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Abstract.--Nesting success of Bald Eagles (Haliaeetus leucocephalus) near Juneau, Alaska was 
compared for experimental nests (supplementally fed pink salmon [ Oncorhynchus gorbuscha] 
for seven weeks) and control nests (no supplemental food) to determine if food limits re- 
productive success during the nestling period. Although supplemental food accounted for 
at least 50% of the estimated nestling energy requirements, brood reduction and the number 
of nests failing post-hatch was small and differed little in experimental and control nests. 
Most active nests that failed were abandoned during incubation, which may be a critical 
phase determining nesting success of eagles nesting along the coast of southeastern Alaska. 

EXPERIMENTOS DE ALIMENTACION SUPLEMENTARIA EN INDIVIDUOS DE 
HALIAEETUS LEUCOCEPHALUS DURANTE SU ANIDAMIENTO EN ALASKA 

Sinopsis.--Se estudio e] 6xito de anidamiento de individuos nidificantes del aguila t-Ialiaeetus 
leucocephalus, cerca de Juneau, Alaska. A un grupo se le suplement6 con cornida pot siete 
semanas (salm6n rosado-Oncorhynchus gorbuscha) mientras que a un segundo grupo no se 
le suplement6 (control). Esto se hizo para determinar si el alimento imponia llmites en el 
6xito reproductivo de la especie durante el periodo de crla de piehones. Aunque el alimento 
suplementario supli6 al menos el 50% de los requerimientos energ6ticos de los piehones, la 
reducci6n en el tamafio de la camada y el n6mero de nidos que fracasaron, luego del eclo- 
sionamiento, vari6 muy poco del grupo control. La mayoria de los nidos activos que fraca- 
satori rueton abandonados durante la incubaci6n, lo que podria set la rase mas crltica o que 
determina e] 6xito de anidamiento en ]as agui]as que se reproducen a lo largo de la costa 
sureste de Alaska. 

The importance of food availability to avian reproductive success varies 
with many factors. Although food may be limiting throughout the nesting 
cycle, critical periods of food availability can occur during distinct stages 
(Martin 1987). Experimental manipulation of food supply has shown that 
food may be critical for successful reproduction before egg-laying (e.g., 
Newton and Marquiss 1981, von Br6mssen and Jansson 1980) or when 
nestlings are present (e.g., Ens et al. 1992, Simons and Martin 1990), but 
the effects may differ annually due to differences in population density 
(e.g., Arcese and Smith 1988, Simmons 1993) or weather (Dhindsa and 
Boag 1990, H6gstedt 1981). The effects of food availability during critical 
periods may alter the probability of offspring recruitment to the breeding 
population, long after the nesting season in which food limitation oc- 
curred (Richner 1992). 

For raptors, Newton (1979:95) emphasized two critical periods of food 
availability: before egg-laying, when females need to acquire ample re- 
serves for egg production and incubation, and post-hatching, when adults 
must obtain adequate prey for self-maintenance and nestling growth. In- 
cubation may also be a critical period of food availability (Steidl and An- 
thony 1995). However, many studies that examine the relationship be- 
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tween food and reproduction in raptors are not experimental and do not 
identify a critical period of food availability in the reproduction cycle. 
Most studies use raptors with specialized diets and examine correlations 
between overall reproductive success and densities of one or more prin- 
cipal prey species (see review by H6gstedt 1991). Likewise, studies that 
manipulate food availability often do not identify critical stages of nesting 
by altering food supply during several different stages of reprodu•.don 
(but see Ward and Kennedy 1996). 

