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Survival and breeding success of the
Osprey Pandion haliaetus in Sweden
MATS O. G. ERIKSSON and KJELL WALLIN

Summary

During 1942-1983, the average survival rate of Ospreys in Sweden (as derived from
ringing data) was 53% during the first year, and for older birds it varied between 72%
and 86% (below the level recorded in North America). The annual survival rate decreased
significantly among young birds (ist~3rd years of life) but not among older age classes.
A weak relationship between annual survival and rainfall in wintering areas in West
Africa may exist for some year-classes.

Breeding success was 2.1 young per successful breeding attempt over the period 1961-
1987, which is lower than during 1938-1946. The long-term annual growth rate of the
population declined from 7% around 1940 to 5% around 1990.

A local decline in breeding success occurred during the 1960s and 1970s in areas heavily
affected by acid precipitation in south-west Sweden, but this trend halted during the
1980s as liming programmes restored the fish stocks in acidified lakes. There was a
significant relationship between lake productivity, measured as concentrations of total
phosphorus, and breeding success: at 16 lakes breeding success ranged between 1.6 and
2.3 young per nest per year, and at the most oligotrophic lakes breeding success was
close to the minimum required to balance mortality.

The Swedish population of the Osprey is not in acute danger, but the decline in the
potential for population growth should be noted.

Introduction

Scandinavia is a key area for the Osprey Pandion haliaetus population in Europe
and North Africa. Out of a total of 5,000-5,500 pairs (Gensbol 1984), 3,000 pairs
breed in Sweden and another 900-1,000 pairs in Finland (Saurola 1976, Widen
1990).

At the beginning of the twentieth century, the Osprey was a rare breeder in
Sweden. After total protection in the 1920s, the population increased during
the following decades, but since the 1950s it has remained fairly stable (Osterlof
1973). Counts of the visible autumn migration of raptors at Falsterbo, south-west
Sweden, indicate a stable or slightly increasing trend between 1942 and 1988
(concluded from Roos 1978, 1985, 1990).

In Sweden, the Osprey is not endangered or vulnerable but is classified as
"care-demanding" in the national Red List; i.e. in order to avoid a future threat,
specific requirements must be considered in conservation and land use. At least
four factors are latently problematic: pollutants, acidification of fresh waters,
disturbance from outdoor recreation, and modern forestry.
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Pollutants, primarily organochlorines and mercury, were recognized as a
major threat during the 1960s, but an improvement followed restriction on and
prohibition of the use of the most harmful substances from the late 1960s
onwards. At the beginning of the 1970s, eggshells were on average 15% thinner
than during the 1940s, but around 1980 this thinning was reduced to 7% (Odsjo
and Sondell 1982, 1986). At Lake Vanern, the organochlorine content of eggs
decreased significantly during the 1970s (Ahlgren and Eriksson 1984).

Acidification of fresh waters has been identified as a potential threat, and
reduced production of young in south-west Sweden during the 1970s was
related to the decline of fish populations in acidified lakes (Eriksson et al.
1983).

Disturbance from outdoor recreation, such as fishing, canoeing, sailing and bath-
ing, is problematic to evaluate. There are reports of local declines in breeding
success, but also that Ospreys have acclimatized to recreation activities in
intensively used areas (see Poole 1981, Hallberg et al. 1983, Odsjo and Sondell
1986). Pairs exposed to heavy disturbance are reported to have shifted from
nest-sites on the shore-line to new sites located further from the shore (Odsjo
and Sondell 1986).

Modern forestry may contribute to a shortage of nest trees. Normally trees are
cut before they are old enough to develop a canopy suitable for nest-building
(Persson 1983).

Ospreys start breeding when three years old at the earliest (Poole 1989 and
references therein), and are long-lived (maximum longevity 24-25 years: Spitzer
1980, Staav 1989). Thus a decline in reproduction or survival may continue for
a long time before the number of adults is affected. In the present paper, we
use ringing data to investigate trends in annual survival and production of
young, and to assess the potential for annual growth. In addition to a country-
wide perspective, we relate differences in reproduction to productivity and acid-
ity in lakes.

The majority of Scandinavian Ospreys winter in West Africa and juvenile
birds normally spend their first summer in the tropics (Osterlof 1977). In order
to investigate if weather conditions in the winter quarters affected the annual
survival, we related the fluctuations in survival rates to rainfall indices for two
regions in West Africa.

