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Annual fluctuations of land bird communities in different successional stages

of boreal forest

Pekka Helle & Mikko Monkkonen

1. Introduction

Helle, P. & Monkkonen, M. 1986: Annual fluctuations of land bird communities in
different successional stages of boreal forest. — Ann. Zool. Fennici 23:269— 280.

Bird communities in four different phases of secondary forest succession (clear
cut, seedling stand, young mixed forest, climax conifer forest) were censused by the
line transect method in northeastern Finland in 1980—85. Yearly variations in bird
density and species diversity, as well as community compositional stability of the
successional bird communities, were measured. The bird community of the clear cut
was the most stable, while the other phases did not deviate from each other in
stability. Relative density variation of long-distance migrants (as a group) was lower
that that of short-distance migrants or sedentary species. There was a strong nega-
tive correlation between the population variability and average population density
among the studied succession stages for each of the abundant species.

The finding that clear cut supports the most stable bird community contradicts
the general theory of succession; however, clear cut is an artificial habitat which
cannot be included in the natural forest succession series. The negative correlations
between density variation and average density of the species in different successional
stages support the idea that the optimum habitats of species are occupied more
regularly than marginal ones. An identical pattern might also be caused by chance.
The lower the density (or smaller the sample) the greater the role of stochasticity.
Some evidence is presented that the population densities of species in studied habi-
tats behave as a Poisson variate, i.e. they are 'random samples’ from stable source
populations.

Pekka Helle, Department of Biology, University of Jyvdskyld, Yliopistonkatu 9,
SF-40100 Jyviskyli, Finland. Mikko Moénkkonen, Oulanka Biological Station,
University of Oulu, Linnanmaa, SF-90570 Oulu, Finland.

from the ‘principle’ that diversity begets stabi-
lity, and diversity usually increases in the

A classic principle of ecology, that northern  course of succession. An important question

species-poor communities are less stable than
more southern species-rich ones (e.g. MacArt-
hur 1955), was questioned by May (1973). He
showed that a simple system can be even more
stable than a complex one, at least in theore-
tical models. The stability of land bird com-
munities has been found to decrease with in-
creasing latitude within Europe (Jarvinen
1979, 1981), but not in North America (Noon
et al. 1985). Stability is also a problematic con-
cept in the framework of succession theory. It
has been assumed (e.g. Odum 1969) that pio-
neer communities are less stable than climax
ones, but this has not been properly verified;
Glowacinski’s (1981) work on Central Euro-
pean forest bird communities is among the few
quantitative studies. The idea has been derived

here is, what does stability actually mean (see
e.g. Botkin & Sobel 1975, Connell & Sousa
1983)? If succession is defined as a process at
the beginning of which community change is
rapid, and which ceases when no major chan-
ge takes place, stability self-evidently increases
during succession (Horn 1974); for a far more
critical view see Peters (1976). On the other
hand, if stability is defined as the ability to
recover from disturbance, it tends to decrease
from pioneer to climax, as is pertinently said
by Horn (1974). “Disturb early succession and
it becomes early succession. Disturb a climax
community and it becomes an early successio-
nal stage that takes a long time to return to
climax” (see also Glowacinski’s (1981) intro-
duction to the problem).
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Noon et al. (1985) put forward an idea that
bird communities in habitats with a simple
vegetation structure (e.g. open habitats) could
be less stable than those in more complex envi-
ronments (e.g. forests) (see e.g. Wiens & Ro-
tenberry 1980 and Noon et al. 1985 and refe-
rences therein). This idea may be applied to
forest succession, as the complexity of vegeta-
tion increases with increasing forest age, at
least to the subclimax phase (e.g. Margalef
1968).

We have censused breeding bird communi-
ties in different phases of secondary forest suc-
cession near the Arctic circle in northern Fin-
land. Our objective here is to compare the sta-
bility of bird communities in these habitats.
The species diversity of bird communities does
not increase steadily during forest succession
in our study area, but is highest in the early
stages of succession and again in climax (Helle
1985a, 1985b). Therefore, if diversity creates
stability, we predict that the bird communities
of young and old forest phases are more stable
than those in stands of median age. The other
purpose of this study is to assess the popula-
tion variability among individual bird species.

2. Material and methods

2.1. Study area and bird censuses

Our study area lies in northern Finland some 20 km
south of the Arctic Circle in the Oulanka National Park
and its nearby areas (approx. 66°N, 29°E). The area has
been thoroughly described in other papers (Helle 1984,
1985a). Four different phases of secondary forest succes-
sion were studied:

A: Clear-felling, about 5—8 years old (censused 1982-
85);

B: Seedling stand, clear-felled some 25— 30 years earlier
(censused 1980—85);

C: Mixed young stand, cutting and/or burning about 70
years earlier (censused 1981 —83, 1985);

D: Old conifer forest, age at least 150 years (censused
1980—85).

