boating activities, where each 
boating activity was considered a single 
observation regardless of the number of 
eagles encountered, only 15% resulted in 
an encounter (i.e., <500 m) with eagles, 
and only 0.12% resulted in a visible dis- 
turbance to an eagle. When each encoun- 
ter within 500 m was considered separate- 
ly (i.e., each human activity could be 
involved in several encounters with dif- 
ferent eagles), including those involving 
research-related activities, we observed 
disturbances in only 2.3% of the cases (n 
= 1,461) involving stationary boats. Based 
on these data, stationary boats did not ap- 
pear to be very disturbing to eagles. In this 
type of interaction (Passive Displacement 
model), however, the eagles largely con- 
trolled the encounters because they could 
modify their spatial use patterns in re- 
sponse to the stationary boats. The ques- 
tion was then: Do eagles modify their spa- 
tial use patterns in response to stationary 
boats and thereby result in such low en- 
counter and disturbance rates? 

The limited number of disturbances in- 
volving stationary human activities that we 
observed were predominantly agitation re- 
sponses and were almost always in re- 
sponse to the research boat during the in- 
fluence period. In most cases eagles flew 
to the disturbed area, perched 100-200 m 
away, displayed agitation behaviors, and 
subsequently flushed and left the area or 
moved to a perch at a "comfortable" dis- 
tance. We discuss the implications of these 
behavioral responses from a theoretical 
perspective in a subsequent section (see 
Dual Disturbance Threshold Model). In the 

remainder of this section, we analyze how 
eagle activity patterns were modified in 
response to the experimental, stationary 
boating activity. 

Experimental Disturbance: General Ef- 
fects.-Eagle activity in high-use foraging 
areas was modified substantially during the 
influence period in response to the exper- 
imental stationary boat. On the average, 
eagles avoided an area within 300-400 m 
of the experimental stationary boat (Figs. 
10-12). During the control period, total 
time spent in the foraging area decreased 
steadily from zero to 400 m (Fig. 10A). 
This was largely due to a pattern of con- 
centrated use around key foraging perch- 
es. In at least 4 areas, however, eagle use 
was more dispersed, and no single perch 
dominated the spatial use pattern. Beyond 
400 m, eagle activity typically was largely 
unaffected by the experimental distur- 
bance. The large expenditure of time be- 
tween 400-600 m was mainly a result of 
nesting activity; nest trees were located 
approximately 500 m from the center of 
2 foraging areas under study. Total time 
spent actively hunting clearly depicted an 
avoidance of the foraging area during the 
influence period (Fig. 10B). 

Number of perch visits did not exhibit 
the strong bimodal pattern evident with 
total time and, to a lesser extent, search- 
capture time (Fig. 11A). Further, the pat- 
tern of rapidly decreasing use within 400 
m was less dramatic with perch visits than 
both total time and search-capture time 
(Fig. 11A). This largely reflects the fact 
that eagles often perched in single loca- 
tions for long periods. Also, eagle foraging 
effort often was very casual in nature; ea- 
gles frequently perched in foraging areas 
for long periods without actively scanning 
for prey. Hence, perch visits was less in- 
fluenced by temporal considerations and 
provided a clearer means of separating 
spatial use patterns from spatio-temporal 
use patterns than total time and search- 
capture time. 

Eagle flight visits to the high-use for- 
aging areas were not modified to the same 
degree as perching activities during the 
influence period. Eagle perch and flight- 
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Fig. 10. Total eagle activity time (A) and search-capture time 
(B) during control (n = 102 days) and influence (n = 100 days) 
periods in relation to distance from the centers of the high-use 
foraging areas (HUA) on the Columbia River estuary, 1985- 
86, for all bald eagle pairs combined. 

only visits were greatly reduced within 
200-300 m of the experimental stationary 
boat (Fig. liB). Even within 200 m, the 
perch-flight response was much less pro- 
nounced compared to the other eagle ac- 
tivity measures. During the influence pe- 
riod, eagles often flew close to the observer 
as they moved between other undisturbed 
foraging areas. Also, eagles often flew di- 
rectly past the observer and perched 300- 
500 m away. After this "inspection," some 
eagles vacated the area, but other eagles 
remained at a "comfortable" distance and 
made foraging flights into the disturbed 
area. These forays sometimes resulted in 
approaches to within 100 m and foraging 
attempts often were successful. Foraging 
success within 400 m of the experimental 
stationary boat during the influence period 
was slightly higher (78%, n = 18) than 
during the control period (66%, n = 82), 
although this difference was not significant 
(x2 = 0.96, 1 df, P = 0.326). However, the 

DISTANCE FROM HUA (x100 m) 

Fig. 11. Number of perch visits (A) and number of perch-flight 
visits (B) during control (n = 102 days) and influence (n = 100 
days) periods in relation to distance from the centers of the 
high-use foraging areas (HUA) on the Columbia River estuary, 
1985-86, for all bald eagle pairs combined. 

number of foraging attempts within 400 
m of the disturbance was dramatically less 
during the influence period (Fig. 12). 
Hence, foraging activity was greatly re- 
duced within 400 m of the disturbance, 
although eagles did occasionally forage in 
the disturbed area, apparently when there 
was higher probability of success. 

Eagles did not simply redistribute their 
use of the sample areas during the influ- 
ence period; that is, they did not increase 
their use of the outer portions of the sample 
areas to compensate for their reduced use 
of the centers. In fact, eagle use beyond 
400 m remained virtually the same during 
both sampling periods (Figs. 10-12). Ad- 
ditional observations outside the sample 
areas indicated that eagles sometimes 
shifted their activities to other previously 
undocumented foraging areas within their 
territory. We documented this phenome- 
non for a single pair during 2 sample pe- 
riods. These observations indicated that a 
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Fig. 12. Number of foraging attempts during control (n = 102 days) and influence (n = 100 days) periods in relation to distance 
from the centers of the high-use foraging areas (HUA) on the Columbia River estuary, 1985-86, for all bald eagle pairs combined. 

single, stationary boat had the potential to 
affect a pair's home range use patterns be- 
yond the obvious proximal effects. 

The experiments conclusively demon- 
strated that temporary changes in eagle 
spatial use patterns were the direct result 
of the human activity. The experimental 
stationary boat not only affected general 
eagle use of the foraging areas, but also 
reduced the number of foraging attempts 
and probably reduced overall foraging ef- 
ficiency. We are not aware of similar ex- 
perimental studies on territorial, breeding 
bald eagles, but observations on the for- 
aging behavior of nonbreeding eagles sup- 
port our findings. Skagen (1980) noted that 
winter feeding activity on the Skagit River 
in Washington was significantly reduced 
for periods of up to 30 minutes following 
a human activity. Similarly, Stalmaster and 
Newman (1978) noted that winter feeding 
behavior on the Nooksack River in Wash- 
ington was disrupted by human presence. 
Humans temporarily displaced eagles to 
marginal habitat and confined the popu- 
lation to a smaller area, and disturbed birds 
avoided the same feeding area for long 
periods following the disturbance. H. Wal- 
ter and K. L. Garrett (The effect of human 
activity on wintering bald eagles in the Big 

Bear Valley, California, Unpubl. rep. to 
U.S. For. Serv., 89pp., 1981) noted that 
wintering eagles in Big Bear Valley, Cal- 
ifornia, temporarily shifted use away from 
temporary human activities such as wa- 
terfowl hunting. Similarly, Smith (1988) 
noted that summering and migrating ea- 
gles on Jordan Lake and Falls Lake, North 
Carolina, shifted spatial use patterns in re- 
sponse to the weekend influx of people. 
These studies, encompassing summering 
and wintering populations throughout 
much of the species' range, combined with 
our experimental findings, confirm that 
human activities can elicit dramatic 
changes in spatial use patterns of bald ea- 
gles. 

