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Abstract Climate change and habitat degradation due to land use are the key factors
threatening biodiversity. It is important to study both the separate and joined effects of
climate warming and land use on biodiversity. In this work long-term population changes
of southern boreal forest birds were studied in relation to climate change and direct habitat
alteration due to forestry. The study was based on annually repeated bird censuses in 23
consecutive years (1993-2015) in a managed forest landscape. Results were compared
with population changes in protected areas where logging is not allowed. During the study
period, total bird density declined by 18 % with a change in the bird community com-
position. Out of the 12 most abundant species seven showed a significant negative trend
and only one species a positive trend. Population declines could be connected with the
direct alteration of habitat as a consequence of forestry or with the effect of climate change
in the case of those species which declined also in protected areas. The increased species
are abundant across Europe in human-modified habitats. Due to habitat alteration and
climate warming, specific characteristics of southern boreal forest bird communities are
changing with communities representing a pattern towards global homogenization. Thus,
habitat alteration strengthens the negative effects of climate change.
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Introduction

Climate and land use change are the main drivers of biodiversity change (Sala et al. 2000;
Travis 2003), and pressures on biodiversity have increased in the early 21st century
(Butchart et al. 2010). Climate change and land use change interact in their impact on
biodiversity, but their combined effects are still poorly known (Jiguet et al. 2010; Oliver
and Morecroft 2014). In a recent study, the speed of climate change was estimated to be an
order of magnitude higher than the speed of land use change in most regions of US
(Ordonez et al. 2014). In preserving biodiversity it is important to highlight areas most
vulnerable to changes due to individual or combined effects of climate and land use change
(Ordonez et al. 2014).

Thuiller et al. (2004) suggested that at a coarse resolution variation in land cover is
mainly driven by climate, and thus climate variables can effectively account for most of the
explanatory power of land cover. However, Luoto et al. (2007) showed that determinants
of bird species distributions are hierarchically structured: climatic variables are large-scale
determinants followed by land cover at finer resolution. At the large scale, species are
restricted by climate variables (see e.g., Root 1988) and occur in a species-specific climate
space (Huntley et al. 2007; Aratjo and Peterson 2012).

Climate change is a key driver affecting bird assemblages in boreal forests (Huntley
et al. 2007; Jetz et al. 2007; Bellard et al. 2012; Jiguet et al. 2013). The boreal forest is the
biome where climate is predicted to change most rapidly. In a comparison of the world’s
14 main biomes and their respective protected areas, Loarie et al. (2009) showed that
climate change by year 2100 was among the most rapid in protected areas of the boreal
biome. In a recent study comparing spatial patterns in the abundance of European birds,
Howard et al. (2015) showed that the relative importance of climate is higher in boreal
northern Europe in Finland and Sweden than in central and southern Europe where land
use patterns are relatively more important. For example in Britain, despite more stable land
use intensity in recent years, climate change has not overtaken land use intensity as the
dominant driver of bird populations (Eglington and Pearce-Higgins 2012).

Species distributions have already been observed to shift polewards (latitudinally) and
upwards (altitudinally) in several species groups as a consequence of climate change (see
Hickling et al. 2006; Chen et al. 2011; Brommer et al. 2012). In addition to species range
shifts, also densities of boreal bird species have shifted northwards. In Finland, for
example, the mean weighted latitude of density moved northwards, on average, by
1.3 km year™' from the 1970s to the 2010s (45 km during the study period of 35 years) in
the 94 most common land bird species (Virkkala and Lehikoinen 2014). Densities of the
most abundant forest bird species distributed over the whole country had also shifted
northwards. Virkkala and Rajasirkkd (2011a) showed that populations of southern species
had increased by 29 % and northern species declined by 21 % in a set of 96 Finnish
protected areas between two time periods, 1981-1999 and 2000-2009. Temporal changes
were most pronounced toward species range boundaries: southern birds increased most in
northern protected areas and northern species showed the greatest decrease in southern
protected areas (Virkkala and Rajasirkkd 2011b). As a consequence of climate change,
boreal bird assemblage composition is changing with a time lag of 1-3 year(s) in relation
to temperature increase (Lindstrom et al. 2013).

