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A description is given of the species composition and density fluctuations of the
breeding bird community of 9 km? of an apparently constant subalpine birch forest
habitat, based on the results of territory mapping and line transecting every season
over 20 years. The number of species appearing in the forest has shown a slightly
increasing trend (average yearly addition: a third of a species) with Hippolais
icterina as the most conspicuous new-comer. The dominant Phylloscopus trochilus
has shown a steadily decreasing trend over the last eighteen years. The average
community density is 400 territories/km? with 260 and 550 as the extreme values
(coefficient of variation 19%). The finding that species with similar migration and
wintering strategies tend to fluctuate in a similar way indicates that factors
operating outside the breeding season have been important in generating the
fluctuation patterns of the breeding populations. Only two species, Carduelis
flammea and Fringilla montifringilla, have responded clearly to recorded breeding
area factors, namely superabundant birch seed crop and mass outbreak of the
geometrid moth Epirrita autumnata, respectively. It is argued, on the basis of several

observations and results, that the investigated bird community is not saturated.
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1. Introduction

An ornithological research program based
on field work was started in the Ammarnis
area, Swedish Lapland, in 1963. One of the
basic aims of the project (the so-called
LUVRE-project, cf Enemar 1969) was to annu-
ally perform census work according to a stan-
dardized routine not only in the subalpine
birch forests, which will be treated here, but
also on alpine heaths (Svensson 1979, Svens-
son et al. 1984).

Bird populations are not stable. It was soon
found that more than one season’s census work
is necessary to describe even the species compo-
sition and density of a selected area or habitat
(Siivonen 1948). It is easily understood that
still more years are needed to grasp the charac-
teristic fluctuation patterns of the species
populations and the community. Consequ-
ently, the need for long-term census investi-
gations in community research has repeatedly
been stressed (cf., e.g., Wiens 1977).

Long-term field studies should not be ex-
pected to solve community or population eco-
logy problems simply because of the availa-
bility of data from a protracted succession of
years. They are, however, useful for the
recognition of relevant key problems in this
research, and they may point to erroneous con-
clusions and other mistakes which have been
made on the basis of too short-term censuses,
let alone single-season excursions (cf. Wiens
1983).

It is generally true that any new season in
the subalpine birch forest is a new situation,
again and again. No season is like any other
one. We have so far looked in vain for a “clos-
ing-the-ring-season”’ which would be the
signal to initiate the summarizing reviews and
comprehensive analyses and eventually to
close the field work.

The main purpose of this first report is to
describe the course of the major events in the
bird community and the habitat, and to pre-
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Fig. 1. Map of the Ammarnis area,
Swedish Lapland. Its location in
Sweden is indicated by the solid
circle on the inserted map. A = the
investigated subalpine birch wood
extending from the stream of Raure-
jukke to the stream of Karsbiacken. B
and C = the study plots on the
alpine  heath investigated by
Svensson et al. (1984). Mountain
peaks are denoted by asterisks and

10 km figures giving height a.s.l. Wooded

areas are stippled. Tracks are
denoted by dotted lines.

sent the fluctuation patterns of the species
populations together with a survey of the data
obtained during the mapping censuses and the
line transects.

2. The study area

The investigated subalpine birch forest is located on the
south-facing slopes of the mountains of Gaisatjakke
(Gaisatj, Kaissats) and Valle (Fig. 1). It extends from the
stream of Raurejukke in the west to the stream of
Karsbacken 8 km eastwards. It is bordered in the south by
Lake Stor-Tjultrasket and the road from this lake to the
village of Ammarnis. The size of the area is 9km? and its
approximate position is 65° 58’ -65° 59’ N, 15° 58’ -16°
8’E, 540 to 720 m.a.s.1.

The forest is predominantly of the rich type (‘“‘meadow
birch forest’’). It turns locally into the dry heath type,
especially in its upper parts. A few very small bogs are
found in the eastern part of the area. There are also a few
minor clearings mainly near the settlements in the south-
east. They are now mostly covered by different successions
of growing birch. No tree-felling of any significance has
occurred during the years of investigation. In the central
part of the forest there are a few hectares of swamp
previously used for hay-making. The forest seems to be
largely primeval with trees of different ages including

areas with tall birches of apparently considerable age. The
conditions are obviously such that a successful establish-
ment of new generations of birches is secured, as no signs
of spontaneous forest thinning with following trans-
formation into subalpine dwarf-shrub heath are found (cf.
Kullman 1981). This means that regarding its qualities as
a habitat for its passerine bird community, the investi-
gated forest has remained constant throughout the study
period. A detailed description of the habitat is not
necessary in this context as the present account will focus
only on the fluctuations of the species populations.

Air-pollution-induced breeding disturbances have been
discovered in several insectivorous passerines in the area,
manifested in abnormally small clutches and defective egg
shells (Nyholm & Myhrberg 1977, Nyholm 1981). As these
disturbances occur exclusively in a narrow zone (width
about 100 m) along the shore of Lake Stor-Tjultrasket they
are considered to have had an insignificant effect on the
bird community of the study area.

3. Field work and methods

3.1. The mapping census

The density of the bird community was esti-
mated by territory mapping in study plots.
The field work and the evaluation of the spe-



Ann. Zool. Fennici 21. 1984

323

Table 1. Study plots and census-takers 1963-1982 (AE = Anders Enemar, BS = Bengt Sjostrand, EN = Erik Nyholm, HM

= Harry Myhrberg, LN = Lars Nilsson).

Study  Size 1963 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82
plot km?

A4 0.129 AE AE AE AE AE AE AE AE AE AE AE AE AE LN LN LN LN LN LN LN
A5 0.111 HM IL IL IL IL IL IL IL EN/JHM IL IL IL IL IL IL IL LN LN LN LN
A6 0.122 BS BS.BS BS BS BS BS BS BS BS - - - - - - - - - -
A7 0.080 - AE AE AE AE AE AE AE AE w - - - - - - - - - -
A8 0.080 - - - AE AE AE AE AE AE AE AE AE AE LN LN LN LN LN LN LN
A9 0.100 - - - - - - - - - AE AE AE AE LN LN LN LN LN LN LN

cies maps were carried out strictly according to
the international recommendations (Anon.
1970). The only exceptions were the thrush
species and most non-passerine species which
were censused by nest counts. The field work
usually started about 10 June and lasted for
about three weeks. The number and size of the
study plots and the name of the census-takers
are given in Table 1. Study plots A5 and A6
were provided with nest-boxes in 1965 and
they are, therefore, not used when calculating
the density values of the hole-nesting Ficedula
hypoleuca and Ph. phoenicurus.

A certain shift of study plots has occurred
during the 20-year period due to other research
programmes within the project. This has pro-
bably not affected the estimation of the
community fluctuation' pattern because the
separate study plots usually fluctuate in
parallel as shown by Enemar & Sjostrand
(1970) for the first six seasons. Moreover, more
than half of the area of the mapping census
has been the same throughout the two decades.
The separate study plots have been investi-
gated by the same observer for many years in
sequence (Table 1). A special test has shown
that the census data obtained by different
experienced observers in the same plot are
comparable (Enemar et al. 1978). It is pro-
bable, therefore, that the few instances of
observer exchange have not significantly dis-
turbed the homogeneity of our sequence of
density estimations. The census work is facili-
tated by the fact that the subalpine forests are
relatively easy to survey and the breeding
periods of most species are well synchronized.

3.2. The line transects

The census-takers of the study plots have
also been responsible for the standardized line

transect work which is performed as follows:
The observer goes along tracks distributed all
over the 9 km? of the forest under investigation
and records all audible and visible obser-
vations of birds, mostly singing males. The
tracks were not marked out and therefore their
position in the forest may have shifted locally
between seasons. This has probably not biased
the field data significantly because the observer
had to make no less than 80 kilometers, on the
average, of line transecting to collect the
required amount of data. The size of the area
covered by the transects was not considered as
the data are only used to calculate the
percentage share of each species in the total
amount of observations. To estimate these
values for the most sparse of the regularly
breeding species with sufficient accuracy
requires at least 1500 observations (Enemar &
Sj6strand 1967) which in the birch forest takes
an average of 30 hours of field work. This
minimum number was not achieved in the
first two seasons. Thus those records are
excluded from certain calculations in the
following.

Table 2. Total number of observations and census-takers
of the line transects 1963-1982 (AE = Anders Enemar, BS
= Bengt Sjostrand, LN = Lars Nilsson, LAF = Lars Ake
Flodin).

Year Observ. Censust. Year Observ. Censust.