Experimental Disturbance: Variation 
Among Pairs.-Based on the number of 
perch visits, estimates of response distance 
for most pairs (5 of 9) were between 400 
and 600 m (range 200-900 m; Table 2). 
Deep River and Aldrich Point pairs de- 
viated noticeably from that distance. The 
Clifton pair also exhibited a marked de- 
viation, however the data for this pair were 
too scarce to interpret reliably. The Deep 
River pair was by far the most tolerant of 
human activity. They avoided an area 
within 100-200 m of the experimental sta- 
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Table 2. Response of breeding bald eagle pairs to an experimental stationary boat in high-use foraging areas on the Columbia 
River estuary, 1985-86. Minus signs represent influence zones used >50% less than expected during the influence period; plus 
signs represent influence zones used >50% more than expected during the influence period; zeros represent influence zones 
used as expected, based on control period use; blanks represent influence zones not used during either sampling period. Pairs 
are arranged in order of least to greatest response distance, where response distance is defined as the contiguous area around 
the experimental disturbance used less than expected. For 3 pairs studied during both years, response distances are given by 
year. 

Influence zone (x 100 m)a 

Eagle pair 1 2 3 4 5 6 7 8 9 

Deep River - 0 0 - 0 0 + 0 - 

Clifton - 0 - 0 - - - 0 + 
Young's River 1986 - - 0 + 0 0 + + + 
Mill Creek 1985 - - - + + - 0- 
Mill Creek 1986 - - + + - + 
Fort Columbia 1986 - - - 0 - + + + 0 
Rocky Point - - - - + + - - 0 
Maygar - - - - 0 0 0 
Young's River 1985 - - - - 0 0 0 - 0 
Fort Columbia 1985 - - - - - 0 0 + - 

Twilight - - - - - 0 0 
Aldrich Point - - - - - - - - + 
All pairs combined - - - 0 0 0 0 0 + 

a Influence zones represent 100-m-wide concentric bands around the location of the experimental stationary boat in the center of the high-use 
foraging areas. 

tionary boat (Table 2). In contrast, the Al- 
drich Point eagle pair was the least toler- 
ant. They avoided an area within 800-900 
m of the experimental stationary boat (Ta- 
ble 2). Differences between these pairs 
probably was related to the characteristics 
of their high-use foraging areas, particu- 
larly the size of the foraging areas and the 
availability of alternative perch sites. For 
example, the Deep River foraging sites in- 
cluded extensive tidal mud flats (i.e., pre- 
ferred foraging habitat) with several al- 
ternative hunting perches (Fig. 13A). Perch 
trees were well distributed along the shore, 
and pilings and large driftwood were scat- 
tered throughout the tidal mud flats. Con- 
sequently, the eagles were able to shift their 
use to alternative perch sites and still hunt 
the same tidal mud flats. In contrast, the 
Aldrich Point foraging sites were com- 
prised of smaller, localized tidal mud flats 
with few or no alternative perches. Eagle 
use was concentrated on single, isolated 
trees on shrub-dominated islands (Fig. 
13B). Hence, the eagles exhibited an "all 
or nothing" response; they either used the 
area or they did not. 

Variation among pairs also may have 
reflected previous experiences with hu- 

mans, particularly the number and out- 
come of previous interactions (Fraser 1984, 
Knight and Skagen 1987). Although re- 
searchers generally acknowledge that 
learning plays a major role in avian be- 
havior, we do not clearly understand how 
learning influences an eagle's tolerance of 
humans. Eagles may either become sen- 
sitized or habituated to human activities. 
For example, Stalmaster and Newman 
(1978) noted that adults flushed at greater 
distances from humans than immatures, 
suggesting that conditioning was taking 
place. However, others have not detected 
differences between age classes in flush re- 
sponse rate or flush distance (Russell 1980, 
Knight and Knight 1984, this study), and, 
in a recent study, Stalmaster (pers. com- 
mun.) noted that immatures were more 
easily disturbed than adults on the Skagit 
River. Fraser et al. (1985) found that in- 
cubating eagles flew at greater distances 
with each repeated disturbance. On the 
other hand, Stalmaster and Newman (1978) 
saw no change in flush distance of winter 
migrants with repeated disturbances of 
perched eagles. These confusing observa- 
tions may reflect differences in method- 
ologies and populations studied. For ex- 
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Fig. 13. Foraging areas of Deep River (top) and Aldrich Point (bottom) bald eagle pairs on the Columbia River estuary. Deep 
River high-use areas were located on and adjacent to the prominent points along the shoreline. Aldrich Point high-use areas 
were located on and adjacent to the isolated tree perches on the shrub-dominated islands. 
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ample, Fraser et al. (1985) found that 
incubating birds were sensitized by re- 
peated disturbances; the same birds were 
disturbed on subsequent occasions and, 
therefore, were capable of learning and 
showing different responses to the same 
intruder. In contrast, the other studies cit- 
ed involved winter transient populations. 
In these studies, repeated disturbances of 
the same individuals were probably rare, 
and, therefore, the birds were not likely to 
become sensitized. 

If pairs were becoming habituated or 
sensitized to humans in our study area, 
then we would expect to see a positive 
(sensitized) or negative (habituated) cor- 
relation between site-specific human ac- 
tivity levels and response distance. In other 
words, we might expect pairs with higher 
boating activity levels to be either more 
sensitive (greater response distances) or 
more tolerant (lower response distances) 
of human activity. However, response dis- 
tance was neither positively nor negatively 
correlated with boating activity levels (i.e., 
stationary, moving, and total BAM's) with- 
in entire territories (r < ?0.425, n = 9 
pairs, P > 0.261, 3 separate simple linear 
regressions), within 1,200 m of high-use 
foraging areas (r < ?0.358, n = 9 pairs, 
P > 0.344, 3 separate simple linear re- 
gressions), or within 400 m of high-use 
foraging areas (r < ?0.316, n = 9 pairs, 
P > 0.407, 3 separate simple linear re- 
gressions). Hence, we had no indication 
that previous exposure to human distur- 
bance influenced response distance. 

Several additional factors may have in- 
fluenced the observed variation in re- 
sponse patterns among pairs. Pairs may 
have reacted differently to the location of 
the experimental disturbance within their 
home ranges. That is, eagles may have be- 
come differentially habituated or sensi- 
tized to human activities in different areas 
within their home ranges. Stalmaster and 
Newman (1978) suggested that tolerance 
to human activity is related to the location 
of the disturbance; that is, eagles are more 
tolerant of human activities where they 
expect to see them. They showed that win- 
tering eagles on the Nooksack River in 

Washington were more easily disturbed by 
approaches that occurred on the river 
channel than from adjacent farm mead- 
ows where human activity was common. 
Similarly, Russell (1980) found that win- 
tering eagles on the Sauk and Suiattle riv- 
ers in Washington were more tolerant of 
boating activities on river stretches with 
higher levels of human activity. 

