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ORIGINAL ARTICLES

Population dynamics of capercaillie Tetrao urogallus in relation to
bilberry Vaccinium myrtillus production in southern Norway

Vidar Selas

Sells, V. 2000: Population dynamics of capercaillie Tetrao urogallus in rela-
tion to bilberry Vaccinium myrtillus production in southern Norway. - Wildl.
Biol. 6: 1-11.

Forester T. Grasaas’ data on numbers of capercaillie Tetrao urogallus cocks
and hens observed at leks and clutch sizes in Veg&rshei, southern Norway,
during 1953-1962 (high population level) and 1969-1978 (low population
level) were analysed with regard to bilberry Vaccinium myrtillus production,
autumn population indices and snow conditions in spring. From the mast de-
pression hypothesis, it was predicted that the number of capercaillies counted
at leks and the mean clutch size should be high after high seed crops (masts)
of bilberry, usually produced at intervals of 3-5 years. In stepwise regression
models, both the bilberry index of the preceding year and the autumn popu-
lation index one (hens) or two (cocks) years earlier contributed to explain the
mean number of capercaillies counted at leks during 1970-1978. Capercail-
lie clutch sizes were highest in years with early thaw, but the effect was sig-
nificant only for the period 1969-1978. For this period, there also was a pos-
itive effect of the bilberry index and a negative effect of the autumn popula-
tion index of the previous year. It is concluded that the synchronous popula-
tion fluctuation of grouse and voles in Norway and Sweden cannot be ex-
plained by the alternative prey hypothesis alone, and that food quality should
also be considered as a possible contributing factor when analysing popula-
tion fluctuations of grouse and other herbivorous species.

Key words: bilberry masting, clutch size, mast depression hypothesis, plant
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In the boreal zone of Fennoscandia, capercaillie Te- 1977, Sprensen 1977, Homfeldt 1978, Hjeljord 1980,
trao urogallus, black grouse T. tetrix, willow grouse Hornfeldt, Lofgren & Carlson 1986, Ranta, Lindstrom
Lagopus lagopus and hazel grouse Bonasa bonasia & Linden 1995). The breeding success of these species
fluctuate synchronously (Moksnes 1972, Myrberget is usually higher when voles are abundant than when
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they are scarce (Myrberget 1970, 1974, Angelstam
1983, Angelstam, Lindstrom & Widen 1984, Wegge
& Storaas 1990), resulting in the well-known synchro-
nous 3-5 year population fluctuations of voles and
grouse in Norway and Sweden (Hagen 1952, Hom-
feldt 1978, Angelstam, Lindstrom & Widen 1985, Hom-
feldt et al. 1986).

Reduced predation pressure on eggs and chicks from
generalist predators mainly preying on voles has been
assumed to be the main reason for the increased breed-
ing success of grouse in peak vole years (Hagen
1952, Angelstam et al. 1984). This idea has later been
supported by both experimental and observational
studies (Lindstrom, Angelstam, Widen & Andren
1987, Marcstrom, Kenward & Engren 1988, Lind-
strom, Andren, Angelstam, Cederlund, Homfeldt, Ja-
derberg, Lemnell, Martinsson, Skold & Swenson 1994,
Smedhaug, Selas, Lund & Sonerud 1999). Outside Nor-
way and Sweden, however, the grouse cycle does not
always follow the vole cycle (Linden 1989, Hudson
1992, Ranta et al. 1995), and therefore the alternative
prey hypothesis cannot explain all grouse population
cycles. Other factors which have been suggested as
possible causes for grouse population cycles are par-
asites, food quality and intrinsic regulatory processes
(Watson & Moss 1979, Lindstrom 1994). Based on a
study of grouse hens’vulnerability to predation dur-
ing the vole cycle, Widen, Andren, Angelstam & Lind-
strom (1987) suggested that food quality may be at
least a contributing factor in the synchronised vole
and grouse fluctuations in Sweden and Norway.

