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Abstract. This paper reports the long-term numerical trends of the thirty common forest bird species and explores
changes in the community composition in the three main types of old-growth stands in the Bialowieza National Park
(E Poland, hereafter BNP) over 45 years (1975-2019). We present recent (2015-2019) data on abundance of birds for the
seven study plots and pool them with the time series collected since 1975. The numbers of individual bird species
strongly fluctuated, with most of the species showing alternating phases (the initial periods of population growth fol-
lowed by the periods of population decline or stability). The numbers of 19 species increased; maximum growths by c.
3-5% per year included Columba palumbus, Dendrocopos major, Sylvia atricapilla and Regulus ignicapilla. Among a few
declining species, Ficedula hypoleuca, Phylloscopus sibilatrix and F. parva experienced the strongest declines, respectively
by 4.0%, 2.7% and 2.2% per year. Mostly the same species bred in the plots in the 1970s and in recent years, indicating
a stable species pool. The total abundance peaked around 2005, declining thereafter in deciduous stands, but increas-
ing further (along with the species richness) in the coniferous stands. The similarity index between the study plots
(beta-diversity) changed little over 45 years; ash-alder and lime-hornbeam stands remained most similar, while conifer-
ous forests stood more apart. The changes found in the old-growth stands of BNP (mostly coniferous fragments) could
be partly explained by natural modification of the habitat structure and the processes acting in the large geographical
scales, within or outside of the breeding grounds. The long-term studies such as the one in the BNP reported here, pro-
vide a basis for the rates of natural turnover in the bird communities in pristine habitats, directly unaffected by human
impact.

Key words: species richness, population trends, beta diversity, abundance dynamics, bird community structure, time lag
analysis, Biatowieza Forest
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INTRODUCTION

Long-term research in ecology and evolution is
fundamental for the understanding of the com-
plex dynamics of natural systems. The results

of long-term studies cannot be replaced by out-
comes of short-term ones, since the former are
necessary to enable detection of unpredictable,
episodic, cumulative, slow-acting, non-linear phe-
nomena, or processes subjected to thresholds of

tTomasz Wesotowski passed away in July 2021, while working on this manuscript. The printed version
of the paper was completed by the remaining authors.
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environmental change (Magurran et al. 2010,
Silvertown et al. 2010). Long-term studies con-
tribute a disproportionately large amount of new
knowledge, helpful in understanding relation-
ships and processes in wild populations and sys-
tems, which are helpful in advancing ecological
and evolutionary theory. Despite their contribu-
tions becoming ever more relevant in the era of
accelerating environmental changes, the current
model of science funding makes running the
long-term studies exceedingly difficult (Hayes &
Schradin 2017, Hughes et al. 2017, Kuebbing et al.
2018 and references therein). Birds and bird com-
munities are viewed as one of the important indi-
cator groups (Fraxeidas et al. 2020), well suited to
study environmental changes since decades
(Furness & Greenwood 1993), and the same
applies to their ecology (Fiedler 2009). However,
observations of the bird community dynamics in
forests least affected by direct human impact are
rare, and long-term series of data collection in
such conditions are even less common. Apart
from the Bialowieza National Park (BNP there-
after, this study) only a few other long-term study-
programs focused on forest avian communities,
i.e. research in Birdsong Valley in S Sweden
(Svensson et al. 2010, A. Lindstrom, pers. comm.),
and in the Hubbard Brook Experimental Forest, in
New Hampshire, USA (Holmes 2011, Holmes &
Likens 2016).

Numerous anthropogenic changes of environ-
mental conditions, both indirect (e.g. via climate
change) and direct (deforestation, fragmentation,
introduction of alien species, removal of old
trees and dead wood) can markedly influence
forest bird communities (reviews in Tucker &
Evans 1997, Kampichler et al. 2014). However,
measuring these anthropogenic effects remains
difficult without knowing the rate of natural
turnover (or ‘background dynamics’) in the com-
munities free from such human impact. Such a
reference information allows to differentiate
between the effects of direct human actions (e.g.
forestry operations) and variation due to other
(‘natural’) reasons. The dynamics of avian com-
munities in areas least affected by human influ-
ence are extraordinarily helpful in this respect
(Tomialoj¢ et al. 1984, Wiens 1989, Wesotowski &
Tomiatoj¢ 1997, Gatter 2000, Wesolowski &
Cholewa 2009, Magurran et al. 2010, Kampichler
et al. 2014). This reasoning led to initiation of the
breeding bird community studies in the strictly
protected part of the BNP in 1975 (Tomiatojc et al.
1984).
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The Bialowieza Forest is one of a few places in
temperate Europe where fragments of a primeval
lowland forest have survived (Tomialoj¢ &
Wesotowski 2005, Wesotowski 2005, 2007a). The
pristine features, which include the enormous
stature of trees, large amount of dead wood, an
almost intact community of predators and large
herbivores, and a great diversity of superabun-
dant tree holes, have been well-documented
(Falifiski 1986, Tomiatoj¢ 1991, Jedrzejewska &
Jedrzejewski 1998, Wesotowski 2007b, Kuijper et
al. 2013, Jaroszewicz et al. 2019, Wesotowski et al.
2021). Thus, the BNP data may provide a bench-
mark for bird community studies in modified
woodlands (Tomiatoj¢ et al. 1984, Tomialoj¢ &
Wesotowski 1990, 2004, Wesotowski & Tomialojé
1995, 1997, Wesotowski et al. 2006, 2010, 2015,
Wesolowski 2007b, Kampichler et al. 2014,
Czeszczewik et al. 2015).