For Bald Eagles (Haliaeetus leucocephalus), the availability of food is 
considered to be the primary factor regulating reproduction for popula- 
tions nesting in relatively pristine environments (Dzus and Gerrard 1993, 
Hansen 1987, Steidl and Anthony 1995, Swenson et al. 1986). However, 
the opportunistic foraging strategies exhibited by many populations of 
eagles (Ofelt 1975, Sherrod et al. 1976, Swenson et al. 1986, Todd et al. 
1982, Watson et al. 1991) have made it difficult to monitor the effects of 
differential prey availability on nesting success and to identify if specific 
periods are critical in terms of food availability. In addition, assessing the 
effects of food limitation on reproduction for any species is confounded 
by difficulties in accurately measuring food availability (Hutto 1990), as 
food density is not necessarily equivalent to food availability (e.g., Janes 
1984). 

To test if food is limiting for eagles during the nestling stage of repro- 
duction, we conducted a supplemental feeding experiment for pairs nest- 
ing along coastal shores in southeastern Alaska. Nests were intensively 
monitored during both incubation and nestling periods, to determine 
when most nest failures occurred. 

STUDY AREA 

Supplemental feeding experiments were carried out along the coast, 
near Juneau, Alaska (ca. 58ø22'N, 134ø35'W). The terrestrial habitat is 
characterized by mature stands of Sitka spruce (Picea sitchensis) and west- 
ern hemlock (Tsuga heterophylla) on the mainland and nearshore islands. 
This study location was chosen because of ease of access and the high 
density of breeding eagles in this area, as reproductive success may be 
influenced more by supplemental food in high-density populations (e.g., 
Smith et al. 1980). Long-term (1986, 1988-1995) nesting success has been 
relatively high in one small part of the Juneau shoreline (Auke Bay main- 
land; Gende et al., unpubl. data) compared to other parts of southeastern 
Alaska. Therefore, nests associated with this area were excluded from 
feeding experiments, because food supplementation would be less likely 
to have a detectable effect on these nests. 

METHODS 

In 1994, helicopter surveys were used to identify active nests (those 
with an adult seen in incubating posture) in mid-May. Incubation behav- 
ior was then monitored in as many nests as logistically possible to deter- 
mine when hatching occurred (Bortolotti et al. 1985). If a nest failed, 
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nest trees were climbed shortly thereafter to collect eggs for assessment 
of embryonic development. Adverse weather delayed some climbs in 
1994, and the eggs were depredated by corvids during the delay. In 1995, 
nests were monitored beginning in early April, to record laying dates. If 
a nest became active (eggs laid or an adult eagle observed consistently 
sitting in incubation posture), clutch size was determined by a climb to 
the nest. Disturbance to incubating adults was minimized by climbing 
during warm or sunny weather and minimizing time spent near the nest 
tree (Bortolotti et al. 1985). In addition, nest climbs were conducted late 
in the incubation period to ensure that adequate time was provided for 
the female to complete egg-laying, which can exceed 7 d for three-egg 
clutches (Stalmaster 1987:57). Following climbs, nests were monitored 
from a distance to determine that adults returned to incubate. Two nests 

were excluded from analysis when the adults were observed to remain off 
the nest for an extended period, following a climb to the nest. 

Once the eggs hatched in a nest, that nest was randomly designated as 
an experimental (supplementally fed) or control nest (unfed) by a coin 
flip and matched with a nest that had similar location and hatching date. 
In 1995, experimental and control nests were also matched according to 
clutch size, except in two cases for which no matching clutch sizes were 
available in the study population. Average straight-line distances between 
experimental and control nests was 3.2 km in 1994 and 7.9 km in 1995. 
All nests used in the study were located in dominant Sitka spruce or 
western hemlock, within 50 m of shore. To determine if the nesting his- 
tory of experimental and control nests differed, nesting success from the 
preceding 7 yr for experimental and control nests was compared. 

