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WINTER FORAGING ECOLOGY OF BALD EAGLES IN ARIZONA’ 

BRYAN T. BROWN 
Consulting Ecologist, P.O. Box 3741, Tucson, AZ 85722 

Abstract. Foraging of Bald Eagles (Haliaeetus leucocephalus) was examined in winter of 
1990 and 199 1 along the Colorado River in Grand Canvon. Arizona. Eaeles acauired food 
by hunting live prey @6.6%), scavenging (7.7%), and inte&pe&c piracy (57%). Most (99.2% 
of 1,3 13) foraging attempts were for rainbow trout (Oncorhynchus mykiss). Most foraging 
attempts occurred in creek habitat where foraging success for live trout was higher than in 
river habitat, a behavior that presumably increased food intake. Adults exhibited greater 
foraging success than immatures regardless of attack method, habitat, or prey abundance. 
Aerial attacks were more successful in creek habitat, and ground attacks were more successful 
in river habitat. Methods, success, and geographical and hourly patterns of foraging were 
dependent on prey abundance between years. Eagles modified their foraging strategies to 
maximize success in a pattern of dynamic optimization under changing conditions. 

Kev words: Bald Eule: Haliaeetus leucocephalus; winter foraging ecology; Colorado 
River; optimal foraging. - 

INTRODUCTION 

Optimal foraging theory predicts that prey ex- 
ploitation is structured to maximize fitness, with 
foraging success often used as an estimate of fit- 
ness (Chamov 1976, Dunbrack 1979, Fischer 
1985, Stephens and Krebs 1986, Morse 1990). 
Birds making optimal foraging decisions must be 
capable of evaluating energy content of the prey 
item, energetic cost of the attempt, and proba- 
bility of success in different habitats using dif- 
ferent attack methods (Dunbrack 1979, Fischer 
1985, Maurer 1990). Fluctuations in resource 
abundance also may influence prey exploitation 
choices and foraging strategies (Davies and 
Houston 198 1, Ewald 1985, Knight and Skagen 
1988). 

Several hundred migratory Bald Eagles (Hal- 
iaeetus leucocephalus) winter in Arizona each 
year, where they move continually over large dis- 
tances in search of prey (Grubb et al. 1989). Op- 
portunistic foraging by Bald Eagles (Haywood 
and Ohmart 1986, Watson et al. 199 1) indicates 
that they face constant choices regarding prey 
exploitation. If stronger selective pressures are 
brought to bear against migratory birds in winter, 
as some argue (Lack 1966, Fretwell 1972), then 
winter is a key time to examine how choices in 
prey exploitation influence Bald Eagle foraging 
ecology. 

Here, I evaluate winter foraging ecology of a 
concentration of Bald Eagles exploiting rainbow 
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trout (Oncorhynchus mykiss) recently introduced 
into the Colorado River in Arizona (Brown et 
al. 1989). My objectives were to: (1) describe 
foraging behavior, methods, prey use, and suc- 
cess of the eagle concentration; (2) determine if 
eagle foraging strategies differed by age; and (3) 
determine if foraging success was influenced by 
foraging habitat, attack method, and changing 
prey abundance. 

METHODS 

I studied foraging eagles in a 3 km2 area at the 
confluence (elev. 850 m) of Nankoweap Creek 
and the Colorado River in Grand Canyon Na- 
tional Park, northern Arizona. The Colorado 
River in the study area is up to about 10 m deep 
and ranges from 40-150 m in width (unpubl. 
data, Glen Canyon Environmental Studies, U.S. 
Bureau of Reclamation). Nankoweap Creek is a 
small tributary up to 2 m wide and averaging 30 
cm deep (Brown et al. 1989). 

