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POSTFLEDGINGBEHAVIOROF GOLDENEAGLES

LAURAT. O’TOOLE,' 2 PATRICIA L. KENNEDY,' ^ RICHARDL. KNIGHT,' AND
LOWELLC. MCEWEN'

ABSTRACT.—Wepredicted that extended parental care, asynchronous hatching, and incidences of siblicide

in Golden Eagles (Aquila chrysaeto.s) could increase the chances for conflict between siblings, and between

parents and offspring as juveniles aged. This conflict could motivate independence and dispersal in this species.

To test our predictions, during the 1993 and 1994 breeding seasons we examined post-fledging behavior in

Golden Eagles from the Little Missouri National Grassland and contiguous areas of western North Dakota. We

collected observations of 28 radio-tagged juveniles to determine whether predispersal movements were correlated

with age and with the presence of a sibling or parent during the first 6—10 weeks after fledging. Wealso recorded

juvenile vocalization rates to determine if they changed with age or the presence of a parent. We found that

distance from the natal nest increased with time since fledging. This was attributed to an increased proficiency

in flight and gradual development of independence from parental care. We found that calling rate and distance

between individuals of sibling pairs did not change with time after fledging but was highly variable. Calling

rates of fledglings in the presence of parents were higher than when parents were absent. Increased calling may

facilitate juvenile location or inform the parents of offspring nutritional status. Parents were not visible for most

observation periods and we did not observe any aggression by parents directed toward offspring. Siblings

engaged in “pl^y” activity and we did not detect any signs of aggression between siblings. Our data do not

support the predictions that an increase in parental and/or sibling aggression is associated with independence m
this population of Golden Eagles. Received 15 Oct. 1998, accepted 20 April 1999.

Factors influencing the timing and duration

of dispersal may be extrinsic (environmental),

endogenous, or some combination of the two

(Howard 1960, Ritchison et al. 1992, Belthoff

and Duffy 1995). Extrinsic factors include pa-

rental aggression toward young (Alonso et al.

1987, Hiraldo et al. 1989, Wiggett and Boag

1993), sibling aggression (Holleback 1974, De

Laet 1985, Strickland 1991), ectoparasitism

(Brown and Brown 1992), increased predation

risk (Harfenist and Ydenberg 1995), and de-

clining food availability within the natal area

(Messier 1985, Kenward et al. 1993, Busta-

mante 1994b). In raptors, the role of sibling

and parental aggression in family break-up is

disputed. In some species, dispersal may oc-

cur after a period of parent-offspring conflict,

the parents being the ones who promote the

independence of juveniles by gradually reduc-

ing the food supply or increasing aggression

towards the juveniles (Alonso et al. 1987, De-

lannoy and Cruz 1988, Hiraldo et al. 1989).

Family break-up may also take place without

apparent conflict (Bustamante and Hiraldo
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1990, Bustamante 1994b). Although Watson

(1997) thought that there was little evidence

of aggression between adult Golden Eagles

and their young. Walker (1987) observed

some aggression by parents toward offspring

during the fledgling dependency period. There

is little information on the factors that affect

timing of dispersal in Golden Eagles because

few studies have been conducted on the be-

havior of juvenile eagles during this stage

(Watson 1997). Wepredicted that the extend-

ed parental care, asynchronous hatching (Wat-

son 1997), and high incidence of siblicide

(Edwards and Collopy 1983, Edwards et al.

1988) in this species would increase the prob-

ability of predispersal conflict.

METHODS
Study area. —Weconducted this study from May to

November 1993-1994 in the Little Missouri National

Grassland (46° 00-48° 07' N, 102° 50'-104° 00' W)
and contiguous areas in western North Dakota. The

dominant habitat was mixed prairie with patches of

shrubs managed primarily for livestock grazing (Hop-

kins et al. 1986, Fowler et al. 1991). Woodlands (1.8%

of total vegetative cover) were found in areas of higher

soil moisture, such as valley bottoms, lower valley

slopes, and along stream banks and floodplains of the

Little Missouri River (Girard et al. 1989). Large buttes,

easily eroded sandstone, and clay badlands character-

ized the topography. The climate is semi-arid conti-

nental with wide daily fluctuations in temperature and
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variable precipitation. Annual precipitation averages
33-41 cm. and the average temperature in July is

21°C (Jensen 1972). We found Golden Eagle nests on
siltstonc and clay buttes, and in trees along rivers and
streams.

