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Temporal and spatial correlation in chick production of willow
grouse Lagopus lagopus in Sweden and Norway
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We analysed the spatial and temporal dynamics of chick production of willow
grouse Lagopus lagopus in the Swedish and Norwegian mountain region using
harvest data covering 24-38 years and line-transect counts covering 6-10 years
from the period 1960-2003. Juvenile and adult grouse were counted in the bag
of harvested willow grouse in late August and throughout September at six sites
in Sweden and Norway. In addition, numbers of juvenile and adult willow grouse
were obtained from line-transect counts at 21 sites in Sweden just before the
hunting season started on 25 August. The juvenile:adult ratio from the harvest
data, estimated as number of juveniles per two adults, showed similar long-term
averages and distributions between all six sites. The results from the line-tran-
sect counts revealed an overall higher average and a greater range of produc-
tion between sites. We suggest that the difference between estimates based on
line-transect counts and harvest data are caused by hunter behaviour. Hunters
did not sample the juvenile and adult grouse in proportion to what was present
in the population, e.g., productivity estimates derived from harvest samples will
underestimate the proportion of juveniles in autumn in most years. We suggest
that it is the harvest process that acts to adjust the juvenile to old bird ratio in the
harvest data to a similar distribution in different sites. We found little evidence of
regular fluctuations/cycles in annual production of juveniles from either har-
vest data or line-transect data. We conclude that chick production in willow
grouse appears to fluctuate more irregularly than was previously believed based
on harvest data and can not be used as a potential forecasting tool in willow
grouse management as suggested earlier. Spatial correlation was weak and inves-
tigating only a limited number of sites to predict the proportion of juveniles in
autumn should not be considered as a management tool for large areas such as
the state-owned land in Sweden. Line-transect counts are costly, but do provide
amore accurate estimate of the proportion of juveniles in the fall population than
isrevealed by harvest data. A more detailed understanding of hunter behaviour
is obviously needed for better interpretation of harvest data.
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Willow grouse Lagopus lagopus populations in Sweden
and Norway show large annual fluctuations in breeding
success (Hagen 1952). Several earlier studies have found
3-4 year regular fluctuations in synchrony with micro-
tine rodents (Hagen 1952, Myrberget 1982, Marcstrom
& Hoglund 1980, Steen et al. 1988). Although not well
studied, it is often assumed that the variation in breed-
ing success is synchronous over large areas (Myrberget
1982, Lindstrom 1996 and references therein). One
hypothesis to explain changes between years in the spring
numbers of grouse is that spring numbers change in re-
sponse to variations in breeding success the previous
year (Bergerud 1970, Bergerud et al. 1985, Bergerud & But-
ler 1987). Before Bergerud (1970) a relationship between
spring numbers and prior breeding success was noted in
red grouse L. I. scoticus (Jenkins et al. 1963, 1967) and
rock ptarmigan L. mutus (Watson 1965). It has been sug-
gested that chick production varies in pattern so regular
that it could be a potential forecasting tool in willow
grouse management in Sweden and Norway (Steen 1989
and references therein).

We use the term cyclicity as a pattern of periodic fluc-
tuations in the size of the per capita chick production,
with approximately constant time period, but possibly
with variable amplitude (Turchin 2003). Many of the
long-term data sets that are used in the analysis of cycles
are based on harvest data from Scandinavia. In Sweden,
time series analysis of such harvest data of grouse and
mountain hare Lepus timidus have shown a 3-4 year peri-
odic pattern which is correlated with the microtine rodent
cycle (Hornfeldt 1978, Small et al. 1993, Lindstrom et al.
1994, but see Newey 2005). A similar pattern was found
for willow grouse and microtine rodents in the southern
mountain range (Marcstrom & Hoglund 1980, Steen et
al. 1988). Time series analysis is an efficient approach
to identify short-term cycles and cross-correlations be-
tween areas, with or without time lags, after removing pos-
sible long-term trends (Royama 1992, Turchin 2003).