Differential exposure to persecution 
(Fraser 1984, Knight 1984) an unequal food 
availability among territories also may have 
influenced differences in response patterns 
among pairs. Skagen (1980) and Knight 
and Knight (1984) associated food scarcity 
with flush responses of wintering eagles on 
the Skagit and Nooksack rivers. We were 
unable to quantify site-specific prey levels 
and, therefore, cannot adequately address 
this possibility. Apparently no single factor 
effectively explains variation among pairs. 
Hence, it is likely that these and other un- 
identified factors interact in a complex 
manner to affect response patterns. 

Experimental Disturbance: Variation 
Among Nesting Stages.-Although the 
average response distance remained ap- 
proximately the same (300-400 m) among 
the 3 nesting stages, the difference in eagle 
use between control and influence periods 
was least during the incubation stage and 
became increasingly pronounced during 
the subsequent 2 stages (Fig. 14). In other 
words, the magnitude of difference be- 
tween control-period use and influence- 
period use within 400 m of the high-use 
foraging areas increased from incubation 
to postfledging stages (Fig. 14). This was 
due to increased intensity of foraging ac- 
tivity during the latter nesting stages (Fig. 
5A). Eagle use also became more concen- 
trated in the high-use foraging areas; that 
is, the dramatic increase in activity oc- 
curred in the centers of the high-use areas 
(Fig. 15). This concentrated use resulted 
from a preference for 1 or more foraging 
perches in the center of most foraging ar- 
eas. Increasing foraging demands during 
the nestling and postfledging stages re- 
sulted in more frequent visits to those cen- 
tral perches. Therefore, the ecological con- 
sequences of disturbing high-use foraging 
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Fig. 14. Number of perch visits during control and influence 
periods in relation to distance from the centers of the high-use 
foraging areas (HUA) for (A) incubation, (B) nestling, and (C) 
postfledging stages on the Columbia River estuary, 1985-86, 
for all bald eagle pairs combined. Note differences in scales on 
the Y-axes. 

areas (with respect to time-energy budgets 
and productivity) are potentially much 
greater during the nestling and postfledg- 
ing stages, particularly because human ac- 
tivity levels are greatest during this period. 
Of course, extensive disturbances in for- 
aging areas early in the nesting cycle could 
cause adults to abandon early nesting ef- 
forts altogether, although this occurrence 
is unlikely with current human activity 
patterns (Fig. 5A). 
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Fig. 15. Total bald eagle activity time by nesting stage (in- 
cubation, nestling, postfledging) during the control period in 
relation to distance from the centers of the high-use foraging 
areas (HUA) on the Columbia River estuary, 1985-86, for all 
eagle pairs combined. 

Response to Moving 
Human Activities 

Most humans did not approach eagles 
at close distances and rarely disturbed ea- 
gles when they did. Boating activities ac- 
counted for 79% of all moving human ac- 
tivities by time (n = 20,439 min). 
Pedestrians and automobiles accounted for 
an additional 12% and 7%, respectively, of 
these human activities. Of 1,676 individual 
moving boating activities, where each 
boating activity was considered a single 
observation regardless of the number of 
eagles encountered, only 21% resulted in 
contact <500 m with eagles (i.e., encoun- 
ter rate; Fig. 16A), and only 0.78% resulted 
in a visible disturbance to an eagle. When 
each human-eagle encounter within 500 
m was considered separately (i.e., each hu- 
man activity could be involved in several 
encounters with different eagles), includ- 
ing those involving research-related activ- 
ities, we observed disturbances in only 6.4% 
of the cases (n = 765) involving moving 
boats (i.e., disturbance rate; Fig. 16B). We 
noted very different patterns of encounter 
rates and disturbance rates for other hu- 
man activities (Fig. 16). With the excep- 
tion of train activities, high levels of these 
other moving activities could result in sig- 
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Fig. 16. (A) Proportion of individual moving human activities approaching within 500 m of bald eagles (where each human 
activity was considered 1 observation) and (B) the proportion of separate human-eagle encounters within 500 m resulting in 
visible eagle disturbances (where each moving human activity could be involved in > 1 encounter) on the Columbia River estuary, 
1985-86. Disturbance rates (B) include encounters involving research activities. 

nificant numbers of eagle disturbances. At 
current levels, however, they are of little 
consequence to the eagle population. In- 
teractions involving moving boating activ- 
ities, because of their greater numbers, are 
of much greater consequence to the eagle 
population. 

Disturbances involving moving human 
activities consisted mostly of flush re- 
sponses (50 of 61 visible disturbances); the 
remainder were agitation responses. We 
discuss agitation responses from a theoret- 
ical perspective in a subsequent section (see 
Dual Disturbance Threshold Model). We 

limit the remainder of this section to flush 
responses only. Eighty percent of the flush 
responses involved a boating activity. Only 
a few flush responses were caused by pe- 
destrians (4), low-flying aircraft (4), and 
off-road automobiles (2). Small sample siz- 
es prohibited us from analyzing each hu- 
man activity separately. Therefore, we 
limited the subsequent analyses to boating 
activity; where there were instructive dif- 
ferences, we also analyzed all human ac- 
tivities collectively. 

Flush Response Rate and Flush Dis- 
tance.-Flush response rate decreased with 
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Fig. 17. (A) Numberof separate human-eagle encounters and 
flush responses (where each moving human activity could be 
involved in >1 encounter) and (B) corresponding flush re- 
sponse rates in relation to encounter distance for moving boat- 
ing activities on the Columbia River estuary, 1985-86. Incre- 
mental flush rate = no. flushes - no. encounters; cumulative 
flush rate is based on the sum of all flushes occurring at a 
particular distance and greater. 

increasing encounter distance (Fig. 17B). 
Flush response rates were much higher 
than expected at 0-200 m and less than 
expected beyond 200 m (Table 3). The 
standardized residuals in Table 3 indicate 
that response behavior was fairly consis- 
tent within these distance categories; that 
is, the significance of the difference be- 
tween observed response rate and expect- 
ed response rate, measured by the mag- 
nitude of the standardized residuals, was 
similar between 0-100 and 100-200 m, 
and likewise was similar for the zones be- 
yond 200 m. Nevertheless, few eagles were 
flushed by moving boats, even when boats 
approached at close distances (Fig. 17A). 
Only 5.3% of all eagles (n = 756) flushed 
when boats approached within 500 m; even 
when boats approached within 100 m, only 
27.3% of the eagles (n = 22) flushed (Fig. 
17B). However, these statistics do not ac- 

count for the fact that an eagle that flushed 
at 1 particular distance probably would 
have flushed at lesser distances as well had 
it encountered the human under similar 
conditions. It is perhaps more instructive 
to define response rates on the basis of 
cumulative response frequency (i.e., the 
total number of eagles flushing at or be- 
yond a particular distance), which assumes 
that all flushed eagles also would have 
flushed had they encountered the activity 
at all closer distances; this may or may not 
be true. This was the approach used by 
Stalmaster and Newman (1978) and Knight 
and Knight (1984). Using this approach, 
71.4% of all eagles (n = 56) flushed when 
boats approached within 100 m (Fig. 17B). 
This approach generates maximum esti- 
mates of response rates. The true response 
rates are probably bounded by these 2 es- 
timates. Regardless of approach, even high 
response rates at these distances are of little 
consequence, because eagles rarely en- 
countered boats and other human activi- 
ties at close distances (<200 m; Fig. 17A). 