Observations were made from a site 800 m 
west and 100 m above the confluence. Up to five 
concurrent observers continuously monitored 
foraging attempts from 30 min before sunrise to 
30 min after sunset, 6 February-20 March 1990 
and 23 January-13 March 1991. For each for- 
aging attempt we recorded: date, time, eagle age, 
habitat, foraging method, attack method, prey 
status and type, success of attempt, and distance 
to nearest shore. Disturbance days occurred when 
human activity took place within 500 m of the 
confluence. Human disturbances may have in- 
terrupted natural foraging patterns, and thus were 
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eliminated from the analysis of hourly foraging 
patterns. 

Eagles with a primarily white head and tail 
were designated adults; all others were imma- 
tures (Bortolotti 1984). Foraging habitats were 
subdivided as creek, river, shore, or isolated pool. 
Isolated pools were basins of water up to about 
2 m in diameter and 30 cm deep left along the 
river shore due to fluctuating water releases from 
Glen Canyon Dam 110 km upstream. Prey were 
classed as alive, moribund or injured, and dead. 
Foraging methods included: (1) hunting for live 
prey; (2) scavenging for moribund, injured, or 
dead prey; and (3) interspecific piracy of prey. I 
did not examine intraspecific piracy, although it 
was common during the study. Attack method 
was classified as a ground attack when eagles 
walked or jumped onto prey, or reached out with 
beak or talons to capture prey, from a ground 
perch; an aerial attack occurred when flapping 
flight was used to land on prey or to otherwise 
capture prey. A foraging attempt was successful 
when prey was secured, although the prey may 
have been pirated before consumption began. 
Distance to nearest shore for river foraging at- 
tempts was estimated to the nearest m for at- 
tempts < 10 m from shore and the nearest 10 m 
for attempts > 10 m from shore. Distances to 
landmark objects along the river shore were mea- 
sured prior to the study, and later used to cali- 
brate observations of distance to nearest shore. 

Differences between years were evaluated in 
light of changing prey abundance. Prey abun- 
dance was high in 1990 and low in 1991 as de- 
termined by daily visual estimates of trout abun- 
dance (Brown and Stevens, in press). Overall prey 
abundance was estimated based on numbers of 
trout in the creek because casual observations of 
river prey abundance paralleled that estimated 
in the creek. Water in river, creek, and isolated 
pool habitats was clear more than 90% of the 
study period, facilitating prey identification and 
estimates of prey abundance. 

Times of foraging attempts were transformed 
to minutes after or before local sunrise and tested 
for uniformity or against other distributions with 
Kolmogorov-Smimov tests (Norusis 1986). Pat- 
terns of foraging success by age, attack method, 
habitat, and prey abundance (year) were ana- 
lyzed using log-linear analysis (Norusis 1986). 
The following were analyzed with x2 goodness- 
of-fit tests: success by foraging method and for- 
aging habitats in 1990 and 199 1. All other anal- 

TABLE 1. Total number of foraging attempts by win- 
tering Bald Eagles by foraging method and year along 
the Colorado River in Grand Canyon, Arizona, 1990- 
1991. 

Huntin.e Interspecific 
live prey scavenging p&y 

Year n % n%n% TOtal 

1990 751 85.7 86 9.8 40 4.5 883 
1991 380 88.4 15 3.5 35 8.1 430 
Total 1137 86.6 101 7.7 75 5.7 1313 

yses used x2 tests for association. Significance was 
accepted at P < 0.05. Sample sizes of various 
analyses differed due to missing data. 

RESULTS 

FORAGING METHODS, 
PREY USE, AND SUCCESS 

Eagles foraged primarily by hunting live prey 
(Table 1). The relative proportion of hunting live 
prey increased from 1990 to 1991, scavenging 
decreased, and interspecific piracy increased (Ta- 
ble 1; x2 = 2 1.6, df = 2, P < 0.00 1). Interspecific 
piracy was directed at Common Ravens (Corvus 
corux; n = 55,98% successful) and Golden Eagles 
(Aquila chrysaetos, n = 20,25% successful). Most 
foraging attempts were for rainbow trout or un- 
known fish assumed to be rainbow trout (n = 
1,303,99.2%); only 10 attempts (0.8%; 1 in 1990 
and 9 in 199 1, all unsuccessful) were for water- 
fowl. 