A possible link between voles and grouse in Fen-
noscandia is the bilberry Vaccinium myrtillus, which
is an important food plant for Clethrionomys-voles in
winter (Hansson & Larsson 1978, Hansson 1985), and
for all forest-living grouse species in spring, summer
and autumn (Kaasa 1959, Ahnlund & Helander 1975,
Brittas 1988, Pulliainen & Tunkkari 1991). Accord-
ing to the mast depression hypothesis, cyclic popula-
tion fluctuations of herbivores are caused by mast
seeding of their food plants, because mast is suggest-
ed to be produced at the expense of chemical defence
against herbivores (Selas 1997,1998a). Bilberry usual-
ly produces high seed crops at intervals of 3-5 years
(Myrberget 1982a, Sel&s 1997), and peak populations
of voles or grouse have been reported from post-mast
years of bilberry (Nordhagen 1928, Tast & Kalela
1971, Laine & Henttonen 1983, Selas 1997).

Both voles and grouse are known to be negatively
influenced by high levels of chemical defence com-
pounds in their food plants (see Seldal, Andersen &

Hogstedt 1994, Guglielmo, Karasov & Jakubas 1996,
Hewitt & Kirkpatrick 1997). Currently, our knowledge
of chemical defence in plants is, however, limited,
and in several studies no relationship between the sec-
ondary plant compounds selected for analysis and
vole or grouse numbers have been found (Jonasson,
Bryant, Chapin & Andersson 1986, Lindroth & Batzli
1986, Laine & Henttonen 1987, Oksanen, Oksanen,
Lukkari & Siren 1987, Sinclair, Krebs, Smith & Boutin
1988, Hanssen, Pedersen & Lundh 1991). As long as
we do not know whether mast seeding influence the
digestibility or nutrient value of the plants, the causal
relationship between bilberry masting and vole or grouse
numbers remains unknown. Due to the complexity of
the production of chemical defence compounds in plants
(e.g. Karban & Baldwin 1997), studies on annual var-
iations in grouse body condition, survival and repro-
duction may still be the best way to test for correla-
tions with any fluctuations in food quality.

If spring densities of grouse depend on the autumn
densities in the previous year (e.g. Myrberget 1984,
Wegge 1984, Angelstam et al. 1985, Lindstrom, Ranta,
Linden & Linden 1997), spring populations should be
at their highest after peak vole years, because the re-
production and thus the autumn density, is usually
high when voles are abundant. If, on the other hand,
spring densities also depend on food quality, e.g. be-
cause high food quality improves winter survival, then
it could be predicted from the mast depression hy-
pothesis that spring populations should be high also
in post-mast years of bilberry, i.e. in peak vole years.
This is because the mast depression hypothesis pre-
dicts that the chemical defence of bilberry plants should
be lowest, and thus food quality for grouse highest, in
autumn, winter and spring after the mast production.

Both the alternative prey hypothesis and the mast
depression hypothesis predict that the reproduction and
thus the autumn density of grouse should be highest
in peak vole years, i.e. one year after bilberry mast years.
Unlike the alternative prey hypothesis, however, the
mast depression hypothesis predicts that this should
be caused partly by a better body condition of the hens
due to higher food quality in spring. Hence, according
to this hypothesis, we should expect not only higher
egg and chick survival, but also larger clutch sizes, in
peak vole years. Clutch sizes may, however, also be
influenced (inversely) by the reproduction in the pre-
vious year, because a lower mean clutch size should
be expected if there is a high number of juvenile hens
in the breeding population (Linden 1983).

In this paper, | analyse forester T. Grasaas’ data on
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spring population indices and mean clutch sizes of cap-
ercaillie from southern Norway in relation to autumn
population indices and reports on bilberry production.
The study of Grasaas was conducted during two separate
10-year periods, one with generally high population
levels of capercaillie, and one with lower population
levels. Slagsvold & Grasaas (1979) found that an early
snow melt was one variable which coincided with high
autumn densities of capercaillie in the study area. Since
snow depth obviously influences the availability of bil-
berry plants to capercaillies in spring, I also included in-
formation on snow conditions in the analyses.

Even though the focus of this paper is on possible
effects of food quality, it should be remembered that
the mast depression and the alternative prey hypothe-
ses are not mutually exclusive. Thus, support for one
of these hypotheses does not automatically lead to
rejection of the other.