The succession stages roughly correspond to age classes
I, III, IV and V in Helle (1985a) in the same area. The
stages studied in this paper do not, however, form a proper
succession series, as the study areas of stages A—C are in
more productive sites than those of D. In stage A there is
no tree or shrub layer; B is dominated by birch and pine
seedlings some 3—5 metres high; spruce, pine, birch and
aspen form the mixed stand of stage C; climax forest (D)
includes old, pure pine and spruce stands. The studied
stages are not, of course, entirely homogeneous: there are
scattered trees (mainly dead hardwoods) in clear cuts, whi-
le small treeless areas can be found in forest proper (caused
by storms or forest fires). Our study area is very sparsely
populated and the distance between the census routes and
human habitation is usually several kilometres.
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Birds censusing was carried out using the Finnish line
transect method (Jarvinen & Viisidnen 1977, 1983). Obser-
vations made inside a belt of 25 m either side of a walking
line form the main belt data; all observations, irrespective
of their distance, form the survey belt data. In this study
we use the survey belt data only, to provide adequate sam-
ples. Pair densities are calculated using the species-specific
coefficients of detectability calculated by Jarvinen & Vii-
sianen (1983) for northern Finland. For each species we
tested whether our main belt/supplementary belt ratio
(supplementary belt = survey belt — main belt) differed
from the figures from which the coefficients are derived, as
recommended by Jirvinen & Vaisinen (1983, p.98). For
five species our main belt percentage was significantly
(P<0.05) higher than in the data of Jarvinen & Viisinen
(1983). This difference is probably due to differences in
average habitat structure between the two studies. The fol-
lowing new coefficients were calculated and used in furt-
her calculations: Numenius phaeopus 1.544, Tringa rebu-
laria 1.696, Motacilla flava 8.793, Phylloscopus trochilus
3.266 and Corvus corone 1.367.

Each stage had two separate transect lines. These were
exactly the same in each study year in phase A, C and D,
while in B about 20 % of the routes varied slightly. Using
the survey belt data in this kind of study creates a problem,
as a proportion of the distant observations comes from a
“wrong’’ habitat. However, as the habitat patches studied
are large (at least 30 ha) and uniform, we consider this
effect to be of minor importance, if not negligible.

2.2 Stability measurements

Stability is here understood as in Jarvinen's (1979) stu-
dy: a community is the more stable the less its properties
(e.g. density, diversity, densities of individual species) vary
from year to year. To measure stability we selected the
following five criteria from those used by Jarvinen (1979)
and Noon et al. (1985); these seem to be the least sensitive
to random variation (note our modification in index 2):

1) Coefficignt of variation (C¥V %) in bird density, CV(D);
the standard deviation of the densities of different study
years divided by their average density multiplied by 100;

2) CV(%) of number of species, CV(S’); the observed
number of species is not used, as this is heavily affected by
sample size; as a sample size free measure of species rich-
ness the expected number of species in a random sample of
93 pairs is used (rarefaction method, James & Rathbun
1981; 93 pairs is the smallest sample in the data);

3) CV(%) of species diversity, CV(H’); the sample size
corrected Shannon'’s index is used (Hutcheson 1970);

4) CV( %) of evenness of species-abundance distribution,
DV(]’); evenness is calculated as J” = H’/InS (S = the
number of species);

5) Average individual turnover, IT; the average of the
index rD calculated from the consecutive years’ data.
rD = 100 (expDIVuy;—1), where the term DIVay
= H'.,—0.5(H"\+H’); H\ and H’, are the species
diversities of consecutive years (1 and 2), H’\4, the species
diversity value for the pooled data of these years.

The index values increase with increasing instability
and should thus be called “instability indices’. However,
to avoid confusion when comparing the results with ear-
lier studies we have not relinquished the practice of cal-
ling them stability indices.

In computing the index IT we used successive years’
data only (in stage C not all the study years were succes-
sive) to avoid bias included in the census internal (see e.g.
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Table 1. Lengths of transects (km), the number of species and pairs observed and average census dates (in June) in the

studied forest succession stages in Northeastern Finland.