Another key driver affecting boreal bird species is forestry, i.e. logging and manage-
ment of forests for the extraction of wood. In NW Europe almost all forest land outside
protected areas is subject to systematic silvicultural practices, which include thinning of
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young and middle-aged stands, clear-cutting at a stand age of 60—120 years depending on
site type and location, and replanting. Compared to naturally-dynamic forest landscapes,
logging and management result in even-aged stands and a truncated age-class distribution
with a reduced area of old-growth forest. The effects of forestry, thus, differ considerably
from those of natural disturbances to which boreal species are evolutionarily adapted, such
as fire and storm-felling (see Esseen et al. 1997). In particular, species dependent on dead
wood, old-growth and uniform forests with vertically heterogeneous structure suffer from
the effects of forestry (Helle and Jarvinen 1986; Virkkala 1991; Viisdnen et al. 1998;
Roberge et al. 2008). The effects of forestry and climate change can also act in parallel. For
example, many northern boreal forest species may suffer both from a warming climate and
the loss of old-growth forests (e.g., Siberian jay Perisoreus infaustus; Edenius et al. (2004);
Muukkonen et al. (2012)).

In this paper I study population changes of specific southern boreal forest bird species
and changes in bird community over a long time period, based on 23 consecutive years.
The study was carried out in a managed forest area where forests were logged continu-
ously. However, there has been a change in the logging practices, as also in the whole of
southern Finland, because the earlier harvesting (until the 1970s) of forests was largely
based on the removal of individual trees, but clear-cutting with replanting have replaced
the earlier logging procedures. The results are compared with population changes in
southern Finnish protected areas where logging is not allowed and also with population
changes in the whole of Finland to find out whether the population changes are primarily
caused by (1) direct habitat alteration (forestry) or by (2) climate change? If population
changes in the managed forests parallel those in protected areas then population changes
could be caused by climate change. On the other hand, if populations decline in managed

| Kilometers

Fig. 1 Location of the study area of managed forests (open circle), and the protected areas in southern
Finland. 7 Liesjérvi national park, 2 Pinkjérvi protected area, 3 Lauhanvuori national park, 4 Seitseminen
national park, 5 Isojdrvi national park, 6 Pyhd-Hékki national park, 7 Linnansaari national park, 8 Kolovesi
national park
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forests, but increase or remain stable in protected areas, direct habitat alteration would
probably be the key factor causing the population decline.

Materials and methods
Study area

The study area was situated in a managed forest landscape in southern Finland, in the
southern boreal forest vegetation zone (61° 18’ N, 24° 39’ E, Fig. 1). Over 80 % of the land
area in the region (318 km?, former municipality of Luopioinen) is forests (Tomppo et al.
(1998), see also Risdnen et al. (2016)), the remainder being mainly agricultural land.
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Fig. 2 a Stand height of forests (in metres) in the different height classes in the study area in 1993 and in
2015. b Dominant tree species in forests (stand height over 5 metres) in 1993 and in 2015
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Annual bird censuses were carried out by the author in managed forests in an area of 7 km?
(Ahvenusmaa—Nivunkulma) between 1993 and 2015. Managed forests in the study area
consisted of varying age classes with recent clear-cuts, young saplings, and middle-aged,
mature and old-aged stands. Forested area continues outside the study area.

Bird censuses located exactly at the same sites were repeated each year at the turn of
May-June by the author. In the main belt (see later) of the transects dominant tree species
and their mean stand height were recorded. Four classes were used to determine the
dominant tree species: spruce, pine, deciduous trees as well as mixed stands with both
coniferous and deciduous trees in equal (about 50 %) proportion. Trees with a height of
1-5 m were recorded as saplings (bushes), 6-11 m as young forests, 12—17 m as middle-
aged forests and over 18 m as mature or old-aged forests. In the clear-cuts tree height
was <1 m. In climax forest, stands are 18-25 m tall depending on the site type with dry
types having the lowest and most productive herb-rich forests types the highest height of
stand. There were no nest-boxes available along the transects.