Feeding experiments were conducted by boat during two breeding sea- 
sons. Deposition of supplemental food began the day after hatching 
(mean hatching date was 30 May in 1994 and 6 June in 1995) and con- 
tinued until nestlings were approximately 7-wk old. One adult pink salm- 
on (Oncorhynchus gorbuscha) was placed in the intertidal area near the 
nest every other day. Frozen carcasses were thawed and cut open, and the 
exposed flesh was dyed with red food coloring. Red dye was applied to 
enhance the appearance of freshness and possibly increase the likelihood 
that pairs would feed the supplemental food to nestlings (see Gerrard 
and Bortolotti 1988:88). Experimental pairs often accepted dyed carcasses 
before gulls or corvids pecked at the flesh. During feeding experiments, 
the same boat and clothing were used, to acclimate nesting pairs and 
facilitate recognition of supplemental food. Once carcasses were offered, 
pairs were monitored from a distance to determine if they accepted the 
food and delivered it to the nest. Control nests were subjected to similar 
disturbance by briefly walking along the intertidal area in front of the 
nest, as if food were to be deposited. 

The quality of supplemental food is important in feeding experiments 
(Ewald and Rohwer 1982) but was not assessed in this study. However, 
pink salmon was an appropriate supplemental food for feeding experi- 
ments, because they are natural prey for breeding eagles in southeastern 
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Alaska (Cain 1985, Ofelt 1975). One adult pink salmon (• • I kg) is 
equivalent to approximately twice the daily amount of energy needed for 
an adult Bald Eagle in winter (Stalmaster and Gessaman 1984). Our ob- 
servations suggest that a large pink salmon (ca. 1.5 kg) is about the upper 
size limit that an eagle can carry, thereby maximizing the amount of 
energy returned to the nest per feeding trip. 

The total mass of supplemental fish carried to each nest was recorded 
to estimate the proportion of nestling energy budgets provided by sup- 
plemental food. Nestlings were estimated to need 1250 Kj/d until 3-wk 
old (modified from Dykstra 1995, because original estimates of nestling 
energy requirements were made for nestlings 36-70-d old), and 2500 Kj/d 
for the remaining 4 wk of feeding (Dykstra 1995). Carcasses were esti- 
mated to be 90% edible. This is slightly higher than previously estimated 
for chum salmon (Stalmaster and Gessaman 1982), because most car- 
casses were deheaded before being provided to eagles, which rid the car- 
cass of much of the inedible portion. Furthermore, pink salmon flesh was 
estimated to have 7.1 Kj/g wet mass, similar to energy content of lake 
trout (Dykstra 1995). This is probably conservative, because many car- 
casses contained some roe, which probably enhanced energy content. 
Once adults took the pink salmon to the nest, it was difficult to determine 
if adults were eating any of the flesh or if all of the fish was fed to nest- 
lings. However, in calculating energy to nestlings, we assumed nestlings 
had sole access. 

All nest trees were climbed late in the nesting season to measure, weigh, 
and band nestlings. Nestlings were lowered to the ground and measured 
using calipers and a 10-kg Pesola scale. Crop fullness was estimated to 
account for variation in nestling weight. In 1994, nest climbs occurred 
when eaglets were 8-9-wk old. However, one nestling jumped from the 
nest and several others became unreachable by walking out of the nest 
to the end of a tree limb. Therefore, in 1995, climbs occurred 1-2 wk 
earlier. 

Nest failure during incubation and nestling phases was recorded, and 
average clutch size was calculated in 1995. Nestling mass was compared 
for matched nests only for broods of equal size. Because of sexual size 
dimorphism and differences in skeletal mass, it was impossible to control 
for all factors that may affect nestling mass, when matching experimental 
and control nests. On average, sex ratios were likely to be equal in ex- 
perimental and control nests, but gender determinations were not made, 
because distinctions based on linear measurements, which have been suc- 
cessful in other studies (Bortolotti 1984a), were not sufficiently clear. 