Material and methods

In Veg&rshei and the northern parts of the neighbouring
municipality of Tvedestrand, in the county of Aust-
Agder, southern Norway (58°48'N, 8°57'E), forester
T. Grasaas studied different aspects of capercaillie popu-
lation dynamics during 1953-1962 and 1969-1979 (Gras-

aas 1955, 1956, 1957, 1958, 1960, 1961, 1962, 1963,
1971, 1972, 1973, 1977, 1978, 1980 and T. Grasaas,
unpubl. data, see also Wegge & Grasaas 1977). The
study area covers approximately 350 km2 and is situ-
ated 100-300 m a.s.l., 20-25 km inland from the coast,
in the boreo-nemoral zone. The climate is suboceanic,
and snow usually covers the ground from December
through March or April. For more detailed descrip-
tions of the study area, see Wegge (1980) and Spidsp
& Stuen (1988).

As an index of snow conditions in spring, | used the
‘date of snow melt', i.e. the date when the ground at the
meteorological station in Vegarshei (58°45'N, 8°52'E)
was finally free of snow (Table 1). However, the date
of snow melt did not reflect the availability of bilber-
ry plants prior to egg laying perfectly. For instance,
in 1972 Grasaas characterised both the winter and
spring as favourable despite the relatively late date of
snow melt, because there was almost no snow until March,
and almost snow free ground on 15 April. Therefore,
| also used Grasaas’ two categories 'early' and 'late’
thaw, based on the occurrence of snow-free spots in the
study area in late April, when analysing the data (see
Table 1).

Spring population indices and clutch sizes of the
capercaillie were compared with a bilberry production
index of the previous year. Indices of bilberry produc-

Table 1. Information on the date of snow melt, bilberry production and number of capercaillie eggs and nests for all and first clutches in
Veg&rshei, southern Norway. Data from Grasaas (1955, 1957, 1958, 1962, 1963, 1971, 1972, 1973, 1977, 1978, T. Grasaas, unpubl. data),
except for the bilberry index, which was calculated from game reports (numbers are given in parentheses). * = years in which the thaw
was considered to have been early by Grasaas. In the category 'first clutches’, both second and undated clutches were omitted.

Date of Bilberry
Year snow melt index
1952 0.10(10)
1953 27. March* 1.75 (12)
1954 05. May 1.59 (27)
1955 16. April* 0.03 (29)
1956 26. April 0.64 (25)
1957 04. April* 1.59(22)
1958 02. May 171 (14)
1959 21. March* 0.62 (13)
1960 22. April 1.82 (11)
1961 16. March* 1.14 (14)
1962 26. April
1968 1.29(7)
1969 02. May 1.40(5)
1970 10. May 0.00 (6)
1971 10. April* 0.75 (4)
1972 24. April* 1.80 (5)
1973 22. March* 0.50 (2)
1974 03. April* 0.50 (2)
1975 15. April* 0.00 (2)
1976 02. April* 0.00 (6)
1977 05. May 1.50(4)
1978 10. May
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All clutches First clutches
Eggs Nests Eggs Nests
278 38 267 36
228 32
231 31 227 30
244 35 244 35
280 38 253 34
267 37
146 21 130 18
186 27
202 26
101 14
114 18 109 17
122 18 101 15
63 9 43 6
81 u 76 10
84 u 78 10
66 9 66 9
42 6 42 6
43 6 37 5
47 7 40 6
39 5 39 5
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tion were calculated from game reports from Vegars-
hei, Tvedestrand and their neighbouring municipal-
ities (see Sel&s 1997). It was not possible to calculate
a bilberry index for 1978, and therefore available data
on capercaillie from 1979 were not used. In each game
report the bilberry production, which was assumed to
be of importance for grouse and other game species,
was evaluated as either lower than medium (0), me-
dium (1) or higher than medium (2). The annual bil-
berry index is then the mean of all reports from that
year (see Table 1). For 1975 there were no game re-
ports available from the selected municipalities. This
year, however, two representatives of the forest authori-
ties in Aust-Agder, both living in VegSrshei, reported to
different local newspapers, and independently of each
other, that the bilberry production was lower than me-
dium because of a summer drought. | therefore used
their statements as 'game reports' for 1975. Also two
game reports from other parts of Aust-Agder evaluat-
ed the bilberry production to be lower than medium.

