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EXTENDED ABSTRACT.—The availability of
ptarmigan is considered a key factor for successful breeding of Gyrfalcons (e.g., Cade et
al. 1998, Hagen 1952, Koskimies 1999,
Potapov and Sale 2005). In many parts of
Europe, Lagopus spp. often represent over
90% of the Gyrfalcon’s diet during the breeding season (Koskimies and Sulkava 2002,
Nielsen 2003, Nystrom et al. 2005). Willow
Ptarmigan (Lagopus lagopus) is the most
important prey for the Finnish Gyrfalcon population (Koskimies 2005) while Rock Ptarmigan (Lagopus muta) is the main prey in
Iceland (Nielsen 2003), and an important part
of the diet in the high alpine areas in Sweden
and Norway (Nystrom et al. 2005). This
study, focusing on the spatial and temporal
relations between ptarmigan density and Gyrfalcon breeding performance, analyzed data
from 55 Gyrfalcon territories and ten ptarmigan census areas in Central Sweden at
63°–64°N between 1996 and 2010.

of Jämtland, Sweden. It is covered by about
75% alpine heath and shrub land and 25%
mountainous conifer boreal forest with mixed
pine (Pinus sylvestris) and spruce (Picea
abies). We counted the number of adult and
young Willow Ptarmigan in early August,
before the hunting season, to estimate ptarmigan densities by distance sampling (Buckland
et al. 2001). The counts were performed using
pointing dogs along transect lines. Dog handlers were carefully recruited and received
training and evaluation on an annual basis.
Transect lines covered areas below 1100 m
above sea level. Lines were placed 400 m
apart, and total transect lengths varied
between 78 and 151 km. The number of
chicks per adult, including unsuccessful birds,
recorded during the counts was used to measure per capita breeding success. The areas
counted were part of a nationwide monitoring
program (see Hörnell-Willebrand 2005 for
further details).

This study was conducted in the mountain
region administrated by the Provincial Board

The Gyrfalcon monitoring was done each year
in April by 10–15 volunteers and rangers from
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The average reproductive rate of Gyrfalcons
during the period 1996–2010 was 2.74 chicks
per successful breeding, while it was 1.33 per
occupied territory. In the study area, 14% of
Gyrfalcon territories produced 50% of the
chicks. The number of occupied territories
during any one year varied between 16 and
31, while the number of successful breeding
attempts varied between five and 17. The
average territory size was estimated at 150
km². Reproductive rates of Gyrfalcons from
1996–2010 in the Province of Jämtland followed a three-year cycle and there was a high
positive correlation between the number of
breeding pairs and the number of Gyrfalcon
chicks produced three years earlier (R² =
0.32, P < 0.02) (Figure 1).

the Provincial Administrative Board of Jämtland using skis or snowmobiles to cover all
known nest sites in the mountain range of
Jämtland and Härjedalen. Each site was
watched for a minimum of two hours to determine the presence or absence of Gyrfalcons. A
second monitoring round was done by foot or
helicopter in June to establish breeding results.
The monitoring area in the Province of Jämtland (Jämtland and Härjedalen counties) covers ca. 8,000 km². The number of Gyrfalcon
territories was in the range of 31–55 during
the period 1996–2010. The minimum estimate is the maximum number of occupied
territories in one and the same year. The maximum estimate is the sum of all different
occupied territories, based on all years during
that period.

Analysis of Gyrfalcon territories in or close
to Willow Ptarmigan monitoring areas
showed a weak positive relationship between
total Willow Ptarmigan density and successful Gyrfalcon breeding (F = 3.14, P = 0.078).
The best predictor of Gyrfalcon reproductive
success was the production of Willow Ptarmigan chicks in year t–1, (R² = 0.63, P < 0.02)
(Figure 2), and a weaker correlation was
shown with the density of adult Willow
Ptarmigan in year t–1 (R² = 0.48, P < 0.07).
No significant correlations were found
between Rock Ptarmigan densities and Gyrfalcon breeding parameters.