Foraging success for both years combined was 
72%; however, annual foraging success for all 
foraging methods combined declined from 76% 
in 1990 to 64% in 1991 (x2 = 20.3, df = 1, P < 
0.001). Scavenging was the most successful for- 
aging method (97%) and was more successful (x2 
= 37.2, df = 2, P < 0.001) than piracy (79%) or 
hunting live prey (70%). The few unsuccessful 
scavenging attempts occurred when aerial at- 
tacks failed to secure dead trout from the river. 

INFLUENCES ON FORAGING BEHAVIOR 

Time of day. Hourly foraging patterns on days 
without human disturbance were different in 1990 
compared to 1991 (D = 0.15, P = 0.001). For- 
aging attempts in 1990 exhibited morning and 
afternoon peaks (D = 0.13, P < 0.001) whereas 
foraging attempts in 199 1 were distributed even- 
ly throughout the day (D = 0.06, P = 0.37; Fig. 
1). 

Proximity to river shore. In the river, 97 (7 1%) 



134 BRYAN T. BROWN 

$ 1207 

F 1990 loo- 

2 I jggj- _ _ _ - - - - 

F 80- 
.- 

2 _ij 60- 

IA 

L 1 
____ 

6 40 I”” I I 

____I 
I I 
I -___I I--- 

-0.5 t1.0 2.5 4.0 5.5 7.0 8.5 10.0 11.5 

Hours Before or After Sunrise 

FIGURE 1. Hourly foraging attempts by Bald Eagles in the winters of 1990 and 1991 along the Colorado 
River in Grand Canyon, Arizona. Only foraging attempts during days without human disturbance were included 
(22 days in 1990, n = 603; 19 days in 199 1, n = 236). 

of 137 foraging attempts occurred ~5 m from 
shore. Foraging success was greater within 5 m 
from shore (47%) than in deep water more than 
5 m from shore (18%; x2 = 10.9, df = 1, P = 
0.00 1). More foraging attempts within 5 m from 
shore occurred in 1990 (95%) than in 199 1 (5 1%; 
x2 = 31.5, df = 1, P < 0.001). 

Habitat. Foraging attempts were not distrib- 
uted evenly among foraging habitats in either 
year (Table 2). Eagles foraged more in creek hab- 
itat in 1990 (x2 = 1358.7, df = 3, P < 0.001) and 
1991 (x2 = 304.5, df = 3, P < 0.001) and less in 
river, pool, and shore habitats. Patterns of for- 
aging attempts by habitat changed between years 
(x2 = 78.4, df = 3, P < 0.001). Proportionally 
more foraging attempts occurred in creek habitat 
in 1990 compared to 1991, and more foraging 
attempts occurred in river and isolated pool hab- 
itat in 199 1 compared to 1990. Overall foraging 

success for all prey types for both years combined 
was 75% in the creek, 41% in the river, 85% in 
isolated pools, and 100% on shore. 

INFLUENCES ON FORAGING SUCCESS 

Since 74% of the 1,331 total foraging attempts 
observed were for live trout in creek or river 
habitats, further analysis addressed the influenc- 
es of age, foraging habitat, attack method, and 
prey abundance on success in those two habitats. 

More foraging attempts were initiated by im- 
matures (73%) than by adults (27%; Table 3), as 
a result of the predominance of immatures 
throughout most of the study period (Brown and 
Stevens, in press). Adults were more successful 
(74%) than immatures (66%) in capturing live 
prey from both habitats combined (Table 3). 
Adults were more likely to forage in creek (80%) 
than river habitats (20%) whereas immatures 

TABLE 2. Number and percent of foraging events by age, habitat, and year for wintering Bald Eagles at and 
near the confluence of Nankoweap Creek and the Colorado River, Grand Canyon National Park, Arizona, 1990- 
199 1. Percentages for the four habitats refer to the percent of total foraging events for that year only (n = 886 
in 1990,441 in 1991). 

