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FOOD HABITS OF BALD EAGLESWINTERING IN
NORTHERN ARIZONA

TERYL G. GruUBB AND Roy G. LopPez

USDA Forest Service, Rodky Mountain Research Station, 2500 S Pine Knoll Drive, Flagstaff, AZ 86001-6381 U.S.A.

AssTrRacT.—We used pellets collected from roosts to supplement incidental foraging observationsto iden-
tify prey species of Bad Eagles (Haliagetus leucocephalus) and to evaluate spatial and temporal trends in
their food habitswhile wintering in northern Arizona between 1994-96. We analyzed 1057 pelletscol lected
from 14 roosts, and identified five mammal and 13 bird species. American Coot (Fulica americana, N =
447) and elk/deer (Cervus elaphus/ Odocoileus hemionus, N = 412) were the most common prey remainswe
identified and they varied annually and inversely with each other (11-58% for cootsand 21-78% for elk/
deer). Diving ducks (92%) were more heavily represented in pelletswith identifiablebird prey (N= 701)
than dabblers (1%), although ChristmasBird Counts indicated 64% diversand 36% dabblersin the study
area (N = 18 202; x2 = 46.3, df = 1, P< 0.01). Almost all pellets consisted mostly of mammal or bird
remains (N = 366 and 689, respectively). The overall ratio of mammal to bird pellets was 59:41, with
relative class frequencies varying between years (x> = 118.29, df = 2, P < 0.01). At roosts <3 km from
water (N = 752), 90% of the pellets contained birds; whereas, at roosts >3 km from water (N = 303),
96% of the pellets contained mammals (x2 = 69854, df = 1, P<< 0.01). In three successive winters of
varying weather conditions, wintering eaglesforaged primarily on mammals, fish, and waterfowl, respec-
tively; but only mammals and waterfowl were accurately represented in pellets.

Ker Worps:  Bald Eagle, Haliaeetus leucocephalus; pdlets diet; food habits, winter roosts winter habitat.

Habitos alimenticios de Haliagetus leucocephalus en Arizona

ResUMEN.—Utilizamos las egragopilas recolectadas en sitios de perchas para complementar las obser-
vaciones de forrajeo e identificar las especies de presas de Haliaeetus leucocephalus como tambien para
evaluar las tendencias espaciales, temporales y sus habitos alimenticios durante su estadia de invierno
en Arizona entre 1994-96. Analizamos1057 egragopilas recolectadas en 14 sitios de perchas, identifi-
camos 5 especies de mamiferos y 13 de aves Fulica americana (N = 447) y Cervus elaphus/Odocoileus
hemionus (N = 412) fueron los restos de presas mas comunes identificados. Estos variaron anual mente
e inversamente entre ellos (11-58% para Fulica americanay 21-78% para Cervus elaphus/Odocoileus hem-
ionus). Diving ducks (92%) fueron mas representados en las egagrépilas como aves presa (N = 701)
que los Dabblers (1%), aunque los Conteos de Navidad indicaron una representatividad de 64% para
Oliversy 36% para Dabblers en el area de estudio (N = 18 202; x2 = 46.3, df = 1, P< 0.01). Cas
todaslas egagropilas fueron restos de mamiferos o aves (N = 366y 689 respectivamente). Laproporciéon
total de egagrépilas de mamiferosy avesfue de 59:41, con frecuencias relativas de clase entre atios (x?
= 11829, df = 2, P < 0.01). En los sitios de perchas <3 km del agua (N = 752), el 90% de las
egagropilas contenian aves, mientras que los sitios de perchas a > 3km del agua (N= 303), el 96% de
las egagropilas contenian mamiferos (x2 = 698.54, df = 1, P< 0.01). En tres inviernos subsecuentes
con variaciones climaticas, las aguilas forrajearon principalmente mamiferos, peces, y aves acuaticas
respectivamente, pero solo los mamiferos las aves fueron representadas con certeza en las egagropilas.