1963 809 AE 1973 3233 AE,BS
64 1077 AE 74 3729 AE,BS
65 4129 AE,BS 75 1561 AE
66 3052 AE,BS 76 3025 AE,LN
67 3036 AE,BS 77 2506 AE,LN,LAF
68 3037 AE,BS 78 3030 AE,LN
69 3057 AE,BS 79 3054 AE, LN
70 3061 AE,BS 80 2416 AE,LN
71 38115 AE,BS 81 2735 AE,LN
72 3110 AE,BS 82 3252 AE,LN
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The extent of the line transect work can be
read from Table 2. This census technique is
more sensitive to observer shifts than the
mapping census (Enemar & Sjostrand 1967).
Therefore, one of the observers has done the
line transecting throughout the two decades
without a break.

3.3. Calculation of the bird density index

So-called derived density indices of the
species are used to demonstrate the annual
fluctuations. They are obtained by combining
the data from the study plots and the line
transects according to the method, slightly
modified, presented previously (Enemar &
Sjostrand 1970). Derived density indices are
used because the investigated study plot
populations of most species are too small to
provide reliable information on the density
changes between seasons. The study plot data
are therefore only used as a density reference
(Dr), which is the density of all small passerine
species taken together except the thrush
species. The latter are excluded because of
their more or less marked colonial breeding
which biases the density information obtained
in the study plots. The derived density index
(DD) of a species is calculated as follows:

DD = nDr/R

where n is number of observations of a species
in the line transect material and R is the total
number of observations of those species which
are included in Dz. DD-values have been calcu-
lated for each observer and averaged by an
arithmetic mean.

The derivation of the DD-values partly com-
pensates for errors in study plot densities due
to small sample sizes and the aggregation in
colonies. On the other hand, differences in the
conspicuousness of the species influence the
line transect data more than the results of the
mapping census (cf. the diagrams of Fig. 3,
and App. I and II). Therefore the derived
density figures are index values which are
useful mainly for the study of population
fluctuations.

3.4. The insect census work

The occurrence of insects on the birch has
been estimated in special study plots since

Anders Enemar et al.
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Fig. 2. Yearly number of species recorded during the line
transects 1963-1982. B = superabundant birch seed crop, E
= mass outbreak of Epirrita autumnata caterpillars, (E) =
moderate outbreak.

1967. The techniques and the results of the
first 13 seasons are described by Andersson &
Jonasson (1980). In the present paper only the
occurrence of caterpillars of the geometrid
moth Epirrita autumnata in June will be
considered.

3.5. Birch seed crop

A quantitative survey of the birch seed
production by estimating the flowering fre-
quency of the birch was not started until 1979.
The census technique consists of recording the
catkin frequency in a standardized way on
marked birches in the same plots where the
insects are censused.

3.6. Rodent cycles

Rodent cycles (mainly vole species) have
been recorded periodically with the aid of
extensive trapping programs (cf. Hansson
1969, Erik Nyholm pers. comm.). Accuracy
varies but the peak years and the bottom years
have been identified satisfactorily.

4. The census results
4.1. Birds

The bird species densities obtained in the
study plots are given in Appendix II. The
number of records of each species made during
the line transects is found in Appendix I. The
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Fig. 3. Species frequency diagrams, based on the mean
values of the derived density indices 1965-1982 (left
diagram) and the study plot densities 1963-1982 (right
diagram).

annual number of species observed during the
line transects is presented in Fig. 2. The
densities of the sixteen regularly breeding
small passerines (mean values of the 20
seasons) are given in the species frequency
diagrams of Fig. 3. The fluctuation patterns as
shown by the derived density indices of the
same species and of the total community are
shown in the diagrams of Figs. 4 and 5.

4.2. Epirrita autumnata caterpillars

The fluctuation dynamics of the Epirrita
caterpillars are presented in Fig. 6. A mass
occurrence during the first two seasons of the
bird census work was of moderate extent. No
significant defoliation of the birches was
observed and no heavy aggregations of cater-
pillars were seen. From 1973 to 1975 a second
more extensive outbreak occurred which resul-
ted in a significant defoliation. According to
Andersson & Jonasson (1980) this outbreak
occurred all over the investigated forest
although there were local variations in inten-
sity. The density of caterpillars fluctuated in
parallel between seasons and peaked in 1974 in
the three plots where the caterpillars were
counted. In a censused forest of the heath type
about 20 kms to the southeast the peak inclu-
ded two seasons (1974 and 1975) with a cater-
pillar density about twice that of the birch
forest of this investigation.
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4.3. Birch seed crop

The fluctuations in birch catkin occurrence
since 1979 appear in the diagram of Fig. 7.
Before 1979 two seasons, 1968 and 1971, dis-
played such an extremely rich birch flowering
followed by a superabundant supply of seeds
the following season that this was obvious
without quantitative measurements.

5. The bird density fluctuations
5.1. The total community

The sixteen most abundant annually breed-
ing species are presented in the species
frequency diagram of Fig. 3. Phylloscopus tro-
chilus is by far the most abundant species
making up about 40 % of the community. Its
rank has been challenged only once, in the
Epirrita year of 1975, by Fringilla mont:-
fringilla whose average share of the
community is about 18 %. Its position as the
second most common species has been undis-
puted with the exception of 1968 and 1971,
when the density of Carduelis flammea rose to
the same level. As for the rest, neighbouring
species in the long tail of the diagram often
exchange positions between seasons.

The fluctuation pattern of the community is
demonstrated in Fig. 4. The density change is
considerable around a mean value of 400 terri-
tories/km?, with 260 and 550 as the extreme
values. The coefficient of variation is 19%
which indicates a community stability charac-
teristic of northern bird communities (cf.
Jarvinen 1979). The four peak densities have
been recorded in seasons with superabundant
birch seed supply or with a mass occurrence of
Epirrita caterpillars.

A conspicuous event is the decline in density
which occurred during the six seasons after
1973, and which finally resulted in a reduction
of the bird density by nearly 50%. The mean
density index of the seven seasons (1976-1982)
following the Epirrita period is only 327, a
23 % reduction from the mean value of 417 for
the seven years (1966-1972) preceding the
Epirrita period (¢t = 3.05, P <0.01).

5.2. The species populations

The following comments on the fluctuation
curves (Fig. 5) will emphasize density changes
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Fig. 4. The density fluctuation of
the total bird community over two
decades. The level of the mean den-
sities (%) of the period is indicated
by the horizontal lines. B = super-
abundant birch seed crop, E = mass
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related to the Epirrita years and birch seed
years and significant trends.

Phylloscopus trochilus was responsible for
much of the recent density decrease in the com-
munity. It shows a 25% decline when the
seven-year periods before and after the Epirrita
years are compared. It increased only mode-
rately the first year of Epirrita outbreak and
then started its steep and continuous decline
when Epirrita was still superabundant.

Sylvia borin, Anthus trivialis and Phoeni-
curus phoenicurus, all tropical migrants,
showed no significant increase during the first
Epirrita year and they all declined during the
following ones. Ph. phoenicurus and A.
trivialis have maintained their population
numbers throughout the investigated period,
whereas S. borin (like Ph. trochilus) has been
more sparse after the Epirrita years than
before.

Ficedula hypoleuca was censused only out-
side nest-box plots, but the proximity to nest-
box plots could nevertheless have affected the
number of singing males of this partly poly-
territorial bird in areas devoid of boxes.
Therefore, the figures should be treated with
caution regarding density levels. The species
seems to have participated in the recent com-
munity reduction, showing a 50% decrease
when the seven years before and after the
Epirrita period are compared.

Turdus iliacus, T. pilaris and T. philomelos
have all contributed significantly to the den-
sity decrease of the bird community. The first-
mentioned two species often fluctuated simi-
larly in regard to the direction of the density
change between years. Their declining trend,
which started after their common peak in the
birch seed year of 1968, has appeared to the

outbreak of Epirrita autumnata.

field workers as one of the most remarkable
events of the two decades. The birch seed year
of 1971 showed no marked rise in thrush den-
sities.

Luscinia svecica, Prunella modularis and
Emberiza schoeniclus show no significant
density trends over the whole period. P. modu-
laris and E. schoeniclus fluctuated in an
almost identical way throughout the two
decades. L. svecica often followed the fluctua-
tions of the other two species (positions of
peak and bottom years). All species showed a
marked increase in the first Epirrita year
although the attained densities were not
superior to other peak values during the two
decades.

The density indices of Fringilla monti-
fringilla show no consistent trend. They are
distributed on two levels corresponding to
about 50 and 75 terr./km? with the Epirrita
years of 1973 and 1974 as outstanding ex-
ceptions when the densities suddenly doubled.
Interestingly, the density had returned to the
upper normal level already in 1975 when
Epirrita was still abundant. The density rose
from the lower to the upper level in both birch
seed years.