For most years the bilberry production was men-
tioned by local newspapers, and these statements were
all in accordance with the berry indices, even for years
when the number of game reports was low, such as
1971, 1973, 1974 and 1977. The annual berry pro-
duction was evaluated also by the Agricultural Price
Reporting Office, from which | have received reports
for 1953, 1955-1961 and 1968-1970. The bilberry pro-
duction was termed as high in 1953, 1957, 1958, 1960,
1961 and 1969, and low in 1955, 1956,1959 and 1970.
In 1968, with an intermediate berry production, the
Agricultural Price Reporting Office claimed that the
summer was too dry in southern Norway to give high
seed crops. From 1971-1973 Myrberget (1982a) ob-
tained information on berry production from the for-
est authorities in each county. The reports from Aust-
Agder confirmed that the berry production was high
in 1972. Hence, game reports seem to give reliable
indices of the bilberry production.

Grasaas also mentioned the rich production of bil-
berries in 1953,1954,1957,1958,1969,1972 and 1977,
and the low production in 1955. According to infor-
mation given by Grasaas, vole populations peaked in
post-mast years of bilberry in the study area (Sel&s
1997). Most of these peak years were apparently com-
mon for large areas of the southern part of Norway
(Myrberget 1982b, Christiansen 1983).

Spring population indices and clutch sizes were
also compared with the population indices of the pre-
vious autumn. As indices of autumn densities, Grasaas
used the total number of cocks and hens killed by hunters

in Vegcirshei during 1953-1962. During 1968-1977,
when the capercaillie was not hunted due to the general
lower population level, estimates from counts along
line transects were available (Wegge & Grasaas 1977,
Wegge 1979, 1980). Because of differences in indices
of autumn population densities, the data from the two
periods had to be analysed separately. When ana-
lysing spring population indices and clutch sizes from
the first period, only the years 1954-1962 (1955-1962
for capercaillie cocks, see below) could be used, since
there were no indices for autumn densities prior to 1953.

Grasaas used the mean number of capercaillie cocks
and hens observed from permanent blinds at leks as
indices of spring population sizes. In 1953 and 1954,
45 and 27 leks were investigated, respectively. During
1955-1962, the annual number of leks varied from three
to 10 (mean 5.8), and during 1970-1978 from eight to
15 (mean 9.1). In 1969 only one lek was visited. Counts
at leks were conducted by members of the local hunter
organisation, under the supervision of Grasaas, in the
last week of April, when the hens visit the leks for
copulation. Each lek was usually visited only once, and
by the same person(s) each year. The number of cap-
ercaillies observed at a lek is thus a minimum esti-
mate of the true number, but as the same method was
used each year, this approach should be expected to
reveal annual fluctuations in spring densities. The
number of capercaillies observed in spring was tested
against the autumn population indices in the previous
year. For capercaillie cocks, | also used the autumn
index obtained two years earlier, because the cocks
will usually not get access to leks until they are two
years old (Wegge, Rolstad & Gjerde 1991).

One aim of Grasaas’ study was to investigate the im-
pact of weather on newly hatched chicks, and Grasaas
therefore tried to determine the mean hatching date
each year. Grasaas received reports on capercaillie nests
found by chance by forest workers and members of the
hunter and fisher union, and most nests were controlled
several times until hatching. Annual mean clutch sizes
were calculated from nests known to be completed
(see Table 1). This also included second clutches, i.e.
clutches laid by hens that had lost their first clutch
(see e.g. Spidsp, Wegge & Storaas 1984).

Because the number of second clutches, which tend
to be smaller than first clutches, may vary during the
vole cycle due to variations in the predation pressure
or variations in the hens’body condition, they should
be excluded from the present analysis. This was done
for the second period (1969-1978) from which | had
access to original data, but not for period one (1953-
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1962) because Grasaas did not always distinguish be-
tween first and second clutches in his articles. For those
years from period one where information on second
clutches are given (see Table 1), their annual propor-
tion varied within 0-14%. For period two (when
some undated clutches were omitted from the analy-
sis), the annual proportion of second clutches varied
within 0-9%.