[Traduccién de César Marquez]

Food habits of nesting Bad Eagles (Haliaeetus
leucocephalus) in Arizona are well-documented
(Haywood and Ohmart 1986, Hunt et a. 1992,
Grubb 1995), but information on the diet of winter
migrants is limited (Grubb and Coffey 1982,
Grubb and Kennedy 1982, Brown 1993). As part
of along-term study of wintering Bad Eaglesin

northern Arizona (Grubb et a. 1989, Grubb et al.
1994, Grubb 1996), we collected pellets from be-
neath roost trees during three wintersfrom 1994—
96. Typicdly, pellets effectively supplement direct
observations and prey remainsin determining lo-
cal diets (Grubb and Kennedy 1982, Stalmaster
and Plettner 1992, Isaacs et al. 1993). Fish and
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large mammals, for example, can be underrepre-
sented in pellets, and small mammals overrepre-
sented. However, the overall proportion of birds
and mammalsin pellet analyses tends to reflect ac-
tual diet (Mersmann et al. 1992). In northern Ar-
izona, mid-winter foraging on fish is rare (Grubb
and Lopez 1997), and prey remains of waterfowl
and large ungulate carrion are often difficult to
find. In addition, the relatively-small, ephemeral
population of wintering eagles limits foraging ob-
servations (Grubb and Kennedy 1982, Grubb et al.
1989). Therefore, to supplement limited, inciden-
tal foraging observations, we relied primarily on
pelletsto identify prey speciesand to evaluate spa-
tia and temporal trends in the food habits of Bad
Eagles wintering in northern Arizona.

STUDY AREA AND METHODS

Our study area was the Coconino National Forest, sur-
rounding the town of Flagstaff, Arizona, in Coconino and
Yavgpa counties. Habitat is dominated by ponderosa
pine (Pinus ponderosa) forest transitioning into forests of
pinyon pine-juniper (P edulis-funiperus spp.) at lower d-
evations (Brown 1982). Elevation ranges between 1524—
2439 m in semimountainous terrain. The only perma
nent water bodies in the vicinity of our study roostswere
several small lakes (<1000 ha). Winter weather in north-
ern Arizona varies within and between years with occa
sional heavy snows (<0.6 m) and cold temperatures (lows
exceeding —18°C), interspersed with dry periodsof mild
temperatures (highs to 10°C) and general loss of snow
cover.

We collected pellets during three winters: 199394,
1994-95, and 1995-96, referred to hereafter as the win-
ters of 1994, 1995, and 1996, respectively. We used daily
minimum low temperatures (°C) measured at the Flag-
staff airport (National Oceanographic and Atmospheric
Administration, on-line data) to contrast winter weather
conditions between study years (October through March,
1994-96). We measured the distance from each roost to
the nearest permanent water on U.S. Geological Survey,
7.5-min quadrangle maps.

We collected pellets from beneath roost trees in 14
previously-identifiednight roosts (Grubbet al. 1989, Dar-
gan 1991). Bad Eagle use of winter roosts was highly
variable, ranging from one eagle in asingle tree to >40
eagles in >25 trees. Pellets were collected by walking
around roost trees clockwise then counter-clockwise, 2-
and 5m away from the base of the tree, or farther if
necessary to accommodate tree lean. We removed pellets
from each roost prior to the next field season. We were
unable to collect pelletsfrom every 1994 roost during the
following two winters because of weather and scheduling
limitations. Because 42% of al the pellets collected, and
68% of the 1996 pellets resulted from an exceptional
concentration of >40 eagles foraging on waterfowl and
using a single roost (hereafter referred to as Roost 8) in
1996, we evaluated annual variation and calculated over-
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al class composition with and without data from this
roost.

We dissected pellets in the laboratory to determine
their contents. Identification of prey items was made to
the lowest taxonomic level possible by comparison to avi-
an study skins and mammalian hair samples. Visuad esti-
mates of percent volume were made for each taxon. Pel-
lets comprised of >50% mammal or >50% bird remains
by volume were classified by predominant class to facili-
tate comparisons between years, roosts, and habitat.
Adorjan and Kolenosky (1969) and Moore et al. (1974)
facilitated hair identification, but we could not differen-
tiate elk (Cervuselaphus) and mule deer (Odocoileus hem-
ionus) hair. However, based on our field observations of
available large ungulate carrion, we estimated elk com-
prised >85% of the elk/deer hair sample. Similarly, Red-
head (Aythya americana) and Canvasback (A. valisineria)
feathers in pellets could not be differentiated. Because
Redheads greatly outnumbered Canvasbacks on local
lakes (Morrall and Coons 1996; National Audubon Soci-
ety Christmas Bird Counts 1994-96, Laboratory of Orni-
thology, Cornell University, on-line data; pers. obs.),we
estimated they comprised >80% of thisfeather sasmple.