Controlling for hatching dates, clutch size (1995 only), geographic lo- 
cation, and history of nesting success, experimental and control nests 
were tested for differences in success (% of nests succeeding), number 
of young fledged, and nestling mass, using Wilcoxon matched pairs 
signed-ranks tests. 
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RESULTS 

Most nest failures occurred during incubation. Of 29 active nests mon- 
itored in 1994, 9 were abandoned before hatching and 2 failed post-hatch, 
after nests were blown down during a wihdstrom. Thus, pre-hatch failures 
constituted 82% (9 of 11) of observed nest failures after eggs were laid 
(100% if "chance" failures such as windthrow are excluded). Of 31 active 
nests monitored in 1995, 10 of 11 failures (91%) occurred during incu- 
bation (three additional nests that failed during incubation were exclud- 
ed; two failures may have been due to monitoring activities and the other 
to disturbance from a boat dock built near a nest after the nesting pair 
laid eggs). Similar percentages of failure during incubation in both years 
suggest that nest climbs during incubation, which occurred in 1995 only, 
did not affect nesting success (see also Anthony et al. 1994). Although 
climbs to the nest during incubation averaged 21 min, incubating adults 
usually did not flush until climbers were just under the nest and returned 
to incubate soon after eggs were counted. Thus, adults were off the nests 
for periods much shorter than the duration of climbs. 

All nests in which adults were observed in incubation posture contained 
eggs, as evidenced by the presence of eggs or eggshell fragments. Average 
clutch size (measured only in 1995) was 1.94 (n = 31), with 13% (4) 
containing one egg, 6% (2) containing three eggs, and 81% (25) con- 
taining a clutch size of two. In nests that failed during incubation, all eggs 
that were not depredated contained developing embryos. 

All nests that succeeded in hatching young were incorporated into sup- 
piemental feeding experiments (18 experimental and control nests in 
1994 and 1995). There was no difference in clutch size (in 1995) or 
historical nesting success (average number of young fledged/active nest 
for 7 yr prior to the experiment) between experimental and control nests 
(Table 1), showing that the probability of nesting successfully and fledg- 
ing similar numbers of young was equivalent for experimental and control 
nests. Hatching dates of experimental and control nests were similar in 
1994, but experimental nests were significantly later than controls in 1995 
(Table 1), because of the limited availability of neighboring nests with 
matching clutch sizes. 

A total of 240.8 kg of supplemental pink salmon was carried to exper- 
imental nests (107.7 kg in 1994, 133.1 kg in 1995), averaging 13.4 kg per 
nest per year. This accounted for approximately 51% of the total energy 
needed by broods (until 7 wk of age) in 1994 and 55% in 1995. Despite 
the supplemental food provided to experimental nests, the percent of 
nests that were successful was nearly identical to controls. In 1994, 100% 
(9 of 9) of both experimental and control nests succeeded in fledging at 
least one young. In 1995, 100% (9 of 9) of experimental nests and 89% 
(8 of 9) of control nests succeeded in fledging at least one young. In 
addition, the number of young fledged per nest and nestling mass was 
similar in experimental and control nests (Table 1). 

We could not detect a difference in the percent of eggs that eventually 
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fledged in experimental vs. control nests (median for experimental and 
control nests = 100%; Wilcoxon matched pairs signed-ranks test, Z = 
- 1.29, P = -0.20). However, the number of fledged young was less than 
the number of eggs laid in 1995. Three control nests with a clutch size 
of two eggs fledged only one young each and one experimental nest with 
a clutch size of three fledged two young, but the stage at which failure 
occurred was not known; one experimental nest with a clutch of two 
fledged one chick because the other egg was inviable. 

DISCUSSION 

Similar percentages of nests that were successful, number of fledged 
young, and nestling mass in experimental and control nests suggest that 
eagles nesting along the coast of southeastern Alaska are generally not 
food-limited during the nestling phase. Several studies have found a di- 
versity of prey species for breeding eagles in southeastern Alaska (Imler 
and Kalmbach 1955, Ofelt 1975), and nest climbs early in the nestling 
period (first few weeks in June) in this study revealed that fish cached in 
the nest and partially eaten were both diverse and abundant. With a wide 
variety of prey available, eagles should be buffered from a local depletion 
of any one prey item (Htgstedt 1991). In addition, beginning in early 
July, pink salmon returned in large near-shore schools and were accessible 
to coastal breeding eagles for three weeks, before the salmon gradually 
entered natal streams to spawn. During nest climbs in July, remains of 
pink salmon were often the only species in the nest, as reported by Cain 
(1985). Thus, food may not be limiting during the nestling phase. 