Large-scale spatial synchrony in population fluctua-

348

tions have been investigated for many decades (Moran
1952, Pollard 1991, Hanski & Woiwod 1993, Ranta et
al. 1995a,b, Steen & Erikstad 1996, Heino et al. 1997,
Lindstrom 1996). In Scandinavia, besides harvest data,
only the Finnish grouse censuses have produced long-
term survey data to investigate periodicity and spatial
synchrony of tetraonids (Lindén 1988). The results show
that forest grouse populations tend to fluctuate in 6-7
year cycles with strong spatial correlation for up to 200
km (Lindstrom 1996, Ranta et al. 1997) except for wil-
low grouse populations in northern Finland that do not
follow this pattern (Lindén 1988) where spatial synchro-
ny usually decreases rapidly with distance between pop-
ulations (Ranta et al. 1995a).

Willow grouse are hunted with shotguns, principally
over pointing dogs, and two thirds of all hunting takes
place during the first 10 days of the hunting season in
both Sweden and Norway (Willebrand 1996, Kastdalen
1992). Smith (1997) showed that brood break-up occurred
during mid- to late September, and most of the willow
grouse hunting thereby took place before brood break-
up. Willow grouse harvest on state-owned land in Swe-
den is managed in subunits of 10-100 km?, and harvest
rates have been estimated to be in the range of 5-20%,
but rates of up to 50% of the autumn population have
been reported (Kastdalen 1992, Smith & Willebrand
1999).

In this paper, we analyse the spatial and temporal
dynamics of chick production of willow grouse in the
Swedish mountain region, and in parts of Norway, using
data on harvest and line-transect counts. We also com-
pare the different distributions of chick production
obtained in the two data sets. We investigate the extent
of regular periodicity and spatial synchrony in the pro-
portion of juveniles in the autumn population. The aim
of our investigation is to evaluate the hypothesis that
chick production shows regular cyclic fluctuations with
a high degree of spatial synchrony. If true, this would
make it possible to reduce the number of areas that need
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Figure 1. Location of study sites in Sweden (# 1-24) and in Norway (#
79, 89 and 99). Solid dots represent sites where harvest data on willow
grouse were collected, and squares represent line-transect sites.

to be counted in any one year, and information on breed-
ing success can still be included when planning harvest
management.

Methods

We obtained the number of juvenile and adult willow
grouse from autumn harvest data at the following six sites
in Sweden (S) and Norway (N): # 1) Lovhogen (S; 1962-
1996), # 13) Ammarnis (S; 1960-1996), # 15) Arjeplog
(S; 1974-1997), # 79) Hattfjelldal (N; 1967-2003), # 89)
Grane/Vefsn (N; 1967-2003) and # 99) Ostre Slidre (N;
1979-2003; Fig. 1). Grouse were aged on the basis of
colouration and pattern of moult (Bergerud et al. 1963)
by professional biologists. From the data we determined
the proportion of young to adult birds in the shot sam-
ples, expressed as juvenile:adult ratio = 2* (juveniles)/
> (adults). Wings were collected from the beginning of
the hunting season (25 August in Sweden and 10 Sep-
tember in Norway) to the end of September. Harvest
data and line-transect counts were collected in different
areas, except for site 14 (line transect) and 15 (harvest
data), where both harvest data and line-transect counts
have been estimated since 1977 at the same site.

© WILDLIFE BIOLOGY - 12:4 (2006)

Line-transect counts of willow grouse were started in
Sweden in 1994 in order to monitor population status
and change. Densities were estimated by distance sam-
pling (Buckland et al. 1993, Hornell-Willebrand 2005)
carried out on walked line transects with the aid of point-
ing dogs. The counts were performed by carefully re-
cruited dog handlers who were trained and evaluated
every year. The areas were chosen randomly and de-
signed to cover all habitat types in the areas, with lines
going from low to high elevations. Data were collected
from 10 sites in Norrbotten (during 1994-2003, i.e. 10
years), two sites in Visterbotten (during 1998-2003, i.
e. six years) and nine sites in Jamtland (during 1996-
2003, i.e. eight years; all in Sweden; see Fig. 1). The
number of lines and the total length traversed in the dif-
ferent sites ranged within 7-20 lines and 60-200 km,
respectively. The group size, age composition and the
perpendicular distance to the line was recorded for each
observation. Most line transects were conducted in the
first or second week of August, and there was no evi-
dence that survival rates of juveniles would be substan-
tially lower than those of adults during the 2-3 week
period between the line-transect counts and the start of
the hunting season. Data from radio-tagged willow
grouse showed no significant differences between juve-
nile and adult survival from the beginning of August
until the hunting season started. During this period, two
deaths in 31 adults and three deaths in 28 juveniles were
recorded (T. Willebrand & A. Smith, unpubl. data). Juve-
nile:adult ratios were calculated for each site and year
from the total number of juveniles and adults observed
during the line-transect counts, including unsuccessful
breeders.