The fluctuations of Carduelis flammea give
the impression of an irruptive species. The
density indices increased remarkably in the
two years of superabundant birch seed crop.
The season of 1978 is equally interesting with
a density figure near nil. The species shows,
apart from these three exeptional years, a
significant increasing trend in population
numbers (Enemar & Nystrom 1981).

The fluctuation curves of Fringilla coelebs,
Muscicapa striata and Parus montanus do not
say more than that the species belong to those
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Fig. 5. Fluctuation curves of the 16 regularly breeding small passerine species. Ordinata: numerical values of the derived
density index (approx. corresponding to territories/km?2). Abscissa: years, with occurrence of superabundant birch seed
crop, B, and of mass outbreaks, E, or moderate outbreak, (E), of Epirrita autumnata caterpillars indicated. Arrows denote
peak and bottom years, respectively, of the community density.

annually present in the investigated birch
forest. The population numbers are too low to
justify an estimate of the fluctuations from
these census methods.

6. Interpretations and discussion

There are hardly any possibilities to scruti-
nize the general findings of the present study
through comparisons with similar investi-
gations. Many long-term annual census
programs are apparently in progress on dif-
ferent scales in several countries although
summaries of the results are still lacking. A
few study plot investigations of impressive
duration (more than 15 years) are available:
Kendeigh (1982), 50 years of mapping census
of an isolated deciduous forest of 24 ha; Beven
(1976), 27 years of mapping of 16 ha of oak

wood; and Yapp (1969), 18 years of transects
(“contacts per hour”) in a 87 ha plot of oak
wood. Special cases are the 40-year census
program covering the treeless island of Skok-
holm (96 ha) presented by Lack (1969), and the
34-year census of the warbler populations in
80ha of oakland and grass orchards (Price
1961). In most cases the mode and accuracy of
the census work in these studies are incom-
pletely described. With the exception of the
island investigation, any changes uncovered in
community composition and density are
invariably ascribed to more or less pronounced
habitat alterations.

The bird fauna of the Fennoscandian sub-
alpine birch forest has been repeatedly
investigated with widely differing accuracy
and at different scales in time and space. See
Ytreberg (1972) for references which can now
be supplemented with Southern & Venables
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(1939), Moksnes (1973), Rav (1975) and Jarvi-
nen & Viisinen (1978). Based on the available
relatively short-term studies, Hogstad (1975a)
has outlined the general features of the bird
community of the habitat in question. His
conclusions should be considered preliminary
until more long-term census results are
available. While awaiting the latter, a
comparative interpretation of the community
structure and behaviour will be omitted here.

6.1. The quality of the field data

When the present investigation was desig-
ned, three principal requirements were identi-
fied which should be fulfilled to justify the use
of the census results for the demonstration and
interpretation of the species content and the
fluctuation patterns of the bird community
and its populations in the birch forest: (1) the
size of the investigated community, (2) the
duration in years, and (3) the uniformity and
continuity of the census work. How does this
study match these claims?

(1) The investigated bird community con-
sists of roughly 4000 breeding pairs. This
means, in our opinion, that the available popu-
lation size of the regularly breeding passerine
species (cf. Fig. 3) is large enough to minimize
the risk that a considerable change in esti-
mated number is due to chance only, when a
combination of territory mapping (>40ha)
and line transects (about 3000 records) is
applied. To be on the safe side, the three most
sparse of the regularly breeding species have
been excluded from the comparative analyses
in the following.

(2) The desirable number of investigated sea-
sons is determined by the length of environ-
mental cycles of importance for the birds. The
most protracted of the known cycles in the sub-
alpine forest is that of Epirrita autumnata,
which displays mass outbreaks at intervals of
about then years (Tenow 1972). This study
comprises two such cycles which should be
considered a minimum, especially as the first
outbreak was a rather moderate one.

(3) As might be understood from the
description of the field work and methods (p.
322), the uniformity and continuity of the
census work has been maintained without
interruption throughout the 20-year period.

~The only exception is the incomplete line
transects of the first two years, which therefore
have been omitted from certain analyses.

Anders Enemar et al.

Thus it seems reasonable to consider the
quality of the field data to be good enough to
provide reliable information on the species
content as well as the dynamics of the bird
community as far as general trends and major
fluctuations are concerned. This view gains
some support from the statements by Wiens
(1981) in his meritorious study regarding scale
problems in avian censusing. Our study may
have reached the required ‘“‘scale in space”,
probably also the “‘scale in time”’, as it refers to
a bird community of a fairly homogeneous
forest area censused 20 years in succession. The
study thus mainly concerns the a-diversity
level of Wiens.

6.2. The number of species

The annual number of species in the line
transect material has fluctuated between 30
and 46, with 37 as a mean value, if only the
actual and potential breeding species are
considered. The coefficient of variation is 9.5 %
which is rather low for a northern habitat (cf.
Jarvinen 1979). As seen from the diagram of
Fig. 2 the species number had its peak in 1974,
the year when the outbreak of Epirrita cater-
pillars culminated. It is puzzling that the
subsequent season, when Epirrita was still
very abundant (Fig. 6), was the second poorest
of the whole period. The diagram also gives
the impression that the number of species has
increased over the two decades. This is con-
firmed by Tregressing the species number on
time, which gives an average increase of a
third of a species per year (6 =10.367, P<0.05).
Interestingly, this increase is not associated
with a corresponding increase in the bird
density of the community. As shown in the
following, the total density has dropped signi-
ficantly during the last decade.

No annually breeding species has disappea-
red during the investigated period. The
question is whether the general increase in
number of species has included an addition of
regularly breeding species. Table 3 presents
the intermittent appearance in the study area
of twelve passerines which breed in more
southerly regions of the country or in the
prealpine conifer belt nearby. All species but
one (Sylvia curruca) have been established to
have bred at least once in the area. Of these
Hippolais icterina was first observed in 1969
and has been recorded the last five seasons
(incl. 1983) in sequence. It has often been
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Table 3. Appearance of irregularly occurring passerine species in the study area 1963-1982.

1963 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82

Troglodytes troglodytes X
Erithacus rubecula X X

Saxicola rubetra X X X X

Turdus merula X X X X X
Hippolais icterina X
Sylvia curruca X X

Sylvia atricapilla

Phylloscopus sibilatrix X X

Certhia famziliaris X X

Pyrrhula pyrrhula X X X x
Emberiza citrinella X

Emberiza hortulana X

Totals 2 8 5 5 2 1 2

Epirrita, mass outbreak

X X
X X
X X X X X X X X X
X X X X X X
X X X X X X X
X X X X X
X X
X
X X X X X X X X X X X X
X X X X

®

represented by several individuals'and should
now perhaps be included among the annually
appearing and breeding species. The status of
Sylvia atricapilla is still uncertain although
the bird has been observed during the last four
seasons (incl. 1983). As to the presence of the
remaining ten species of Table 3, no trend can
be discerned other than that the two peak years
are associated with Epirrita outbreaks. No new
non-passerine species has appeared and settled
in the area.

The number of species and many species
populations have apparently increased during
this century in North European bird commu-
nities (Jarvinen & Viisinen 1977, Jarvinen
1978, 1980, Ulfstrand 1980, Jarvinen & UIf-
strand 1980). However, to say that the develop-
ment of the species richness in the study area is
a reflection of that general and large-scale
trend is probably going too far. It is definitely
going too far to surmise that a causal relation-
ship exists between the rise in species number
and decline in density of the community,
because the community does not seem to be a
saturated one (p. 333).

6.3. The influence of the Epirrita autumnata out-
breaks

The second of the two outbreaks during the
20-year period was an overwhelming one, last-
ing three seasons (Fig. 6). It was generally
observed that the birds used the green cater-

300+

200+

1001 /

63 '66lf68 0 72 7% 76 78 80 83

Fig. 6. The occurrence of Epirrita autumnata caterpillars.
Ordinata: Number of caterpillars per 1000 leaf clusters
(short shoots) as averaged from three study plots in the
birch forest. The hatched column indicates the first and
moderate outbreak although the caterpillar frequency was
unknown as the insect census work did not start until in
1967 (arrow). (From Andersson & Jonasson 1980, and G.
Andersson and T. von Proschwitz pers. comm.)
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pillars for feeding their nestlings. This was
confirmed for such species as T. iliacus
(Arheimer 1978) and C. flammea (Enemar &
Nystrom 1981). However, the bird species
showed only a moderate or no density increase
when the mass outbreak started, with the ex-
ception of F. montifringilla. This species
gathered and bred in outstanding numbers the
first two of the Epuirrita years. Its decline in the
third year could have been due to a movement
into the heath birch areas where Epirrita cul-
minated that year (Andersson & Jonasson
1980).