The percentage of nests succeeding was nearly identical for experimen- 
tal and control nests in the 2-yr study, although small sample sizes limited 
the ability to detect statistical differences. Only one known case of post- 
hatch nest failure was recorded. A control nest failed in 1995 approxi- 
mately 6 d after hatching, when both adults were observed perched sev- 
eral meters from the nest for over an hour. The nest was climbed 2 d 

later but no nestlings were present. Several lines of evidence suggest that 
young had hatched but were abandoned shortly thereafter. First, adults 
were seen in a brooding posture typical for nests containing newly 
hatched young (Bortolotti et al. 1985) for 6 d, after which they perched 
nearby. Second, whereas all other nests that failed during incubation in 
this study contained partial or whole eggs, buried eggs and eggshell frag- 
ments were absent in this nest. Finally, Northwestern Crows ( Corvus caur- 
inus) were seen on the nest rim on several occasions after adults had 
apparently abandoned it, suggesting that newly hatched young were dep- 
redated or scavenged before nest contents could be checked. 

Nestling mass was also unaffected by supplemental food. There are 
several possible explanations for this result. (1) Small sample sizes prob- 
ably increased the chance that factors independent of supplemental feed- 
ing, such as unequal sex ratios in matched nests, produced unreliable 
results. (2) There is much day-to-day variation in nestling mass (P. 
Schempf, Office of Raptor Management, U.S. Fish and Wildlife Service, 
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pers. comm.), and control nestlings may simply have been weighed on 
days when no food was available. However, almost all nests (both exper- 
imental and controls) contained partially eaten fish remains when in- 
spected, suggesting that food was available if n•estlings were hungry. (3) 
It is possible that supplemental feeding in this experiment actually led to 
a temporary mass advantage for experimental nestlings that was later 
eliminated when natural, abundant runs of pink salmon began. For Amer- 
ican Kestrels (Falco sparverius), short periods of food reduction produced 
no long-term effects on nestling mass, if food availability was returned to 
adequate levels (Negro et al. 1994). (4) The observed results may indeed 
indicate the absence of an effect of supplemental food on nestling mass. 
Supplemental feeding during the nestling stage also did not significantly 
affect nestling size in Northern Goshawks (Accipiter gentilis) (Ward and 
Kennedy 1996). 

There are several other lines of evidence that support the idea that 
food was not generally limiting during the nestling phase. Only one 
known instance of possible brood reduction occurred in either study year. 
Brood reduction should be present in raptor populations that are food 
limited (Bortolotti 1984b, Steidl and Griffin 1991). In 1994, a control 
nest, in which two eggs had hatched, contained one live nestling and one 
emaciated dead nestling. Sibling competition may have contributed to 
the death of this nestling, because most such mortality occurs early in 
nestling life, when the size disparity between siblings is the greatest (Bor- 
tolotti 1986a, b). However, the dead nestling appeared (from feather de- 
velopment) to be 3-wk old, which is slightly older than the period of 
maximum brood reduction (age 1-2 wk; Bortolotti 1986a, b), so cause of 
death can not be ascribed with certainty. 

In addition, most nest failures occurred during incubation (95% over 
two years; failures attributed to windthrow excluded). Similar results (92% 
of failures during incubation) were found in the Gulkana River basin, 
Alaska (Steidl and Anthony 1995). Because of the high failure rate during 
incubation and a low level of brood reduction during the nestling phase, 
Steidl and Anthony (1995) suggested that food availability during incu- 
bation, rather than post-hatch, may be the most important variable de- 
termining nesting success. 