The line-transect counts were done during the first two
weeks of August when juveniles are easily distinguish-
able from adults, and > 90% of all observations of wil-
low grouse were within 80 m of the transect line (M.
Hornell-Willebrand, unpubl. data). The numbers of juve-
niles and adults were estimated from the original data
prior to estimating densities using the program DISTANCE
(Thomas et al. 2003). Data were not used to calculate
the juvenile:adult ratio if an area provided < 10 encoun-
ters of willow grouse in a year, regardless if a single bird,
a flock or a brood was encountered. In total, 500-1,100
willow grouse encounters were registered each year. The
assumptions of the distance sampling methods were test-
ed on radio-tagged willow grouse in Norway by Pedersen
et al. (1999), who found that willow grouse, both broods
and single birds, directly on the census line were detect-
ed with certainty. The probability of detecting grouse
during the surveys declined with distance from the tran-
sect line, and large flocks were relatively easier to ob-
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serve with increasing distances from
the transect line than single birds. This
was only a problem in years with low
densities and few observations and
was also corrected for by excluding
years with < 10 encounters of willow
grouse and by discarding all observa-
tions beyond 100 m.

Time series analysis was used to
analyse the cyclic pattern of juvenile:
adult ratios in the harvest data. Auto-
regressive time series analysis (Box

o
L
1

& Jenkins 1976) is based on the fact 7L B

that, if a time series has a regular peri- i
odic component, then there will be i

JUVENILE:ADULT RATIO
S

P

a strong positive auto-correlation be-
tween observations separated by the
length of the period (the lag). The
dominant period of a cycle was iden-
tified by finding the lag at which the
auto-correlation function (ACF)
reached its first maximum. We used
the Bartlett band (+ 2/\/n) to estimate the significance of
the correlation. To test for spatial correlation of juve-
nile:adult ratios between sites, we used Pearson’s cor-
relation coefficient. Four pairs of line-transect sites were
adjacent to each other (# 2 and 3,4 and 5, 8 and 9, and 23
and 24) and they were pooled pairwise in the analysis to
avoid pseudoreplication. All statistical treatment was
run in R (R-Development-Core-Team 2004).

Results

The juvenile:adult ratios calculated from harvest data
on willow grouse (from sites 1, 13, 15, 79, 89 and 99)
resulted in almost identical means, but somewhat high-
er variance in the Swedish data (Xx= 2.82-2.93, SD =
1.43-1.79) than in the Norwegian data (X= 2.79-3.03,
SD =0.93-1.20). The average juvenile:adult ratios cal-
culated from line-transect data varied to a much larger
extent (X=1.92-6.62, SD = 0.56-2.47). Of the 21 line-
transect data sets, 16 produced substantially higher
means, whereas five sets gave equal or lower means than
the harvest data (Fig. 2).

The mean juvenile:adult ratio based on the line tran-
sect data was significantly higher than the mean of all
harvest data (t=3.67, df =22.13, P <0.002), with a dif-
ference of more than one juveniles per two adults (3.99
compared to 2.88). For the two sites from which we
obtained both harvest and line-transect data (# 14 and
15), the mean juvenile:adult ratio estimated from line
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Figure 2. Box plot of juvenile:adult ratios calculated from sites # 1-24 in Sweden and sites 79,
89 and 99 in Norway. Sites from which harvest data of willow grouse were obtained are shown
in grey. Data for all other sites were obtained through line-transect counts of willow grouse.

transects was almost twice the mean obtained from har-
vest data (5.12 vs 2.87), and the two series were poorly
correlated, r = 0.22 (t = 1.06, df =23, P > 0.25).