Stage 1980 1981 1982 1983 1984 1985 Total

Clear cut
length 6.6 6.6 6.6 6.6 26.4
species 24 28 26 25 40
pairs 127 138 129 124 518
date 27 30 18 24

Seedling stand
length 11.0 11.0 10.0 10.3 7.9 7.9 58.1
species 22 20 22 36 30 24 53
pairs 173 120 186 263 175 169 1086
date 23 19 25 30 19 25

Young mixed forest
length 8.0 8.0 8.0 8.0 32.0
species 28 25 28 30 42
pairs 199 217 230 130 776
date 22 20 29 17

Climax conifer forest
length 11.1 11.1 11.1 11.1 11.1 11.1 66.6
species 22 19 23 36 33 24 47
pairs 93 164 153 214 232 136 992
date 23 24 18 20 17 24

Diamond & May 1977). As stages A and C have been censu-
sed in four, but B and D in six, seasons, we could not
compare the whole periods without reservation. The cor-
relation coefficients between all the study years and shared
study years (when all the stages have been studied) concer-
ning density, species diversity and evenness were 0.946,
0.973, 0.964, respectively (critical value for P<0.05 is 0.950
(N=4)). The high correlations support the use of the
whole data; this, of course, makes the data base broader.

It has been suggested that logarithmically transformed
data should be preferred in studying population or com-
munity variability (e.g. Williamson 1972). We did not fol-
low this recommendation, however. The transformation
should have been done here from N+1 bird pairs, because
many species have not been observed every year in a given
succession phase. The proportion of these nil-observations
is so high that it is unclear whether or not the transforma-
tion would have improved the quality of the data.

3. Characteristics of bird communities studied

Table 1 presents the observed numbers of
pairs and species as well as the lengths of
transects by succession stages and by years.
The whole material comprises 183.1 km of
transect line, 3372 bird pairs and 73 species.
The primary data are included in the Appen-
dix.

Instead of a thorough community analysis
here, we record only the main characteristics of
the bird communities studied. The average
bird density, species diversity and evenness for
each community are depicted in Table 2.
Table 3 shows the average densities and pro-
portions of sedentary species, short-distance
migrants and long-distance migrants in these
communities.

Succession stage A (clear cuts) is dominated
by typical open habitat species, the two most
numerous being Motactilla flava and Anthus
pratensis. In seedling stands (B) the open habi-
tat species still occur but forest species are al-
ready abundant, M. flava and Phylloscopus-
trochilus being the most frequent. The forest
stages (C and D) are dominated by typical fo-
rest species Ph. trochilus, Fringilla montifrin-
gitlla and F. coelebs (see Appendix).

4. Stability of communities and populations

The stability indices do not reveal a consis-
tent pattern in bird community stability in the
age gradient studied (Fig. 1, Table 2). The in-
dices CV(D) and CV(S’) show stage A to be
clearly more stable than the other stages,
which do not differ from each other. Accor-
ding to diversity-based indices — CV(H’) and
CV(J’) — the ends of the studied gradient —
clear-felling and climax forest — are more sta-
ble than the successional phases between them
(B and C). The index IT is relatively constant
among different stages. In order to reduce the
information from the five indices (Table 2) to
a single figure, each successional stage was
ranked from one (lowest index value) to four
(highest index value) within each index, and
these rank points then summed. This procedu-
re shows stage A to be the most stable:

Ab B13 C16 D13
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Fig. 1. Pair density (D), number of species (S’), species diversity (H’) and the evenness .componem of diversity (J’)
observed in study years in different phases of forest succession (A—D); rD indicates the difference in community
composition between consecutive years (see Sect. 2.2. for detailed definitions of the parameters). A: clear cut, B: seedling

stand, C: young mixed forest, D: climax conifer forest.

The three other stages have similar values, sta-
ge C being only slightly less stable than B and
D.

The stability indices are not heavily correla-
ted. Of the 10 mutual correlations between
them, one is significant (CV(D) vs.
CV(S’)+0.976, P<0.05) and one nearly signi-
ficant (CV(H’) vs. CV(J’)+0.947, P<0.1). The
indices need not be strongly correlated, they
can reflect different aspects of stability. A de-
tailed study of the mutual correlations shows
that the indices form three groups: 1) CV(D),
CV(S’), 2) CV(H’), CV(]’), 3) IT. This accords
with the finding of Noon et al. (1985) that the
indices (they had nine altogether) tend to form

Table 2. Average pair density (pairs/km?), species diver-
sity (H’), evenness (J’) and the values of stability indices
used (defined in the text) in the forest successional stages
studied.