Data collection . —We located active Golden Eagle
nests by aerial and ground surveys. We aged chicks
based on behavior and plumage (Ellis 1979), and sexed
them based on bill depth and head, hallux claw, and
tail length (A. Harmata, pers. comm.). Weentered each
of the 20 eagle nests (/; = 10 in 1993; /? = 10 in 1994)
when nestlings were 8-10 weeks of age (near fledg-

ing). We selected this age because harassment can
cause prolonged ab.sence of eagle adults which could
result in nestlings being exposed to direct sunlight or

missed feedings —both fatal to younger chicks. Be-
cause young eagles will fledge prematurely if dis-

turbed, we waited until nestlings were fully feathered

and could fly well enough to avoid injury if they

fledged in response to our presence (Fyfe and Olen-
dorft 1976). Twenty-eight (12 male, 16 female) chicks

(/! = 12 in 1993; n = 16 in 1994) were weighed, mea-
sured, fitted with a 25-g backpack-style radio trans-

mitter (L. L. Electronics, Mahomet, Illinois), and band-
ed with an aluminum U.S. Fish and Wildlife Service
leg band. After we instrumented and measured each
eagle, we placed it back in the nest where it remained
until it fledged. We spent an average of 51.3 (± 3.9

SE) min from eagle capture to replacement in the nest.

We considered a juvenile as fledged after its first

flight from the nest. After fledging, we located birds

using ground searches every 2-4 days for behavioral

observations. We recorded over 416 hr of direct be-

havioral observations from 14 July to 20 August 1993,

and 15 July to 22 August 1994. We recorded move-
ments of radio-telemetered birds until they dispersed

from their natal territories, or we found them dead.

During the first five weeks, we were usually able to

locate eagles visually (94.1% of attempts). We pri-

marily u.sed triangulation (Kenward 1987) by four ob-

servers to find juveniles in the later stages of the post-

fledging period.

We observed eagles during daylight hours (06:00-
21:00 MST) using I4-45X zoom spotting scopes from
vehicles or at locations at lea.st 300 m from the bird.

We determined target observation times by randomly
selecting a 4-hr block of daylight. Wecovered the oth-

er time periods during later observations using the

same method. During each observation period, wc
continually recorded data until the predetermined time

elapsed, or until we could no longer observe the bird.

Wecollected a mean of 15.4 (± 1.2) hr of observation

per bird over 4.3 (± 0.3) observation periods. We re-

corded eagle locations and activities on a data check-

sheet. We did not record sibling behaviors simulta-

neously. We recorded the following data on adults: lo-

cation in relation to focal bird, incidences of food de-

liveries by an adult, stooping and physical aggression

directed toward the focal bird. We observed few prey

deliveries (/? = 9), so we could not analyze temporal

changes in food provisioning rates.

We attempted to sample behavior equally among
birds tor diltcrent ages and times of day. Wecalculated

distance from local bird to the nest and the distance

between siblings using simple geometry and UTMco-
ordinates.

Statistical analy.si.s . —Using Repeated Measures
Analysis of Variance (ANOVA; Proc GLM; SAS Inst.

Inc. 1987; PC ver. 6.10) we tested our predictions on
the pooled 1993—1994 data because there were too few
data to examine a year effect using repeated measures
analysis. To determine the proper sampling unit for

analysis (individual bird vs nest) we used the ratio of
Type III Sum of Squares (Proc GLM). A relatively

large ratio (>2) would indicate that individual birds

should be combined into one “nest” unit because sep-

arate consideration results in unexplained error (Sum
of Squared Errors; P. Chapman, pers. comm.). There
was no evidence of a strong sibling effect (average

ratio = 1.3), and because all behavioral observations
were made after fledging, we used individuals as the

unit of analysis.