The effect of bilberry production, snow cover and
autumn population indices on spring population indices
and clutch sizes during 1954(55)-1962 and 1969(70)-
1978 was tested by backward elimination in a step-
wise regression model. If the significance probabili-
ty attributed to an explanatory variable was higher than
0.10, it was removed from the model. A backward
procedure was used because | wanted to find the best
combination of the selected variables. The only vari-
ables that differed from a normal distribution were
the autumn population indices (Shapiro-Wilk tests;
cocks 1953-1962: W = 0.81, P = 0.018; hens 1953-
1962: W = 0.79, P = 0.010; 1969-1978: W = 0.82, P =
0.027). In multiple tests, dependence between explana-
tory variables can lead to confounding results. There
was, however, no correlation between the date of snow
melt and the bilberry index of the preceding year (r =
0.02, P =0.95, N = 20) or autumn population indices
(cocks 1953-1962: r = 0.24, P = 0.51; hens 1953-1962:
r=0.23, P = 0.52; 1969-1978: r = 0.17, P = 0.64).
Neither was there any significant correlation between
the autumn population indices and the bilberry index
(cocks 1953-1962: r = -0.55, P = 0.10; hens 1953-1962:
r =-0.56, P = 0.10; 1969-1978: r = 0.49, P = 0.15).

Also convergent autocovariance within different
series may lead to spurious relationships in time series
analyses. Therefore, | conducted an autoregressive
analysis for all time series used for each period. Be-
cause of the multiplicative nature of population growth,

Figure 1. Spring and autumn indices of capercaillie cocks (m) and
hens (0) and bilberry production index from Vegirshei, southern
Norway. Spring indices give the mean number of capercaillies ob-
served on leks, autumn indices during 1953-1962 the total number
hunted in Veg&rshei, and autumn indices from the period 1969-
1977, when the capercailie was not hunted, give the number (cocks
and hens pooled) per kmJestimated from counts along line tran-
sects (Wegge & Grasaas 1977, Wegge, 1979, 1980). The indices for
bilberry production are calculated from game reports (see Table 1).
Peak vole years are indicated with asterisks in the bilberry pro-
duction figure.

all capercaillie population indices were In-transformed
in these analyses. For the period 1953-1962, there
was a significant negative autocorrelation for the num-
ber of cocks observed at leks (r = -0.88, P = 0.021) and
a positive autocorrelation for the number shot (r = 0.85,

Table 2. Results from stepwise regression models using backward elimination, with the mean number of capercaillie cocks and hens
observed at leks (year t) as response. The order of variable elimination is given in parentheses after the P-values. N = number of years.

Data originate from Figure 1 and Table 1

1954-1962 1970-1978

Cocks (N = 8) Hens (N =9) Cocks (N =9) Hens (N =9)
Explanatory variables R2 P R2 P R2 P R2 P
Bilberry index (t-1) 0.457 (5) 0.973 (2) 0.20 0.045 0.23 0.032
Date of snow melt 0.420 (3) 0.532 (3) - 0.879 (1) - 0.637 (2)
Early/late thaw 0.803 (2) 0.869(1) 0.574 (2) . 0.960(1)
Autumn index (t-1) 0.859 (4) 0.460 (4) - 0.354 (3) 0.59 0.029
Autumn index (t-2) 0.668 (1) R 0.61 0.004 R R
Selected model - - - 0.81 0.007 0.82 0.006
Adjusted R2 - 0.75 - 0.76 -
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1953-1962 1970-1978

10

BILBERRY INDEX (YEAR t-1)
10

75

AUTUMN POPULATION INDEX (YEAR i-2)

Figure 2. Mean number of capercaillie cocks observed at leks in or
near Veg&rshei, southern Norway, related to bilberry production in
the previous year (upper figures) and autumn population indices
two years earlier (lower figures), during a period with high popu-
lation levels (1953-1962; left figures) and a period with lower pop-
ulation levels (1970-1978; right figures). Data originate from Fig-
ure 1and Table 1.