Clear Seedling Young Climax
cut stand mixed  conifer
Pair density 86 75 81 54
Species diversity 2.41 2.29 2.50 2.74
Evenness 0.74 0.71 0.76 0.83
Stability indices:
CV(D) 6.1 28.6 . 25.0 28.6
cV(s’) 5.1 15.4 16.1 15.4
CV(H) 1.6 5.3 7.4 3.7
cv({’) 2.6 4.6 8.4 4.0
IT 7.8 9.6 8.5 10.1
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Fig. 2. Relationship between avera-
ge pair density (pairs/kmz) and coef-
ficient of variation in pair density in
sedentary species and partial mi-
grants (lower case letters), short-dis-
tance migrants (capitals) and long-
distance migrants (letters in squar-
es); see text for details. Symbols refer |
to studied successional phases: A:
clear cut, B: seedling stand, C:
young mixed forest, D: climax coni-
fer forest. A least square regression -
line is shown.
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three groups, reflecting density variation, di-
versity variation, and community composi-
tional stability (see also Jarvinen 1979).
Long-distance migrants seem to be more
stable (as a group) than short-distance mi-
grants or sedentary species (Fig. 2). This kind
of conclusion has to be qualified, however, be-
cause the lower the density (or the smaller the
sample) the greater the relative density varia-
tion caused by chance. Thus, the comparison
of the species groups should be made by using
the regression line calculated for the points as
reference (Fig. 2), which may be taken as the
average amount of stochastic variation. After
this correction the differences between the spe-
cies groups are minor, the short-distance mi-
grants being slightly more variable than long-
distance migrants or sedentary species. .
When assessing the population variability
of individual species in different phases of suc-
cession it is reasonable to restrict the study to
the most abundant species to avoid inadequate
samples. The correlation between the average

10 20

PAIR DENSITY

density and coefficient of variation in densities
in different successional stages is negative for
all of the most abundant species (Table 4). As
already stated, this kind of result is expected to
be caused by chance as well. The easiest way to
avoid the effect of sampling variance on the
correlation between the average density and
variability is to remove the effect of sample size
with the partial correlation technique. We
found this method problematic here, however,
because the correlation between sample size
and density is quite close to unit in the most
numerous species of our data; thus these two
variables (sample size and density) are ‘““in-
distinguishable’.

It would appear to be a safe assumption that
the densities of species populations behave as a
Poisson variate (e.g. Svensson et al. 1984),
which means that there is a certain amount of
stochastic variation in local densities (in-
creasing with decreasing density), although
the source population is stable from year to
year. If this assumption is correct the variance

Table 3. Average densities (D, pairs/km?) and proportions (%) of sedentary species (including partial migrants),
short-distance migrants (wintering areas mainly in Europe) and long-distance migrants (wintering grounds mainly in
Africa) in the forest succession stages studied. The division is based on Viisianen (1984) and completed by data from von

Haartman et al. (1963 —72).

Clear cut Seedling stand Young mixed Climax conifer
D % D % D % D %
Sedentary species 3.0 3.5 4.6 6.2 12.3 15.1 8.9 16.6
Short-distance migrants 34.8 40.2 24.9 33.2 30.8 37.8 25.9 48.2
Long-distance migrants 48.7 56.3 45.4 60.6 38.3 47.1 18.9 35.2
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Table 4. Average density (D, pairs/km?) and year-to-year variation (C¥( %)) among the most numerous species in the
data having been observed in all the successional stages studied. Coefficients of correlation between average density (log
transformed) and year-to-year variation are given (r value for P<<0.05 is 0.950, N=4). CV., indicates the coefficient of
variation which is expected to be caused by chance, i.e. assuming that the densities of the species in different years

behave as a Poisson variable (see also text).

Clear cut Seedling stand Young mixed Climax conifer
. D CV CVep D CV CVup D CV CVep D CV CVeyp r
Phylloscopus trochilus 100 381.1 222 200 26.1 142 227 233 134 39 57.0 274 —0.966
Fringilla montifringilla 56 444 298 4.0 71.1 31.1 13.1 357 17.7 11.7 46.3 159 —0.810
Turdus iliacus 49 421 354 11.8 555 207 47 620 329 09 843 655 —0.478
Anthus trivialis 1.9 703 485 27 585 375 59 239 254 3.0 237 304 —0.798
Phoenicurus phoenicurus 1.0 759 66.7 0.6 1065 73.5 1.3 595 535 26 49.7 326 —0.941
Carduelis flammea 05 1514 894 14 833 512 28 645 354 1.0 1099 49.0 —0.979
C. spinus 0.2 1155 141.4 04 116.8 883 27 771 324 14 725 383 —0.918
Loxia curvir/ pytyops 09 734 516 04 1251 628 1.1 672 426 0.6 80.4 47.1 —0.925
Cuculus canorus 0.3 426 66.7 0.2 764 657 0.5 36.0 459 04 443 46.3 —0.906
Tringa glareola 29 422 436 1.3 872 594 0.2 1155 141.4 0.4 1139 92.6 —0.938