The breeding bird community occurring in
BNP exhibits a remarkable level of the
compositional stability (Tomiatoj¢ & Wesotowski
1994, Wesotowski et al. 2002, 2010, 2015, Kampichler
et al. 2014). The local species richness (alpha-
diversity) is very high, possibly one of the highest
in any temperate forest (Tomiatoj¢ & Wesotowski
2004). The majority of bird species can be found in
a wide array of old-growth stands due to the fine-
grain mosaic of the stands and the flexibility of
breeding birds in their habitat requirements
(Tomialoj¢ et al. 1984, Wesolowski et al. 2010,
2015). Consequently, the beta-diversity, defined as
a turn-over of species among habitats, is relative-
ly low. Even the formation of several hectares
large windfalls did not result in marked exchange
of species (Fuller 2000). However, some large-scale
natural transformations of forest structure do
affect the composition of the breeding bird com-
munity there. Deciduous trees have overgrown
gaps in the coniferous forest (Walankiewicz 2002)
that was later colonised by birds from “deciduous’
habitats, leading to an increase of bird species
richness in mixed-coniferous stands (Tomiatoj¢ &
Wesolowski 2004, Wesotowski et al. 2015).
Concurrent disappearance of sharp forest edges
resulted in the disappearance or the decline of the
open-landscape species (Wesotowski et al. 2010,
2015).

In this paper, we characterised the breeding
bird community of BNP in 20152019 to complete
time series on bird abundances, collected since
1975. All the analyses were done on 45 years long
time series (1975-2019). To provide the longest
trend assessment of forest birds in this part of
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Europe, we then determined the long-term
changes in abundance of the 30 most numerous
species. To answer our main research question —
how quickly communities can change in pristine
forests without direct human intervention (the
natural turnover) — we assessed the degree of
bird community modification by testing for any
directional changes in species richness (alpha
diversity) and similarity of bird communities
among forest stands (beta-diversity). We expected
that the most pronounced changes would occur in
the conifer stands, which became increasingly
similar to the lime-hornbeam ones due to over-
growing of windfall gaps over the study period,
presumably leading to an increasing similarity of
the bird breeding community between the conif-
erous and deciduous stands. We expected that the
post-“disturbance” changes of bird community
would occur faster in coniferous stands than in
other deciduous fragments, reflecting the dynam-
ics of natural modification of the pristine habitats.
We discussed whether the observed numerical
variation in the bird community may relate to the
cumulative effects of the long-term habitat trans-
formations, such as the disappearance of Norway
Spruces Picea abies and European Ashes Fraxinus
excelsior (in riverine forests), and the colonisation
of canopy gaps by deciduous trees in the conifer-
ous stands.

STUDY AREA

The study was carried out in 2015-2019 in the
best-preserved, central part of the Bialowieza
Forest (52°29°-52°57"N, 23°31°-24°21°E), within
the Biatowieza National Park, strictly protected
since 1921. Detailed descriptions of this area are
given elsewhere (e.g. Wesotowski & Tomiatojé
1995, Tomiatoj¢ & Wesotowski 2004, Okotéw et al.
2009, Wesolowski et al. 2018). The census work
was carried out within the seven permanent cen-
sus plots established in 1975-1976 (total area of
187.5 ha, Fig. 1, Tomialoj¢ et al. 1984). All plots
were covered by 50 X 50 m grid system of orienta-
tion marks. The detailed descriptions and photo-
graphs of the plots in the beginning of the study
are available in Tomiatoj¢ et al. (1984), Tomiatoj¢ &
Wesotowski (1990, 1994), Wesotowski & Tomiatoj¢
(1995) and here we illustrate their current state
(Figs. 2—4). Below, we describe the recent changes
in the habitat structure.