However, we cannot exclude the possibility that food deprivation might 
have accounted for the loss of single chicks from successful nests. Clutch 
size was greater than the number of young fledged in five successful nests 
in 1995 (three control nests, two experimental). Aside from one inviable 
egg found in a successful experimental nest, no eggs or eggshell frag- 
ments were found in the nest bowl of any of the other nests, suggesting 
that nestlings had died and were removed or eaten. In the three control 
nests only one young fledged from a clutch of two eggs, although all 
experimental nests with two viable eggs fledged both young. If the deaths 
occurred after hatching, this might constitute evidence of food limitation 
in these particular nests, even though there was no statistical difference 
in the average number of young fledged between experimental and con- 
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trol nests. In an experimental nest, two young fledged from a clutch of 
three eggs. Rarely will all three young survive to fledge from three-egg 
clutches, as the disparity between oldest and youngest nestling is often 
too great to overcome by the youngest nestling when vying for limited 
food resources (Gerrard and Bortolotti 1988:85-86, Wiebe and Bortolotti 
1995). Despite food supplementation, conditions may not have been good 
enough for the third nestling to survive. For nesting pairs in the Chilkat 
Valley, Alaska, supplemental food in May and June significantly increased 
the number of offspring surviving to fledge (Hansen 1987). Nesting suc- 
cess (fledged young/active nest) is much poorer in the Chilkat Valley than 
along coastal shores in southeastern Alaska (Hodges 1981), suggesting 
that food may be more limiting for river-nesting pairs and thus increasing 
the probability of significantly altering nesting success with supplemental 
food. 

Likewise, certain fitness-related variables that were not measured in this 
study may have been altered by supplemental food. Linear measurements 
may be a better predictor of nestling quality than nestling mass (Richner 
1992), because longer flight feathers may aid soaring for juveniles that 
migrate long distances in their first year (Gerrard et al. 1974, 1978; Hodg- 
es et al. 1987; but see Bortolotti 1994). In addition, food supplementation 
may reduce the cost of reproduction of the parents (Wiebe and Bortolotti 
1994), rather than affecting the nestlings, if supplemental food increased 
survival or enhanced lifetime reproductive success for the breeding pair 
(e.g., Garcia et al. 1993, Johnston 1993, Verhulst 1994). Parental protec- 
tion was better for goshawk nestlings with supplemental food (Ward and 
Kennedy 1996) but predation has never been observed for Bald Eagle 
nestlings in southeastern Alaska. More detailed studies are needed to test 
if these variables are affected by increased food. 

There was little evidence of food limitation during the nestling period 
for coastal nesting eagles. Food limitation is also unlikely during egg pro- 
duction. Egg formation is not thought to be energetically costly for os- 
preys (Pandion haliaetus) (Poole 1985), and the same may be true for 
eagles. Bald Eagle eggs are approximately 3% of the female's body mass 
(Stalmaster 1987:56), one of the smallest egg/adult mass ratios of any 
bird (Lack 1968:186, Newton 1977). In addition, eagles are not con- 
strained to the nesting territory before eggs are laid, although duration 
spent away from the territory is minimized to insure retention of the 
nesting territory (Kralovec 1993). Thus, the distribution of food near the 
nest is less critical before laying, due to decreased restraints on move- 
ments. 

The importance of food near the nest may increase significantly, how- 
ever, during incubation. Both adults share incubation responsibilities 
(Cain 1985), thereby constraining at least one adult to the nest at all 
times. Most food must be acquired near the nest, because adults switch 
incubating duties frequently (Cain 1985). If food is not easily acquired, 
eagles may abandon the nesting attempt with little invested. Early aban- 
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donment would be advantageous for long-lived birds, such as eagles, in 
order to reduce the costs to future reproduction (Stearns 1992). 
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