of the densities of a species in different years
should equal its average density. Following
this method we calculated the expected values
for coefficients of variation using the formula
CV(%)exp = 100 x°°), where x is the average
number of pairs observed in study years (Table
4). The ratio “observed variation per expected
variation’ can then be used for comparing the
population variability among the most nume-
rous species (Fig. 3). Fringilla montifringilla
and Carduelis flammea show the highest popu-
lation variability, whilst Cuculus canorus and
Tringa glareola seem to have the most stable
population densities of the species studied. In-
terestingly, after eliminating the effect of samp-
ling variance, there is a nearly significant, po-
sitive correlation between the amount of varia-
tion and average density of species (r= +0.624,
P<0.1).

5. Discussion

The values of stability indices obtained here
agree roughly with those reported by Jarvinen
& Vaisanen (1976) for several northern Euro-
pean land bird communities. A detailed com-
parison between this study and earlier contri-
butions is, however, beyond our present inte-
rest. Below, we try to explain our results on
bird community stability, which were not in
accordance with the classic theory of successi-
on (see Introduction).

Firstly, one methodological point deserves
mention. When studying bird community sta-
bility in the context of succession, it is prefe-
rable to separate community changes caused

by succession (which are directional) and those
caused by stochasticity (which are non-direc-
tional), as was stressed by Glowacinski (1981)
(for a discussion on a similar problem, see also
Helle & Monkkonen 1985). The importance of
this aspect can be exemplified as follows. We
have censused birds at a given site in consecu-
tive years and calculated coefficients of varia-
tion to measure bird community variation. It
is possible, for example, that total bird density
has increased evenly in that area within the
study period, and the CV(%) perhaps suggests
considerable density variation. This would
lead to an incorrect interpretation, however. If
the increasing trend in bird density is exactly
linear, the result should be interpreted so that
there is a marked successional trend but no
stochastic variation. Glowacinski (1981) intro-
duced a method to estimate the significance of
these two components: if there is a succes-
sional trend in any parameter used to describe
community stability, it is removed and the re-
siduals are then used to measure the amount of
stochastic variation (random fluctuations) in a
community. Fig. 1 shows that in our data the
problem is not serious: the year-to-year change
in any stability index is not directional but
more or less fluctuating. Hence, we did not
adopt the Glowacinskian approach, but used
the index CV(%) instead.

5.1 Stability vs. diversity and habitat productivity

Three explanations are generally used to ac-
count for differences in community stability:
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Fig. 3. Relationship between the ob-
served vs. expected density variation
and average density among the ten
most abundant species of the data.
Expected values are calculated as-
suming that the densities of species
vary as a Poisson variate, the varian-
ce of the densities equalling their
mean (see also text). Species expla-
nations:

1 — Phylloscopus trochilus
— Fringilla montifringilla
— Turdus iliacus
— Anthus trivialis
Phoenicurus phoenicurus
— Carduelis flammea
— C. spinus
— Loxia curvirostra/

pytyopsittacus

— Cuculus canorus
— Tringa glareola
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community stability will increase with 1) in-
creasing diversity, 2) increasing productivity
and 3) increasing climatic predictability (for
an explicit review of these hypotheses see Jar-
vinen (1979)). The last explanation seems to be
the most important as regards the geographi-
cal variation in stability in Europe (Jarvinen
1979, A. Jarvinen 1983), but it is outside the
present discussion, because our succession sta-
ges lie in a very restricted area hardly differing
in their predictability of weather conditions
(for such a case see Stenseth et al. 1979).

The productivity hypothesis states that sta-
bility increases with habitat productivity, since
more species have their density maxima in
highly productive habitats than in poorly
productive ones; in optimum habitats, territo-
ries are occupied annually (or nearly so), and
population fluctuations are therefore minor,
whereas suboptimal or marginal habitats have
larger annual fluctuations (e.g. Enemar 1966,
Fretwell & Lucas 1971, v. Haartman 1971). To
test this explanation we calculated the correla-
tions between the stability indices and average
pair densities of different succession stages
(which reflect the productivity of a habitat).
Negative correlations are expected, if the .hy-
pothesis holds true. The test does not support
the explanation (Table 5): three out of five are

AVERAGE DENSITY

negative, two positive, although none are sta-
tistically significant.