Creek River PO01 Shore 

1990 1991 1990 1991 1990 1991 1990 1991 Totals ~___ 
Age n % n % n% n% n% n% n% n% n % 

Adult 143 16 102 23 26 3 44 10 22 3 24 6 32 4 16 4 409 31 
Immature 553 62 162 37 45 5 50 11 19 2 28 6 46 5 15 3 918 69 
Totals 696 78 264 60 71 8 94 21 41 5 52 12 18 9 31 7 1327 100 
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TABLE 3. Log-linear model of associations between age, habitat, attack method, prey abundance, and success 
of Bald Eagle foraging attempts for live trout in Nankoweap Creek or the Colorado River, Grand Canyon 
National Park, Arizona, 1990-1991. Parameter estimates are listed only for effects resulting from the most 
parsimonious model. 

Age 
Habitat 
Method 
Prey 
Success 
Age x habitat 
Age x method 
Age x prey 
Age x success 
Habitat x method 
Habitat x prey 
Habitat x success 
Method x prey 
Method x success 

0.375 
0.805 
0.058 
0.134 
0.249 
0.169 

- 
0.236 

-0.165 
0.335 
0.182 
0.327 
0.210 

- 

214.8 
587.2 
85.0 

145.1 
135.7 

7.4 
2.3 

32.0 
14.7 
38.4 
12.9 
53.6 
27.0 
0.2 

0.000 
0.000 
0.000 
0.000 
0.000 
0.006 
0.127 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.629 

Prey x success 0.052 10.8 0.00 1 
Age x habitat x method - 2.3 0.124 
Age x habitat x prey - 0.1 0.697 
Age x habitat x success - 2.9 0.086 
Age x method x prey - 0.2 0.652 
Aee x method x success - 0.0 0.889 
Aie x prey x success 
Habitat x method x prey 
Habitat x method x success 
Habitat x prey x success 
Method x prey x success 
Age x habitat x method x prey 
Age x habitat x method x success 
Age x habitat x prey x success 
Age x method x prey x success 
Habitat x method x prey x success 

foraged mainly in creek habitat (89%; 11% in 
river). Age was not significant in the log-linear 
model above a two-way association with habitat, 
success, or prey abundance, indicating the greater 
foraging success of adults was consistent by for- 
aging habitat and prey abundance. 

Overall, more foraging attempts occurred in 
creek (87%) than river habitat (13%) and creek 
foraging attempts were more successful (73%) 
than river attempts (38%; Table 3). Ground at- 
tacks (65%) were more common than aerial at- 
tacks (35%) but ground and aerial attacks were 
equally successful. However, proportions of 
ground to aerial attacks differed by habitat. In 
creek habitat, 69% of foraging attempts were 
ground attacks and 31% aerial attacks; in river 
habitat, 34% were ground attacks and 66% aerial 
attacks. In creek habitat, ground attacks were 
7 1% successful and aerial attacks 78% successful; 

- 0.6 
-0.278 18.7 2.7 

- 0.0 
0.012 6.0 

- 0.0 
- 3.0 
- 0.0 
- 0.0 

0.141 7.3 

0.413 
0.096 
0.000 
0.856 
0.014 
0.842 
0.080 
0.855 
0.862 
0.006 

in river habitat, ground attacks were 62% suc- 
cessful and aerial attacks 25% successful. 