Our response rates were much lower 
than those observed for other populations. 
Almost 43% of wintering eagles on the 
Skagit River flushed when boats, pedes- 
trians, or land-based vehicles approached 
within 500 m (Skagen 1980), compared to 
the 5.7% flush response rate we observed 
for all human activities combined (n = 
874). Stalmaster (pers. commun.) reported 
similar high response rates on the Skagit 
River (26-51% for perched birds, 86-88% 
for birds on the ground). Differences may 
reflect differences between wintering and 
breeding birds. Territorial, resident eagles 
may be more secure in their surroundings 
than nonresident wintering eagles. How- 
ever, 80% of the encounters reported in 
our study involved nonbreeding adults and 
immatures. These populations may have 
been exposed to different levels and con- 
ditions of disturbance, and, consequently, 
developed different tolerances to humans 
(Fraser 1981). For example, Knight and 
Knight (1984) noted that wintering eagles 
were more tolerant of boating activity on 
the Skagit River where human activity was 
relatively high than on the Nooksack River 
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Table 3. Response of bald eagles to moving boating activities and all moving human activities combined on the Columbia River 
estuary, 1985-86. Each observation represents a single human-eagle encounter within 500 m, including both research- and 
nonresearch-related human activities and both breeding and nonbreeding bald eagles. 

Response behavior 

No response Flush response 
No. of Standardized No. of Standardized 

Encounter distance x2 P observations residualsa observations residuals Total 

Boating activities 55.14 <0.000 
0-100 m 16 -1.06 6 +4.48 22 

101-200 m 107 -1.13 19 +4.78 126 
201-300 m 254 +0.43 7 -1.83 261 
301-400 m 225 +0.42 6 -1.78 231 
401-500 m 114 +0.39 2 -1.67 116 

Total 716 40 756 

All human activities 41.93 <0.000 
0-100 m 30 -0.97 8 +3.95 38 

101-200 m 162 -0.94 23 +3.82 185 
201-300 m 267 +0.36 10 -1.47 277 
301-400 m 235 +0.52 6 -2.10 241 
401-500 m 130 +0.41 3 -1.67 133 

Total 824 50 874 

a (observed - expected) V/expected. 

where human activity was relatively low. 
The most likely explanation for these dif- 
ferences, however, is that the populations 
were subjected to different human en- 
counter rates at close distances. On the 
Columbia River, a much higher propor- 
tion of the human-eagle encounters oc- 
curred beyond 200 m (Fig. 17A). Low re- 
sponse rates beyond 200 m decreased the 
overall response rate. Clearly, response 
rates are only meaningful if evaluated rel- 
ative to both encounter distance and the 
distribution of encounters among distanc- 
es; response rates alone may lead to erro- 
neous conclusions. 

Flush distances ranged from 50 to 468 
m and averaged 197 m (SE = 15, n = 40); 
95% of the eagles that flushed did so at 
distances <350 m (Fig. 18). Flush dis- 
tances for all human activities combined 
were similar, although mean flush distance 
for aircraft disturbances was notably less 
than other human activities (x = 87 m, SE 
= 23, n = 4). 

Reported flush distances range from 25 
to 990 m (Vian 1971, Steenhof 1976, Nye 
and Suring 1978, Stalmaster and Newman 
1978, Skagen 1980, Knight and Knight 
1984, Fraser et al. 1985). These estimates 

were obtained under varying conditions 
and represent the range in responses by 
individuals. The range in mean population 
flush distances was somewhat less. Further, 
flush distances obtained under conditions 
comparable to this study are surprisingly 
similar. Mean flush distance for wintering 
adult bald eagles responding to pedestrian 
disturbances on the Nooksack River in 
Washington was 196 m (Stalmaster and 
Newman 1978). Similarly, mean flush dis- 
tances in response to boating disturbances 
for wintering eagles perched in trees on 
the Skagit and Nooksack rivers in Wash- 
ington were 168 and 150, respectively 
(Knight and Knight 1984), and mean flush 
distance in response to boating distur- 
bances for summering and migrating ea- 
gles on Jordan Lake and Falls Lake in 
North Carolina was 137 m (Smith 1988). 
The similarity in these distances suggests 
that there may be a general tolerance 
threshold for foraging eagles. 

Factors Influencing Responses.-No 
differences in flush response (whether ea- 
gles flew or not) or flush distance were 
attributable to nesting stage, cloud cover, 
eagle hunger condition, eagle age, breed- 
ing status, or residence status (P > 0.170). 
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on the Columbia River estuary, 1985-86. Incremental response equals the percent of total flush responses occurring at a 
particular encounter distance; cumulative response equals the percent of total flush responses occurring at a particular encounter 
distance or less. 

Seven factors, however, influenced flush 
response, 3 of which also influenced flush 
distance (Table 4). 

Eagle perch height had a particularly 
strong influence on response patterns. Ea- 
gles perched on or close to the ground 
flushed in response to approaching boats 
more often than eagles perched higher in 

trees (G2 = 34.97, 2 df, P < 0.000; Fig. 
19A). Eagles on the ground also flew at 
greater distances than eagles perched 
higher off the ground (Table 4). Other in- 
vestigators have noted similar patterns (Jo- 
nen 1973; Stalmaster 1976; Skagen 1980; 
Knight et al., In Press; Stalmaster, pers. 
commun.). Knight and Knight (1984) re- 

Table 4. Mean flush distances for factors (Table 1) with significant effects on bald eagle flush distance for moving boating 
activities (n = 40) and all human activities combined (n = 50) on the Columbia River estuary, 1985-86. 

All human activities Boating activities 

Flush distance Flush distance 
KW or MWa KW or MW 

Factor and level n Mean SE (P value) n Mean SE (P value) 

Eagle perch height 
<1 m 17 251 24 10.34 14 249 23 7.73 
1-10 m 17 146 21 (0.006) 13 152 23 (0.021) 
?-10 m 16 180 24 13 184 29 

Eagle activity 
Foraging or feeding 33 167 15 175 24 175 19 136 
Resting or other 17 242 26 (0.030) 16 229 25 (0.118) 

Time of day 
-0600 hrs 11 153 31 5.17 9 160 35 7.63 
0600-0800 hrs 18 224 21 (0.160) 15 236 22 (0.054) 
0800-1000 hrs 10 189 32 7 149 20 
>1000 hrs 11 185 35 9 205 39 

a KW = Kruskall-Wallis analysis of variance for factors with >2 levels; MW = Mann-Whitney U Statistic for factors with 2 levels. 
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Fig. 19. Percent of bald eagles flushed (flush response rate = no. flushes - no. human-eagle encounters) by moving boats in 
relation to distance between eagle and boat (encounter distance) and (A) eagle perch height, (B) distance between eagle and 
nest (breeding adults only), (C) relative boat speed, (D) relative boat noise, and (E) precipitation on the Columbia River estuary, 
1985-86. 

corded nearly identical flush distances for 
wintering eagles on the ground and 
perched in trees on the Skagit and Nook- 
sack rivers. These consistent findings con- 
firm that eagles perched on or close to the 
ground are more easily disturbed by hu- 
mans than eagles perched higher in trees. 
The implications of this are most serious 
for eagles dependent on large fish carcasses 

as their major food source, because these 
eagles must spend considerable time on the 
ground feeding (Knight et al., In Press.). 

Eagles on or near their nests tolerated 
approaching humans more than did eagles 
away from their nests. Specifically, eagles 
perched -800 m from their nests flew in 
response to a boat more often than eagles 
perched <400 m from their nests (G2 = 
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Fig. 20. Percent of bald eagles flushed (flush response rate = no. flushes - no. human-eagle encounters) by moving humans 
(all human activities combined) in relation to distance between eagle and human (encounter distance) and (A) eagle activity and 
(B) time of day on the Columbia River estuary, 1985-86. 