P = 0.032) at a time lag of four years. The date of snow
melt was significantly positively autocorrelated at a
time lag of two years (r = 0.77, P = 0.025), and neg-
atively correlated at time lags of three (r = -0.77, P =
0.043) and five (r = -0.91, P = 0.032) years during
1953-1962. For the period 1969-1978, there was a sig-
nificant negative autocorrelation for the date of snow
melt at a time lag of four years (r = -0.88, P = 0.021).

1953-1962 1970-1978

BILBERRY INDEX (YEAR t-1)

AUTUMN POPULATION INDEX (YEAR t-1)

Figure 3. Mean number of capercaillie hens observed at leks in or
near Veg&rshei, southern Norway, related to bilberry production in
the previous year (upper figures) and autumn population indices
one year earlier (lower figures), during a period with high popula-
tion levels (1953-1962; left figures) and a period with lower pop-
ulation levels (1970-1978; right figures). Data originate from Fig-
ure 1and Table 1

Results

There was a significant positive correlation between
the mean number of cocks and hens observed at leks
(1953-1962: r = 0.80, P = 0.006, N = 10; 1970-1978:
r=0.69, P =0.039, N =9; Fig. 1). Between the total
number of cocks and hens hunted in autumn during
1953-1962 there was also a significant positive cor-
relation (r = 0.98, P < 0.001, N = 10; see Fig. 1).

Table 3. Results from stepwise regression models using backward elimination, with the mean clutch size (year t) of capercaillie as re-
sponse. The order of variable elimination is given in parentheses after the P-values. For the period 1954-1962, all clutches were used,
whereas for the period 1969-1978, second clutches and undated clutches were omitted. N = number of years. Data originate from Figure

1land Table 1.

1954-1962 (N = 9)
Explanatory variables R2
Bilberry index (t-1)

Date of snow melt (t) -
0.35

Early/late thaw (t)

Autumn index (t-1) -
Whole model 0.35
Adjusted R2 0.26
6

1969-1978 (N = 10)

P R2 P
0.431 (1) 0.18 0.014
0.639 (2) - 0.964 (1)
0.093 0.26 0.033
0.227 (3) 0.35 0.018
0.093 0.80 0.017

0.69
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1953-1962 1969-1978

BILBERRY INDEX (YEAR t-1)

<> N7

0 200 400 0 5 10

AUTUMN POPULATION INDEX (YEAR t-1)

Figure 4. Mean clutch size of capercaillie in relation to bilberry
production (upper figures) and autumn population size of the pre-
vious year (lower figures) in Veg&rshei, southern Norway, during
1953-1962 (left figures) and 1969-1978 (right figures). For the
first period all clutches were used; for the latter period second
clutches and undated clutches were omitted (see Table 1). « =
years with early snow melt; o = years with late snow melt. Data
originate from Table 1 and Figure 1

For the period 1954(55)-1962, neither the bilberry
index of the previous year, the date of snow melt, the
dummy variable early-late thaw nor the autumn popu-
lation index one or two years earlier had a significant
effect on the mean number of cocks or hens observed
at leks (Table 2, Figs. 2 and 3). The high numbers ob-
served in spring 1956 may, however, have been caused
by the high autumn density in 1955 (see Fig. 1). When
1956 was omitted from the analysis, there was a sig-
nificant positive effect of the bilberry index on the
mean number of hens at leks (R2=0.47, P = 0.040, N =
9; see Fig. 3). For the period 1970-1978, when the
capercaillie population was lower than during 1953-
1962, the bilberry index of the previous year had a
significant positive effect on the mean number of both
cocks and hens at leks (see Table 2 and Figs. 2 and
3). There was also a significant positive effect of the
autumn population index one (hens) or two (cocks)
years earlier (see Table 2 and Figs. 2 and 3).