The height of forest stands in different categories in the beginning (1993) and at the end
(2015) of the study are presented in Fig. 2a. Although the area was continuously logged by
clear-cuts, the average height of the forests had not changed much during the study. The
weighted mean of stand height was 14.6 m in 1993 and 14.1 m in 2015. It should be noted
that annual growth of young and middle-aged stands is about 0.5 m or even more in
productive herb-rich, moist and mesic site types, so that at these site types a forest of 10 m
height at the beginning of the study was about 20 m at the end of the study. On the other
hand, the proportion of dominant tree species shows a quite different pattern as the pro-
portion of spruce-dominated forests had declined considerably due to logging, from 49 to
33 %, and the proportion of mixed forests had increased from 13 to 33 % (Fig. 2b). Mature
and old-aged spruce forests (tree height >18 m) declined by one third due to loggings,
from 27 to 18 %. Forest patches have also been fragmented (decrease in forest patch size)
during the study as a consequence of logging procedures. Most of the clear-cuts (herb-rich,
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Fig. 3 Proportion of old spruce-dominated forests (stand age over 80 years) and young (stand age of
1-40 years) spruce-dominated forests (including mixed stands of spruce and deciduous trees) in the forest
land in southern half of Finland (see Fig. 1) based on National Forest Inventories (NFI) carried out in
1986-1992 (NFIS), in 19962000 (NFI9) and in 2009-2012 (NFI11) (Salminen and Salminen 1998; Metinfo
2012)
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moist and mesic site types) are planted with spruce, but deciduous trees (mainly birch)
increase naturally therein as mixed trees. The dry sites are planted with pine.

Whereas the earlier harvesting of forests in the area was largely based on the removal of
individual trees, clear-cutting with replanting increased from the early 1970s onwards.
During the study, the commercial regeneration of forests was based on clear-cutting with
leaving 5-10 retention trees per hectare (see also Vanha-Majamaa and Jalonen 2001)
according to the new silvicultural recommendations. Approximately half of the stand
volume is removed in the thinning operations of growing stock, which are being carried out
twice or three times during the harvest cycle. The forests in the study area are privately
owned.

Same patterns in forest structure as a consequence of forest management and loggings
as in the present study area are observable in the whole of southern Finland based on
National Forest Inventories (Fig. 3). Old spruce-dominated forests (stand age over
80 years) have declined by 35 % (change of proportion in all forest land from 11.5 to
7.5 %) in southern Finland from 1986-1992 to 2009-2012 (based on Salminen and
Salminen 1998; Metinfo 2012). During the same time period, spruce-dominated (including
mixed stands of spruce and deciduous trees) young stands of 1-40 years have increased
over 70 % (change of proportion in all forest land from 7.7 to 13.3 %) (Salminen and
Salminen 1998; Metinfo 2012).

Bird census data

Land birds in the study area were counted using the Finnish line transect census method
(Jarvinen and Viisdnen 1976; Jarvinen et al. 1991; Virkkala and Lehikoinen 2014). The
line transect method is a one-visit census, in which birds are recorded separately in a 50 m
wide main belt and in a supplementary belt outside this. The supplementary belt consists of
all birds observed outside the main belt without any distance limit. The main and sup-
plementary belts together comprise the survey belt. The line transect censuses were carried
out in the early morning hours (between 3:00 AM and 8:00 AM) when the singing activity
of birds is the highest. In line with the instructions of the Finnish line transect census a
male heard singing, an otherwise observed male or female, or a group of fledglings were all
interpreted as a pair (see Jarvinen and Viisdnen 1976; Jirvinen et al. 1991). If both a male
and a female or two alarming individuals (sexes not identifiable) were observed in the same
site, they were always interpreted as one pair. In southern Finland, the density estimate of
bird species based on a line transect census method is on average approximately 70 % of
that based on thorough mapping censuses (Tiainen et al. 1980).