The response of the bird community density
to caterpillar outbreaks differs between census
investigations probably because of varying
proportions of responding species or varying
interference by other environmental factors
(e.g. Morris et al. 1958, Holmes & Sturges 1975,
Morse 1978). Other study plot investigations
in the subalpine birch forest indicate that
Epirrita outbreaks are followed by an increase
in community density (Silvola 1967, Ytreberg
1972) and that F. montifringilla seems to be
the main responding species (Silvola 1967,
Hogstad 1969) whereas the abundant and foli-
age-gleaning Ph. trochilus 1is unaffected
(Ytreberg 1972). It is necessary to examine
more Epirrita outbreaks to understand the
“hesitating’’ reactions of the bird fauna to this
apparently superabundant food supply. The
next mass occurrence in our study area will be
around 1985.

6.4. The influence of the birch seed crop

The seed production of the birch shows
annual fluctuations as does the quality of the
nuts (e.g. Sarvas 1952). According to the
experiences in the investigated forest super-
abundant seed production is a rare and irre-
gular event, which has occurred only twice in
20 years. The thrush species, T. iliacus and T.
pilaris, showed a marked peak in the first birch
seed season (1968) but not in the second one
(1971). This indicates that they are not neces-
sarily influenced by the birch seed supply, and
nor would this be expected given their known
diet. F. montifringilla increased in density in
both seasons but only to the upper normal den-
sity level of the species. The significance of
this reaction remains uncertain. C. flammea is
the only species showing outstanding popu-
lation peaks in both years of the superabun-
dant seed crop. Enemar & Nystrom (1981) have
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Fig. 7. The relation between the density of Carduelis
flammea (circles) and the supply of birch seeds, expressed
as the catkin frequency (dots) of the preceding year. (The

birch flowering data from G. Andersson and T. von
Proschwitz, pers. comm.)

shown that this species benefits from a rich
birch seed supply which influences several
aspects of the breeding activities. They also
suggested that this has promoted the develop-
ment of occasional nomadic behaviour, 1i.e.
more or less extensive movements in the
breeding region in search of a rich birch seed
crop. Such movements have apparently caused
not only the density peaks in 1968 and 1971
but also the bottom value in 1978. However,
the results of the birch catkin census indicate
that the species may also adjust its population
density very closely to minor changes in the
seed crop (Fig. 7), although the number of
investigated seasons are few and therefore the
correlation may be considered ““too good to be
true’’.

6.5. The influence of the rodent cycles

Other investigations have indicated a corre-
lation between fluctuations in the number of
passerine birds and small mammals in sub-
alpine and alpine areas (Moksnes 1973, Lien et
al. 1974) although only single rodent cycles
were studied. The vole cycles have been con-
spicuous in our study area and the number of
breeding Buteo lagopus has fluctuated
accordingly (Fig. 9). However, no significant
correlation with the fluctuations of the
passerine bird community, its species groups
or single species populations has yet been
found.

6.6. Comparing the species fluctuations

As seen from the density fluctuation dia-
grams (Fig. 5) certain species tend to fluctuate
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Turdus philomelos
Phylloscopus trochilus
Sylvia borin

A
Ficedula hypoleuca
Phoenicurus phoenicurus
Anthus trivialis
Turdus pilaris
Turdus iliacus
B

Fringilla montifringilla

Carduelis flammea
I_:Prunellu modularis
Emberiza schoeniclus

Luscinia svecica

Je
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Fig. 8. Dendogram showing the grouping of the species
according to the degree of similarity, expressed as the corre-
lation coefficients (r), of their density fluctuations 1965-
1982. The derivation of the dendrogram (see below) unveils
three “‘fluctuation groups”: A, B, and C.

in a similar way. The species relationships in
this respect have been the subject of a cluster-
analysis following the technique used by Cody
(1974) to demonstrate how the niche overlap is
distributed among the species of a community.
As a measure of the degree of coincidence
between the fluctuation patterns, the ordinary
coefficients of correlation (r) have been
calculated. To compensate for the bias which
appears especially when pooling species with
widely differing population densities, the
density indices have first been transformed to
proportional values (P) according to the
formula P = (x — Xmin) / (Xmax — Xmin) where x is
the derived density index of a species (cf. p. 324)
and xmax and xmi» are the peak and bottom
densities, respectively, of the investigated
seasons. The new indices thus fluctuate from
zero to unity for all species. The analysis has
been restricted to the 18-year period 1965-1982
and to the thirteen most abundant of the
passerine species (mean study plot density >5
terr./km?). The resulting grouping of the
species according to their “fluctuation relation-
ships’ are shown in the dendrogram of Fig. 8.

The dendrogram displays three distinctly se-
parated clusters. Interestingly, with the
exception of T. philomelos, cluster A includes
all the long-distance migrants destined for tro-
pical Africa. T. philomelos would be expected
to occur in cluster B or C which consist of
short-distance migrants with winter quarters
mainly in western parts of Central Europe. L.
svecica, a long-distance migrant bound for
south Asia (SOF 1978), is the only exception in

331

the latter two clusters.

All species except one (T. iliacus) of cluster
B are known to intermittently show more or -
less obvious irruptive migratory behaviour,
whereas those of cluster C do not. Roughly
speaking, according to the dendrogram clu-
sters A, B and C represent three modes of
population fluctuation patterns and these are
related to three different migratory strategies,
namely long-distance African, short-distance
irruptive, and short-distance non-irruptive, re-
spectively.

The explanation for this situation is that
events affecting the survival rates in common
wintering areas and along common migration
routes are of great importance in determining
the size of populations in the study area. This
is not very surprising considering the fact that
all species, with the occasional exception of C.
flammea, are away from the breeding area for
two-thirds of the year, or more. The impor-
tance of remote wintering grounds for the
short-term or long-term dynamics of northern
bird communities has been stressed previously
(e.g. Lack 1968, Jarvinen 1978, 1980, Jarvinen
& Ulfstrand 1980). This 1s not to say that
annual environmental changes in the breeding
area are of no interest. In fact, it is possible to
roughly outline common features of the breed-
ing area ecology of the species within each
cluster. This is to be expected since the
breeding and non-breeding ecologies have not
evolved independently. Thus cluster A is made
up of exclusive insect-eaters (except T. philo-
melos). The species of the “tight” cluster C are
all typical “bottom-dwellers” in the habitat.
The breeding area ecology of the loose cluster
B is rather heterogenous as regards the
breeding behaviour as well as the feeding ha-
bits, although non-insect food is important
(seeds or lumbricids).

It is evident that certain breeding area
factors affect the bird numbers in the area. The
relation between the superabundant birch seed
crop and the C. flammea density is a good
example. But we have consistently found that
other important breeding area factors such as
adverse weather conditions (periods of cold
spells, heavy rain or snow) strike most species
irrespective of the cluster to which they belong
resulting in abandoned clutches, chick star-
vation etc. (Enemar et al. 1965, Pulliainen
1978, Hildén et al. 1981). We think therefore
that factors operating during the migration
and in the wintering areas are more important
than breeding area factors in generating the
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Buteo lagopus
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three principal patterns of population fluctu-
ations among the species of this bird com-
munity.

The amplitude of the relative density fluctu-
ations differs widely among the species. The
coefficient of variation for the 13 most abun-
dant and regularly breeding species varies
from less than 20% (Ph. trochilus) to more
than 80% (C. flammea, S. borin). This is in
agreement with Jirvinen’s (1979) characteri-
zation of the stability of a northern bird
community. According to the V-test suggested
by the same author (Jarvinen 1979:61: I = the
ratio of the sum of the variances of the species
densities and the variance of the sum of the
species densities) the community instability
(cf. p. 325) is due to the scarcity of com-
pensating species fluctuations (V' = 0.44). In
other words, rather clear parallel fluctuations
are common. These are also identified and
grouped by the cluster-analysis above,
resulting in the species groups A, B and C.
Interestingly, not even these groups show
compensating fluctuations among themselves
as r >0 (Fig. 7) and V <1 (= 0.77). The
interpretation 1is, again, that the species
populations are similarly affected, by (a),
common environmental factors in the non-
breeding season within each species group
independently of the other groups and (b),
breeding area factors common to the whole
community.

The results of the analyses give the im-
_pression that the studied bird community is
not a competitive one. The results of other
investigations in similar habitats are at

variance with this assumption as competitive
interrelations have been suggested to be im-
portant especially between Ph. trochilus and
F. montifringilla (Hogstad 1975a, b, Rev 1975,
Angell-Jacobsen 1980).