Material and methods

Survival

We used recovery records at the Swedish Ringing Centre in order to estimate
the annual survival rate over the period 1940-1980 among birds ringed as nest-
lings. We used a five-age-class model developed from the three-age-class model
by North and Morgan (1979), but excluded the EURING categories <ioo, 304,
368 and >499 due to difficulties in determining the age of death of recovered
birds. The model works under the assumption that each cohort had the same
recovery rate for all age classes. This assumption was presumably not fulfilled,
as the recovery rate may be lower among young, non-breeding birds remaining
in the wintering areas than among birds in the breeding areas. This might have
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resulted in an overestimate of the survival rate, especially during the first to
third years after hatching.

For calculations of correlations between weather conditions in the winter
quarters and annual survival, we used rainfall indices (Marchant et al. 1990),
for the wet seasons (May-October), 1962-1988, in two regions in West Africa.
Region t is delimited by the latitudes io°N and i7°N, the Atlantic coast and the
longitude 5°E, and includes the south-western part of the Sahel zone. Region 2
is located immediately south of Region 1 and is delimited by the latitude io°N,
longitude 5°E and the Atlantic coast (Figure 3.3 in Marchant et al. 1990). Both
regions are used as winter quarters by Ospreys with a breeding origin in north-
western Europe (Osterlof 1977, Staav 1993). We related the estimates of annual
survival rates to the rainfall indices during the year of recovery, but also to the
mean indices for the year of recovery and the two previous years, because the
situation in one particular season, e.g. for foraging, may also be affected by wet
or dry conditions during previous years.

Breeding success and annual growth

We measured breeding success as the mean number of "large nestlings" per
successful nest; this is the number of nestlings remaining in the nest when
they are advanced enough to be ringed (at least four weeks old), defining a
"successful" nest as one that fledges young (Poole 1989). We investigated tem-
poral and geographical trends over a 27-year period, 1961-1987, using data
obtained from the Swedish Ringing Centre.

The material is defective as we have no information on the total number of
"active" and "occupied" nests checked by ringers (in the former case, eggs are
laid, while in the latter pairs are present regardless of whether eggs are laid:
Poole 1989). Thus the number of large nestlings cannot be related to the total
number of breeding attempts, including the unsuccessful ones. Furthermore,
during the earlier part of the investigation period ringers did not consistently
report the number of nestlings not ringed in a nest. This might have resulted
in false positive trends in breeding success over time.

For 16 lakes (Figure 1) we related breeding success to lake productivity, as
indicated by mean concentrations of total phosphorus in surface water (0-1.5 m

depth) during the vegetation period (May-October). Generally, a positive rela-
tionship exists between productivity and fish biomass, with a dominance of
cyprinid fish in the most productive (Swedish) lakes (Persson et al. 1991).

In order to investigate the temporal trends in breeding success in relation to
acidification of lakes and the ensuing decline of fish stocks, we compared one
area with heavily acidified oligotrophic lakes in south-west Sweden (Area Ac,
Figure 2) with one area of oligotrophic lakes less seriously affected (Area Ol,
Figure 2). An area where Eriksson et al. (1983) reported a significant decline in
breeding success during the 1970s was delimited as a zone of Area Ac (Area
Aci, Figure 2).

Liming of acidified lakes has turned out to be a successful method of restoring
fish stocks, at least on a short-term basis (e.g. Bengtsson et al. 1980, Nyberg
1984, Nyberg et al. 1986, Eriksson and Tengelin 1987), as well as of reducing
the levels of mercury in fish (e.g. Bjorklund et al. 1984, Hakansson et al. 1990),
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Figure 1. Lakes and lake areas for which breeding success and lake productivity were
analysed: Asn, Lake Asnen; AT, Lake Asunden/Torpasjon; Ba, Lake Baven; Bo, Lake
Bolmen; Fe, Lake Fegen; Fl, Lake Flaren; He, Lake Helgasjon; Hj, Lake Hjalmaren; Ma,
Lake Malaren; Mo, Lake Mockeln; No, Lake Nommen; Ru, Lake Rusken; SLe, Lake Stora
Le; Som, Lake Sommen; Sot, Lake Sottern; Va, Lake Vanern.

and during the 1980s extensive liming programmes were initiated in Sweden
(Brodin 1989). In order to investigate any indication of effects of liming on the
production of large nestlings, we compared trends during the periods 1961-
1971 (early phase of lake acidification), 1972-1979 (acidification widespread) and
1980-1987 (extensive liming of acidified lakes).
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Figure 2. Areas delineated for comparisons of effects of acidification: Ac, dominance of
oligotrophic lakes affected by acid precipitation; Aci, zone where a decline in reproduc-
tion was recorded during the 1970s (Eriksson et al. 1983); Ol, dominance of oligotrophic
lakes less heavily affected by acidification.