In calculating densities (pairs/kmz), observations of birds in the survey belt were
adjusted by applying species-specific correction coefficients, which take into account
differences in the observability of species (Jdrvinen and Viisdnen 1983). The species-
specific correction coefficient of a given species is based on the ratio of the numbers in the
main and supplementary belts. The species-specific correction coefficients provided by
Viisdnen et al. (1998), Virkkala and Lehikoinen (2014), and Lehikoinen and Virkkala
(2015) were used, and were calculated based on large, nation-wide line transect data sets.
Since the sample size is relatively small for many species, only the most abundant species
and species groups having adequate sample sizes were compared (see Supplementary
Material, Table S1).

Censuses were all performed between 28 May and 7 June every year. In years with an
early spring the censuses were carried out at the end of May and in cases of a late spring
early June. The same four 2-km long transects were repeated each year. All transects
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consisted of straight lines with no between-transect overlap in the study area. The distance
between the adjacent transects was ca. 0.9 km. All the censuses were carried out by the
author.

Results of bird censuses of the study area were compared with the results of bird
censuses carried out in eight forested protected areas situated at a distance of c. 200 km
from the study area (Fig. 1). The same line transect census method was adopted also in
protected areas. These data were part of censuses carried out in the network of protected
areas in the whole of Finland and presented in detail in Virkkala and Rajasdrkkd (2011a, b,
2012). These data were compared between two periods, 1981-1999 and 2000-2009. In the
eight protected areas of the present study, the median census years were 1988 in the first
and 2005 in the second period. The mean number of years that censuses were carried out in
each protected area was four in 1981-1999 and two in 2000-2009. The same transects
were not repeated, but censuses in each protected area included the same proportion of
habitats in the two periods. On average, 90 % of the land area of these protected areas was
covered by forests, the rest being mires and rocky outcrops. Logging is not allowed in
protected areas. The total length of transects in each protected area in both the periods and
size of the areas are presented in the Supplementary Material (Table S2).

Statistical analyses

The statistical significance of temporal change (trend) in the total density of all bird pairs
and density changes of the most abundant species (at least 2 % of all bird pairs in the
community) were studied based on TRIM (Trends & Indices for Monitoring data) to
estimate additive slope parameter with standard error (S.E) (Pannekoek and van Strien
2005). The programme TRIM is freely available, and it accounts for over-dispersion and
serial autocorrelation using a generalized estimating equation algorithm. TRIM is a stan-
dard programme in analysing bird monitoring data sets (see Pannekoek and van Strien
2005). When presenting results in bird densities in 1993-2015, the first year (1993) was
given a value of 1.00 with which densities in the other years were compared.

The census results of the eight protected areas were compared pairwise between the two
periods (1981-1999 and 2000-2009) and the density difference of each species tested by
Wilcoxon signed rank test.

Percentage similarity (PS) of the bird community within the study period was calculated
as PS = > min (py;, pai), Where py; and py; are proportions of species i in samples 1 and 2.
This similarity index is a measure of dissimilarity between two communities (spatially or
temporally), based on relative (proportional) abundances of species. Percentage similarity
of the bird community were compared here temporally based on mean density in four
(three) year periods: 1993-1996, 1997-2000, 2001-2004, 2005-2008, 2009-2012, and
2013-2015.

Species groups

In addition to calculation of annual total density of bird species, bird species were clas-
sified based on their migratory status (Supplementary Material, Table S1): resident species,
partial migrants, short-distance migrants and long-distance migrants according to Véisinen
et al. (1998) and Valkama et al. (2014). Partial migrants include species in which part of
the population is resident and part is migratory. Birds having irregular movements were
also included in this group. Short-distance migrants overwinter in central and southern
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Europe including the Mediterranean region and long-distance migrants in Africa south of
the Sahara or in southern Asia.