Success rates were greater and more foraging 
attempts took place in creek habitat in a year of 
high prey abundance (Tables 3,4). In 1990,92% 
of foraging attempts occurred in creek habitat 
and 8% in river habitat; in 199 1, 75% occurred 
in creek habitat and 25% in river habitat. The 
proportion of ground and aerial attacks also dif- 
fered by prey abundance. In 1990, 72% of for- 
aging attempts were ground attacks and 28% aer- 
ial attacks; in 199 1, 49% were ground attacks 
and 5 1% aerial attacks. Success rates of ground 
and aerial attacks differed by prey abundance 
because, relative to aerial attacks, ground attacks 
were more successful when prey was more abun- 
dant (Tables 3, 4). 

The four-way association between habitat, at- 
tack method, success, and prey abundance in- 
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TABLE 4. Percent foraging success on live trout in Nankoweap Creek or the Colorado River by wintering Bald 
Eagles by habitat, year, age, and attack method, Grand Canyon National Park, Arizona, 1990-l 99 1. 

Creek River Both locations 
Attack 
method 1990 1991 1990 1991 1990 1991 Both years 

by w n % n % n % n % n % n % n % 

Ground attack 
Adult 3;; 85 45 60 11 64 11 73 93 83 56 63 149 75 
Immature 73 86 55 17 53 6 67 395 72 92 55 487 69 
Totals 460 75 131 56 28 57 17 71 488 74 148 58 636 70 

Aerial attack 
Adult 41 80 45 82 8 63 23 39 49 78 68 68 117 72 
Immature 123 72 54 82 22 18 35 11 145 64 89 54 234 60 
Totals 164 74 99 82 30 21 58 22 194 68 157 60 351 64 

Grand totals 624 75 230 67 58 43 75 33 682 72 305 59 987 68 

dicated a difference in success by habitat, attack 
method, and prey abundance (Table 3). Success 
of ground and aerial attacks in creek habitat was 
high and equal during high prey abundance, but 
success of ground attacks exceeded that of aerial 
attacks in river habitat (Table 4). In contrast, 
aerial attacks were more successful than ground 
attacks in creek habitat during prey scarcity while 
success of ground attacks in river habitat still 
exceeded that of aerial attacks in the river. 

DISCUSSION 

Foraging methods of Bald Eagles were dependent 
on prey abundance between years. Hunting for 
live prey was the predominant foraging method 
regardless of prey abundance, but the proportion 
of hunting live prey decreased when prey was 
more abundant. Scavenging was more frequent 
when carrion were plentiful, and interspecific pi- 
racy was more frequent during prey scarcity. Ea- 
gles along the Colorado River exhibited similar 
foraging methods to eagles along the Platte River 
in Nebraska (hunting 87%, scavenging 4%, and 
piracy 9%; Stalmaster and Plettner 1992) but 
hunted more live prey, scavenged, and pirated 
less compared to eagles at the Columbia River 
estuary, Oregon (57%, 24%, and 19%, respec- 
tively; Watson et al. 199 1). 

Prey scarcity caused a shift in geographic for- 
aging patterns in the river. During prey scarcity, 
more foraging attempts occurred farther from 
shore where foraging success was lower. Since 
water depth was less than 3 m within 5 m of 
shore in the areas where foraging occurred (un- 
publ. data, Glen Canyon Environmental Studies, 
U.S. Bureau of Reclamation), eagles were more 

successful hunting for trout in shallow water. 
Foraging patterns of eagles in the Columbia Riv- 
er estuary were also dependent on shallow water 
less than 4 m deep, but no difference existed in 
success between deep and shallow water in the 
Columbia River estuary (Watson et al. 1991). 

Foraging success also was dependent on prey 
abundance between years, with higher overall 
foraging success occurring in a year of high prey 
abundance. The success rate of hunting live prey 
was higher during high prey abundance, although 
success of scavenging and interspecific piracy was 
independent of prey abundance. Success of hunt- 
ing and scavenging in my study area (70% and 
97%, respectively) was similar to success on the 
Columbia River estuary (66% and 98%, respec- 
tively). However, success rates for piracy differed 
(79% and 46%, respectively; Watson et al. 199 1). 
This difference was apparently due to the inclu- 
sion of intraspecific piracy in the Columbia River 
total, and the difference in target species. Most 
piracies in the Columbia River estuary were un- 
successfully directed against gulls (Larus spp.) 
which would drop prey into open water when 
eagles attempted piracy. In contrast, most pira- 
cies along the Colorado River were successfully 
directed at Common Ravens, which were unable 
to fly away with intact prey. 