According to the diversity hypothesis, com-
munity stability increases with the number of
species (e.g. MacArthur 1955, Goodman 1975;
see however May 1973), because in a species-
rich community a change in a species’ popula-
tion is more easily compensadted by other spe-
cies than in a species-poor community. One
test of this hypothesis is to correlate the stabili-
ty index values with the species diversities of
different successional stages. If the hypothesis
holds true, negative correlations should domi-
nate. This is not the case, rather the contrary is
true (see Table 5); all the correlations are far
from significant.

Another test of this explanation is to assess
whether the year-to-year changes in species

Table 5. Correlations between the stability indices (see
text) and the average species diversity (H’), pair density
(D) and sample size (N) in the successional stages
studied. The critical value for P<0.05 is r=0.950 (N =4).

cv(D) CV(S’) CVH') CV(J") IT
H’ 0.268 0.260 —0.073 0.034 0.418
D —0.661 —0.533 0.023 0.144 —0.897
N 0.840 0.924 0.971 0.859 0.051
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populations compensate for each other or
whether they take place in parallel. If the di-
versity hypothesis is correct, compensatory
fluctuations should be more important. We
analysed the data using the method introduced
by Pielou (1972) (see also Schluter 1984): if the
species fluctuate entirely independently of
each other, the sum of the variances of species’
densities is equal to the variance of annual to-
tal densities; if this ratio is below one, parallel
fluctuations are stronger than compensating
ones, and if the ratio exceeds one, compensa-
ting changes dominate. The computed figures
show that in stage A compensating population
changes are important, whereas they are clear-
ly not in stages B—D:

A 245 B 0.39 C0.28 D 0.28

All the figures deviate significantly (P<<0.05)
from one, that is, from the situation which is
expected to be caused by chance (see Schluter
1984 for the details of the test). The ratios abo-
ve closely fit the patterns observed in CV(D)
and CV(S’) (Table 2): stage A was found to be
the most stable successional stage, and it is the
only stage showing compensating population
fluctuations as being important. The high fi-
gure obtained for successional stage A may
emerge from interspecific interactions such as
competition, but compensating population
fluctuations may arise from other causes, too.
One possible explanation is that vegetation
succession in successional phase A is rapid and
different species are favoured in different years
because of this succession.

5.2 Other factors affecting stability and stability
indices

Several studies have indicated that northern
European populations of long-distance mi-
grants are more stable than those of short-dis-
tance migrants (e.g. Svensson 1977, Solonen
1981, Fig. 1; see, however, Berthold & Querner
1979). Noon et al. (1985) have reported a nega-
tive correlation between the proportion of
long-distance migrants and diversity variation
in North American land bird communities;
they suggest that the long-distance migrants
might “buffer’ bird communities against large
year-to-year diversity variation. In order to as-
sess the role of the migratory groups distin-
guished (sedentary species, short-distance mi-
grants, long-distance migrants, see Sect. 3)
from the point of view of community stability
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we correlated the stability index values of dif-
ferent successional stages with the respective
average pair densities of these species groups.
One of the 15 correlations (three species
groups, five indices) is significant: the density
of short-distance migrants vs. IT (r=0.956,
P<0.05). This suggests that they are short-dis-
tance, rather than long-distance, migrants
which are of major importance to bird com-
munity stability. It has to be stressed, however,
that every fifteenth correlation is fairly easily
significant due to random variation only.

As the samples for our data (per year per
stage) are not large, the possibility that the re-
sults respecting stability are affected by chance
has to be assessed. If this effect is important we
would expect successional stages with the
smallest samples to have the highest values for
stability indices, and vice versa. As shown in
Table 5, this effect is not important: in fact, all
five correlations are positive, with one signifi-
cant one! The test is only partially satisfactory,
since the size of samples per se is inevitably not
the most effective factor, but rather the size of
sample in relation to the diversity of bird
communities. We were not able to construct
such a test, however.

Jarvinen & Lokki (1978) presented a method
of estimating the variance in pair numbers
caused by the incompleteness of one-visit cen-
suses. They assumed a one-visit census to be a
binomial process and the census efficiency of
all the species about the same (not far from
0.5). The'expected CV % in pair density in the
studied successional stages calculated accord-
ing to the formula given by Jarvinen & Lokki
(1978 p.89) are as follows:

A72 B6.1 C59 D 6.4

The observed density variation in clear cuts
(CV(%) 6.1, Table 2) nearly equals that expec-
ted (7.2%), indicating that the observed varia-
tion may be sampling variance only. In the
other successional phases (B— D), on the other
hand, the observed coefficients of variation are
about 4.5 times larger (see Table 2) than those
expected on the grounds of one-visit sampling
variance (above), i.e. the year-to-year changes
are ‘“‘real”. As to the other stability indices
used, the sampling variance cannot be estima-
ted.