Climate variables
Climate change during the study period was investigated by studying changes in the mean

temperature of the whole year as well as of April-June, which is a particularly important
period for breeding birds. These data of climate variables are based on 10 x 10 km
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Fig. 4 Density changes of species in 1993-2015 with mean density and S.E. presented yearly. Density in
1993 set as an index of 1. a Total density of species, b Chaffinch Fringilla coelebs, ¢ willow warbler
Phylloscopus trochilus, d redwing Turdus iliacus, e great tit Parus major, £ willow tit Poecile montanus
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gridded data obtained from the Finnish Meteorological Institute (Tietdviinen et al. 2010).
The values of climate variables during the study period were extracted from the
10 x 10 km square, where the study area was located. Mean annual temperature has risen
by approximately 1.1 °C (y = 0.050x + 3.958) and mean April-June temperature by
approximately 0.9 °C (y = 0.044x 4 8.604) in the study area during the study period (in
1993-2014).

Results

Total population density of birds declined on average by 0.89 %/year in 1993-2015 (slope
parameter + standard error = —0.0089 % 0.0023, P < 0.01) corresponding to a decline of
17.9 % for the whole period (see Fig. 4). Among the most abundant 12 species, 7 declined
significantly, one increased and 4 species did not show any significant trend (Table 1).
Altogether, short-distance migrants declined by 20.7 %, long-distance migrants by 25.0 %
and residents by 29.4 %, whereas partial migrants increased by 2.4 % during the study
period (see Supplementary Material, Table S1)).

The four most abundant species of the study, chaffinch Fringilla coelebs, willow
warbler Phylloscopus trochilus, redwing Turdus iliacus and goldcrest Regulus regulus, all
declined significantly with redwing and goldcrest decreasing to less than half (Table 1;
Fig. 4). The largest decrease was, however, in the resident willow tit Poecile montanus,
which declined to less than one third (Table 1; Fig. 4). In contrast, partial migrant great tit
Parus major (Table 1; Fig. 4), as also blue tit Cyanistes caeruleus (slope parameter:

Table 1 Population trends of the 12 most abundant forest bird species (dominance >2 % in the bird
community) in 1993-2015

Species Dominance Slope S.E. P %

(%) parameter Change
Chaffinch Fringilla coelebs (S) 22.8 —0.0096 0.0025 <0.01 —19.1
Willow warbler Phylloscopus trochilus 10.9 —0.024 0.0047 <0.01 —41.4

@)

Redwing Turdus iliacus (S) 6.2 —0.0405 0.0080 <0.01 —59.7
Goldcrest Regulus regulus (P) 5.9 —0.0381 0.0061 <0.01 —56.2
Robin Erithacus rubecula (S) 54 —0.0064 0.0092 n.s. —13.2
Eurasian Siskin Carduelis spinus (P) 4.6 —0.0381 0.0061 <0.01 —574
Great tit Parus major (P) 3.8 0.0867 0.0167 <0.05 +5229
Song thrush Turdus philomelos (S) 3.7 —0.0113 0.0071 n.s. —22.1
Spotted flycatcher Muscicapa striata (L) 34 0.0092 0.0017 n.s. +22.3
Dunnock Prunella modularis (S) 2.6 —0.0013 0.0092 n.s. —2.8
Willow tit Poecile montanus (R) 2.2 —0.0517 0.0178 <0.01 —68.9
Tree pipit Anthus trivialis (L) 2.1 —0.0350 0.0102 <0.01 —54.3

The significance (P, n.s. = non-significant) of a trend is based on linear TRIM estimate of additive slope
parameter with standard error (S.E) (see Pannekoek and van Strien 2005). The percentage change of the
population change for the whole period 1993-2015 is presented

S short-distance migrant, L long-distance migrant, R resident, P partial migrant
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0.0918 £ 0.0191, P < 0.05) increased several fold (523 and 590 %, respectively), par-
ticularly during the past ten years (see Supplementary Material, Table S1)). The combined
density increase of great tit and blue tit largely compensates for the losses of other bird
pairs in the latter study period of 2004-2015, when the overall bird pairs declined by only
1.9 % compared with the decline of 15.4 % in 1993-2004. If great tit and blue tit are
excluded from the data, the rest of the bird pairs declined by 18.0 % in 1993-2004 and by
9.3 % in 2004-2015. In 2004-2015 great tit was already the third most numerous birds
species after chaffinch and willow warbler, and blue tit the ninth most numerous.