We used SPSS 7.5 for Windows (SPSS 1997) to calcu-
late frequencies and descriptive statistics, and chi-square
tests for evaluating variation in frequencies of mammal
and bird pellets among years and between lake and up-
land roosts. Sample sizes and percentages are not aways
additive because some pellets contained more than one
class or species. We used the frequency of occurrence
(i.e., the number or percent of pellets containing a class
or species) as the measure of relative abundance.

RESULTS

We collected 1057 Bad Eagle pellets (Table1).
Of the 885 pellets with distinguishable prey spe-
cies, 823 (93%)contained only a single species, but
61 (7%) had two speciesand one (<1%) had three
species. We identified five mammal and 13 water-
fowl species (Table2). American Coot (Fulica amer-
icana, N = 447) and elk/deer (N = 412) were the
most common prey items. Reative frequencies of
these two speciesvaried annually and inversaly with
each other (11-58%for cootsand 21-78%for elk/
deer). Diving duckswere more heavily represented
(92%, including American Coots) than dabblers
(1%) in eagle pellets with identifiable avian prey
(N = 701). However, National Audubon Society
Christmas Bird Counts for northern Arizona be-
tween 1994-96 (Laboratory of Ornithology, Cor-
nell University, on-line data), indicated much less
difference in the numbers of divers (64%) and
dabblers (36%) during our study (N = 18 202; x?
= 46.3, df = 1, P< 0.01). Nine of 12 locally-com-
mon species of divers (75%)were identified in our
pellet analysis, and four of seven dabblers (57%).

Based on the most prevalent prey speciesin pel-
lets, we identified 366 mammal, 689 bird, and 2
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Table . Number of pellets collected each year and the relative frequency (% total number) of mammalian and
avian prey by roost and by year, for 1057 pellets collected beneath 14 winter Bald Eagle roosts in northern Arizona,

1994-96.
Distance No. PELLETS (% MaMmMAL/ % BIRD)

RoosT TO WATER

(TREES) (km)? 1994 1995 1996 ToTAL

1(4) 0.05 2> (50/0) 1 (0/100) 1 (0/100) 4> (25/50)

2 (19) 0.25 30 (13/87) 0 6 (0/100) 36 (11/89)

3 (14) 0.4 51 (69/31) 15 (40/60) 29 (41/59) 95 (56/44)
4 (9) 0.5 22 (0/100) 0 0 22 (0/100)
5 (13) 0.85 14 (7/93) 5 (0/100) 23 (9/91) 42 (7/93)

6 (6) 1.7 2 (0/100) — — 2 (0/100)

7 (18) 1.9 0 0 98 (2/98) 98 (2/98)
8 (27) 2.2 5 (60/40) — 449 (2/98) 454 (3/97)
9 (1) 3.5 1 (100/0) — — 1 (100/0)
10 (27) 5.0 38 (100/0) 19 (100/0) 4 (100/0) 61 (100/0)
11 (5) 6.5 12 (100/0) —_ 0 12 (100/0)
12 (3) 7.6 1 (100/0) — — 1 (100/0)
13 (2) 13.0 12 (100/0) — —_ 12 (100/0)
14 (31) 18.2 110 (91/9) 61 (97/3) 46> (96/2) 217 (94/6)
Totals:

14¢ (179) 8L/6U 300 (69/30) 101 (83/17) 656 (11/89) 1057 (35/65)
Totalswithout Roost 8¢

13¢ (152) 7L/6U 295 (69/30) 101 (83/17) 207 (31/69) 603 (59/41)

2Roosts <3.0 km (x = 1.0, SD = 0.8) from permanent lakes were classified as lake (L), and roosts >3.0 km (x = 9.0, SD = 5.1)

wer e classified as upland (U).
bt One pellet was entirely fish remains.
¢ Total number of roosts.