14.02, 2 df, P < 0.000; Fig. 19B), although 
flush distances were similar (MW = 12, 1 
df, P = 0.078). The significance of this 
relationship was largely determined by the 
higher than expected response rate of ea- 
gles >800 m from their nests and lower 
than expected response rate of eagles < 400 
m from their nests for human-eagle en- 
counters occurring beyond 200 m. The high 
response rates for encounters within 200 
m (Fig. 19B) did not contribute signifi- 
cantly to the overall relationship between 
response behavior and distance from nest 
because the number of encounters within 
200 m was small compared to the number 
of encounters beyond 200 m. Eagles on 

the nest (e.g., incubating, brooding) were 
less disturbed by approaching humans (all 
human activities combined) than foraging 
or feeding eagles and resting eagles (G2 = 
9.27,2 df, P = 0.010; Fig. 20A), and resting 
eagles flushed at greater distances than for- 
aging or feeding eagles (Table 4). These 
patterns were evident with boating activ- 
ities alone, but the relationships were not 
significant (G2 = 3.33, 2 df, P = 0.210; 
Table 4). 

Flush response was affected by the speed 
and noise intensity of approaching boats. 
Eagles flushed more often than expected 
when boats approached slowly or were loud 
than when boats approached rapidly or 
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were quiet (speed, G2 = 18.16, 2 df, P < 
0.000, Fig. 19C; noise, G2 = 4.84, 1 df, P 
= 0.028, Fig. 19D), although flush dis- 
tances were similar (speed, KW = 1.56, 2 
df, P = 0.459; noise, MW = 172, 1 df, P 
= 0.501). Boat speed and noise were par- 
ticularly influential for human-eagle en- 
counters within 200 m. Stalmaster (pers. 
commun.) also observed slow moving boats 
to be more disruptive of eagle feeding ac- 
tivity than fast moving boats on the Skagit 
River. Fraser (1981) observed a similar re- 
lationship for pedestrian disturbances of 
incubating and brooding eagles. He sug- 
gested that slower nest approaches allowed 
eagles more time to "decide" to fly. We 
also noted that eagles were largely unaf- 
fected by fast moving land-based vehicles, 
but became increasingly agitated as ve- 
hicles slowed to a stop nearby. H. Walter 
and K. L. Garrett (The effect of human 
activity on wintering bald eagles in the Big 
Bear Valley, California, Unpubl. rep. to 
U.S. For. Serv., 89pp., 1981) noted that loud 
vehicle noises between 50-200 m flushed 
wintering eagles in Big Bear Valley. On 
the Columbia River, we observed the same 
relationship for boats. 

Time of day also influenced flush re- 
sponse. Eagles flushed in response to all 
human activities combined more often be- 
fore 0800 hours than after 1000 hours (G2 
= 9.80,3 df, P = 0.021; Fig. 20B), although 
the same relationship was not apparent for 
boating activities alone (G2 = 2.95, 3 df, P 
= 0.420). Time of day had a mild effect 
on flush distance for boating activities 
alone, but inconsistent flush distances pre- 
vented us from interpreting the relation- 
ship (Table 4). These results support our 
earlier conclusion that human activities 
during early morning were potentially 
more disturbing to foraging eagles. Al- 
though human activity has been reported 
to disrupt eagle foraging activity in early 
morning (Skagen 1980), we are unaware 
of other quantitative evaluations of this 
relationship. Eagles also flew in response 
to boats more often on rainy days than on 
clear days (G2 = 3.69, 1 df, P = 0.055; Fig. 
19E), but flush distances were similar (MW 
= 107, 1 df, P = 0.174). 

Response Behavior. -Although most 
eagles continued to use the same foraging 
area following a disturbance, several ea- 
gles were displaced from the area com- 
pletely. Twenty-six percent of flushed ea- 
gles (n = 50) flew to unknown destinations 
away from the immediate foraging area; 
the remainder (74%) flew an average of 
469 m (range 0-1,596 m, SE = 69, n = 37) 
to the next perch. Two eagles (4%) re- 
turned to the original perch following dis- 
turbances by low-flying aircraft. In con- 
trast, wintering eagles on the Nooksack 
River flew between 50 and 500 m and 
rarely left the river system (Stalmaster and 
Newman 1978). These authors demon- 
strated that visual buffers effectively re- 
duced flush distance. The openness of the 
Columbia River estuary in comparison to 
smaller rivers may account for the differ- 
ences in avoidance flight patterns. On the 
Columbia River, longer avoidance flights 
may be necessary for eagles to visually 
buffer themselves from the source of dis- 
turbance or to find tree perches; suitable 
perches are widely scattered as a result of 
intensive tree harvests. 

DUAL DISTURBANCE 
THRESHOLD MODEL 

We developed a conceptual model to 
help explain how eagles respond to tem- 
porary human activities in foraging areas 
based on the results of our study. We dis- 
cuss this model at the individual human- 
eagle encounter level and extended it to 
the pair and population levels. This model 
is useful for evaluating disturbances in 
populations subject to any level of human 
disturbance and is particularly helpful 
when temporary disturbances of foraging 
areas are of concern or when considering 
flush distance as a measure of disturbance 
reaction (Hediger 1968:40-41). More im- 
portantly, it provides a conceptual basis 
for establishing buffer zones that effec- 
tively satisfy management objectives. We 
emphasize that this model provides a con- 
ceptual framework for developing effec- 
tive research and management strategies 
that reflect the predominant types of hu- 
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Single Human-Eagle Encoun 

Moving Human Activities.- 
specific set of conditions, an e 
least 2 distinguishable disturba] 
olds (i.e., dual disturbance thres 
any human-eagle encounter, 
ship exists between the hum; 
distance and the eagle's behav 
human-to-eagle distance decree 
a human approaches an eagle) 
havior changes markedly at 2 [ 
21): (1) the distance at which a 
periences human-induced physi 
psychological changes (e.g., incr 
rate, diversion of attention) a 
distance at which an eagle exhi 
behavior (i.e., flushes). The forn 
considered the agitation distanc 
is recognized as the distance al 
approaching human first elicit: 
in an eagle's physiological or ps> 
state. At distances greater tha 
eagle may be aware of the hu 
ence, but experiences no agitatic 
ter may be considered the flus 
(FD) and is the distance at wh 
proaching human first elicits : 

sponse by an eagle. AD is always greater 
than or equal to FD and is generally much 
greater. 