In addition, mean density of northern species occurring in the study area at their
southern edge of distribution, brambling Fringilla montifringilla, redpoll Carduelis flam-
mea and rustic bunting Emberiza rustica, declined by 70 % from 1993-2003 to
2004-2015.

When percentage similarity of bird community is compared in 4 year periods, the
similarity declined gradually over time showing the change in the composition of the
community (Table 2). For example, the similarity-index of the community compared with
1993-96 was 91.5 % in 1997-2000 but only 82.0 % in 2013-2015.

When the population changes of the most abundant species in the managed forest area
were compared in the protected areas in the nearby regions between 1981-1999 and
2000-20009, five species declined, while seven species did not show any significant change
in density (Table 3). The blue tit increased over tenfold (mean density + S.E.; 1981-1999:
0.1 £0.2 pairs/kmz, 2000-2009: 1.7 £ 1.2 p/kmz; P = 0.018, Wilcoxon signed rank test),
and the combined density of the northern species, brambling, redpoll and rustic bunting,
declined by about 80 % (1981-1999: 4.2 + 1.5 p/km? 2000-2009: 0.9 & 1.0 p/km?,
P = 0.017, Wilcoxon signed rank test).

Discussion

The study shows the overall decline of total bird density and the decline of the most
abundant bird species with a gradual change in the composition of bird community in
southern boreal forest (Solonen 1996; Virkkala 2004; Vihervaara et al. 2015). The results
are in line with Pan-European population changes of birds. Inger et al. (2015) showed
using a 30-year dataset of 144 bird species that the overall avian abundance is declining
with most of the decline being attributed to common and small-sized species. In Europe,
common forest birds declined by 13 %, and common forest specialists by 18 % in a
23-year period of 1980-2003 (Gregory et al. 2007), as also in the present 22-year study
(18 %). Particularly the decrease of long-distance migrants and residents have been

Table 2 Percentage similarity of forest bird community in 1993-2015 based on four (three in 2013-2015)
year periods

Years Years
1993-1996 1997-2000 2001-2004 2005-2008 2009-2012
1997-2000 91.5
2001-2004 87.9 84.9
2005-2008 88.1 84.2 89.0
2009-2012 83.9 80.2 88.2 88.1
2013-2015 82.0 79.3 82.7 84.7 87.1
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Table 3 Population densities (pairs/km?, mean 4 standard error) of the 12 studied species in forested
protected areas (N = 8) in the nearby regions based on censuses carried out in 1981-1999 and in 2000-2009

Species Years
1981-1999 2000-2009 P

Chaffinch Fringilla coelebs 548 £5.3 538+ 7.6 0.674
Willow warbler Phylloscopus trochilus 332 £ 3.8 16.1 £5.8 0.017
Redwing Turdus iliacus 49+ 13 29+ 1.0 0.036
Goldcrest Regulus regulus 74 +12 76 14 0.726
Robin Erithacus rubecula 7.0+ 1.3 77£13 0.779
Eurasian Siskin Carduelis spinus 8.8 £ 1.0 83+£13 0.263
Great tit Parus major 6.0 £0.8 72 £ 1.1 0.484
Song thrush Turdus philomelos 40+04 38+£08 0.624
Spotted flycatcher Muscicapa striata 15.0 £ 1.3 94 £ 1.7 0.017
Dunnock Prunella modularis 23+ 0.6 1.6 £0.5 0.161
Willow tit Poecile montanus 4.1£0.6 2.1£02 0.012
Tree pipit Anthus trivialis 12.0 £ 0.8 73+ 1.7 0.017

Statistical testing based on paired Wilcoxon signed rank -test

observed both at the European (Gregory et al. 2007) and at the national level (Laaksonen
and Lehikoinen 2013; Fraixedas et al. 2015a).

