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ABSTRACT
An extensive feeding programme for Sea Eagles has been in operation in southern and
central Sweden during the cold season since 1971/72, in order (1) to provide uncontaminated
food, thereby trying to improve survival, and (2) to provide food throughout the cold
season, thereby trying to improve the survival of young birds. 100-140 tons of food were
distributed annually to over 100 feeding stations. Although the nest success of 10 studied
pairs increased significantly from 36 to 56 percent after feeding was started, the effects of the
programme on nest success appeared to be limited. However, the population at the Swedish
Baltic coast stabilized, in spite of a constantly low production of only 0.3 young per pair per
year. This was most probably due to improved juvenile survival. Field observations of
colour-ringed birds indicated a yearling survival of at least 50 percent, and the rate of ringed
birds found dead as yearlings decreased significantly after the feeding programme started.
The number of young Sea Eagles per feeding station increased for four seasons and then
stabilized; this would be expected if supplemental feeding improved the survival of
juveniles. Given a few assumptions, modelling the data suggested a survival of at least 80
percent of yearlings that utilized feeding stations. Counting eagles at feeding stations also
proved useful for monitoring winter distribution and numbers.

INTRODUCTION
T h e White-tailed Sea Eagle (Haliaeetus albicilla) has suffered greatly from the
effects of environmental pollutants and habitat destruction in most of its E u r o pean range in recent decades. In Sweden, a project was started in 1971 by the
Swedish Society for the Conservation of N a t u r e in order to save this species in our
country. 'Project Sea Eagle' includes research as well as m a n a g e m e n t efforts.

BACKGROUND
Sweden has two geographically separated Sea Eagle populations: one o n the coast
of the Baltic Sea (50-60 pairs) and the other in parts of Lapland (about 30 pairs).
Annua! surveys have shown that the production averages a b o u t 0.3 fledged young
per pair per year at the Baltic, and about 0.5 in Lapland. Analyses of pollutants in
eggs have shown that the Baltic population is highly contaminated. Significant
negative correlations exist between egg residue levels of some pollutants and the
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reproductive success within this population. In Lapland, pollutant levels in eggs
are significantly lower (Helander et al. 1982). Breeding failures resulting from
human disturbance at the nests occur in both areas; disturbance from snowscooters, and even deliberate destruction, appear to be significant problems at
several Lapland nests.
The production observed is probably too low to maintain population stability.
Sprunt et al. (1973) estimated that Bald Eagle (Haliaeetus leucocephalus ) populations required a productivity of 0.7 young per pair per year to maintain stability.
A slow decrease in the number of pairs at the Baltic was observed from the
mid-1960s (Helander 1975). Sea Eagles are normally long-lived birds once they
reach maturity; a decline in the breeding population resulting mainly from
depressed reproduction will therefore be slow.
A halt in the observed population decline could be achieved either by transfer
of birds or fertile eggs, or by increasing the natural reproduction, or by increasing
the survival rate. The possibility for transfer of eggs, nestlings or full-grown birds
in large enough numbers was considered unlikely. Instead, an extensive winter
feeding programme was organized, in order to (1) provide uncontaminated food
for the birds, thus lowering their body burdens of pollutants and thereby trying to
improve reproduction, and (2) provide food throughout the cold season in the
hope of improving the survival rate, especially of yearlings, which normally suffer
the greatest mortality.
METHODS

An outline of the feeding programme was presented elsewhere (Helander 1978,
1981). During subsequent seasons, about 100 feeding stations were in operation
in southern and central Sweden and 100-140 tons of food were distributed, largely
on a voluntary basis and by private initiatives. Between 1500 and 2000 food
deliveries occurred each season. Many of the feeding stations were regularly
inspected from a distance to check the numbers of eagles.

Table 1: Nest success of White-tailed Sea Eagle pairs (numbers 1-12) before and after
feeding was introduced in their territories; nest success data from 1964-79. Legends: +
successful; - unsuccessful; ? no data; 0 only one adult bird.
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Figure 1: Upper part: Numbers of young White-tailed Sea Eagles (lst-4th year) per
feeding station in Sweden during 1971/72-1980/81. A = southern and central Sweden; B =
Baltic breeding range; C = A + B. Figures denote the numbers of feeding stations where
counts were made. Lower part: Data on productivity (average number of fledged young per
pair per year); Sw.B. = Swedish Baltic population (from Helander 1976,1977-80), Fi.B. =
Finnish Baltic population, except the archipelago of Àland (from Stjernberg 1977, Joutsamo
1978, WWFFinland 1977, 1979. 1980).

