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CHANGES IN THE ^PRODUCTIVE 
SUCCESS OF GOLDEN EAGLES IN 
DENALI NATIONAL PARK, ALASKA, 
1988-1994 

The golden eagle (Aquila chrysaetos) is a large, 
long-lived raptor and is probably the most 
numerous eagle of its size in the world (Brown 
and Amadon 1968). Many ecological studies 
have been conducted on golden eagles mainly in 
response to conflicts with livestock or resource 
development projects. Prior to this study, 
however, little was known about the nesting 
ecology of golden eagles at northern latitudes in 
North America. 

Denali National Park is well-known for large 
mammal populations; however, Denali also 
provides valuable nesting habitat for many 
species of birds, including predatory birds like 
the golden eagle. Adolf Murie studied the food 
habits of nesting golden eagles in conjunction 
with his studies of wolves and sheep in Denali 
(then known as Mount McKinley National Park). 
Murie estimated that there were at least 25 
breeding pairs of golden eagles in the eastern 
portion of the Park (Murie 1944). More than 40 
years after Muries' studies, extensive surveys in 
1987 resulted in locating a large breeding 
population of at least 60 pairs of golden eagles in 
the northeastern portion of Denali (Britten and 
Mclntyre 1988). 

In 1988 I started an intensive study of various 
aspects of golden eagle nesting ecology in 
Denali. One of the major objectives of my study 
was to determine the stability and reproductive 
success of the territorial population. To 
determine the stability of the population I 

measured the proportion of the nesting territories 
that were occupied on the study area each year. 
(A nesting territory was defined as occupied if a 
territorial pair was observed in the nesting 
territory.) To measure reproductive success I 
collected data on the proportion of territorial 
pairs that laid eggs, the proportion of territorial 
pairs that raised fledglings, and the total number 
of fledglings produced on the study area each 
year. 

Since 1988 I have monitored these four 
components of golden eagle nesting ecology at at 
least 85 nesting territories each year, resulting in 
one of the most extensive ecological studies of 
golden eagle reproduction in North America. 
Although I can not obtain demographic data 
(estimates of survival after fledging, adult 
turnover rates, etc.), I can use reproductive data 
to make inferences about the population status of 
Denali's golden eagles. 

Documenting annual nesting territory 
occupancy and reproductive success of golden 
eagles 

Each year I conduct two systematic aerial 
surveys to collect data on nesting territory 
occupancy and reproductive success. The first 
aerial survey is conducted in late April, soon 
after all clutches are completed, to document 
nesting territory occupancy and determine the 
proportion of the territorial population that have 
laid eggs. The second aerial survey is conducted 
in late July, just before most nestlings fledge, to 
determine nesting success and productivity. All 
the surveys are conducted by two experienced 
observers from a small helicopter. In addition to 
the surveys, I visit all occupied nests in late June 



and early July to determine which nesting 
attempts are still viable, to band nestlings with 
USFWS aluminum leg bands, to measure 
nestlings to determine their ages, and to collect 
data on food habits. 

Changes in golden eagle reproductive success 

Since 1988 the proportion of nesting territories 
that are occupied each year has remained 
relatively stable in the study area (range: 65% to 
84%) (Table 1). Of the 74 nesting territories 
monitored every year of the study, 43 (58%) 
were occupied in all seven years and six (8%) 
were vacant in all seven years. Because 
individual eagles were not marked I can not 
determine if the same birds were returning to 
these nesting territories each year. The lack of 
mortality data makes it difficult to assess 
turnover rates and the level of recruitment 
required for population stability, however, the 
data suggests that the territorial population 
(whether it is composed of many of the same 
birds or not) has remained relatively stable 
during the study period. 

Although territory occupancy rates have 
remained relatively stable, the proportion of 
territorial pairs nesting has decreased steadily 
each year from 88% in 1989 to 33% in 1994. 
Over the same time period the proportion of 
territorial pairs successfully nesting has also 
decreased steadily from 71% in 1989 to 15% in 
1994 and the number of fledglings produced per 
territorial pair has decreased from 1.22 to 0.17 
(Table 1). 

What causes such drastic changes in golden eagle 
reproductive success? In the absence of human 
factors, much of the variation in the reproductive 
success of raptors can be related to food supply 
(Newton 1979). Because there has been no 
concurrent studies on the population dynamics of 
the staple food supplies of golden eagles in 
Denali it is difficult to assess the influence of 
food supply on eagle reproductive success. 