Annual growth rate was estimated from Leslie matrices. For birds during the
first, second and third years after hatching, the transient elements of these
matrices were estimated from linear regressions between annual survival and
time, as significant declines in annual survival over time occurred in these age
classes (Figure 3). For older birds we used the mean time-specific survival rate.
As we lack information of the age at first breeding in the Swedish population,
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Figure 3. Temporal trends in yearly survival rates among five age classes.

https://doi.org/10.1017/S0959270900002835 Published online by Cambridge University Press

https://doi.org/10.1017/S0959270900002835


Osprey in Sweden 269

we used data from a population on the Atlantic coast of the U.S.A. and assumed
that 50% of the birds nested for the first time when three years old, 30% when
four years old and 20% when five years old (Spitzer 1980, referenced by Poole
1989). On the basis of the results in the present paper, we assumed the average
reproduction to be 1.05 fledged young per female per successful breeding
attempt, with no temporal trend and assuming that 75% of all breeding attempts
were successful (based on data by Eriksson et al. 1983). For each year, a Leslie
matrix was constructed and the dominant eigenvalue was used as an estimate
of the growth rate of the population (e.g. Cullen 1985).

Results and discussion

Survival

The number of ringed birds and recoveries in each cohort and age class is given
in Table 1. During the period 1942-1983 the average first-year survival was
53(±SEi.7)%, 86(±SEi.3)% during the second year, 72(±SE2.3)% during the
third year, 73(±SEi.9)% during the fourth year, and 76(±SEi.5)% for birds
older than four years. For adult birds, the survival rate might have been over-
estimated as recoveries of birds older than four years were to be expected after
the end of the observation period in 1983. Despite this source of error, our
estimate of the adult annual survival was below that reported by Poole (1989)
for Osprey populations in North America. For young birds, between their first
and third years, the annual survival rate declined significantly between the early
1940s and early 1980s (Figure 3).

Annual survival in relation to weather conditions in the winter quarters

For Region 1, there were no indications of any relationship between rainfall in
West Africa and annual survival, but for Region 2 the pattern was less easy to
interpret (Table 2). For birds during their first and second year after hatching,
the annual survival might have been weakly related to the average rainfall
during the present and two previous seasons, and there was a significant cor-
relation between high rainfall and the annual survival of birds during their third
year after hatching. Thus, if there are any relationships at all between the rainfall
in the winter areas and annual survival, they are weak and exist only for young
birds during their first to third years after hatching. The findings of a decline
in the annual survival of young, and of weak relationships between survival
rates and rainfall indices, are perhaps not mere coincidence, however. With
exceptions for single wet years, there has been a general decline in the annual
rainfall in West Africa since the 1950s (Marchant et al. 1990).

Breeding success and annual growth

Odsjo and Sondell (1976) concluded from analyses of ringing data that the
average brood size of Ospreys in southern and central Sweden declined signi-
ficantly from an average of 2.20 large nestlings per successful nest during 1938-
1946 to 2.05 during 1971-1973. We found no general trend in breeding success
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Table 1. Number of ringed nestlings, and number of recoveries included in the survival analyses