None of the time series of harvest data showed any
significant trend over time using linear regression. We
therefore chose not to detrend the data (Turchin 2003).
The distributions of juvenile:adult ratios from harvest
data were similar to each other (mean and SD), and did
not warrant standardisation. Only site # 1 showed strong
evidence of a regular fluctuation in juvenile:adult ratios
with a significantly positive lag in year 4. One site in Nor-
way (# 79) also showed evidence of regular fluctuations
with an almost significant 4-year period (ACF = 0.323,
2/Wn=0.329) and a significantly negative correlation in
year 2 (ACF=-0.413, 2~Wn= -0.329), whereas site # 89
(also in Norway) showed non-significant correlation in
year 4, but a significant negative correlation in year 2
(ACF =-0.473, 2Wn = -0.329). The two sites in north-
ern Sweden (# 23 and 24) and the remaining site in Nor-
way (# 99) showed no evidence of periodic fluctuations.

The juvenile:adult ratio was correlated without a time
lag at sites # 13 and 14 in Sweden (r =0.66, P < 0.001),
at sites # 89 and 79 in Norway and at site # 1 in Sweden
(r=0.77, 0.53, 0.46, respectively, P < 0.05). Sites # 1
and 13 in Sweden and site # 99 in Norway showed a sig-
nificant negative cross-correlation with a lag of two years
with each other, as did sites # 79 and 98 in Norway. No
other combination of sites in Sweden and Norway showed
significant cross-correlation. The juvenile per two adults
in the harvest data was apparently more in synchrony dur-
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other in the north of the mountain range
(#23 and 24;r=-0.013, P =0.98).

Discussion

It has earlier been known that the har-
vest data of willow grouse from Swe-
den and Norway produce almost iden-
tical long-term averages in juvenile:
adult ratios (Steen 1989). The harvest
data in our study had almost identical
distributions, with a long-term aver-
age of about 2.8 juveniles per two
adults. This would simplify the devel-
opment of simulation models for har-

YEAR

Figure 3. Juvenile:adult ratio from time series based on harvest data of willow grouse from
sites # 1, 13 and 15 in Sweden and sites # 79, 89 and 99 in Norway. After 1982, the time series

appear to grow increasingly out of phase.

ing the 1970s (Fig. 3). We divided the longest time-series
on harvest data (sites # 1, 13, 79 and 89) into two parts
of equal length and analysed each segment separately to
detect a change with time. The only major change was
that at site # 1 the 4-year periodic fluctuation period dis-
appeared in the first half, but remained in the second half
of the time series.

The data from line transects covered too short a peri-
od to be used for time series analysis. There were no obvi-
ous common years for a population peak or low in the
line-transect data as a whole, but at the county level there
was poor production (0.4-2.8) at all sites in the northern
county, i.e. Norrbotten, in 1998. In the southern coun-
ty, i.e. Jamtland, there was no such common low or peak
year. Instead there was an overall positive trend in juve-
nile:adult ratios using linear regression (> = 0.20, t =
3.64, P < 0.001) during the period 1996-2003 (all sites
pooled).

There was a positive spatial correlation of juvenile:
adult ratios between line-transect sites up to about 200
km apart although the correlation varied depending on
which pair of sites were compared. The correlation did
not increase for sites at distances shorter than 200 km,
and the three pairs of sites in the southern part of the
mountain range that were adjacent to each other (# 2 and
3,4 and 5, and 8 and 9) did not show high correlation
values (r =0.59, 0.20 and -0.03, respectively, P=0.13,
0.64 and 0.95), nor did the two sites adjacent to each

© WILDLIFE BIOLOGY - 12:4 (2006)