Ash-alder riverine forest Fraxino-Alnetum — plot
K (33 ha) situated at the forest edge (Fig. 1). It is a
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forest ‘peninsula” adjoining, along c. 1000 m long
border, former meadows in the Narewka river
valley. Initially the boundary was sharp, as the
meadows were regularly mowed. However,
after cessation of mowing, young alders Alnus
glutinosa colonised a 50-100 m wide belt of the
meadows adjoining the old growth forest.
Currently they form dense stands with trees c. 40
years old.

The plot is covered mostly by riverine stands
on swampy organic soil, but there are also intru-
sions of c. 110-130 years old alder-birch Betula spp.
regeneration and c. 6 ha of dry ‘islands’ of the
lime-hornbeam type (see Tomiatoj¢ et al. 1984).
The riverine fragments were formerly covered
mostly with alder (c. 40%), ash (c. 20%) and
spruce. However, due to the continued ash
dieback since c. 2000, caused by a novel fungal dis-
ease (Kowalski & Holdenrieder 2008), the share of
ash strongly diminished in the canopy (Fig. 2C)
and the density of shrubs (mainly currants Ribes
sp.) increased. A number of canopy spruces were
killed by bark beetles Ips typographus during the
consecutive outbreaks (see coniferous plots

‘ — lime-hornbeam
‘:‘ — coniferous

. — wet deciduous
- — wet secondary

Fig. 1. Distribution of major habitat types and census plots (K,
L, W, CM, MS, NW, NE) in the strictly protected part of
Biatowieza National Park.
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below), and so spruces have become less numer-
ous as well. Consequently, the already open-
canopy forest became even more open, with the
canopy cover reduced by up to 10-20% in some
places and an increased number of uprooted
trees. Uprooted trees were c. three times more fre-
quent in this habitat than in the lime-hornbeam
forest in the 1970s (Wesolowski 1983), while they
became c. six time more frequent recently
(Karpinska et al. 2022). The canopy gaps are over-
grown by early-successional stages including rich,
locally hardly passable undergrowth, composed
of hazel Corylus avellana, young alders, Bird
Cherry Padus avium, Rowan Sorbus aucuparia and
Water Elder Viburnum opulus (Fig. 2D). The
ground layer is luxuriant (locally up to 1.7 m tall in
June) composed of nettles Urtica dioica, currants
Ribes spp., reed Phragmites australis, ferns, sedges
Carex spp., etc. (Fig. 2B). In comparison to the
1970s, the area has become much less swampy
due to dramatically lowered ground water levels,
which is probably due to more frequent snowless
winters in recent years and an increased water
outflow from the Narewka river.

Alder-swamp forest Ribeso nigri-Alnetum — plot L
(25 ha). Situated c. 5 km from the forest edge (Fig. 1).
The plot embraces the lower section of a small
stream valley, flanked by lime-hornbeam stands
on the higher ground. Along the valley sides,
alder carrs gradually merge with ash-alder associ-
ations, both with admixture of spruce. It is a large-
ly inundated area with a patchwork of almost per-
manent pools and tiny tree-covered dry islets
formed by tree roots (Fig. 2A). These islets are
overgrown by young canopy trees, as well as
bushes (Alder Buckthorn Frangula alnus, willows
Salix spp., Bird Cherry, hazel). Luxuriant ground
layer (reaching over 2 m high in June) is com-
posed of tall ferns, sedges, reeds and numerous
other herb species (Fig. 2B). The canopy was open
already in the 1970s, when the amount of uproot-
ed and dead trees was high. During the study
period this part of the forest changed relatively lit-
tle, except that old ashes disappeared almost com-
pletely. Due to falling of canopy ashes and spruces
the number of canopy gaps and amount of fallen
logs on the ground increased in recent years. The
area became also somewhat drier than in the
1970s.