NCE Although the existence of AD is intu- 
ZONE itive, it is not an easy parameter to estimate 

in the field. On the Columbia River, in 
addition to the agitation behaviors preced- 
ing human-induced flushes, we observed 
11 agitation responses to moving human 

ilTATION DISTANCE activities that did not result in a flush from 
HUMAN the perch; AD ranged from 80 to 486 m 

(x = 231, SE = 43). In these cases, eagles 
were visibly disturbed by the approaching 

veen human and human, but the human apparently did not 
ter (Dual Distur- approach close enough to elicit a flush re- 

sponse. Because of our inability to effec- 
tively assess this behavioral state, these ob- 

area under servations underestimate the true AD's. 
If does not Fraser (1981) observed a related response 
recommen- pattern during intentional nest distur- 
)rk for gen- bances in Minnesota. During nest ap- 

proaches, he noted disturbance vocaliza- 
tions 190 and 50 m prior to flushing on 2 

ter occasions. He reasoned that the birds had 
become psychologically disturbed well in 

-Under any advance of the time at which they actually 
agle has at took flight. Similarly, Greig-Smith (1981) 
nece thresh- also distinguished between 2 disturbance 
;holds). For thresholds in barred ground doves (Geo- 
a relation- pelia striata). We are unaware of other 
an-to-eagle attempts to distinguish between these 2 
ior. As the disturbance thresholds, although we sus- 
ases (i.e., as pect that observations similar to ours are 
, eagle be- more common than published reports in- 
)oints (Fig. dicate. 
n eagle ex- Our observations also suggest that at dis- 
iological or tances between AD and FD, the human- 
eased heart to-eagle distance and the time required to 
nd (2) the elicit overt escape behavior are related (Fig. 
[bits escape 21). If a human approaches an eagle and 
ner may be remains at some distance between the 2 
e (AD) and thresholds, the eagle's disturbance level in- 
t which an creases over time until eventually the eagle 
s a change flushes. In effect, the eagle's FD gradually 
ychological increases as the disturbance remains in ef- 
n this, the fect. Naturally, the closer the human is to 
iman pres- the eagle's FD, the less time required to 
)n. The lat- elicit a flush response. Although the shape 
;h distance of this relationship is unknown, the cur- 
iich an ap- vilinear pattern depicted in Figure 21 il- 
a flush re- lustrates the concept. 
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On the Columbia River, we quantified 
this "time-lag" response on 5 occasions. In 
these cases, the human approached a 
perched eagle at distances of 87-324 m (x 
= 219, SE = 54) and remained at that 
distance for 2-25 minutes (x = 7, SE = 4) 
before the eagle flushed. Prior to flushing, 
eagles exhibited agitated behaviors as de- 
scribed previously. Fraser (1981) inter- 
mittently approached nests in an attempt 
to flush incubating or brooding eagles. He 
speculated that the intermittent approach 
allowed birds more time to "decide" to fly 
and that this partially explained the rela- 
tively high flush distances observed. This 
observation supports our suggestion that 
given enough time, human activities lo- 
cated between AD and FD will elicit a 
flush response and effectively increase FD. 

Stationary Human Activities. -The 
model also applies to interactions involving 
stationary human activities. The existence 
of AD is based on the assumption that an 
eagle will not subject itself to disturbing 
conditions for prolonged periods; it is rec- 
ognized as the general shift in eagle activ- 
ity away from a stationary human activity. 
The existence of FD is based on the as- 
sumption that an eagle will never volun- 
tarily approach a human closer than its 
FD; it is recognized as the area of complete 
avoidance around a stationary human ac- 
tivity. Although flush distance implies an 
actively approaching human, we use the 
term here for consistency. 

The time-lag response for encounters 
between AD and FD also is applicable for 
stationary activities. Eagles sometimes ap- 
proach stationary humans at distances less 
than their AD for specific purposes (e.g., 
foraging attempts), but generally leave im- 
mediately after the tasks are completed. 
Perhaps, eagles can be attracted to a dis- 
turbed area as long as their foraging drive 
is greater than their agitation level. Once 
in the disturbed area, however, an eagle's 
agitation level builds until it surpasses the 
foraging drive and eventually the bird 
leaves. Thus, the disturbed area may re- 
ceive limited use, but effective use of the 
area is largely precluded. In effect, FD 

approaches AD for prolonged stationary 
activities, and, as a result, FD has limited 
utility for interactions involving prolonged 
stationary activities. 

On the Columbia River, we quantified 
areas of high avoidance around the ex- 
perimental stationary boat and smaller ar- 
eas of complete avoidance. We noted that 
eagles sometimes (n = 36) approached 
within their AD for brief periods, even 
though they were noticeably agitated. 
These approaches were generally associ- 
ated with successful foraging attempts. 
Foraging success within 400 m of the sta- 
tionary boat was greater during the influ- 
ence period than during the control period 
(see Experimental Disturbance: General 
Effects), suggesting that eagles only ap- 
proached within their AD when the prob- 
ability of a successful prey capture was 
very high. 

Pair or Population Level 

We have defined the relationship be- 
tween human-to-eagle distance and eagle 
behavior for a single human-eagle en- 
counter. Each human-eagle encounter has 
a unique relationship (Fig. 21) and is in- 
fluenced by a multitude of factors. Thus, 
the relationship for a single human-eagle 
encounter has limited management utility. 
However, if we determine the relationship 
for a number of encounters over a range 
of meaningful conditions (i.e., many hu- 
man-eagle encounters), involving either 
the same pair or a number of different 
eagles, we can develop a family of response 
curves (Fig. 22A) pertaining to a specific 
pair or population of interest. Because each 
encounter establishes a single AD and FD, 
we can produce frequency distributions 
for the disturbance thresholds (Fig. 22B). 
These distributions can be used to deter- 
mine disturbance thresholds for pairs or 
populations, based on average threshold 
distances, or any specified cumulative per- 
cent (e.g., see Fig. 18). Because recovery 
or management plans usually involve pop- 
ulations, this information has obvious man- 
agement utility. Further, this information 
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to the behavior and needs of the individ- 
uals ccupying the territory. 

EAGLE HUMAN 

DISTANCE BETWEEN HUMAN AND EAGLE 

Fig. 22. Hypothetical relationship between the time required 
to elicit a flush response and the distance between human and 
bald eagle for several human-eagle encounters (A) and the 
frequency distributions of the disturbance thresholds (B). FD 
= flush distance; AD = agitation distance. 

can be used to develop site-specific terri- 
tory management plans that are sensitive 
tout the behavior and of expeindivid- 
uals occupying the territory. 

Research and Management 
Implications 

Moving Human Activities.-Estimat- 
ing AD involves determining the distance 
at which an eagle becomes agitated at the 
approach of a human. This requires re- 
mote sensing of individual eagle's physi- 
ological reactions (e.g., increased heart rate) 
and direct observation of behavioral 

changes (e.g., diverted attention). Such in- 
formation can be gathered through exper- 
imentation or observation. Either ap- 
proach is highly subjective and extremely 
difficult without the aid of expensive and 
complicated equipment. We are not aware 
of any attempts to quantify AD of eagles 
for interactions involving moving human 
activities. 

Estimating FD involves determining the 
distance at which an eagle flushes at the 

approach of a human. This procedure is 
objective and can be approached experi- 
mentally or observationally. In an exper- 
imental approach, human-eagle encoun- 
ters are strictly controlled; eagles are 
flushed under regulated conditions. This 
approach is labor efficient, allows for con- 
trol over conditions of the human-eagle 
encounters, and allows for strong statistical 
inferences. However, in this approach, ea- 
gles are subjected to highly regulated and 
somewhat artificial disturbances, which 
may or may not represent the conditions 
of natural disturbances. Investigations of 
flush distance often have taken an exper- 
imental approach. In most cases, eagles 
were approached by the same researchers 
in the same manner. Circumstantial evi- 
dence suggests that individual eagles learn 
to recognize specific humans or vehicles 
and may become sensitized to them. (Fra- 
ser 1981, Harmata 1984). Knight and 
Temple (1986) found that behavioral 
changes in red-winged blackbirds (Age- 
laius phoeniceus) resulted from learning 
to recognize a particular individual; it is 
likely that bald eagles have the same ca- 
pability. This is typically not a concern 
when studying large wintering eagle pop- 
ulations, because the same eagles are rarely 
encountered more than a few times. For 
breeding populations and small, localized 
wintering populations the bias may be sig- 
nificant if this factor is not considered in 
the sampling design. 