6.7. General trends in the community dynamics

The reduction of the community density
after the Epirrita years 1973-75 is a significant
event (Fig. 9) which is hard to explain with the
data at hand and as no observable habitat
change had occurred. This decline is streng-
thened by the preliminary census results from
1983 which turn the slight density increase
during the last few years into another density
low. Many species of groups A and B have
taken part in the decline with Ph. trochilus
and the Turdus species as the main contri-
butors to the density loss during the last
decade. The fact that the birch seed years occur-
red during the first decade explains only a
minor proportion of the density change. Two
possible causes, which suggest themselves, are:

(1) Increased mortality during the non-breed-
ing seasons of recent years due to general
deterioration of the conditions in the winter
quarters or during migration.

(2) Impaired reproductive success as a conse-
quence of e.g. a climate change in the breeding
area during the last decade. Both factors may
contribute, but the fact that species with
widely differing migration and wintering
strategies are involved indicates that the
common breeding area conditions such as the
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frequency and length of harsh weather periods
should be given primary consideration. This
remains to be done.

As expected, each of the species groups dis-
plays its own fluctuation course. Group A, the
tropical migrants + T. philomelos, making up
an average of 47 % of the community, shows a
steadily declining trend over the eighteen years
which is significant (b = -6.3, P <0.001). The
dominant Ph. trochilus is responsible for most
of this decrease, which, to our knowledge, has
not been reported from other long-term census
projects within or outside Sweden.

It is obvious that group B, the irruptive
species, is the cause of the marked changes in
the community density although these species
amount to only 35 % of the community. This is
mainly a consequence of the fact that two
species of the group seem to show clear re-
sponse to the occasional superabundance of
birch seeds or Epirrita caterpillars. Group C,
finally, displays no dramatic events or trends
whatsoever.

6.8. On community saturation

The general view that bird communities are
saturated as regards species content and den-
sity has been doubted for northern bird faunas
by Jarvinen (1978, 1980) and Ulfstrand (1980).
Wiens (1977, 1983) has reviewed the different
opinions on these matters and critically
evaluated the possibilities of reaching safe
conclusions regarding the existence of a
saturated-state. Jarvinen (1980) argues that this
requires community investigations lasting for
decades. This is surely a sound instruction,
although the recommended scale in time is of
no use unless the quality of the habitat under
study remains constant (Jarvinen 1978). It is of
minor interest, in the present context, to
establish that a change in community com-
position has occurred in parallel with a
habitat perturbation of some kind, as is often
the case. A good example of reliable infor-
mation is the one obtained in a constant
peatland area in Finland (Jarvinen 1978). The
subalpine birch forest of the present investi-
gation may be another one. The following
observations and results speak in favour of the
view that the community of the birch forest is
not saturated.

(1) The comparative analysis of species fluc-
tuations indicates that compensating fluctua-
tions are not characteristic features of the
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community (p. 332). It is presumed that the
intensified competition following saturation
should have generated a significant number of
such fluctuations.

(2) The comparative analysis also indicates
that factors operating in the wintering areas
affect the breeding area densities (p. 331). This
connection is expected to be manifested more
clearly in an unsaturated than in a saturated
community.

(3) The interpretation of the Epirrita
outbreak as a superabundant food supply does
not result in unequivocal statements. One can
only observe that most species populations de-
clined in seasons when Epirrita was still super-
abundant which is hardly compatible with the
view that the community remained saturated
(provided that the caterpillar quality remained
constant throughout the three Epirrita seasons
and that the supply of other necessary food
components persisted unaffected).

(4) The community has so far displayed a
slow and significant increasing trend in
number of species inhabiting the study area (p.
328) although no observable habitat change has
occurred.

(5) A substantial increase in the density of F.
hypoleuca brought about with the aid of nest-
boxes did not affect the density of the other
species, at least not over a six-year period
(Enemar & Sjostrand 1972).

Generally speaking, the mere fact that practi-
cally all birds disappear from the study area
every late summer or autumn and that many
species breed there at or near their distri-
butional fringe makes a saturated state of the
breeding community less probable. What
mechanism guarantees that the required mini-
mum number of birds returns and settles every
spring, often from far distant winter quarters,
to saturate the habitat? There is none as far as
we know. It seems reasonable, therefore, that it
1s the advocates of the community saturation
hypothesis who bear the burden of proof.

Moreover, findings from the bird assem-
blage in the investigated subalpine birch forest
recall the questions put forward by Wiens
(1980): Are bird communities real? Do they
really exist at all, in any functional biological
sense? In fact, the analyses and interpretations
of the 20-year census results presented here
have not yet provided good reasons to answer
these questions in the affirmative.

Acknowledgements. The field work was supported by
grants B2180-8, -10, -13, -14, -17, -19, -21, -117, -121



334

from the Swedish natural science research council (to A.
Enemar). Grants have been received also from the Royal
Swedish Academy of Sciences, Carl Trygger’s Foundation,
the foundation ““Seth M. Kempes Minne’’ and the Univer-
sity of Goteborg. Our thanks are due to Yrjo Haila and
Olli Jarvinen for useful comments and suggestions on the

Anders Enemar et al.

manuscript, and to Mona Mollerstedt (typing out the
manuscript), to Aino Falck-Wahlstrom (drawing the
diagrams), to Catherine Louise Lamb (linguistic revision)
and to fellow field workers of the LUVRE project, especi-
ally Ingvar Lennerstedt for mapping study plot A5 for us.

References

Andersson, G. & Jonasson, J. A. 1980: Relative abundance
of insects on mountain birch at Ammarnis, Swe-
dish Lapland. — Entomol. Tidskr. 101:61-69. (In
Swedish with English summary.)

Angell-Jacobsen, B. 1980: Overlap in feeding pattern
between Willow-Warbler Phylloscopus trochilus
and Brambling Fringilla montifringilla in two
forest habitats in western Norway. — Ornis Scand.
11:146-154.

Anon. 1970: Recommendations for an international stan-
dard for a mapping method in bird census work. —
In: Svensson, S. (ed.), Bird census work and
environmental monitoring. Bull. Ecol. Res.
Comm. no 9: 49-52. NFR, Stockholm.

Arheimer, O. 1978: Choise of food and rate of feeding
young in the Redwing Turdus iliacus in a sub-
alpine birch forest at Ammarnis in Swedish Lap-
land. — Anser, suppl. 3:31-46. (In Swedish with
English summary.)

Beven, G. 1976: Changes in breeding bird populations of
an oak-wood on Bookham Common, Surrey, over
twenty-seven years. — London Naturalist 55:23-42.

Cody, M. L. 1974: Competition and the structure of bird
communities. — 318 pp. Princeton University
Press, New Jersey.

Enemar, A. 1969: The ornithological research programme
at Ammarnas, Swedish Lapland. — Var Fagelvarld
28:227-229. (In Swedish with English summary.)

Enemar, A. & Nystrom, B. 1981: Population fluctuations,
food and breeding of the Redpoll Carduelis
flammea in a mountain birch forest, Swedish Lap-
land. — Var Fagelvarld 40:409-426. (In Swedish
with English summary.)

Enemar, A. & Sjostrand, B. 1967: The strip survey as a
complement to study area investigations in bird
census work. — Var Fagelvirld 26:111-130.

—""— 1970: Bird species densities derived from study area
investigations and line transects. — In: Svensson,
S. (ed.), Bird census work and environmental moni-
toring. Bull. Ecol. Res. Comm. No. 9:33-37. NFR,
Stockholm.

—""— 1972: Effects of the introduction of Pied Flycatchers
Ficedula hypoleuca on the composition of a

passerine bird community. — Ornis Scand. 3:79-
89.
Enemar, A., Lennerstedt, I. & Svensson, S. 1965:

Ornithological notes from the districts of Ammar-
nds and Sorsele, Swedish Lapland, in 1964. —
Fauna och Flora 60:46-52. (In Swedish with
English summary.)

Enemar, A., Sjostrand, B. & Svensson, S. 1978: The effect
of observer variability on bird census results ob-
tained by a territory mapping technique. — Ornis
Scand. 9:31-39.

“Hansson, L. 1969: Spring populations of small mammals
in central Swedish Lapland in 1964-68. — Oikos
20:431-450.

Hildén, O., Jarvinen, A., Lehtonen, L. & Soikkeli, M.
1981: Breeding success of Finnish birds in the bad
summer of 1981. — Ornis Fennica 59:20-31.

Hogstad, O. 1969: Breeding bird populations in two sub-
alpine habitats in the middle of Norway during the
years 1966-68. — Nytt Mag. Zool. 17:81-91.