In stepwise regression models with the mean clutch
size as response, the dummy variable early-late thaw
was selected as explanatory variable for both periods,

© WILDLIFE BIOLOGY «6:1 (2000)

i.e. 1954-1962 and 1969-1978, but the effect was signif-
icant only for the second period (Table 3). Clutch sizes
were largest when the thaw set in early (Fig. 4). For the
latter period, in which second clutches had been omitted,
there was also a significant positive effect of the bilber-
ry index and a significant negative effect of the autumn
population index of the previous year (see Table 3 and
Fig. 4). Of the years in period one from which informa-
tion on second clutches exists (see Table 1), the propor-
tion of these (and thus the increase in mean clutch size
after removal of second clutches) was highest in 1959.
When the analysis was conducted without this year,
there was a significant positive effect of both an early
thaw (Partial R2= 0.73, P = 0.004) and a high bilber-
ry index of the previous year (Partial R2=0.17, P =
0.034; see Fig. 4).

Discussion

For the period 1970-1978, when the general popula-
tion level was low, the mean number of capercaillies
observed at leks was positively related to the bilber-
ry index of the previous year and the autumn popula-
tion index one (hens) or two (cocks) years earlier. Thus,
for this analysis, the positive effect of bilberry mast-
ing on winter survival, as predicted by the mast de-
pression hypothesis, was supported. The findings were
also in agreement with the general assumption that
spring densities of capercaillie hens depend on autumn
densities in the previous year, whereas the number of
cocks at leks depends on autumn population levels
two years earlier. During 1969-1978, clutch sizes also
correlated with the bilberry index (positively), as pre-
dicted by the mast depression hypothesis, and with the
autumn population index (negatively), as predicted from
the assumed relationship between autumn and spring
densities and the general rule of smaller clutch sizes
in first-year breeders.

For the period 1954-1962, both the autumn popu-
lation index and the bilberry index seemed to be of
less importance for the number of capercaillies ob-
served at leks, as well as for the mean clutch sizes.
One possible explanation is that the relative impor-
tance of some unknown factor(s) was larger during
the 1950s, when the general population size was high.
However, the time series analysed were short and may
thus have been sensible to any biases in the data. A
possible source of error is that the indices of bilberry
production and the number of capercaillies at leks
were not obtained from exactly the same sites each
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year. The number of game reports, from which bilber-
ry indices were calculated, was highest for the period
1954-1962, whereas the number of leks investigated
was highest for the period 1970-1978. The bilberry
index was verified by obtaining information from other
sources, but this was not possible for the capercaillie
indices.

Unfortunately, | could not distinguish between first
and second clutches for all years during 1953-1962.
In addition, estimates of autumn population levels
based on hunting bags may be more biased than counts
along line transects, e.g. because of a numerical or
functional response by hunters. Thus, the possibility
exists that the difference between the two periods was
an artificial one, caused by less reliable capercaillie
indices (spring and autumn population indices and
clutch sizes) for the former than for the latter period.
It should be mentioned, however, that counts might
also be biased due to annual variations in weather con-
ditions and thus flushing distances. For instance, Wegge
& Grasaas (1977) claimed that in 1973 the autumn
population was the same as in 1972, and that the low
number counted in 1973 was caused by unfavourable
weather conditions during the censuses.

Despite the possible errors mentioned, the results
from 1970-1978 suggest that there is some relation-
ship between bilberry production and the number of
capercaillies observed at leks in the following year. Un-
less the capercaillies for some reasons are more active
at leks in post-mast years, and thus are more easily
detected by the investigators, the most likely expla-
nation is that winter survival is improved when bil-
berry production is high. This result is thus in accord-
ance with the mast depression hypothesis, because
the predicted increase in food quality in autumn due
to bilberry masting is likely to increase winter survival.
It is, however, possible that any increase in winter sur-
vival is caused solely by the energy-rich food provid-
ed by the berries. Increasing vole populations should
be of less importance because the main predator on
adult capercaillie hens in winter and spring, the gos-
hawk Accipiter gentilis (Wegge, Larsen, Gjerde, Kast-
dalen, Rolstad & Storaas 1987), do not switch to vole
hunting in peak vole years (Hoglund 1964, Sulkava
1964, Widen 1987).