Changes in hourly foraging patterns also cor- 
responded to changes in prey abundance. Eagles 
exhibited morning and afternoon peaks when prey 
was more abundant, whereas eagles foraged 
throughout the day during prey scarcity. I suggest 
that prey scarcity may have caused eagles to spend 
more time foraging each day. 

Bald Eagles could choose to forage from four 



BALD EAGLE FORAGING ECOLOGY 137 

habitats in close proximity, yet foraged mostly 
in creek habitat. This pattern was exhibited by 
all ages, attack methods, and levels of prey abun- 
dance. Foraging success was greater in creek than 
river habitat, so eagles presumably increased their 
food intake by foraging in creek habitat whenever 
possible. 

Eagle foraging strategies were independent of 
age. Adults were more successful than imma- 
tures, similar to the success rates of adults and 
immatures reported from Glacier National Park, 
Montana (Shea 1978) and the Platte River, Ne- 
braska (Stalmaster and Plettner 1992). This re- 
flected a lack of experience in immatures, as 
younger eagles are less efficient at foraging than 
adults (Stalmaster and Gessaman 1984). Al- 
though immatures made proportionally more 
foraging attempts in creek habitat than adults, 
the higher success rate of adults was evident in 
all habitats. Higher adult success was indepen- 
dent of any combination of habitat, attack meth- 
od, or prey abundance. 

Bald Eagles were scarce along the Colorado 
River in Grand Canyon National Park prior to 
the construction of Glen Canyon Dam in 1963, 
and no concentration of wintering eagles was 
possible until the subsequent introduction and 
proliferation of rainbow trout (Brown et al. 1989). 
Dam operation altered the river so that it is no 
longer a naturally regulated aquatic ecosystem, 
the antithesis of national park resource goals. 
Although remnants of the native fish community 
persist in the new, artificial ecosystem, restora- 
tion of the native fish community to its original 
condition is virtually impossible due to intro- 
duced parasites and predators (Carothers and 
Brown 199 1). The findings of my study suggest 
that maintaining or enhancing the river’s exotic 
trout fishery for wintering Bald Eagles would 
benefit this endangered bird. Such action would 
also contradict current National Park Service 
policy, and could harm the remaining native fish. 
The challenge for future river and dam manage- 
ment is to reconcile these conflicts and set pri- 
orities appropriate for the new man-made eco- 
system. 

ACKNOWLEDGMENTS 

I thank E. Baldwin, P. Becker, B. Dye, N. Nahstoll, T. 
Yates, and other observers for assistance. R. Mesta 
trained observers in eagle aging techniques. Funding 
was provided by the Glen Canyon Environmental 
Studies (GCES), U.S. Bureau of Reclamation, as part 
of a study examining the influence of fluctuating flows 

from Glen Canyon Dam on wintering Bald Eagles. Ad- 
ministrative support was provided by Grand Canyon 
National Park and the Cooperative Park Studies Unit 
at Northern Arizona University. Special thanks to L. 
Stevens, D. Wegner, and the staff of GCES for their 
encouragement and support. M. Trosset provided sta- 
tistical advice. I thank the staff of O.A.R.S., Inc., of 
Flagstaff for logistical support. M. Collopy, R. Knight, 
L. Stevens, G. Walsberg and an anonymous reviewer 
commented on drafts of this manuscript. 

LITERATURE CITED 

BORTOL~TTI, G. R. 1984. Sexual size dimorphism 
and age related size variation in Bald Eagles. J. 
Wildl. Manage. 4872-8 1. 