5.3 Population \;ariability among individual species

Our first result, a negative correlation be-
tween average population density and popula-
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tion variability (Table 4) seemed to agree well
with the idea that species occupy optimum
habitats (where densities are high) more regu-
larly than marginal ones (where densities are
low) (for references see Sect. 5.1., Hildén 1965).
However, differences in sample size explained
most of this pattern supporting the importan-
ce of scale in ecological studies (see e.g. Wiens
1981). It should be noticed that chance works
in the present data, in principle at least, at two
levels: firstly, there is the sampling variance of
the one-visit census technique (all the birds in
a given area are not observed, see e.g. Jarvinen
1978, Jarvinen et al. 1978, Hildén 1981), and
secondly, there is the “natural’ stochasticity of
populations. The latter is demonstrated by the
checkerboard model of Wiens (1981).

In Section 4 we assumed that census samples
behave as a Poisson variable and we presented
the expected amount of variation for the most
numerous species (Table 4). The mean ratios
for observed vs. expected population variabili-
ty in different successional stages studied
(A—D)are 1.22, 1.74, 1.51 and 1.66, respective-
ly (the difference between stages A and B is
significant, P<<0.05, t-test). The population
variations observed are on average 1.5 times
larger than the expected ones. It should be
stressed that the variance caused by one-visit
sampling should be added to the expectations
before we can obtain a figure for true popula-
tion variation. Jarvinen & Lokki (1978) sho-
wed that if censusing is assumed to be a bino-
mial process (which seems to be a safe assump-
tion), the variance is then p(1—p)N, where p is
the probability of detecting and N number of
pairs. Based on this formula and the known
efficiency of one-visit censusing (e.g. Jarvinen
1978) the expected variance is about 1.3 (Pois-
sonian and sampling variance together). This
approach requires so many assumptions, how-
ever, that a more detailed analysis is not jus-
tified.

Finally, we offer an example which demon-
strates the importance of scale (associated with
the sample size problem) in the study of popu-
lation processes; this view has been particular-
ly stressed by Wiens (1981). The density varia-
tion CV( %) of the most abundant species of the
data, Phylloscopus trochilus, is the following
in different successional stages: A 31.1, B 26.1,
C 23.3 and D 57.0. These figures are based on
equal areas studied for each stage. What will
the density variations amount to, if they were
calculated, not per unit area, but per unit
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sample size? If the average sample size per year
is the same in every succession stage (concern-
ing P. trochilus) the lengths of the transects
should be A 4.3, B2.2, C1.9,and D 11.1 km
(per season). We checked from our original no-
tes these distances and counted the numbers of
pairs observed and their variation. The “sam-
ple size free density variation’ CV(%) for the
studied successional stages are as follows: A
51.5, B 52.2, C 60.6 and D 57.0. These figures
equate well with each other compared to those
obtained earlier (calculated per unit area).
This empiric sample size standardization stres-
ses the utmost importance of sample size (or
population density or area size) in the study of
annual fluctuations.

6. Concluding remarks

The result obtained on the stability of bird
communities during forest succession does not
agree with the traditional view. Although we
showed that the sample size per se is not an
important factor contributing to the result (on
a community level), the samples are quite na-
turally “noisy”’. The index IT, which measu-
res the compositional stability of a communi-
ty, is very useful in a successional context (see
Gltowacinski & Jiarvinen 1975), since the com-
munity change during succession is one of the
most steady features of succession (e.g. Chris-
tiansen & Peet 1984). The IT values, however,
were not in accordance with the theory, but
were relatively constant among the successio-
nal stages. This might mean that they reflect
nothing but “noise’ (or pseudo-turnover, see
Helle & Monkkonen 1985). We also have an
alternative explanation. Bird communities of
old forest may have been more stable than tho-
se in other forested habitats, but since conti-
nuous forests have been heavily fragmented by
intensive forestry in the last few decades (e.g.
Jarvinen et al. 1977, Helle 1985c), the frag-
ments of primeval forest no longer support
their original stable bird community, but re-
flect the same changes in bird populations as
in the surrounding large areas of secondary
vegetation (see also Vidisinen et al. 1986).
Whitcomb et al. (1977) suggested that forest
fragmentation in North America may have
increased turnover rates in bird communities.
We do not have adequate data to test this hy-
pothesis, but it seems to be a promising topic
for further studies.