Willow Ptarmigan densities and breeding success in the 10 monitoring areas were analyzed
together with 16 Gyrfalcon territories within
11 km of such areas. An analysis of 23 territories closer than 21 km from census lines
gave similar results and are not shown here.
We assumed that total density or breeding
success for Willow Ptarmigan estimated in
autumn was a good indicator of food availability for Gyrfalcons the next spring. We
evaluated the relationship between the Gyrfalcon breeding performance and territory
occupancy and the total Willow Ptarmigan
density, adult density and breeding success in
the Willow Ptarmigan monitoring areas in
year t, t–1 and t–2 to account for the effect of
food availability, by a generalized linear
model (GLM). Overdispersion was detected
in the model, so the error structure was corrected using a quasi-GLM. The minimal adequate model of a multiple regression was
obtained by following a backward step-wise
approach. Variables with a significance value
of P > 0.05 were excluded. We used R (R
Development Core Team 2010) for all statistical analyses.

In a previous study in two northern provinces
(Norrbotten and Västerbotten) in Sweden,
there was no correlation between the Gyrfalcon population and the Willow Ptarmigan
population at the province level with any
time-lag. But on the local level, adult Willow
Ptarmigan density close to Gyrfalcon territories explained both the proportion of occupied territories and the number of young
Gyrfalcons produced the same year (HörnellWillebrand 2008). This means that the Gyrfalcon population in northern Sweden tracked
prey densities without a time-lag, contrary to
what previous studies in Iceland have shown,
where a two- to three-year time-lag has been
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demonstrated (Nielsen 1999). Interestingly,
the results from our study in the Province of
Jämtland showed a strong correlation
between Willow Ptarmigan numbers and Gyrfalcon breeding parameters, with a time-lag
of one year. High numbers of juvenile Willow
Ptarmigan in autumn seemed to result in a
good population of juvenile Willow Ptarmigan over the winter, benefiting the breeding
condition of Gyrfalcons the next spring, in
accordance with the low natural mortality of
Willow Ptarmigan during winter (Sandercock
et al. 2011). Data from yearly ptarmigan
counts on state land in Northern Sweden indicate cycles of 10–12 years in that region (M.
Willebrand, unpublished data), while our data
from Jämtland show cycles of 2–4 years.
These geographical differences in the length
of ptarmigan cycles could be a key factor
regarding the Gyrfalcon’s response to ptarmigan abundance and the time-lag involved.
One other reason could be connected to the
recent irregularity in vole cycles and the
impact of other predators on ptarmigan numbers. Competition from Golden Eagles
(Aquila chrysaetos) and from ground predators such as foxes and mustelids on ptarmigan
in low vole years may play a role, as ptarmigan and vole peaks are not always synchronized (Hagen 1952). In Iceland, where voles
are absent and Rock Ptarmigan (the only
ptarmigan on Iceland) undergo ten-year
cycles, a delayed numerical response between
ptarmigan densities and the number of breeding Gyrfalcons is shown (Nielsen 1999).

Figure 1. The correlation between mean brood

size of Gyrfalcons in Jämtland in year t-3 (on X
axis), and the % of occupied territories in year t
on the Y axis (normalized values).

Figure 2. The broken line is the proportion of

successful breeding attempts per visited territory
of Gyrfalcon in year t. The solid line is
reproductive rate of Willow Ptarmigan in year t–1
(number of chicks per pair in second week of
August). Normalized values.

territories at high altitudes, one would expect
a positive correlation. The ptarmigan census
lines were primarily designed to target Willow
Ptarmigan, although a significant number of
observations of Rock Ptarmigan were made
during censuses. We have, however, insufficient information on their densities at high
altitudes where a correlation between Gyrfalcons and Rock Ptarmigan could be expected.

The correlation between the Gyrfalcon productivity in Jämtland and the proportion of
occupied territories in year t+3 may reflect
the average age at which the young birds normally enter the breeding population, as they
are known to start breeding at 2–4 years of
age (Booms et al. 2008).
The lack of correlations between Gyrfalcon
and Rock Ptarmigan could be biased by the
fact that few of the census lines covered
extensive Rock Ptarmigan habitat. In alpine

Although the vole cycles of Fennoscandia have
shown less regularity and with lower peaks in
recent decades than historically (Hörnfeldt et
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both. Perhaps it applies to males as well, as
the species is considered monogamous (Cade
et al. 1998). The importance of high quality
females was also found in European Sparrowhawks (Accipiter nisus), where 15% of
the breeding females produced 50% of the
chicks (Newton 1986). Received 10 September 2011, accepted 19 September 2011.

al. 2005), the fluctuations of Gyrfalcons seems
to have kept their regular cyclicity.
The finding that 14% of the Gyrfalcons produced 50% of the offspring in this population
as a whole during the study period highlights
the importance of high quality territories, or
high quality females, or a combination of
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