Also the red fox Vulpes vulpes is an important pre-
dator on adult capercaillie cocks (Wegge et al. 1987).
In Aust-Agder a positive trend in the mean number of
capercaillie cocks observed on leks during the 1980s
coincided with a decrease in fox populations caused
by sarcoptic mange (SeMs 1998b). However, even with

the almost complete absence of foxes in the late 1980s
and early 1990s, spring populations of capercaillie
cocks peaked in peak vole years (Sel&s 1998b), i.e. in
post-mast years of bilberry (Selds 1997). If the annu-
al fluctuation in the number of capercaillie cocks and
hens observed at leks from 1970 onwards reflects the
real annual variation in spring density, the results can-
not be fully explained by the alternative prey hypothe-
sis. However, the link between bilberry mast seeding
and spring populations of capercaillie could still be
predation, because capercaillies may be less vulnera-
ble to predation when their body condition is good. It
should be noted that the mortality of adult capercail-
lies due to predation is highest in winter and spring
(Wegge et al. 1987).

The effect of an early thaw seemed to be negligible
for the number of capercaillies observed at leks. Cap-
ercaillie clutch sizes, on the other hand, tended to be
greater when the thaw was early. At least for the peri-
od 1969-1978, where second clutches were omitted,
the mean clutch sizes were also influenced by the bil-
berry index (positively) and the autumn population
index (negatively) of the previous year. For the wil-
low grouse, clutch sizes have been highest in peak
vole years and in years with an early snow melt (Myr-
berget 1986, see also Erikstad, Pedersen & Steen 1985,
Hanssen & Utne 1985). Hens of both species visit
snowless spots to feed on ground plants such as bil-
berry in early spring, but they also eat wintered ber-
ries of Vaccinium and Empetrum hermaphroditum (Pul-
liainen & Tunkkari 1991). In the study of Pulliainen
& Tunkkari (1991), berries constituted 25% and bil-
berry stems 9.5% dry weight of crop contents from
13 capercaillie hens shot in spring. However, since pro-
tein, and not energy, is thought to be the limiting nu-
trient for egg production (Moss 1972), berries are prob-
ably of less importance to clutch sizes.

Also other studies indicate that there is a link be-
tween the body condition of grouse and the bilberry
production or vole number. In central Sweden, Brittas
(1988), found that both the body condition and the in
vitro digestibility of Vaccinium and Eriophorum plants
from crops of willow grouse hunted in spring was
lowest in years when microtine populations crashed,
and highest in a peak microtine year. The Eriopho-
rum-species in question have a cyclic seed produc-
tion quite similar to those of bilberry and other Vac-
dn/nm-species (Myrberget 1982a, Laine & Henttonen
1983). In both Sweden and Norway the vulnerability
of grouse hens to goshawk predation has been nega-
tively correlated with vole numbers (Widen et al. 1987,
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V. Selas unpubl. data). Because grouse hens are prob-
ably most vulnerable when foraging on the ground
(cf. Widen et al. 1987, Lima & Dill 1990), this pat-
tern has been interpreted as a result of reduced need
for foraging caused by high food quality in post-mast
years, when voles are abundant (Widen et al. 1987).

The best support for the idea of higher food quality
in post-mast years is perhaps the correlation between
the reproduction of grouse or the number of voles on
one hand and the number of fledglings produced by
the pied flycatcher Ficedula hypoleuca on the other
(Thingstad 1997, Sel&s & Steel 1998). This small pas-
serine frequently feeds on caterpillars on bilberry leaves
(Atlegrim 1991), which should be expected to show
a numerical response to any change in food quality,
similar to that of voles. In the study of Sells & Steel
(1998), unsuccessful breeding attempts were omit-
ted. The pattern observed could therefore not be due
to annual variations in egg or nestling predation, caused
by fluctuating populations of small mustelids.

The re-analysis of the data collected by Grasaas
supports the idea that not only predation, but also
food quality, influence the population dynamics of
capercaillie in Norway. The challenge for further
research then is to test if bilberry production actually
influences the chemical composition and thus the
nutrient value of this plant, and to study the direct
effects of any changes in bilberry quality on individ-
uals of grouse and other herbivorous species. If such
effects are apparent, then we also need to reveal the
importance of food quality in relation to the effects of
predation (e.g. Marcstrom et al. 1988, Lindstrom et
al. 1994) on different grouse populations.
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