Wecompared hourly calling rate between three age
groups: 0-14, 15-28, and 29-42 days post-fledging;

and a fledgling’s distance from the natal nest over six

age periods (0-15, 16-28, 29-52, 53-74, 75-97, and
98-137 days post-fledging). Wetested whether the dis-

tance between siblings increased over three post-fledg-

ing age periods (0-37, 38-74, and 75-121 days). For
analysis, we grouped fledgling ages differently because
the data collected for calling, distance from the nest,

and distance between siblings varied in quantity. We
were able to collect data on distance from nest longer

than any other measure. Also, calling rates were re-

corded hourly, unlike both distance measurements. The
selected age groups fulfilled minimum sample size re-

quirements for the most suitable statistical tests and to

achieve a stratified distribution of data points (P. Chap-
man, pers. comm.). All data sets used for these anal-

yses were log-transformed to equalize the variance of

errors (SAS Inst. Inc. 1987; PC ver. 6.10) but the raw
data are reported in this paper. The a level for all sta-

tistical tests was 0.05.

To analyze data on parent-offspring interactions, we
used ANOVA(Proc GLM; SAS Inst. Inc. 1987; PC
ver. 6.10) on log-transformed data to test whether call-

ing rates or fledgling distance from the nest changed
when parents were present. Wealso examined whether

fledgling distance from the nest depended upon an in-

teraction between parents' presence and fledging age.

RESULTS

Hourly calling rate . —The number of calls

per hour did not change with time after fledg-

ing (Wilks’ Lambda ^24,2 = 0.06, P > 0.05).

The mean values for each of the three groups

were similar, with an overall mean of 1 1.4 (±
0.01) calls hr ' (Fig. 1). Calling rate did not

differ between the sexes (F, 4,3
= 0.50, P >

0.05).
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FIG. 1. Mean number of calls ISEI per hour for

Golden Eagles in three post-hedging time periods (0-

14, 15-28, 29-42 d) in the Little Missouri National

Grassland of western North Dakota, 1993 and 1994.

Distance from nest .—The distance of fledg-

lings from their nests increased significantly

with time (Wilks’ Lambda F4 ,o
= 11.53, P =

0.001; Fig. 2) and eventually resulted in loss

of radio contact within the study area (27,500

km^) as the birds dispersed. There was no dif-

ference between sexes in the distance individ-

uals dispersed (F, ,3
= 0.06, P > 0.05).

Sibling interactions and juvenile behav-

ior . —Wecollected data from six sibling pairs

to determine the mean distance between sib-

lings with time since fledging. There was no

significant (Wilks’ Lambda F2.3
= 0.34, P >

0.05) change over the time period of our study

(Fig. 3).

Fledgling pairs frequently exhibited non-

aggressive social behavior. Siblings often fol-

lowed one another or flew together. We ob-

served mutual preening or “nibbling (Ellis

1979) when the fledglings perched together (n

= 288), as they frequently did. Weobserved

three different sibling pairs display “play

catching and plucking of prey together. We

recorded no overtly aggressive social behavior

between sibling pairs, and this social activity

did not appear to change over time.

The mean age at first flight was 10.1 (±

0.08) weeks. Weobserved 1 1 attempts of prey

capture by juveniles. Two of the observed at-

FIG. 2. Mean distance from the nest (m) ISEI for

Golden Eagles in six post-fledging time periods (0-15,

16-28, 29-52, 53-74, 75-97, 98-137 d) in the Little

Missouri National Grassland of western North Dakota,

1993 and 1994.

500

450

400

350

300

s 250o
i:

e 200
3

Q
150

100

50

0

0-37 38-74

i

75-121

Days postfledging

FIG. 3. Mean distance ISEI between Golden Eagle

siblings (6 pairs) in three post-fledging time periods

(0-37, 38-74, 75-121 d) in the Little Missouri Na-

tional Grassland of western North Dakota, 1993 and

1994.
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tempts were successful, with prey items in-

cluding an unidentified snake and a rodent.

Parental interactions. —We observed par-

ents near the focal bird relatively infrequently

(29.6%) during observation periods. Calling

rates of the young were higher in the presence

of parents than when parents were not visible

(^
1 . 41.1

~ 14.39, P —
0.001). The rate of calling

nearly doubled for juveniles with a parent

present (x ± SE = 21.8 ± 3.5 calls hr ‘) ver-

sus parents absent (11.5 ± 1.7 calls hr”‘).