vest management (e.g. Willebrand &
Hornell 2001) but appears to be a doubt-
ful rigid biological feature of breed-
ing success originating from different
landscapes. The results from the line
transect show a different pattern, with
a wider distribution of values and obvi-
ous differences between sites. We suggest that the most
important explanation for differences between the bag
and line-transect data is similar behaviour of hunters in
different parts of Scandinavia. Thus it is the harvest pro-
cess in itself that acts to adjust the juvenile to old bird
ratio in the harvest data to a similar distribution in dif-
ferent sites. This was also true for Norwegian harvest
data compared to direct counts of willow grouse in the
same area (Pedersen et al. 1999). Taylor (1999) also
reported > 60% juveniles in the ground-based surveys
whereas the harvest bag comprised 50% juveniles in
Alaska. Smith & Willebrand (1999) found no difference
in cause or proportions of deaths between ages and sexes
of radio-tagged willow grouse during the period from
20 August until 30 November during a 4-year study in
Sweden. Their unpublished data for the period (about
30 days) between line-transect counts and harvest did
not show any differences between the survival rates of
adults and juveniles. The same pattern was observed by
Myrberget (1976) in Norway, who found that the pro-
portion of juveniles in harvest data remained the same
from early September over the autumn until winter. Thus,
there is no evidence that the differences between harvest
and line-transect data are caused by a higher mortality of
juveniles than of adults. In line-transect counts, the
whole brood with adults is usually counted, but during
hunting only part of the brood is killed. We expect the
individual probability of a chick to be killed at a hunter
encounter to decrease with brood size, but the risk that
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adults are killed is expected to be less dependent on
brood size. Our interviews with a number of hunting
guides indicate that commonly one of the adults is shot
when hunters encounter a brood. Furthermore, hunters
seem to concentrate in habitats that have previously been
known to have a high presence of broods, and they do
not search each area with the same effort as in the line-
transect counts (M. Hornell-Willebrand, pers. obs.), a
behaviour that would further equalise the distribution in
harvest data.

Lindstrom et al. (1995) used the term clock-work for
the population fluctuation of the Finnish woodland
grouse, and Steen et al. (1988) suggested that chick pro-
duction of willow grouse varied with such regularity that
it could be used to predict good and bad years in grouse
management. Our findings suggest that the regular peri-
odicity in chick production is the exception rather than
the rule in willow grouse, and there was little evidence
of the 3-4 year regular fluctuations which are often
assumed for chick production of tetraonids in Sweden
and Norway (Hornfeldt 1978, Myrberget 1972, Marc-
strom & Hoglund 1980). Only one of six sites based on
harvest data showed a significant positive correlation at
any time lag (four years). There was only weak support
of regular periodicity in the data from the three sites (#
79, 89 and 99) in Norway. The strong autocorrelation at
site # 1 also vanished if only the first half of the time series
was used in the analysis. This first half was characterised
by 2-3 years of high values followed by a single crash
year, whereas the second half of the series was charac-
terised by several low values which were followed by a
single peak. The data from the two northernmost sites
(# 23 and 24) in Sweden showed no evidence of regu-
lar fluctuations. Overall, the fluctuation patterns changed
over time in all the time series based on harvest data.
The data from the line transects also gave little support
for a regular fluctuation of juveniles in autumn even
though the series were shorter than those of the harvest
data.

The juvenile:adult ratios in line-transect counts showed
a spatial correlation between sites up to 200 km apart.
The correlation coefficients at these distances are simi-
lar to spatial correlations of Finnish grouse populations
(Lindstrom et al. 1996). We believe that the results from
the line transects can sometimes be affected by area spe-
cific conditions since they are relatively small, and sites
bordering each other did not particularly show a strong
synchronous chick production. The two northernmost
time series of harvest data in Sweden were correlated,
but the two northernmost sites (# 79 and 89) in Norway
were more correlated with site # 1 in the southern moun-
tain range of Sweden. Judging from Figure 3 there ap-
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peared to be a period of more regular synchronous fluctu-
ations, i.e. during approximately 1971-1982.

We believe that variation in annual production of wil-
low grouse is to a large extent affected by external fac-
tors. Most likely, weather plays an important role in
large-scale synchronisation (Lindstrom et al. 1996), but
other factors such as food quality and predation are also
known to be important. Of course none of these factors
are independent, and they may interact in different ways.
Weather seems to be the only likely candidate explana-
tion for the long-distance correlations in the harvest data,
but neither Hammarstrom (2001) nor Haakenstad (2003)
found any evidence that weather was affecting the juve-
nile ratio in the harvest data. Brittas (1988) showed a
positive relationship with spring weather, digestibility
of food, abundance of microtine rodents and the breed-
ing success of willow grouse at site # 1. The two years
with the lowest breeding success were years with poor
willow grouse nutrition and condition together with a
decline in small mammal populations. Haakenstad
(2003) emphasised the impact of predation for years with
low numbers of microtine rodents as chick production
was significantly lower in the years following the peak
of microtine rodents.