—"— 1975a: Structure of small passerine communities in

subalpine birch forests in Fennoscandia. — In:

Wielgolaski, F. E. (ed.), Fennoscandian tundra eco-

systems, 2:94-104. Ecological Studies. Analysis and

Synthesis, Vol. 17. Springer-Verlag, Berlin-Heidel-

berg-New York.

1975b: Interspecific relations between Willow

Warbler (Phylloscopus trochilus) and Brambling

(Fringilla montifringilla) in subalpine forests. —

Norw. J. Zool. 23:223-234.

Holmes, R. T. & Sturges, F. W. 1975: Bird community
dynamics and energetics in a northern hardwoods
ecosystem. — J. Anim. Ecol. 44:175-200.

Jarvinen, O. 1978: Are northern bird communities satura-
ted? — Anser, Suppl. 3:112-116. (In Swedish with
English summary.)

—"— 1979: Geographical gradients of stability in Euro-
pean land bird communities. — Oecologia (Berl.)
38:51-69.

—""— 1980: Dynamics of North European bird communi-
ties. — Proc. 17th Int. Ornithol. Congr. (Berlin)
1978:770-776. Berlin.

Jarvinen, O. & Ulfstrand, S. 1980: Species turnover of a
contingntal bird fauna: Northern Europe, 1850-
1970. — Oecologia (Berl.) 46:186-195.

Jarvinen, O. & Viisdnen, R. A. 1977: Long-term changes
of the North European land bird fauna. — Oikos

29:225-228.
—"— 1978: Habitat distribution and conservation of land
bird populations in northern Norway. — Holarct.

Ecol. 1:351-361.

Kendeigh, S. C. 1982: Bird populations in east central
Illinois: Fluctuations, variations, and development
of a half-century. — Illinois Biol. Monogr. 52.
136 pp. Univ. of Illinois Press.

Kullman, L. 1981: Some aspects of ecology of the Scandi-
navian subalpine birch forest belt. — Wahlen-
bergia 7:99-112. Umea.

Lack, D. 1968: Bird migration and natural selection. —
Oikos 19:1-9.

—"— 1969: Population changes in the land birds of a
small island. — J. Anim. Ecol. 38:211-218.

Lien, L., Qstbye, E., Hogstad, O., Haande, K. M., Haande,
P. S., Hagen, A., Skar, H.-J., Skarveit, A. &
Svalastog, D. 1974: Bird surveys in the high
mountain habitats of Finse and Stigstuv, Hardan-
gervidda, south Norway, 1967-72. —Norw. J. Zool.
22:1-14.

Moksnes, A. 1973: Quantitative surveys of the breeding
bird populations in some subalpine and alpine
habitats in the Nedal area in central Norway (1967-



Ann. Zool. Fennici 21. 1984

71). — Norw. J. Zool. 21:113-138.

Morris, R. F., Cheshire, W. F., Miller, C. A. & Mott, D. G.
1958: The numerical response of avian and
mammalian predators during a gradation of the
spruce budworm. — Ecology 39:487-494.

Morse, D. H. 1978: Populations of the Bay-breasted and
Cape May Warblers during an outbreak of the
spruce budworm. — Wilson Bull. 90:404-413.

Nyholm, N. E. I. 1981: Evidence of involvement of
aluminium in causation of defective formation of
eggshells and of impaired breeding in wild pas-
serine birds. — Environm. Res. 26:363-371.

Nyholm, N. E. I. & Myhrberg, H. E. 1977: Severe eggshell
defects and impaired reproductive capacity in
small passerines in Swedish Lapland. — Oikos
29:336-341.

Price, P. M. 1961: Warbler fluctuations in oak woodland
in the Severn Valley. — British Birds 54:100-106.

Pulliainen, E. 1978: Influence of heavy snowfall in June
1977 on the life of birds in NE Finnish Forest Lap-
land. — Aquilo, Ser. Zool. 18:1-14.

Rov, N. 1975: Breeding bird community structure and
species diversity along an ecological gradient in

deciduous forest in western Norway. — Ornis
Scand. 6:1-14.

Sarvas, R. 1952: On the flowering of birch and the quality
of seed crop. — Comm. Inst. Farest. Fenniae
40(7):1-35.

Siivonen, L. 1948: Quantitative bird survey and the short-
term fluctuations in numbers. — Ornis Fennica
25:37-56.

Silvola, T. 1967: Changes in the bird populations in Uts-
joki, Finnish Lapland in 1964-1966, caused by
mass-occurrence of the caterpillar Oporinia autum-
nata. — Ornis Fennica 44:65-67. (In Finnish with
English summary.)

SOF 1978: Sveriges faglar. — 268 pp. Stockholm.

335

Southern, H. N. & Venables, L. S. V. 1939: Habitat
selection among birds in a Lapland birch wood. —
J. Anim. Ecol. 8:114-119. ‘

Svensson, S. & Carlsson, U. T. 1979: Structure and
dynamics of an alpine bird community. — In:
Svensson, S.: Bird censuses — methods and
applications. Ph.D. Thesis, University of Lund.

Svensson, S., Carlsson, U. T. & Liljedahl, G. 1984:
Structure and dynamics of an alpine bird commu-
nity. — Ann. Zool. Fennici 21: 339-350.

Tenow, O. 1972: The outbreaks of Oporinia autumnata
Bkh and Operophthera ssp. (Lep. Geometridae) in
the Scandinavian mountain chain and northern
Finland 1862-1968. — Zool. Bidrag Uppsala,
Suppl. 2:1-107.

Ulfstrand, S. 1980: Avifaunistic enrichment and bird
community saturation. — Proc. 17th Int. Ornithol.
Congr. (Berlin) 1978:1078-1081. Berlin.

Wiens, J. A. 1977: On competition and variable environ-
ments. — Amer. Scientist 65:590-597.

—""— 1980: Concluding comments: Are bird communities
real? — Proc. 17th Int. Ornithol. Congr. (Berlin)
1978:1088-1089. Berlin.

—""— 1981: Scale problems in avian censusing. — Stud.
Avian Biology 6:513-521.

—"— 1983: Avian community ecology: an iconoclastic
view. — In: Clark, G. A. & Brush, A. H. (eds.),
Perspectives in Ornithology. Cambridge Univ.
Press, Cambridge, Mass.: 355-403.

Yapp, W. B. 1969: The bird population of an oakwood
(Wyre Forest) over eighteen years. — Birmingham
Nat. Hist. Soc. 21:199-216.

Ytreberg, N.-]J. 1972: The stationary passerine bird popu-
lations in the breeding season, 1968-1970, in two
mountain forest habitats on the west coast of
southern Norway. — Norw. J. Zool. 20:61-89.

Enemar et al
Received 30.1X.1983
Printed 16.X1.1984



Anders Enemar et al.

336

- = = - 71 = = = /- & = = = - - - - - - - 1011qnOXa sniueT]
- - - - 1/- - - - - - - - = = = - - -/t -/t - suel[lwey elyaia)
/s 1944 /e v/9 /s €/L -/t -/L /s 1444 /€ -/t 9/s £/v 444 -/s /1 vzt -/t -/€ 1ofew g
- -/t - - - = = = = = = = - - - - - - - - snould °d

oI/bT  €1/€1  OT/¢ 8/€1  9/11  01/6 6/L -/€ /er 9/t 8/b1  ST/0T /et 8/ST  TI/6  I1/01  O/€T  8I/WL  -/L -/o1 snueluow snied
vE/LL  8T/TT  €1/9  0Z/1z  €1/0t  vT/6v  Lz/sv /oy v1/€9  Tz/bT  8T/8Y  9¥/T9  9¥/99  OE/SL  €T/LT  9Z/LS  01/9T  8T/STT  -/ve  -/9% eonajodAy enpadiy
9/¥1  TI/OT  L1/9 6/s /6 1424 Lt /¢ 1/0z /sl €/6 8/¥1  v/8 v/11 /€1 /6 (0] SE V1°) SR /4 -/ e1els ededrosny