Year

1942

1943
1944

1945
1946

1947
1948
1949
1950
1951
1952

1953
1954
1955
1956

1957
1958

1959
i960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971

1972
1973

1974
1975
1976
1977
1978

1979
1980
1981
1982
1983

Number of

ringed nestlings

92

116

146

125

154
187
179
181

256
200

233
201

245
200
254
248
244

197
206

292

294
294
311

251

*75
158
244
221

229

388
370

336
267
236

347
309
464
447
542
392
344
480

1st year

7
6
3
7
9
16

15

13
21

M
21

15

13

15
21

16

9
26

3°
23

*9
27
26

10

1-7

15

*7
12

25

25

13
18

14
20

23

23

M
15

9
9
7

Number of recoveries

2nd year

0

0

1

1

1

3
1

2

2

5
2

3
2

4
0

3
4
1

1

5
1

2

4
6
1

1

1

2

3
1

4
1

1

9
14
2

4
1

3
2

1

-

3rd year

1

1

2

2

3
1

6
7
7
4
4
5
7
3
3
4
2

4
5
4
8
3
6
0

2

2

7
1

3
3
2

3
8

11

10

2

2

5
3
4
2

-

4th year

3
1

3
1

2

6
0

1

6
6
4
3
5
3
1

4
5
3
1

4
3
3
0

0

1

1

7
2

4
4
4
0

2

3
5
3
3
2

0

—

—

-

After 4th

year

5
5
2

6
10

7
4
6
6
9
7

12

4
10

6
11

12

13

7
12

7
9
6

11

9
6
10

13

3
7
13

15

7
8
13

5
8
8
—
—
—
-

in freshwater systems during the period 1961-1987, taking Sweden as a whole
(Table 3), and our average of 2.1 large nestlings per successful breeding per
year (Table 3) is close to what Odsjd and Sondell (1976) reported for 1971-1973.
The brood size among coastal breeders along the Baltic Sea was similar to that
among pairs breeding in freshwater systems (Table 3).
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Table 2. Spearman rank correlation coefficients, rs corrected for ties, for relationships between
rainfall indices for the period May-October in West Africa during 1962-1983 and annual survival
of Ospreys ringed as nestlings in Sweden

Age class,
after
hatching

1st year
2nd year
3rd year
4th year
Adults

Correlation between rainfall index for
the year

Region
1 rs

-0.04
0.17

—0.02
0.20
0.20

of recovery

Region
2 rs

0.13
0.24
0.52**
0.18

—0.06

and survival

Recovery years
included in the

analyses

1962-83
1962-83
1962-84"
i962-82b

1962-83

Correlation between
rainfall for 1the year of

two previous ones
Region

1 rs

0.01
0.11

—0.01
0.08
0.14

Region
2 r8

0.33*
0.28
0.27

-0.02
0.13

mean indices of
recovery and the
, and survival

Recovery years
included in the

analyses

1964-83
1964-83
1964-84"
1964-82"
1964-83

" 1967 excluded (no data on annual survival).
b 1967, 1968 and 1976 excluded (no datas on annual survival).
* 0.05 < P < 0.10, ** P < 0.01.

The long-term growth rate of the population declined from 7% in the early
1940s to 5% around 1990. Presumably, this result may be ascribed to decreased
annual survival among birds younger than four years, and as indicated above
a relationship to a drier climate in the wintering areas may exist. The assess-
ments of annual growth may be somewhat overestimated, however, as we
assumed all birds older than five years to breed every year, and because the
annual survival of young birds may have been overestimated (see above).

Breeding success in relation to lake productivity

We found a positive and significant correlation between lake productivity,
expressed as the concentration of total phosphorus, and the average production
of young (Figure 4). This relationship probably reflects a higher availability of
food in productive lakes. Breeding success of Ospreys has repeatedly been
found to be linked to food availability (e.g. Poole 1982, 1989, Kushlan and Bass
1983, Eriksson 1986), and the frequency of sibling aggression increases when
food is scarce (Poole 1982, McLean and Byrd 1991). The abundance of fish such
as percids and cyprinids, which are frequently delivered to Osprey nestlings
(e.g. Hakkinen 1978, Nordbakke 1980, 1983, Eriksson 1986), is higher in pro-
ductive lakes (although the detailed pattern is complicated: e.g. Persson et al.
1991).

Presumably, oligotrophic lakes in Sweden are poor Osprey habitats. Among
the lakes included in the productivity analysis, the average number of large nest-
lings per nest and year ranged between 1.6 and 2.3 (Figure 4). With reference to
North America, P. Spitzer (in litt. 1991) concluded that production of young above
2.0 implies good foraging conditions, while values below 1.7 indicate problems
with the food supply. Assuming that j$% of all breeding attempts are successful
(from data presented by Eriksson et al. 1983), the range of 1.6-2.3 nestlings per
successful nest and year corresponds to a range of 1.2-1.7 large nestlings per active
nest. Thus, the most oligotrophic lakes were close to the level of 1.22-1.30 young
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Table 3. Mean number of "large nestlings" per successful breeding attempt per year at freshwater
sites in the whole of Sweden and coastal sites along the Baltic Sea