RESULTS A N D

DISCUSSION

The effects of the feeding programme on the population have so far been as
follows.
The nest success of 12 pairs {Table 1), studied for several years before and after
feeding was started, was recorded by Helander (1981). The average nest success
of these pairs increased from 29 percent to 44 percent; the difference was not
statistically significant (p > 0.05, test of homogeneity, Dixon & Massey 1969).
Two of these pairs (11, 12) were unsuccessful every year, possibly through
sterility. The nest success for the remaining 10 pairs increased from 36 percent to
56 percent; this difference was statistically significant (p < 0.05). The productivity
of the population as a whole, however, has not improved (see Figure 1) in spite of
the large-scale feeding programme. Furthermore, residue levels of DDT, PCB
and mercury in unhatched eggs collected from seven pairs did not decline after
supplemental feeding was introduced in their territories (since these eggs were all
unhatched, however, they may have constituted a biased sample). The
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heterogeneity of the material made general interpretation difficult, but it seemed
that the potential to decrease the body burdens of pollutants by supplemental
feeding was limited in this species.
The minimum numbers of young Sea Eagles (1st—4th year of life) seen per
feeding station during each winter from 1971/72 are given in Figure 1. The counts
are from approximately the same stations each year. Data on productivity
(number of fledged young per pair per year) of the Swedish and Finnish
populations at the Baltic are included. The number of young Sea Eagles per
station has doubled over the years, in spite of an approximately constant
production. This increase may have resulted from an increase in the survival of
yearlings. Precise data on the proportions of yearlings and older immatures were
lacking from most stations; at one station, however, only 2 out of 14 young
individuals were yearlings. With an improvement in yearling survival one would
expect an increase in the number of immatures over a four-year period and then a
stabilization, since the Sea Eagle is in adult plumage in its 5th winter (Glutz von
Blotzheim et al. 1971; Forsman 1981). These data agree well with that prediction
{Figure 1).
Based on counts at the feeding stations, it is not possible to be precise about how
much survival has actually increased, since these figures are influenced by more
than one factor. To estimate which survival rate would fit the observed increase
best, a simple model was made, with the following assumptions:
(1) Production of fledglings was approximately constant over the years.
(2) 'Learning' occurs in the sense that young eagles that find feeding stations
return there the following season(s) if they survive.
(3) 'Normal' survival rates were assumed to be 20 percent in the 1st year and 95
percent per year thereafter (see Holmquist et al. 1981).
(4) Supplemental feeding was assumed to influence survival during the 1st winter
only.
With these assumptions, any increase in the number of immatures per feeding
station depends on (A) the proportion of 'not-previously-fed' birds that locate
feeding stations, and (B) the subsequent survival of those yearlings that do so. The
calculated increase in the number of young birds per station for three values each
of (A) and (B) suggests that learning alone (B = 20) can explain only a very small
increase, and that a variation in (A) has a comparably small influence on the
magnitude of the increase {Table 2). The model fits the observed increase best at
values of (B) close to 80 percent, and thus suggests a very high survival of yearlings
that utilize stations. These figures are very much above those generally accepted

Table 2: Hypothetical increase in the number of young (lst-4th year) White-tailed Sea
Eagles per feeding station, at different values of two parameters: (A) = the proportion of
not-previously fed birds that locate feeding stations, and (B) = the survival rate of those
yearlings that do so. Calculations were made according to the assumptions given in the text.
(Initial value set to one bird per station.)
A:

100%

75%

50%

B:

20%

50%

80%

20%

50%

80%

20%

50%

80%

Year: I
II
III
IV
V

1.0
1.0
1.0
1.0
1.0

1.0
1.19
1.37
1.54
1.54

1.0
1.38
1.75
2.09
2.09

1.0
1.09
1.11
1.11
1.11

1.0
1.28
1.48
1.65
1.65

1.0
1.47
1.85
2.20
2.20

1.0
1.18
1.24
1.26
1.26

1.0
1.37
1.61
1.80
1.80

1.0
1.56
1.98
2.35
2.35
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as natural survival rates for large eagles during their first year of life; e.g., data
given by Sherrod et al. (1977) indicate a survival of only about ten percent collectively during the first four years in a Bald Eagle population in Alaska. I still think
that the figures suggested here are realistic for birds that use feeding stations.
There are several reasons for high survival in such birds: there is almost no persecution in the feeding areas; eagles that use the stations often stay within the area
for long periods (sometimes throughout the winter), which probably makes them
less vulnerable to accidents etc. ; they have constant access to food throughout the
cold season. The latter point is probably the most important, since food may often
be the main problem during the first winter. Autopsy of dead juveniles from the
1950s and 1960s before feeding began often revealed that the birds were very thin
but otherwise unharmed, thus indicating starvation as the cause of death.
Field observations and ringing recoveries also strongly suggest an improvement
in survival. Of ten birds colour-ringed as nestlings in 1976, at least four were still
alive in 1980 (they were observed at different feeding places at the same time).
This gives a survival of at least 40 per cent over the first four years, and suggests a
minimum survival of about 50 percent in the 1st year in this cohort. The true figure
is probably higher; because it is not likely that all birds that were alive from this
cohort would be observed at the same time.
The recovery rate of ringed birds found dead during their 1st year of life
decreased significantly after the feeding programme was started: nine recoveries
from 89 nestlings ringed during the period 1939-70 (10%), compared with three
recoveries from 120 ringed during 1975-81 (2.5%). This difference was statistically significant ( \ 2 = 4.16, p < 0.05). At least seven of the early nine recoveries
were made during the cold season, while only one of the latter three were (this bird
was found alive and in shock but physically unharmed under power-lines it was
examined and released at a feeding station, and survived). The Sea Eagle has been
legally protected during this entire period, so the figures should be comparable in
this respect (cf. Saurola 1980 and this volume). The better education of the public
and the strong increase in camping, birdwatching and other outdoor activities in
recent years should have rather led to an increase in the rate of reporting. In
Sweden, dead eagles belong to the government, and since 1975 there is an
obligation to report finds of such birds to the police.
Another encouraging indication of improved survival was that the breeding
population at the Baltic stabilized during the 1970s and has shown a slight
tendency to increase since (a few re-occupations of old, 'empty' territories have
been confirmed in recent years). This proves that recruitment to the breeding
population was sufficient to maintain stability, in spite of low productivity—only
about one-third the production in healthy populations, as in Norway (Norderhaug
1975) and Greenland (Hansen 1979). Evidently survival increased enough to
compensate for the low production.
High survival is also evident among young Sea Eagles in Scotland. In an attempt
to re-introduce the species in this former breeding area, young birds have been
released annually on the Isle of Rhum since 1975 (Love et al. 1978). In early spring
1981, at least 28 of the 42 birds released during 1975-80 were still alive; of these,
8 appeared to be in adult plumage (Love 1982). Since only 12 yearlings from 1975
and 1976 were released, and these were the only year-classes that should be in
adult plumage in early 1981, this indicated a survival of 67 percent of these birds,
collectively, during the first five to six years. Supplemental feeding of the eagles
was regular in the release area.
In addition to its management merits, a geographically wide-spread feeding
programme has also proved useful for monitoring the distribution and numbers of
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eagles during the winter. A nationwide count at the feeding places during two days
in January 1980-82 was organized. In parallel to these counts, total surveys were
conducted by local groups of ornithologists in parts of southern Sweden. These
counts gave useful information on the local distribution of Sea Eagles and Golden
Eagles (Aquila chrysaetos) in central and southern Sweden, and on winter
population sizes. The numbers of Sea Eagles in these areas were too high to be
made up only by Swedish birds. The occurrence in Sweden of Sea Eagles from
other areas was confirmed by a few recoveries of ringed birds and by field
observations of colour-ringed birds, mainly at the feeding stations. The feeding
programme has thus had value for the management of migrating eagles from
several populations.
In conclusion, winter feeding has proved a very useful management tool to
increase juvenile survival of White-tailed Sea Eagles in Sweden; the effects on
nest success appear to have been limited. Counting the eagles at the feeding
stations proved a useful method to monitor winter distribution and numbers.
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