TLS/8S9 EEV/LYE BIS/Y8T €£5/679 TT9/SV9 9SE/T0S 98S/6T9  ~/ELS E€1S/88S €vS/THS 919/26S T9S/EES OL/IEY GLI/EES 00S/S9¥ TE9/6LS 108/Tv9 0TS/LSET -/88y  =/1zE snjiyoon *yd
- = 1/t = = = - - -/1 - - - - - - - - - /€ -/ XHeqls "yd
= = & = = & - = - -1 - - - - - - - - - - sijeaioq sndoosojjAyd
-/t - -/t - - - - - /¢ -/€ - = /- = - - - - - - eideane °g
€/S s/6 €/6 L/gT 14 9/8 L/81 -/s 8/€1 9/t vI/¥1 (4943 1Z/v1 ov/0z  $Y/LT 61/0T LY/09  €E/EL -/81 -/€1 ulioq °s
= = = 2 - = & - - - - - 1/- - - - - -/ -/1 - 2oN1INO BIAJAS
/- v/¢ /s A - - Z/- & - -/T = = -Nn 1/- - - - - - - 'una10t srejoddiy
- - 1/- - - - = - = - = = = - = - - - - - snuaeqousoyds snjeydedo1dy

611/66 LYb1/T6 T11/TH 16/101 111/2L SY/9L  911/v6 =/16  $ZTT/IST  6L/LET 8YT/6LT EVI/ETT SET/LTT TST/E9T 9¥1/8H1 901/90T +8/v6 16/21 -/s¥ -/ov snoel CL

L1/zz  61/1T  61/01 81/LT  97/6¢ 9z/vT  zz/0E -/g€ sz/sv  0z/6¢ 0z/v€ sz/ve 62/8¢ 12/6S 87/S€ 0S/+S /Y9 LT/E6 -/9¢ -/t sojpwoyiyd -y
w/1z $Z/91 1€/LT 8€/9T  €S/19  0Z/Lz  0Z/0T -/9% L¥/18 LE/ES €8/001 Zv/8y  9v/8L /68 111/56 /19 £1/29 1z/s11 -/st =/9 suepd -p
Al - -/ - - - - - - 1/- -/t -/t - - -/t -/€ -/t -/t -/t = B[IsWw ],
/1 -/€ - - - -/z - - €/- 3 71 /- -/1 - - /2 - - - - smenbioy snping,
= - = - w = - = = | = = = -/ -/ - - - - - ayiueU0 3YIUBUIQ
1/s -/t z/- v/L - /s -/t =/9 1 -/ - - - - - - /1 1944 -/9 -/s BI19qN1 B[OJIXEG
£v/17  S€/9T sv/sT  61/T1 139144 /22 1€/€€ -/1z 9z/LE Lz/9e  v1/1g €€/6¢  01/2T £2/12 z1/81 62/ty SI/vz  8Z/L1T -/LE -/8$ sninotusoyd snindluaoyd
1L/79  ov/LE 1€/01T  SS/vb TS/SS  6¥/9L 1L/8S -/0s L1/1% 99/79  61/ST  0£/9¢ £2/2¢ LZ/S€ 87/S¢€ €§/L8  0z/1T  T1/ST -/6 -/8 BJ1094s elULOSNT]
- - - - - - - l\~ N\? - - - - - - - I\~ - I\O - '[ndoaqnl snoeyiuy
TL/10T 68/6L TS/€€  09/8L  TL/06  SS/L6 £L/v8 -/86 69/10T +OT/LL  8E/bS 15/0S 65/€8  ¥8/6L  8v/0f 811/S8 TL/6L LE/E6 -/gv -/te Sliejnpow u_,_w:_:m
- - - - - -/ - - T/ - - - - - - -/1 = - = = sa14pojdo1a1 sa14pojdor],
- 1/- 1/- - z/- - -/ -/ - 1/- -/t 728 A 1/- - - - - - - snjouLd snjout)
- - - - - - - - - - - - - -/1 - - - - - - sniniied e[jrodquog
/1 -/ = -/t €/9 4 -/1 -/1 1/- = 1/- = = = = = = = = = ®qie "W
€/01 1/9 s/€ 9/L €/6 -/L -/8 /s /L 1/¢ A /1 - /1 =N - - - - -/t BAE[J E[[I9BION
-9 -/€ (74 s/9 €/1 =/t -/t -/t 1/¢ -/ - - 1/¢ -/t -/€ =/ - -/t -/€1 - sisuareld 'y
147434 12/82 15/82  8¢/ov 19/8S 82/LE §9/ts -/LE 1€/1S  6¢/€¢ /v 97/91 vS/87  0£/97 1£/81 8Y/vE 8¥/9S 9¥/921 =/19 -/62 sijelan snjauy
7861 1861 0861 6L6T 8L6T LL6T 9L6T SL6T vL6T €L61 L6t 1L61 oL61 6961 8961 L961 9961 §961 961 £961 leap

“(Z861-9L6T UOSS[IN SIBT 10 $L61-5961 pueiisgls 13uag = laqunu 1y3u1 ‘Zg61-€961 JBWauUY SIapuy = 1aqunu 1)3]) A[21e1edas S19%EI-SNSUD OM)

¢ ay1 10} uaad are saindiy ayy -puejder
ystpams ‘s[jeA pue oxygliesien jo sureaunow ayi jo sadojs 3urde)-yanos ay1 uo 1s210§ Yoliq suid{eqNs YOUI BYl Ul S1DISUEI] Jul| [ENUUE 3yl SulINp IpEW SUOIIBAIBSqO Jo 1aquiny °| xipuaddy



337

21. 1984

1C1

Ann. Zool. Fenn

vp91  SesT 9091  6ZST 20T 1101 01§ 8291  €€ST  $ZST  §9ST  €ZST  LIST  9IST  #IST  60ST 1801
/8091  /00ZT /018  /SZST  /8ZST  /Sév1  /SIST -/19S1  /101Z  /OOLL ~ /98ST ~ /OSST ~ /8€S1  /ObST  /1ZST  /Test  /epS1  /8v0E =/LLOT  -/608 [e0g
= ] -/t =/t /1 /1 1/t 7€ Z/- = E774 v/z e /- -/ 1/¢ - % ® N Xe109 D
£y €/T v/T 8/1 /¢ 8/01 or/or  -/z1 6/€1 €/t z/9 9/t g1/01 €/t 9/L z/01 A 1/8 -/¢ -/t XiHi09; SUOIGD SNAIOD)
- - = - - - - - ~ - - - - = - ~1 - = - = eoid ®eolg
/1 1/1 1/- z/- 1/t 1948 -/ = 1744 /1 ¥ /% & /1 74 /1 A8 1/t - E sn|A10epii1 sapiodld
€/1 /1 “ - - - /- - - Al - -/t - - - -/ Al - - - Joutw sododoipuag
z/- £/y €/1 6/¢ z/s $/9 194 -/9 -/t €/s - = /v /v 1/- [ 1/- 1/¢ o = e[[inbio1 xuAf
9/t Z/- = = -/ 443 = ¥ 7/6 s = Z/t 1/- = & 1 /- = /€ =z e[ eluing
€/1 9/- Lz /9 /L /s 1/t -/t /¢ -/s -/v v/T 7/t €/1 £/1 - 7/t 1/t -/z -/z snioued sninond
5= & o = = = - = 714 = % = = = = = - - s - snqunjed equnjo)
- = = 7/~ = = /- = - = = = = = /- & - = - - soonajodAy “
= & 1/- i 2 = - - - - &= - = & = = - = = - ejoase[3 eduur]
S/y - (748 1/- - - - - /1 - T/s z/o1 v/ -/s S/ v/S /1 - -/ - e[oonsni xedojoog
£/T 1/t £/~ /- v/~ i -/t = 4 -/t 1/~ 1/- - A4 - = - = = = oSeurjed ofeurjjen
= = Y =2 -/1 1/ T/ A =Je (944 /- /1 /v -/t /1 1/- 1943 z/9 -/t A snjjesoin oenay
1/- - 1/- 7/~ /1 v/1 T/ - -z Z/1 -z L/t z/9 z/s 2L o1/9 s/zt 8/91 -/t -/v X191 X119
g1z s/s F7CNE S Y/ 3 VA S S 4 VR 4 Vi 4 S/ s/y £/¢ 9/t v1/8 011 01/91 /8 8/11  €/8 €/81  -/8 A sndode| sndode]
= = = = = = ) ¥ = = = = - = 2 = B = = = - elseuoq eiseuog
2/T A - z/- A -/¢ z/- /€ /€ /1 /¢ v/- €/t -/ Z/t (44 (44 424 -/T - sniiequIN(od *4
- = - - = - - = - = -/1 = = b -/t = = -/1 - -/1 sn[nounuuil o0d[ey
9T/HT  T1/9 €/¢ T 9v/Er 9/6 = -/6 9/€ 8/9 /1 2 9/8  SI/p1 = /Y /L # -/€ e sndode| oaing
- - = - - - - - = = - = = i 4 = = - = - = snauefd sna1)
- - - - - - - - - - - - - - /- - - - - - e[n3ue[o ejeydsong
0zZ1/€6  LL/89  S$8/0E€  T6/¥9 LIT/OOL +¥L/9ET  79/08 -/66  ¥L/001 mc\s 6€/¥S  8E/LY  09/88  16/86  vE/8S 16/LL 9L/L8  8E/¥01  ~/+9 -/62 snjotusoyds g
- - - - - - - - -/1 = - - - - - - - - -/1 - eueniioy g
- - - - - -/€ = = 1/z -/t - - 1/- - - - /- - - - B[[2UHIIO BZLIAqUIF
Z/s o1/ 9/1 9y €/L /s 1/9 -/t /1 £/z = Z/1 /- /¢ = = -/s €/8 =/t = e[ny114d e[nyuidg
- - - - - =11 - - - - - - - - - - - - - - 10183[oNUa e[odluld
-/t - 1/- Al - -/t (44 - - - /1 A AS - -/v - . - = - “ds exo]
- - - 1/- = - - - - - - - - - - - - - - - luuewauloy ")
L81/801 TET/LET TST/6v S6T/€ST  L/I1 O€1/6v1 66/96  -/16  OL/S6  08/€L  +9/SS 0ST/8ST T9/09  1€/vT 1v7/6vT S/8S  6€/¢b  €1/8€ -/8¢  -/6 eawwey D
- €1/01 s/z 19 2/ -/v - - -/T1 - -/8 7/61 -/z -/€ -/t -1z 1944 -/t1 -/z -/€ snuids sijanpie)
6€2/0vZ ¥6Z/€E€T SOV/¥1T ST/OET SET/61T 611/L9T1 997/T1T  ~/¥8T STS/06S SOV/vvy vLE/B6T 9ST/61T TOZ/OLY TIZ/€1Z vbT/1ST €61/TL1 881/861 0Z1/8¢€  -/801T  =/091 e[18unjnuow g
¥/9 9/8 z/01 s/zt 6/9 s/81 /- -/6  £1/vT €/T1 v/9 9/t v/y 1/s 944 8/L ST/er 1Z/sv /8 -/s sqa[202 eqiduiyg
7861 1861 0861  6L6T  8L6T  LL6T  9L6T  SL6T  bL6T  €L61 7L61 1L61  OL6T 6961 8961 L961 9961 S961 961 €961 SN