Lime-hornbeam forest Tilio-Carpinetum — plots
CM (24 ha), MS (30 ha), W (25.5 ha). The three
plots in lime-hornbeam forest are located at
progressively increasing distances from the
forest margin. Plot W is situated at the former
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Fig. 2. Structural features of swampy forests (plots K, L) in
Bialowieza National Park. A — Patchwork of dry islets and
water pools characteristic of alder carr forest (Photo M. Arndt;
plot L, early April 2017); B— Tall herb vegetation covers forest
bottom later in spring (Photo B. Hyzy-Czotpifska; plot L, June
2019); C — Widespread toppling of dead ashes creates numer-
ous canopy gaps, root pads and decomposing logs on the for-
est bottom (Photo G. Hebda; plot K, June 2012); D — Such gaps
are rapidly overgrown by shrubs and young trees, forming
impenetrable thickets at places (Photo T Wesotowski; plot K,
June 2012).
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forest-edge, plot CM is c. 2 km from the edge, and
plot MS is located 3 km inside the BNP (Fig. 1). We
named it “oak-lime-hornbeam forest” in our earli-
er publications, but the “lime-hornbeam” reflects
better both the actual tree composition of this for-
est habitat and the scientific name of this plant
association. The stands developed on rich mineral
soils that dominate in the BNP (c. 47% of its area).
It is the most stratified habitat with the tallest and
the thickest trees. The emergent spruces reach
45-50 m, and several deciduous tree species are
over 40 m (Niechoda & Korbel 2011), while the cir-
cumference at breast height of Pedunculate Oaks
Quercus robur can reach >600 cm and that of
Small-leaved Limes Tilia cordata >500 cm
(Niechoda & Korbel 2011, Fig. 3A, 3B). The upper
canopy is composed of emergent spruces, oaks,
limes and ashes, and the same tree species along
with Norway Maples Acer platanoides, elms Ulmus
spp. and locally birches and aspens Populus tremula
form the main canopy. The under canopy mostly
consists of hornbeams Carpinus betulus and
younger individuals of other canopy trees. Except
in gaps created by fallen trees, little light pene-
trates to the forest floor so that both shrub and
herb layers are poorly developed and grow most-
ly in the gaps (Fig. 3C). The number of standing
and fallen dead trees is lower than in riverine and
conifer plots.

The plots are structurally similar, although
the share of the main tree species varies locally.
Hornbeams are the most abundant tree species in
plot MS, and limes in plot CM (Wesotowski 1996,
Maziarz & Broughton 2015). In 1980s’, spruce
formed c. 23% of tree stands in plots C and W
and 12.5% in plot MS (Wesotowski 1996), but it
dropped to 13-16% and 4-6% respectively in
2008 and 2015 (Maziarz & Broughton 2015; D.
Czeszczewik and W. Walankiewicz unpubl. data).
Elms remain most abundant (c. 7%) in plot W,
and only single elm trees could be found in plots
CM and MS in 2008 (Maziarz & Broughton 2015).
The pattern of change in the share of some tree
species was common in the whole strict reserve
of the BNP (Zajaczkowski et al. 2017).

Young spruces and spruce saplings, wide-
spread in the 1970s and 1980s (Wesotowski 2011,
Fig. 3D) virtually disappeared, and almost no
spruce regeneration occurred in recent years.
On the other hand, saplings of limes and
hornbeams were present all the time and
saplings of Norway Maples and Pedunculate
Oaks became plentiful recently. Shrub layer
remained poorly developed until the last decade,
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Fig. 3. Structural features of lime-hornbeam Tilio-Carpinetum
forests (plots CM, MS, W) in Bialowieza National Park. A —
The most tree species rich and structurally diversified habitat
type (Photo W. van Manen, late April 2004); B — Most tree
species reach largest size there (Photo J. A. Korbel, c. 2003); C
— After leaves develop, not much sunlight reaches the forest
bottom, shrub layer underdeveloped; June aspect (Photo G.
Hebda, plot W, June 2014); D — Small spruces, common in the
undergrowth in 1970s, have almost disappeared (Photo L.
Tomiatojé, plot W, c. 1980).
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since when the saplings and young trees in gaps
have begun to grow much faster than previously.
In several old gaps, thickets of young trees 1-6 m
tall have appeared, probably as a consequence
of reduced grazing pressure by large herbivores;
the numbers of Red Deer Cervus elaphus in
the Biatowieza Forest in the 2000s were reduced to
a third of their 1990s level (Jedrzejewski et al.
2006).

The southern margin of plot W formed a sharp

border with abutting fields (cf. photo in Tomiatoj¢
et al. 1984) in the 1970s. However, after abandon-
ment of farming, trees colonized the fields mar-
gins and a several dozen meters wide belt of sec-
ondary woods, composed of numerous species of
deciduous trees and spruces, developed along the
former edge. Currently, plot W is flanked mostly
by c. 40 years old thickets and not by open areas as
formerly.
Pine-bilberry coniferous forest Peucedano-Pinetum,
Querco roboris-Pinetum — plots NW (25 ha) and NE
(25 ha) situated c. 4 km from the forest edge.
Mixed coniferous-deciduous stands are trophical-
ly one of the poorest local habitat types. Trees,
mostly spruces and Scots Pines Pinus sylvestris
with an admixture of birches, aspens and oaks, are
of moderate to large size and grow very densely.
Ground layer is low, composed mostly of mosses
and berries Vaccinium spp. (Fig. 4A).