In an observational approach such as 
ours, human-eagle encounters are ob- 
served under naturally occurring condi- 
tions involving naturally occurring human 
activities. This approach usually is very 
time consuming, results in low sample siz- 
es, does not allow for control over condi- 
tions of the human-eagle encounters, and 
allows for fewer and weaker statistical in- 
ferences. However, in this approach, hu- 
man-eagle encounters are natural and 
therefore represent the likely range of con- 
ditions under which humans and eagles 
will interact. Furthermore, this approach 
allows the investigator to estimate the nat- 
urally occurring flush response rate and, 
thereby, better gauge the relative impor- 
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tance of interactions resulting in flush re- 
sponses compared to other forms of hu- 
man-eagle interaction. 

Several authors have advocated the use 
of flush distances and flush response rates 
to establish buffer zones around important 
eagle-use areas (Stalmaster and Newman 
1978, Knight and Knight 1984, Fraser et 
al. 1985). Our results indicate that esti- 
mates of flush distances and flush response 
rates can lead to very different buffer zone 
recommendations. On the Columbia River 
estuary, based on an average of incremen- 
tal and cumulative flush response rates, 
buffer zones of roughly 100 m would be 
sufficient to protect 50% of the breeding 
eagle population from human-induced 
flushes; buffer zones of roughly 300 m 
would be needed to protect 95% of the 
population (Fig. 17, Table 5). Based on 
flush distances, however, buffer zones of 
200 and 350 m would be needed to protect 
50% and 95%, respectively, of the popu- 
lation from human-induced flushes (Fig. 
18, Table 5). The 2-fold difference be- 
tween approaches in buffer zone widths 
required to protect 50% of the population 
results because the 2 estimates represent 
different information. Flush response rate 
is defined as the percent of total human- 
eagle encounters resulting in a flush re- 
sponse. Flush response rates are therefore 
based on the entire eagle population; every 
eagle encountered is considered, regard- 
less of whether it flushes or not. Flush dis- 
tance is defined as the distance at which 
an eagle flushes at the approach of a hu- 
man. Only those eagles that flush are con- 
sidered in generating a mean flush dis- 
tance (or some specified cumulative 
percent flush distance). The choice of flush 
distances or flush response rates as the basis 
for making buffer zone recommendations, 
therefore, depends on whether the desire 
is to consider each eagle in the population 
equally or to emphasize the portion of the 
population most sensitive to human dis- 
turbance (i.e., those that flush). Buffer zones 
usually are suggested on the basis of flush 
distances. 

Both flush response rates and flush dis- 
tances are subject to potential sampling 

bias and interpretational error and, there- 
fore, should be interpreted cautiously. For 
example, in a recent study of wintering 
eagles on the Skagit River, Stalmaster (pers. 
commun.) noted that the most sensitive 
eagles flushed very early in the day and 
left the river system. Consequently, any 
sampling scheme that failed to detect these 
sensitive birds would artificially deflate 
flush response rates and flush distances. Our 
results suggest that flush distances should 
be interpreted in conjunction with flush 
response rates; flush distances alone may 
lead to buffer zone recommendations that 
do not meet the management objectives. 

Stationary Human Activities.-Esti- 
mating AD involves determining the shift 
(measured in distance) in eagle activity 
away from a stationary human activity. 
This procedure is relatively straightfor- 
ward and objective, but extremely time 
consuming; it does not depend on the ob- 
server's ability to determine when an eagle 
becomes agitated. The most practical ap- 
proach is experimental, in which each of 
several samples consists of 2 sampling pe- 
riods: (1) a control period during which 
normal eagle activity patterns in the for- 
aging area are monitored, and (2) an in- 
fluence period during which the foraging 
area is disturbed. The disturbance consists 
of a stationary human activity positioned 
centrally in the foraging area. Agitation 
distance is determined by comparing eagle 
activity between the 2 sampling periods; 
the shift (measured in distance) in eagle 
activity away from the human activity 
during the influence period is equal to or 
greater than AD. Consequently, the AD 
estimate is not likely to underestimate the 
human disturbance impacts. The repre- 
sentativeness of the disturbance and ha- 
bituation or sensitization to the researcher 
should be considered in the study design. 
The former concern was dealt with in this 
study by observing naturally occurring hu- 
man activities during the first year of study 
prior to any experimental disturbance 
work. The later concern was partially dealt 
with in this study by using 3 different boats 
with which to conduct experimental dis- 
turbances. 
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MANAGEMENT 
RECOMMENDATIONS 

Eagles, on the average, avoided an area 
within 300-400 m of the experimental sta- 
tionary boat. In effect, a single, stationary 
boat displaced eagles from 28 to 50 ha of 
available foraging habitat. High-use areas 
for pairs of breeding bald eagles encom- 
passed an average of 1.3 km2 (169 ha), 
based on harmonic mean 50% utilization 
contours (see Spatial Patterns-Within 
Territories). Under these conditions, a few 
strategically located boats would be suffi- 
cient to effectively disturb a pair's entire 
high-use foraging area. Because eagles on 
the Columbia River estuary relied on rel- 
atively few (2-6) high-use foraging areas 
to provide the majority of their foraging 
needs, human activities in these areas could 
prohibit eagles from meeting their ener- 
getic demands, and ultimately could affect 
productivity and impede recovery of this 
population. We recommend management 
of foraging areas, including spatial and 
temporal restrictions on human activity 
and measures to maintain or improve for- 
aging habitat quality. 

Spatial Restrictions 

Designation of buffer zones is a widely 
used management strategy for limiting hu- 
man disturbance at nest sites, communal 
roosts, and concentrated winter feeding ar- 
eas (Mathisen et al. 1977, Stalmaster 1980, 
Howard and Postovit 1987). Human ac- 
tivities around important resource areas 
are perhaps best managed using this con- 
cept (Howard and Postovit 1987, Knight 
and Skagen 1987). The major difficulty in 
establishing buffer zones is determining 
zone size; any measure of disturbance re- 
action may be used to estimate zone width. 
For example, agitation and flush distances 
for moving and stationary human activi- 
ties often will differ greatly and therefore 
lead to very different buffer zone widths. 

We suggest the use of buffer zones to 
protect high-use foraging areas of breed- 
ing bald eagles on the Columbia River es- 
tuary. Based on the Dual Disturbance 

Threshold Model and the empirical results 
of this study, we developed alternative 
buffer zone strategies (Table 5). The dif- 
ference in buffer zone widths between 
strategies based on moving versus station- 
ary human activities is especially note- 
worthy and emphasizes the importance of 
designing studies that reflect the true na- 
ture of human-eagle interactions occur- 
ring in the population. 

The choice of an appropriate buffer zone 
strategy depends on management objec- 
tives. In most cases, the objectives will re- 
quire humans and eagles to coexist with 
minimal interference. This necessitates a 
thorough understanding of the spatial and 
temporal activity patterns of both humans 
and eagles and the types and exact nature 
of human-eagle interactions occurring in 
foraging areas. The choice of strategies for 
establishing buffer width depends on at 
least 4 considerations: (1) the predominant 
type of human activity (e.g., boats, pedes- 
trians, aircraft, etc.), (2) whether the pre- 
dominant form of human activity is mov- 
ing or stationary, (3) the degree of eagle 
protection sought (i.e., protection from ag- 
itation or flushing), and (4) the desired 
management level (i.e., management to 
ensure protection of a certain percentage 
of the population). 