The decline of bird species can be explained largely by the effects of climate change or
habitat alteration or by combined effects of these factors. In order to separate direct habitat
alteration from indirect climate change effect, knowledge of population changes in pro-
tected areas, where logging is not allowed, is highly essential. Of the declined species in
the present study, willow warbler, redwing, willow tit and tree pipit also declined in the
protected areas. The other declined species, chaffinch, goldcrest and siskin did not show
any temporal change in density in the protected areas. In addition, according to Laaksonen
and Lehikoinen (2013) who studied population changes of bird species in the whole of
Finland, all of the species which declined in the managed forests of the present study also
showed a decline in density in Finland in 2000-2012. Fraixedas et al. (2015b) studied
population trends of 32 common forest bird species in southern Finland, and also they
found the decline of the same species as in the present study.

The declined willow warbler and redwing prefer young, mixed stands with bushy
vegetation, forests dominated by deciduous trees and forest edges (Tiainen et al. 1983;
Helle 1985; Virkkala 1987). Thus, these species should even have benefited from the
logging of old spruce-dominated forests that caused an increase of young, mixed stands
during the study years (see Virkkala 1987). The population changes of these species are
most likely connected with climate change effects, as the mean weighted density of these
species have also moved considerably towards the north in Finland from the 1970s to the
2010s thus following climate change (Virkkala and Lehikoinen 2014; Lehikoinen and
Virkkala 2015). These species have also declined in protected areas. Climate change
causes species abundances and ranges to shift northwards, having probably resulted, for
example, in the decrease of northern species (Laaksonen and Lehikoinen (2013); see also
Brommer et al. (2012); Virkkala et al. (2014)). Moreover, redwing has declined in large
areas in Europe, so that it is regarded as a Red-Listed Species both in the EU (vulnerable)
and in the whole of Europe (near-threatened, (BirdLife International 2015). The largest
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European populations of both redwing and willow warbler are in northern Europe (Bird-
Life International 2004).

In addition, also the tree pipit declined both in the protected areas and in the managed
forest area, although logging of old, closed spruce forests created more suitable habitat of
open, light forests for the species (e.g., Viisidnen et al. 1998). Tree pipit and willow warbler
are long-distance migrants overwintering in Africa, and thus are affected by climate
change globally, as also by land use in the wintering areas and in the stop-over sites.

On the other hand, chaffinch, goldcrest and siskin prefer spruce-dominated forests
(Tiainen et al. 1983; Hanski and Haila 1988; Solonen 1996; Virkkala 2004), and, thus, the
logging of old spruce forests has a negative effect on these species. Siskin is a spruce seed
eater (see Hagemeijer and Blair 1997; Virkkala 2004) and therefore directly affected by the
logging of old spruce forests. In their study of the chaffinch Hanski and Haila (1988)
observed, based on radio-tracking of individuals, that old spruce-dominated forests were
almost completely occupied each year, whereas variation in the occupancy of pine-dom-
inated forests was greater. Moreover, old spruce forests have declined in southern Finland
as a consequence of logging, which has been observed to affect, for example, the decline of
the Siberian jay preferring old-growth forests (Muukkonen et al. 2012).

In addition, the resident willow tit suffers from the effects of forestry (Virkkala 2004)
such as reduced wintering habitat and carrying capacity of its territory (Siffczyk et al.
2003). In the willow tit both nest and adult survival have been observed to decline when
the understory spruce density is reduced as a consequence of thinning of coniferous forest
(Eggers and Low 2014). Thus, the density changes of the willow tit can be explained by
combined effects of direct habitat alteration and climate change, as the species also
declined in protected forests not affected by logging procedures. The mean weighted
density of the willow tit has also moved considerably towards the north in Finland from the
1970s to the 2010s (Lehikoinen and Virkkala 2015).

Logging procedures carried out in the study area are similar to, not only elsewhere in
Finland, but also across the boreal countries in the northwestern Europe that all apply even-
aged stand management: thinning, clear-cut harvesting and replanting (Kuuluvainen et al.
2012). Therefore the effects of forestry on bird populations can quite likely be generalized
over large areas. For example the willow tit, negatively affected by logging procedures, is a
declining species in the whole of Europe with populations having declined in the European
countries in the long term (1980-2013) by 69 % and in the short term (2004-2013) by
33 % (European Bird Census Council 2015). As a consequence, willow tit is listed as
vulnerable in the EU (BirdLife International 2015). The largest willow tit populations in
the EU reside in Finland and in Sweden (European Union 2015).