However, decreases in the proportion of 
territorial pairs of golden eagles that laid eggs 
over the last five years coincided with observed 
decreases in the number of snowshoe hare and 
willow ptarmigan seen on the study area each 
year. This leads me to suspect that food supply 
is at least partly responsible for the decline in 
golden eagle reproductive success. 

Reproductive efforts are costly in terms of 
energy expended and risked incurred. If the cost 
of parental care is high relative to the likelihood 
of reproductive success, it is possible that 
suspending breeding for that year would be 
adaptive (Collopy 1980). This reproductive 
strategy would seem particularly adaptive among 
long-lived species that prey on species that 
exhibit predictable or disruptive fluctuations in 
abundance. If this is true, then during periods of 
low prey abundance many golden eagles in 
Denali may adopt the energetically conservative 
strategy of non-breeding. 

When golden eagles return to the breeding 
grounds in Denali in mid-March through mid-
April, the diversity of species available as food 
for eagles is relatively low. Although golden 
eagles prey heavily on arctic ground squirrels 
(Spermophilus parryii) from late April 
throughout the summer, squirrels are not an 
available food item prior to laying or during the 
early incubation cycle. Based on my 
observations I suggest that the abundance of the 
prey, particularly snowshoe hare (Lepus 
americanus) and willow ptarmigan (Lagopus 
lagopus), prior to laying plays a major role in 
determining how many eagles in Denali lay eggs 
each year. 

I think that food supply is also having a major 
influence on nesting success and production of 
fledglings. With a decreased number of 
snowshoe hare and willow ptarmigan on the 
study area, golden eag-es and other predators 
have to rely more heavily on other species such 
as arctic ground squirrel, hoary marmots and 
other smaller mammals as food sources. This 



suggests that there may be increases in 
competition among all predators for less prey. 
Correlations between raptor reproductive success 
and the abundance and availability of prey have 
been reported in other study areas. In parts of 
the western United States, the breeding success 
of golden eagles varied according to the numbers 
of black-tailed jackrabbits (Lepus californicus) 
(Murphy 1974). In Scotland, good reproductive 
years for golden eagles often coincided with 
periods when red grouse (Lagopus lagopus 
scoticus) or hare (Lepus timidus) numbers were 
high. In western Alaska, Swartz et al. (1974) 
and Peterson et al. (1991) noted a similar 
relationship between golden eagle nesting success 
and ptarmigan. 

So far I have not detected any relationship 
between weather and golden eagle reproductive 
success. Newton (1979) suggests that weather 
may influence reproductive success by affecting 
the availability or abundance of food. Weather 
may influence golden eagle reproductive success 
directly through increased energy demands and 
decreased hunting success, and indirectly by 
influencing the availability of prey. Perhaps 
periods of bad late winter or spring weather may 
be able to tip the energy balance towards a lower 
reproductive season. 

Conclusions 

number of golden eagles seen in autumn 
migration each year. Because most golden 
eagles are resident at more southerly locations, 
many of these autumn migrants are probably 
from northern latitudes. The golden eagle study 
in Denali is the only long-term ecologically 
based study of migratory golden eagles in the 
northern latitudes of North America. Results 
from this study, therefore, have broad-scale 
implications for conservation of golden eagles 
not only in Alaska, but also throughout the 
western United States. 
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Table 1. Summary of golden eagle reproductive success, Denali National Park, Alaska, 1988-1994. 

Year 

1988 

1989 

1990 

1991 

1992 

1993 

1994" 

% territories 
occupied 

80% (61) 

72% (65) 

65% (66) 

68% (71) 

70% (78) 

76% (79) 

84% (54) 

% pairs 
nesting 

74% (45) 

88% (57) 

83% (55) 

70% (50) 

54% (42) 

43% (34) 

33% (18) 

% pairs 
with 
successful 
nesting 

59% (36) 

71% (46) 

61% (40) 

55% (39) 

24% (19) 

27% (21) 

15% ( 8) 

Number 
of 

fledglings 
produced 

52 

79 

61 

55 

24 

30 

9 

Fledglings/ 
occupied 
territory 

0.85 

1.22 

0.92 

0.77 

0.31 

0.38 

0.17 

Fledglings/ 
pairs 

nesting 

1.16 

1.39 

1.11 

1.10 

0.57 

0.88 

0.50 

Fledglings/ 
successful 
nesting 
attempt 

1.44 

1.72 

1.53 

1.41 

1.26 

1.43 

1.13 

" In 1994 the study area was decreased in size by 40%. 