On the Columbia River estuary, station- 
ary boating activities greatly outnumbered 
all other types of human activities in eagle 
foraging areas. Further, eagles rarely en- 
countered moving boats and other human 
activities at distances that resulted in flush 
responses. Therefore, stationary boats rep- 
resented the dominant source of distur- 
bance to eagles, and estimates of flush re- 
sponse rates and flush distance based on 
moving human activities are not recom- 
mended measures for establishing buffer 
zone width. Because flush distance is in- 
appropriate for prolonged stationary ac- 
tivities (see Dual Disturbance Threshold 
Model), we suggest the use of agitation 
distance from experiments involving sta- 
tionary boats to establish buffer zone width. 

We recommend 400-m-wide buffer 
zones around high-use foraging areas as 
the most appropriate and practical man- 
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Table 5. Alternative buffer-zone widths based on the predominant form of human activity, management objective, and man- 
agement level (50% or 95% of the population protected) for high-use foraging areas of breeding bald eagles on the Columbia 
River estuary. 

Predomi- Management 
nant form objective Management level 
of human 

activity Protection from 50% 95% Comments 

Moving Agitationa ? ? Not quantified. 
Moving Flushingb 100c 300 Of minor importance relative to stationary activities on the Co- 

lumbia River estuary; considers disturbed and undisturbed ea- 
gles. 

Moving Flushingd 200 350 Of minor importance relative to stationary activities on the Co- 
lumbia River estuary; considers only disturbed eagles. 

Stationary Flushinge 200 400 Not appropriate on the Columbia River estuary because flush 
distance equals agitation distance for prolonged stationary ac- 
tivities (see Fig. 21). 

Stationary Agitationf 400 800 Most appropriate strategy on the Columbia River estuary. 

a Based on agitation distance. 
b Based on flush response rates. 
c Minimum buffer-zone width (m). 
d Based on flush distances. 
e Based on area of complete avoidance around stationary human activities (equals flush distance for stationary activities; see Dual Disturbance 

Threshold Model). 
f Based on area of general avoidance around stationary human activities (equals agitation distance for stationary activities; see Dual Disturbance 

Threshold Model). 

agement strategy (Table 5). Buffer zones 
of this width would protect >95% of all 
eagles from being flushed by moving boats 
and at least 50% of all resident adults from 
the effects of stationary boats in or near 
their high-use foraging areas. Buffer zones 
should be expanded to 800 m on a site- 
specific basis to protect sensitive pairs or 
sensitive foraging areas. 

Temporal Restrictions 

Temporal restrictions of human activity 
generally are used in conjunction with 
buffer zones as part of management strat- 
egies. Restrictions on temporary human 
activities need only be in effect during 
times when the birds are using the critical 
resource (Knight and Skagen 1987). Typ- 
ically, temporary human activities (e.g., 
most recreational activities) are prohibited 
within designated buffer zones during crit- 
ical periods of the year (e.g., breeding sea- 
son). We suggest using temporal restric- 
tions in combination with buffer zones to 
allow eagles undisturbed use of their for- 
aging areas during important periods, 
while also lessening the restrictions on hu- 
man activity. 

On the Columbia River estuary, human 
activities were highest when eagle forag- 
ing efforts were greatest, both seasonally 
and daily. Human and eagle activity levels 
increased from incubation to postfledging 
stages (Mar-Aug; Figs. 5A, 14). Addition- 
ally, eagle use was more concentrated in 
the foraging areas during the later nesting 
stages (Fig. 15). As a result, human dis- 
turbances in foraging areas potentially have 
more ecological consequence during the 
nestling and postfledging stages. We sug- 
gest that buffer zones around high-use for- 
aging areas would be most beneficial if 
used during the nestling and postfledging 
stages (May-Aug). This recommendation 
does not negate the importance of mini- 
mizing nest disturbances during the early 
nesting stages, because, in many raptor 
species, early disturbances of the nest site 
may lead to desertion or abandonment of 
eggs, whereas desertion is much less likely 
after the young hatch (Fyfe and Olendorff 
1976, Grier and Fyfe 1987). This recom- 
mendation also does not ignore the poten- 
tial significance of foraging area distur- 
bances during the early nesting stages, but, 
given current human activity patterns on 
the Columbia River estuary, extensive for- 
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aging area disturbances are not likely dur- 
ing this period. 

Our results also indicate that eagle feed- 
ing activity was greatest during early 
morning hours (<1000 hrs, Fig. 5C) and 
that human activities during this period 
were more disturbing than activities oc- 
curring later in the day (Fig. 20B). Al- 
though human activity levels were lowest 
during this portion of the day, consider- 
able potential for interaction still exists. 
We suggest that buffer zones would be 
most effective during early morning 
(< 1000 hrs) and that restrictions would not 
be needed after 1000 hours each day. A 
restriction of this type may be difficult to 
enforce over a large area; however, it may 
be practical for critical sites. 

Habitat Management 

Variation among pairs in responses to 
the experimental stationary boat (Table 2) 
may have been related to differences in 
habitat characteristics of the high-use for- 
aging areas. We suspect that the size of 
the foraging areas and the availability of 
alternative perch sites influenced response 
patterns. If this is true, then small, con- 
centrated foraging areas with few or no 
alternative perch sites may be most vul- 
nerable to the adverse effects of human 
activities. Providing alternative foraging 
perches, either by retaining shoreline trees 
or by providing artificial perches such as 
pilings, may increase the likelihood of si- 
multaneous use of foraging areas by hu- 
mans and eagles, and thereby minimize 
the ecological consequences of human ac- 
tivities in high-use foraging areas. Adding 
pilings or similar structures to large tidal 
mud flats currently void of elevated perch- 
es also may prove to be an effective means 
of increasing foraging use of habitat cur- 
rently not used, although this needs to be 
investigated further. 

Eagles concentrated their foraging ac- 
tivity in a few areas. These high-use areas 
were typically centered around 1 or more 
key foraging perches. These perches usu- 
ally provided eagles with a commanding 
view of the surrounding foraging habitat 
and included trees on prominent points 

along the shoreline, isolated trees on the 
shorelines of natural, shrub-dominated is- 
lands, and pilings on tidal mud flats. We 
suggest that these foraging perches be pro- 
tected and that previously suggested buff- 
er zones be established around these sites. 

FUTURE RESEARCH 

Fraser et al. (1985) noted the futility of 
conducting observational studies to deter- 
mine the effect of human activities on bald 
eagle parameters such as productivity. He 
suggested that experiments in which a sub- 
stantial number of eagles are disrupted to 
the point of nest failure by a variety of 
human activities be conducted to address 
this question. Studies of this nature are 
highly undesirable for threatened or en- 
dangered populations; yet, these popula- 
tions need immediate research and man- 
agement consideration. For these 
populations, we suggest the need for non- 
disruptive experiments, such as ours, de- 
signed to relate bald eagle behavior (not 
productivity) directly to human activities 
without jeopardizing site occupancy or 
nesting success. We further suggest that 
these experiments be formulated on the 
basis of a thorough assessment of the nat- 
urally occurring human-eagle interactions 
and be designed to produce information 
useful to the resource manager. 

Results of our study demonstrate the 
complexity of human-eagle interactions. 
Disturbance is not always in the form of 
a human-induced flush from a perch. In- 
direct disturbances, not easily investigated 
with an observational study, potentially 
have significant ecological consequences. 
Future investigations on this topic should 
consider alternative conceptual models and 
develop a sampling strategy that accu- 
rately reflects the predominant form of 
human-eagle interaction occurring in the 
target area. 
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