4 Since 42% of all the pellets collected, and 68% of the 1996 sample, came from an unusual concentration of >40 eagles foraging
on waterfowl and using Roost 8 in 1996, both typical annual variation and overall classcomposition were mor e accurately represented

without Roost 8 data.

fish pellets. The overdl ratio of mammal to bird
pellets, excluding Roost 8, wes 59:41, with relative
class frequencies varying between years (x?
118.3, df = 2, P < 0.01). The overdl ratio with
Roost 8 included was 35:65. Classfrequencieswere
generally consistent at individual roosts from year
to year; only Roosts 3 and 8 varied among years
(Table 1). However, dass frequencies varied be-
tween roosts and appeared related to roost dis
tance from permanent water. At roosts <3 km
from water (classified as lake roosts), 90% of the
pellets contained mostly bird remains (N = 752),
whereas at roosts >3 krn from water (classfied as
upland roosts), 96% of the pellets contained mam-
malian remains (N= 303, x2 = 6985, df =1, P<
0.01). Conversdly, 98% of dl bird pellets occurred
in lake roosts and 79% of all mammal pellets oc-
curred in upland roosts.

Wesather conditions varied among the three

years of our study. Temperatures generally de-
clined from October through mid-December with
repeated, brief cold cydes throughout the winter
of 1994. During the winter of 1995, generally cold
temperatures in November and early December
with shorter warming periods than the previous
year led to a freeze-over of local lakes by late De-
cember. January also had nearly two weeks of un-
seasonable cold before temperatures began to in-
crease through March. The winter of 1996 wes
generally mild and characterized by only three, 10—
14 d cold cydes between mid-December and late
February.

In the relativey-typicd winter of 1994, pellets
confirmed that Bad Eaglesfed primarily on large
mammal carrion (69%, Table 1). In 1995, water-
fowl numberswere again minimal after freeze-over
and, although the number of pelletswas down, de-
pendence on mammalian carrion was evident
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Table 2. Relative class and species abundance in 1057 pellets collected beneath 14 Bad Eagle winter roosts in

northern Arizona, 1994-96.

No. PELLETS (% ANNUAL TOTAL?) ;)\g
1994 1995 1996 ToTAL
CLASS/SPECIES (N = 300) (N= 101) (N= 656) (N = 1057)
Mammal 217 (72) 86 (85) 146 (22) 449 (42) -

Elk/mule deer® (Cervus ela- 198 (66) 78 (78) 136 (21) 412 (39)

phus/Odocoileus hemionus)

Cottontail rabbit (Sybvilagus 27 (9) 44 6 (1) 37 (4)

spp-)

Black-tailed jackrabbit (Lepus 3 (1) 2 (2) 0 5 (<1)

californicus)

Coyote (Canis latrans) 2 (1) 1 (1) 0 3 (<1)
Unknown mammal 27 (9) 11 (11) 21 (3) 59 (6)
Bird 96 (32) 17 (17) 588 (90) 701 (66)

American Coot (Fulica ameri- 59 (20) 11 (11) 377 (58) 447 (42)

cana)

Ruddy Duck (Oxyura jamaicen- 11 (4) 0 93 (14) 104 (10)

515)

Ring-necked Duck (Aythya col- 7(2) 0 26 (4) 33 (3)

laris)

Redhead/Canvasback® (Aythya 6 (2) 1 (1) 23 (4) 30 (3)

americana/Aythya valisineria)

Northern Shoveler (Anas cly- 1 (<1) 0 1 (<1) 2 (<1)

peata)

Mallard (Anas platyrhynchos) 4 (1) 0 0 4 (<)

Northern Pintail (Anas acuta) 0 0 1(<1) 1 (<1)

Green-winged Tea (Anas crec- 0 0 1 (<1) 1 (<1)

ca)

Lesser Scaup (Aythya affinis) 0 0 1(<1) 1(<1)

Western Grebe (Aechmophorus 11 (4) 5 (5) 6 (1) 22 (2)

occidentalis)