Year

1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972

1973
*974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

N (years)
Trend*
Mean ± SE

Freshwater

Mean ± SE

2.1 ± 0.05

2.2 ± 0.06

2.2 ± 0.08

2.1 ± 0.07

2.1 ± 0.07

2.0 ± 0.09

2.1 ± 0.09

2.2 ± 0.10

2.0 ± 0.08

2.0 + 0.08

2.1 ± 0.05

2.1 ± 0.06

2.2 ± 0.07

2.1 ± 0.07

2.1 ± 0.08

2.2 ± 0.06

2.0 ± 0.06

2.0 ± 0.05

2.0 ± 0.07

2.1 ± 0.05

2.0 ± 0.05

2.1 ± 0.06

2.0 ± 0.05

2.0 ± 0.06

2.2 ± 0.07

2.3 ± 0.06

2.0 ± 0.07

27
-0.18

2.1 ± 0.02

sites

n

197
124

116

127

109

80

73
78
97

102

152

*39
137
106

102

138
146
209

213

247
189

*53
226

156
117

*57
126

Coastal sites along the

Mean ± SE

2.3 ± 0.16

2.6 ± 0.24

1.9 ± 0.31

2.4 ± 0.32

1.7 ± 0.29

2.3 ± 0.33

1.3 ± 0.11
1.8 ± 0.30

2.1 ± 0.13

1.6 ± 0.18

1.8 ± 0.32

2.5 ± 0.22

2.3 ± 0.26

2.6 ± 0.16

2.0 ± 0.28

2.2 ± 0.23

2.1 ± 0.28

2.5 ± 0.19

2.3 ± 0.32

2.4 ± 0.19

2.2 ± 0.15

2.5 ± 0.26

1.5 ± 0.26

2.3 ± 0.19

1.7 ± 0.12

2.0 ± 0.19

1.8 ± 0.26

27
—0.10

2.1 ± 0.07

Baltic Sea

n

8
5

10

8
7
3
3
6
7
8
8
6

12

10

12

13
10

12

8
15
9

11

8
17
16
11

4

" Spearman rs, corrected for ties; no significant relationships,
n = number of nests.

per active nest that Henny and Ogden (1970) estimated to be the minimum to
balance the mortality of Osprey populations in the United States.

Breeding success in relation to the exposure of acidifying pollutants

In order to investigate any effects from the decline of fish stocks in acidified lakes,
we compared Areas Ac (many acidified likes) and Ol (oligotrophic lakes less heav-
ily acidified: Figure 2). For Area Ac there was an insignificant negative temporal
trend in breeding success, while no trend at all was observed in Area Ol (Table 4).
In Area Aci, where Eriksson et al. (1983) related a significant decline in breeding
success between 1973 and 1980 to acidification of lakes and decreased abundance
of fish, our data indicate a decrease in breeding success during 1961-1971 (early
phase of acidification) as well as during 1972-1979 when acidification became
more widespread (Table 4). A levelling-off of the decline in breeding success in
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Figure 4. Relationship between breeding success and nutritional status of surface water
(0-1.5 m depth, mean concentrations of total phosphorus per sample per year during
May-October; number of years with samples in parentheses). Data on phosphorus con-
centrations are from Henrikson et al. (1980, 1987), Olsson (1987), Brodin (1988) and
the provincial governments in Sodermanland, Ostergotland, Kronoberg, Jonkoping and
Alvsborg. Lake names are abbreviated as in Figure 1.

Areas Ac and Aci during the 1980s (Table 4) was coincident with the initiation of
liming of lakes.

The mean number of large nestlings per nest per year was on the same level in
Areas Ol, Ac and Aci during the periods 1961-1971 and 1972-1979. During 1980-
1987, it was not significantly different between areas Ol and Ac, but "almost signi-
ficantly" lower in Area Aci than in Area Ol (Table 4, Mann-Whitney U test, P =
0.052, one-tailed). This result lends support to the conclusion of a decreased
breeding success in Area Aci.

The decline in breeding success is presumably an effect of reduced availability
of prey fish due to acidification, and lowered lake productivity can probably be
excluded as an alternative explanation. From recent findings, the existence of any
relationship between lowered phosphorus concentrations and acidification pro-
cesses in fresh waters have to be questioned (e.g. Olsson and Pettersson 1993).

Conclusions

We found no general temporal trend in reproductive success between 1961 and
1987, but we cannot exclude a general decrease in breeding success in southern
and central Sweden since the 1930s and 1940s or a decline in those areas of south-
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Table 4. Mean number of "large nestlings" per successful breeding attempt per year in areas with
and without acidified lakes (Ac, Aci and Ol, delimited as in Figure 2).