Extremely bad weather during the first week after hatch-
ing has been shown to increase chick mortality (Marc-
strtom 1960, Hoglund 1970, Marcstrom & Hoglund 1980,
Erikstad & Spidsg 1983). Slagsvold (1975) found a pos-
itive correlation between a high mean temperature in
the middle of June and the breeding success of willow
grouse. Myrberget et al. (1977) showed a similar rela-
tionship, with warm weather during the early chick peri-
od (the first week after hatching) having a positive effect
on survival and growth rate of chicks. However, many
studies have not found any correlation between chick sur-
vival and weather (Steen et al. 1988, Jenkins et al. 1963,
Watson 1965, Bergerud 1970, Weeden & Theberge
1972, Myrberget 1972, Myrberget 1974). It is difficult to
evaluate weather data without an understanding of the
potential mechanism between weather and breeding suc-
cess. Climate changes have strong impacts on wildlife
species at high elevations (Burton 1995, Jenik 1997,
Inouyte et al. 2000), and higher temperatures have the
potential to alter the amount of alpine and subalpine
habitat and to increase alpine fragmentation because of
rising subalpine tree lines (Roland et. al 2000, Martin
2001). Long-term monitoring programmes for alpine
and subalpine wildlife, like the Swedish willow grouse
census, will be important when even small increments
in warming are shown to significantly impact habitat
quantity and quality for breeding and migration in oth-
er Lagopus species (Martin 2001).

© WILDLIFE BIOLOGY - 12:4 (2006)



We lack information on the fluctuations of voles Cle-
thrionomys spp. and lemmings Lemmus lemmus in the
areas we investigated, but our results do not contradict
the hypothesis that predators are the main cause of annu-
al variation in chick production. Voles mostly show reg-
ular fluctuations in the boreal forest of northern Scandi-
navia, with a 3-4 year periodicity, whereas lemming pop-
ulations on the tundra have only a weak periodicity,
despite large amplitudes and an almost chaotic fluctua-
tion pattern (reviewed by Turchin 2003). In recent years,
the regular cycles of voles have also tended to collapse
(Hornfeldt 2004, Strann et al. 2002), and we suggest that
the absence of a 3-4 year periodicity in production of
willow grouse is probably caused by irregular fluctua-
tions of microtine rodents.

Management implications

In general, harvest data seem to underestimate the pro-
portion of juveniles within populations across years in
Norway and Sweden. But this is not necessarily true for
all years; we speculate that the extent of bias depends
on density of adults, proportion of successful pairs and
brood size. In years with low density and moderate to
high brood size, harvest data may well overestimate the
true proportion of juveniles in the population (Pedersen
et al. 1999; M. Hornell-Willebrand, pers. obs.). Due to
a general low encounter rate, hunters seem to kill a larg-
er proportion in each brood but rarely find adults with-
out broods as they are more separated from adults with
broods at low than at high densities. Hornell-Willebrand
(2005) showed that the catchability of willow grouse in-
creased as the population decreased.

However, harvest data on juvenile proportion can still
be used to detect general patterns of production of juve-
niles, but they should not be used to compare different
areas as these probably show larger differences than
revealed by harvest data. A better understanding of how
hunter behaviour is affected by different densities and
breeding success would improve the interpretation of
wing data. However, using direct counts in late summer
or harvest data restricted to the period after brood break-
up would also provide a less biased result.

The regular cyclic pattern of fluctuation in production
of juveniles either does not seem to be as common as pre-
viously believed, or it has possibly deteriorated in later
years. The fluctuations show a spatial correlation, but
the variation is large both among sites and between
years. Thus, only investigating a limited number of areas
to predict the proportion of juveniles in autumn for large
regions of the Scandinavian mountain range would intro-
duce a large uncertainty in any management planning.

© WILDLIFE BIOLOGY - 12:4 (2006)

Line-transect counts require extra resources but can,
mostly, be based on voluntary work. In addition to pro-
viding a more accurate estimate of the proportion of juve-
niles in the fall population, they also provide the informa-
tion on density and spatial distribution which is needed
to test predictions of the ecological effects of global cli-
mate change.
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