Fledglings were closer to the nest when par-

ents were present (F,
,3

= 10.81, P = 0.001),

but distance from the nest was not signifi-

cantly correlated with the interaction of fledg-

ling age and parental presence (F 4 10 = 0.96,

P > 0.05). Wedid not observe any aggressive

behavior by the parent toward the offspring.

DISCUSSION

Calling rate did not change as the birds

aged after fledging, although we observed a

high degree of individual variation. A similar

finding was reported in a Japanese population

of Black Kites (Milvus migrans; Koga and

Shiraishi 1994). Increased calling with age

was reported in Spanish populations of Black
Kites (Bustamante and Hiraldo 1990), the

Egyptian Vulture {Neophron percnopterus;

Ceballos and Donazar 1990), and the Spanish

Imperial Eagle (Aquila adalberti; Alonso et al.

1987). The increased calling rates in these

studies were attributed to a decrease in pro-

visioning by parents as the young aged. Our
results do not corroborate findings of in-

creased calling with age. It is possible that

food provisioning did not decrease over time

in our study, resulting in no change in calling

rates. It is also possible that food provisioning

decreased, but calling did not increase because

the young were becoming independent and

beginning to hunt on their own. We cannot

evaluate these hypotheses because we did not

have enough data to analyze food provision-

ing rates.

Throughout our study, the appearance of a

parent resulted in increased juvenile calling

compared with when parents were absent. In-

creased calling in the presence of a parent is

commonly observed in raptors (Alonso et al.

1987, Ikeda 1987, Hiraldo et al. 1989, Bus-

tamante 1994a). Calling by juveniles may fa-

cilitate juvenile location by parents (Ikeda

1987). Calling also informs the parents of the

nutritional status of their offspring (Trivers

1974).

Distance from the nest increased as the ju-

veniles aged, probably in part due to increased

flying proficiency. As independence nears,

movements may not represent a linear dis-

persal, but may resemble “wanderings” out-

side the natal area. Similar observations have
been reported for other species (Boeker and
Ray 1971, Beecham and Kochert 1975, Steen-

hof et al. 1984, Walker 1987, Bahat 1992).

Siblings tended to move together after leav-

ing the nest, and the distance between them
remained relatively constant. This contradicts

Newton’s (1979) idea that fledgling raptors

tend to perch apart. Other studies also re-

vealed increased distance between siblings

with age (Hiraldo et al. 1989, Bustamante and
Hiraldo 1990, Ceballos and Donazar 1990).

Increased sibling distance has been attributed

to “tension” between juveniles or increased

flight proficiency. Bustamante (1994a) report-

ed that Kestrels {Falco tinnunculus) perched

close together and engaged in social behavior

similar to the young Golden Eagles we ob-

served. Bustamante (1993) also found siblings

of Black-shouldered Kites often perched to-

gether. Kenward and coworkers (1993) saw
the same tendency with Northern Goshawk
{Accipiter gentilis) siblings.

If parents and offspring were in conflict, re-

sulting in the adults “driving-off” the juve-

niles, or if parents used aggression to evaluate

the young’s flight proficiency (Ferrer 1992),

we should have observed agonistic interac-

tions during the times when the parents were

seen with the offspring, but we did not. Al-

though parental aggression has been observed

in raptor species (Robertson 1985, Alonso et

al. 1987, Walker 1987, Hiraldo et al. 1989), it

is often the case that the parents feed their

offspring long after they have fledged (Ikeda

1987, Walker 1987, Bustamante and Hiraldo

1990, Ceballos and Donazar 1990, Bahat

1992).

We did not find an increase in aggression

between siblings, as we predicted. Although

juveniles moved away from their parental

home range, they apparently remained togeth-

er, indicative of sibling attraction rather than

aversion. Our data do not support the predic-

tions that an increase in parental and/or sibling



476 THE WILSONBULLETIN • Vol. Ill, No. 4, December 1999

agression is associated with independence in

this population.
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