Year

1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

N (years)
Trend"
Mean + SE

1961-1971
N (years)
Trend"
Mean ± SE

1972-1979
N (years)
Trend"
Mean ± SE

1980-1987
N (years)
Trend"
Mean ± SE

Ac

Mean ± SE

2.1 ± 0.22
2.4 ± 0.25
2.0 ± 0.00
1.5 ± 0.50
2.0 ± 1.00
2.0 ± 0.41
2.3 ± 0.33
1.8 ± 0.26
2.5 ± 0.29
1.8 ± 0.26
1.7 ± 0.15
1.9 ± 0.27
2.3 ± 0.37
2.2 ± 0.20
1.9 ± 0.36
2.1 ± 0.23
2.0 ± 0.19
1.9 ± 0.15
1.9 ± 0.21
1.9 ± 0.16
1.9 ± 0.13
1.7 ± 0.22
2.2 ± 0.14
2.0 ± 0.17
1.8 ± 0.15
2.2 ± 0.13
1.8 ± 0.18

27
—0.20

2.0 ± 0.05

11

-0.30
2.0 ± 0.09

8
-0.38

2.0 ± 0.06

8
0.09

1.9 ± 0.07

n

8
8

3
2

2

4
3
4
4
4

19

7
7
5
8
8

19

1 9

15

2 6

33
15

3 0
2 6

1 8

2 7

13

A c i

Mean ± SE

2.3 ± 0.25
2.3 ± 0.39
2.0 ± 0.00

—

—

-

—

1.7 ± 0.33
2 . 0

1.7 ± 0.33
1.7 ± 0.22
2.5 ± 0.50
2.4 ± 0.40
2.0 ± 0.00
1.7 ± 0.68
2.3 ± 0.25
2.0 ± 0.25
1.9 ± 0.18
1.9 ± 0.22
1.8 ± 0.26
1.9 ± 0.18
1.5 ± 0.22
2.1 ± 0.26
1.8 ± 0.24
1.6 ± 0.18
2.1 ± 0.21
1.8 ± 0.17

23
—0.30

2.0 ± 0.06

7
-0.85**

2.0 ± 0.10

8
-0.67*

2.1 ± 0.10

8
0.05

1.8 ± 0.08

n

4
4
2

—

—

-

—

3
1

3
6
2

5
3
3
4

12

M
12

1 1

2 0

1 0

1 2

14

8
11

6

Ol

Mean ± SE

1.5 ± 0.19
2.0 ± 0.21
2.3 ± 0.32
2.5 ± 0.29

—

1.8 ± 0.50
2.0 ± 0.37
2.2 ± 0.29
2.3 ± 0.18
2.0 ± 0.14
1.7 ± 0.09
2.2 ± 0.09
2.1 ± 0.13
2.0 ± 0.27
2.1 ± 0.25
2.2 ± 0.12
2.0 ± 0.13
2.2 ± 0.10
2.0 ± 0.10
2.0 ± 0.09
2.1 ± 0.11
2.1 ± 0.12
1.8 ± 0.09
1.8 ± 0.11
2.4 ± 0.17
2.0 ± 0.12
2.0 ± 0.27

26

-0.04
2.1 ± 0.04

10

-0.01
2.0 ± 0.10

8
-0.25

2.1 ± 0.03

8
—0.10

2.0 ± 0.07

n

8

5
3
4

—

4
6

10

18

31
42

56
39
8
7

32
26

48
47
74
38
29

64
32

17

36
11

* Spearman rs/ corrected for ties.
* 0.025 < P < 0.05, **P < 0.025.
n = number of nests.

https://doi.org/10.1017/S0959270900002835 Published online by Cambridge University Press

https://doi.org/10.1017/S0959270900002835


Osprey in Sweden 275

west Sweden which were most heavily affected by acidification during the 1960s
and 1970s.

The annual survival among adult Swedish Ospreys is lower than that reported
from North America. Among young birds, less than three years old, the annual
survival decreased between the early 1940s and 1980s, and the existence of a weak
effect on survival rates due to weather conditions in the winter areas cannot be
excluded. The long-term annual growth rate of the population has decreased from
7% to 5% over a 50-year period between 1940 and 1990, but it is still above the level
which compensates for mortality.

For Scandinavia, optimism (e.g. Odsjo and Sondell 1986, Poole 1989) over the
future of the Osprey might be premature. In a short-term perspective the popula-
tion is not in danger, but the decline in potential population growth must be con-
sidered. In Scandinavia, acidification of fresh waters must still be regarded as a
potential threat. The recommendation by Eriksson el al. (1983) to give high priority
to liming of lakes important for foraging Ospreys still holds, although it is only a
short-term solution. In the long run, it is the emission of acidifying pollutants that
must be reduced.
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