BROWN, B. T., R. MESTA, L. E. STEVENS, AND J. WEIS- 
HEIT. 1989. Changes in winter distribution of 
Bald Eagles along the Colorado River in Grand 
Canyon, Arizona. J. Raptor Res. 23: 110-l 13. 

BROWN, B. T., AND L. E. STEVENS. In press. Winter 
abundance, age structure, and distribution of Bald 
Eagles along the Colorado River, Arizona. South- 
west. Nat. 

CAROTHERS, S. W., AND B. T. BROWN. 1991. The 
Colorado River through Grand Canyon: Natural 
history and human change. Univ. of Arizona Press, 
Tucson. 

CHARNOV, E. L. 1976. Optimal foraging: attack strat- 
egyofa mantid. Am. Nat. 110:141-151. 

DAVIES, N. B., AND A. I. HOUSTON. 198 1. Owners 
and satellites: the economics of territorial defence 
in the Pied Wagtail, Motacilla a&a. J. Animal 
Ecol. 50: 157-180. 

DUNBRACK, R. L. 1979. A re-examination of robbing 
behavior in foraging egrets. Ecology 60:644-645. 

EWALD, P. W. 1985. Influence of asymmetries in re- 
source quality and age on aggression and domi- 
nance in Black-chinned Hummingbirds. Animal 
Behav. 33:705-7 19. 

FISCHER, D. L. 1985. Piracy behavior of wintering 
Bald Eagles. Condor 87:246-25 1. 

FRETWELL, S. D. 1972. Populations in a seasonal en- 
vironment. Monoar. Pooul. Biol. No. 5. Princeton 
Univ. Press, Pr&eton,-NJ. 

GRUBB, T. G., S. J. NAGILLER, W. L. EAKLE, AND G. 
A. GOODWM. 1989. Winter roosting patterns of 
Bald Eagles (Haliaeetus leucocephalus) in north- 
central Arizona. Southwest. Nat. 34:453459. 

HAYWOOD, D. D., AND R. D. OHMART. 1986. Utili- 
zation of benthic-feeding fish by inland breeding 
Bald Eagles. Condor 88:35-42. 

KNIGHT, R. L., AND S. K. SKAGEN. 1988. Agonistic 
asymmetries and the foraging ecology of Bald Ea- 
gles. Ecology 69: 1188-l 194. 

LACK, D. 1966. Population studies of birds. Clar- 
endon Press, Oxford. 

MAURER. B. A. 1990. Extensions of outimal foraaina 
theo’ry for insectivorous birds: implications”fo; 
community structure. Studies in Avian Biol. 13: 
455-461. 

MORSE, D. H. 1990. Food exploitation by birds: some 
current problems and future goals. Studies in Avi- 
an Biol. 13:134-143. 



138 BRYAN T. BROWN 

NORUSIS, M. J. 1986. SPSS/PC+. SPSS Inc., Chicago, 
Ill. 

SHEA, D. S. 1978. Bald Eagle concentrations in Gla- 
cier National Park. Western Birds 9:35-37. 

STALMASTER, M. V., AND J. A. GESSAMAN. 1984. Eco- 
logical energetics and foraging behavior of over- 
wintering Bald Eagles. Ecol. Monogr. 54:407428. 

STALMASTER, M. V., AND R. G. PLETTNER. 1992. Di- 
ets and foraging effectiveness of Bald Eagles during 

extreme winter weather in Nebraska. J. Wildl. 
Manage. 56355-367. 

STEPHENS, D. W., AND J. R. KFCEBS. 1986. Foraging 
theory. Monogr. Behav. and Ecology. Princeton 
Univ. Press, Princeton, NJ. 

WATSON, J. W., M. G. GARRE-~~, AND R. G. ANTHONY. 
199 1. Foraging ecology of Bald Eagles in the Co- 
lumbia River estuary. J. Wild]. Manage. 55:492- 
499. 