338 Anders Enemar et al.

Appendix Il. Densities of birds (number of stationary males/km2) as obtained by territory mapping (m) or nest search (n) in study plots in rich subalpin
birch forest on the south-facing slopes of the mountains of Gaisatjikko and Valle, Swedish Lapland, 1963-1982. Census-takers and study plots are

accounted for in Table 1.* = breeding established at least once within the plots.
\

Year 1963 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82
Investigated area, km2 0.362 0.442 0.422 0.522 0.522 0.522 0.522 0.522 0.522 0.622 0.420 0.420 0.420 0.420 0.420 0.420 0.420 0.420 0.420 0.420
Anthus trivialis *(m) 83 158 6.8 57 96 3.8 3.8 3.8 57 48 24 48 143 119 143 95 48 48 48 9.5
Anthus pratensis (m) - 6.8 - - - - = = - o w =i = = = = = = = =
Motacilla flava (m) - - = = = = & = = = 24 - = = & = = = 24 2.4
Cinclus cinclus (m) = - - - = = = 1.9 - P = - = o = = = os -
Troglodytes troglodytes (m) - - - - - - - - - = - - - - = 24 24 - - -
Prunella modularis *(m) 22.1 33.9 22.6 21.1 36.4 21.1 40.2 19.2 26.8 16.1 35.7 35.7 31.0 35.7 40.5 38.1 23.8 19.0 42.8 333
Erithacus rubecula *(m) - - - - - - - - - - - 71 - - - - - - - -
Luscinia svecica *(m) 2.8 6.8 13.6 13.4 383 21.1 737 3.8 15.3 14.5 47.6 21.4 11.9 26.2 16.7 214 4.8 2.4 16.7 19.0
Phoenicurus phoenicurus *(m) 22.1 15.8 23.9 6.9 20.8 6.9 3.5 6.9 3.5 129 16.2 6.5 9.7 129 9.7 22.6 3.2 9.7 19.4 16.2
Saxicola rubetra*(m) 83 45 - 1.9 - 1.9 - - - - - - - 24 24 - - - - -
Turdus merula *(n) = = - 20 - - = = & = = 24 - i = - = 55 = =
Turdus pilaris *(n) - 6.8 15.8 1.8 19.2 46.0 23.0 326 28.7 30.5 7.1 19.0 4.8 7.1 7.1 47.6 143 214 19.0 143
Turdus philomelos *(n) 2.8 13.6 158 23.0 9.6 153 19.2 134 3.8 9.6 119 167 7.1 4.8 4.8 143 7.1 143 143 9.5
Turdus iliacus *(n) 16.6 6.8 47.5 17.2 24.9 55.6 44.1 59.4 249 49.8 59.2 40.5 11.9 7.1 143 19.0 7.1 28.6 45.2 16.7
Hippolais icterina *(m) - - - - - - 1.9 - - - - - - - - - - 48 - -
Sylvia borin *(m) 138 90 9.0 172 7.7 9.6 9.6 3.8 5.7 1.6 9.2 48 48 9.5 2.4 24 48 48 24
Sylvia atricapilla *(m) - = - = - = e = = - 24 24 - i - - - - -
Phylloscopus sibilatrix *(m) - 23 - - - - - - - - - = - - - - = - -
Phylloscopus trochilus *(m) 135.4 192.3 199.1 114.9 141.8 151.3 130.7 178.2 147.5 154.3 154.8 131.0 123.8 107.1 121.4 92.8 90.5 81.0 97.6 131.0
Muscicapa striata *(m) 28 - 23 19 - - - - 38 32 95 48 - 24 48 24 48 - 11.9 2.4
Ficedula hypoleuca *(m) 16.6 20.4 28.7 13.8 20.8 10.4 17.3 10.4 34.6 15.4 129 227 227 129 6.5 9.7 6.5 3.2 3.2 6.5
Parus montanus *(m) 11.0 45 90 19 3.8 38 38 - 57 80 - 48 24 - 24 48 - 24 24 24
Certhia familiaris *(m) - - - - - ~ - - - - - - - - - 24 24 - - -
Fringilla coelebs *(m) 2.8 4.5 23 9.6 3.8 1.9 1.9 1.9 1.9 - 24 119 - - 9.5 4.8 7.1 24 48 24
Fringilla montifringilla *(m) 63.5 38.5 36.2 44.1 32.6 61.3 49.8 30.7 51.7 64.3 123.8 123.8 61.9 38.1/ 23.8 31.0 35.7 73.8 59.5 52.4
Carduelis spinus (m) - - - - - - - - 1.9 - - - = - - - - < 24 -
Carduelis flammea *(m) 5.5 113 2.3 5.7 21.1 90.0 7.7 23.0 86.2 19.2 23.8 26.2 28.6 11.9 31.0 2.4 21.4 50.0 40.5 11.9
Pyrrhula pyrrhula *(m) - - - - - - - - - - 24 - =i - 24 - - 24 - -
Emberiza citrinella *(m) - - - - - - - - - - oe 2:4 = - - - - = w -
Emberiza schoeniclus *(m) 33.1 31.7 249 345 28.7 21.1 19.2 134 17.2 17.7 26.2 214 26.2 19.0 21.4 119 19.0 19.0 31.0 21.4
Anas crecca *(n) = - = - = 1.9 - = = = = = 2 & = = = = - =
Buteo lagopus *(n) = = = ~ = = = < = = = = = = = 2.4 - = o =
Falco columbarius *(n) = - = = = - = 1.9 19 - - 24 - - - - 24 - - -
Lagopus lagopus *(n) - 23 - 1.9 1.9 - = 3.8 1.9 - - - - 24 24 - - - - -
Tetrao urogallus *(n) - - - - - - 1.9 - - - - - - - - - - - - -
Tringa hypoleucos *(n) - - - - 1.9 1.9 - 1.9 - - - - - - - - - - - -
Jynx torquilla (m) - - - o - - — ~ - - - - - - - 2.4 - - = -
Surnia ulula (n) - = - = - = = - = - = = = = = = = 4.8

Dendrocopos minor *(n) - - = = = 1.9 - s = & = o = = 2.
Corvus corone cornix *(n) & = = = = = = o = = = % .~ & 2

Total comminity 367.4 427.6 459.9 338.8 422.7 526.9 384.7 408.1 472.9 422.2 550.6 512.5 360.9 311.5 349.5 346.6 264.5 348.6 425.0 360.8