Finally, there is one important question of
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principle left. The stability of the bird com-
munity of a clear-felling was observed to be
highest among the successional phases stu-
died. Clear cut is a very artificial phase of for-
est succession, however: it includes unnatu-
rally sparse vegetation and it is often heavily
ploughed in our study area. A natural begin-
ning of forest succession, after a forest fire or
storm, is probably never so bare. Does our sta-
ge A belong to forest succession at all, as it is
mainly occupied by species of open habitats
(mires, shores, meadows etc.)? If the clear cut is
excluded from our succession series, the result
is not, however, in accordance with the general
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theory of succession, which was supported by
Gtowacinski (1981) in his study on deciduous
forest succession in Central Europe. Inte-
restingly, clear cut showed, in some stability
parameters, greater stability than a 7—11 year
old thicket also in Gtowacinski’s (1981) data.
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Appendix. Primary data of bird censuses in dlfferent stages of forest succession in Kuusamo, northeastern Finland in
1980—85. The average densities (D, palrs/km ) of the species are given for each successional phase; the figure 0.0
indicates densities below 0.05 pairs/km’. See text for details.

Clear cut Seedling stand Young mixed forest Climax conifer forest

82 83 8 8 D 80 81 82 83 8 8 D 81 82 83 8 D 80 81 82 83 84 85
Buteo buteo 01 0 0 0.l 00 0 1 0 0 00 O0 0 0 O 1 00 0 0 0 0.0
B. lagopus 00 2 0 0.1 00 0 0 0 O 00 0 0 00 0 0 0 O
Falco tinnunculus 0 0 1 1 01 1 0 01 0000 0 O0OUO 0-0 0 0 0 O
F. columbarius 00 0 O 001 0 0 000 OO0 OO 0 0 0 0 0 O
Bonasa bonasia 00 0 0 0 0 0 0 0 O 3 1 0 0 1.6 1 2 1 2 1 115
Lagopus lagopus 0 0 0 O 1 00 01 005 0 O0O0O0 00 0 0 0 O
Tetrao tetrix 01 1 0 03 3 2 0 0 0 0 03 0 0 0 O 0 0 0 0 0 O
T. urogallus 00 0 0 o0 01 0 0 03 00 O00O0 0 0 0 0 1 0 03
Grus grus 01 0 0 00 0O 00 1 0 0 00 0 O0 0O 00 0 0 0O
Pluvialis apricaria 0 0 1 103 00 0 0 0 O 0 0 0 O 00 0 0 0O
Vanellus vanellus 01 1 1 04 0O 0 0 0 0 O 0 0 0 O 0 0 0 0 0 O
Gallinago gallinago 6 6 4 4 16 3 0 01 0102 0O0O0OT1O01 0O0O0O0OO0°O0
Numenius phaeopus 2 2 1 1 04 2 4 2 4 4105 00 00 00 0 0 0 O
N. arquata 0 0 2 0 0.l 00 0 0 0 O 00 0 0 00 0 0 0 O
Tringa nebularia 2 1 3 5 07 o1 2 41 404 000 O 00 0 0 0O
T. ochropus 0 0 0 0 00 0 0 0 0 2 1 1 106 1 0 0 38 38 0 04
T. glareola 4 6 3 8 29 0216 5 613 001 102 000 2 3 2 04
Actitis hypoleucos 1 2 2 0 08 00 0 0 0 O 00 0 0 00 0 0 0 O
Cuculus canorus 2 1 3 3 03 5 01 2 4 402 5 3 7 405 2 7 3 75 4 04
Surnia ulula 02 0 0 05 00 0 0 0 O 001 002 0O0O0O0O0TO0
Asio flammeus 00 0 O 01 0 2 0 002 00 0 0 00 0 0 0 O
Apus apus 0 0 0 1 00 o0 010000 020000 O0T1UO0O0O0OO0DO00
Jynx torquilla 0 0 0 O 00 0 0 0 O 1 0 0101 0O0O0OTO0TO
Dryocopus martius 00 0 0 o0 0 1 0 0 00 0 0 0 O 00 1 1 0 1 00
Dendrocopos major 00 0 0 o0 o001 203 100002 0O01O0T1 102
Hirundo rustica 00 0 O 00 01 0 000 0 O0 0O 00 0 0 0 O
Anthus trivialis 5 1 838 819 2 61017 610 27 18 19 14 11 59 10 16 10 9 10 10 3.0
A. pratensis 26 26 20 1617.1 21 516 9 3 1 49 0 0 0 O 00 0 0 1 0 0.1
Motacilla flava 1517 15 18216 14 612 21 23 6124 0 0 0 O 1 0 0 6 0 0 0.1
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Climax conifer forest
D 80 81 82 83 84 85

Young mixed forest

D 81 82 83 85

Seedling stand
80 81 82 83 84 85
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Clear cut
82 83 84 85
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