Pied-billed Grebe (Podilymbus 1 (<1) 0 4 (<1) 5 (<1)

podiceps)

Eared Grebe (Podiceps nigricol- 0 0. 3 (<) 3 (<1)

lis)
Unknown bird 10 (3) 4 (4) 275 (42) 289 (27)
Unknown fish 1 (<1) 0 2 (<1) 3 (<1)
Other material® 6 (2) 3(3) 27 (4) 36 (3)

* Numbers and percentagesof pelletsare not additive because some pellets contained >1 class or species.
Specieswere grouped because hair or featherspresent in pelletswere not distinguishable.
'Vegetation, seeds, soil, sand, small stones; monofilament line was also found in one pellet.

(83%). However, the harsh weather conditions
caused an extensive .die-off of feral fathead min-
nows (Pimephales promelas) which became the pri-
mary food we observed Bad Eagleseating that win-
ter (Grubb and Lopez 1997). During 1996,
waterfowl remained localy abundant all winter,
with large flocks of severa hundred birds concen-
trated in smal openings in lake ice during cold
periods. Vay few road- or winter-killed elk were

observed and pellets confirmed our observations
that Bad Eaglesfed primarily on birds (89%).

DISCUSSION

The 59:41 frequency ratio of mammal to bird
pellets, excluding Roost 8, was consi stent with our -
combined local field experience over the past 24
yr. Bald Eagles wintering in northern Arizonatyp
icaly depend on ek carrion astheir primary food,
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beginningin late fal when viscera pilesleft during
hunting season are abundant. Waterfow! provide
an opportunistic, alternative food source when
available. In similar habitat around Navgo Lakein
northern New Mexico, pelletsindicated Bad Eagle
use of deer and ek carrion varied inversdy with
smal mamma and waterfowl consumption, de-
"pending on weather and prey availability (Grubb
1984). Mild weather permits waterfowl to remain
on northern Arizonalakes, whereas harsher winter
conditionsforce them to leave and large ungulates
to become more vulnerable to road- and winter-
kill. Therefore, there is aweather-driven, relatively-
stable food base for visiting, winter eagles even
though prey dasses vary (Grubb and Kennedy
1982). The 35:65 overdl ratio of mammal to bird
pelletswe obtained by including Roost 8 was more
representative of a mild winter with abundant-wa-
terfowl, such asin 1996.

Differential foraging by wintering Bad Eagleson
diving and not dabbling waterfowl may be a func-
tion of winter icing conditions and differing re-
sponse behaviorsto hunting eagles. Sincedabbling
ducks can launch into flight quickly, they are vul-
nerable for only a brief period. Divers, on the oth-
er hand, require a stretch of open water to get
airborne, increasing their exposure to eagle pre-
dation. Diving to escape can aso leave them vul-
nerable to foraging Bad Eagles. We have observed
eagles circling overhead, singly (Brattstrom 1989)
and in cooperative groups (Sherrod et al. 1976),
to repeatedly drive their prey back underwater un-
til exhausted. Icing of lake surfaces exacerbates
diving duck vulnerability by concentrating large
numbers of waterfowl in small areas, precluding
flight by reducing take-off space, and limiting the
diving area for underwater maneuvering.

In the three successve winters of our study, dif-
ferent weather conditions resulted in Bad Eagles
foraging primarily on mammals, fish, and water-
fowl, respectively. However, only the 1994 depen-
dence on mammals and 1996 dependence on wa
terfowl were accurately represented by péellets.
Nonetheless, our results suggest that pellets can
provide effective assessments of long-term trends
in mammal and bird use, and an indication of the
relative abundance of prey within each dass (Mers-
mann et al. 1992, Stalmaster and Plettner 1992).
Pellet andyses need not be avoided in winter diet
assessment (Stalmaster and Plettner 1992), espe
cidly under limiting circumstances such as those
that we encountered. As demonstrated by our win-
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ter 1995 results, pellet andyses should be substan-
tiated with observations as much possible, and the
general absence of fish representation should be
taken into account. In addition, the variation we
recorded in wintering Bad Eagle diet, both an-
nually and among roost locations, mandates a
large pellet sample well-distributed over time and
space.
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