Among the most abundant species in 1993-2015, the numbers of great tits increased
significantly. In addition, the rapidly increased blue tit was already during the last study
years among the most abundant species in the bird community. The increased species,
great tit and blue tit share similar ecological properties. They both are partial migrants and
benefit from the increased food supply provided by humans during winters (Véisinen
2008; Fraixedas et al. 2015a). Furthermore, they are typical southern species for which
climate warming, such as milder winters, is clearly favourable. Blue tit has increased
considerably in the protected areas in the nearby regions and both species have increased in
the protected area network in the whole country (Virkkala and Rajasdrkkd 2011b). The
species benefit from the forestry-driven change of spruce- and pine-dominated forests to
mixed stands. In contrast with the year-round residents, willow tit and crested tit Lopho-
phanes cristatus, overwintering great tit and blue tit individuals typically move from the
forest to human settlements during winter. Moreover, great tit and blue tit breed in nest-
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boxes that are commonly provided nowadays and can breed in nest holes in the retained
aspens in the clear cuts (Carlson 1994). In contrast, willow tit and crested tit excavate their
nesting cavities in decaying birch stumps, which are often destroyed during logging pro-
cedures (Hautala et al. 2004; Rabinowitsch-Jokinen and Vanha-Majamaa 2010). A recent
Swedish study on species breeding in cavities showed that great tit and blue tit could adjust
to increasing temperatures while the migrant species pied flycatcher Ficedula hypoleuca
could not, leading progressively to the exclusion of the pied flycatcher from the area
(Wittwer et al. 2015).

In northern Finland, Virkkala (1987, 1991) found, based on studies carried out in the
1980s, that the total density of bird pairs did not differ between virgin, old-growth pine-
dominated forests and managed pine-dominated forests, or between uniform spruce-
dominated and fragmented spruce-dominated forests. Although northern taiga species
preferring old-growth forests declined in managed and fragmented forests, willow warbler
and redwing increased in these forests (see also Helle and Jiarvinen 1986) and compensated
for the losses caused by forestry in the total density of the bird community. Thus, the
positive effects of logging on total bird density via increase of willow warbler and redwing
seem not to prevail any more in a changing climate.

The present study shows that boreal forest bird communities are changing gradually
towards communities that resemble those of the present-day central European temperate
forests (Jiguet et al. 2010; Lindstrom et al. 2013). Great tit and blue tit are abundant across
Europe in human-modified habitats. Their increase among the most abundant species in
southern boreal forests shows the pattern of global homogenization i.e. communities
located far away resemble each other more with the same species dominating (e.g., Olden
2006). Thus, the specific characteristics of bird communities in southern boreal forests may
largely disappear as a consequence of both direct habitat alteration, such as logging pro-
cedures, and climate warming.

An important issue here is that forest management favours species benefitting from
climate change so that direct habitat alteration is connected with the indirect effects of
climate change (Felton et al. 2014; Fraixedas et al. 2015b). Moreover, the overall bird
density in southern boreal forests is not increasing but decreasing, which is quite surprising
since population densities in temperate forests are much higher than those in boreal forests.
This may be due to different patterns of density and range shift (Virkkala and Lehikoinen
2014). It is commonly known that range shifts in the leading edges of species distribution
areas have been much larger than those in the trailing edges (see Jump et al. 2009).
However, when studying abundance shifts of southern and northern boreal bird species the
situation is the opposite: southern species have advanced less than the northern species
have retreated (Virkkala and Lehikoinen 2014). This kind of asymmetric pattern may cause
a decline in the total density of a bird community in a given area, particularly when the
habitat quality is deteriorated for many species due to intensive forestry practices.

Concluding remarks

The present study shows that both direct habitat alteration and climate change are affecting
bird species both separately and jointly. However, habitat alteration strengthens the neg-
ative effects of climate change. Therefore, the protected area network is highly important
in preserving biodiversity in boreal forests by alleviating the negative effects of both
habitat alteration and climate change (Virkkala et al. 2014).
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