During the last 45 years the number of old
pines and spruces decreased, and numerous
canopy gaps appeared after windfalls, with the
largest created by hurricanes in 1988 and 2002.
In addition, bark beetle killed many spruces
during outbreaks in 1983-1988, 1994-1997,
2001-2003, and 2012-2019 (Gutowski et al. 2021).
Consequently, the number of living spruces
that formed the canopy more than halved
during the study (Fig. 4B). The amount of dead
timber (mainly broken stumps or logs) was
high already in 1998 (c. 100 snags/ha,
Walankiewicz 2002), and it further increased in
the last years. Ground layer remained poorly
developed in the closed-canopy fragments, but
young hornbeams, birches, limes, oaks, and
some spruces rapidly colonised the windfall
gaps (Fig. 4C, D) and lush herb vegetation (brack-
en Pteridum aquilinum, reed grass Calamagrostis
spp.) developed. As a result, the formerly old
growth, closed-canopy, conifer-dominated stands
are now admixed with patches of deciduous trees
typical for the lime-hornbeam stands up to 30
years old.
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Fig. 4. Structural features of coniferous forests (plots NW, NE)
in Biatowieza National Park. A — An old growth patch with
dense canopy composed mostly of spruces and pines. Such
stands covered large parts of the plots till c. 2000 (Photo G.
Hebda, June 2009); B — Wind felling of spruces killed by bark
beetle outbreaks (1983-1988, 1994-1997, 2001-2003 and 2012—
2019, Gutowski et al. 2021) formed numerous canopy gaps.
Large parts of the plots are covered by open canopy forest now
(Photo G. Hebda, June 2011); C — Young spruces grow abun-
dantly in some of the gaps (Photo G. Hebda, June 2011); D —
Most of the openings are colonised by deciduous trees, though
(Photo G. Hebda, June 2011).
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METHODS

Census method

We applied an improved version of the mapping
technique for censusing all breeding birds on the
study plots to estimate densities of common
species (Tomiatoj¢ 1980, Verner 1985), used in all
previous studies (Wesotowski et al. 2015 and refer-
ences therein). The numbers of most species were
registered with small errors, but in the case of
some other, e.g. Turdus philomelos, Coccothraustes
coccothraustes, Ficedula albicollis and probably
Regulus spp., the breeding numbers could be
underestimated by 20-33%, particularly when
densities were high (Tomialojé 1980, 2004,
Tomialoj¢ & Lontkowski 1989, Walankiewicz et al.
1997). Since there are only seven plots studied
annually since 1975, the results are representative
for a group of common forest birds, mostly passer-
ines, but inadequate for species holding large ter-
ritories (like raptors). Within the commonest
species, nearly all regularly breeding in BNP were
represented in the plots.

Every year, at least ten visits (up to 11-12 to
compensate for the adverse weather conditions or
early onset of spring) were made between 5-10
April and 25 June to each plot. The observations
began before sunrise and proceeded along
marked transects 100 m apart on the plots (leaving
the transect for minor detours when necessary).
Each time a different route across the plot was
chosen. Only plot K, the richest in bird species,
was subdivided into two parts of c. 16 ha each,
and either censused simultaneously by two
observers, or by one observer on two consecutive
mornings. Such a division was necessary to main-
tain a high quality of the censuses on large
swampy area that was difficult to walk through.
In order to achieve a high inter-plot comparabili-
ty, all plots were visited on a rotational basis by all
67 observers.

Usually, one of the ten visits at the beginning
of the breeding season was performed in the
evening for mapping bird species that are active
at dusk (Turdus spp., Erithacus rubecula, Scolopax
rusticola and owls). To record all singing individu-
als during the short-lasting activity period of birds
in the evening, each plot was censused simultane-
ously by two to four observers. All fieldwork was
conducted by the experienced fieldworkers, and
the new participants were admitted only after a
period of apprenticeship (i.e. after making sure
that they were able to gather field data of ade-
quate quality).
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Data processing

All records from field maps were assembled on
the individual species maps (scale 1:1000) for fur-
ther evaluation. To assure the maximum consis-
tency of the evaluation rules (see Morozov 1995),
all estimates of cluster/territory numbers on the
species maps were checked and later compared
by a minimum of three experienced researchers
to draw the final values. While drawing the
‘territories’ around the clusters of records, we
relied mainly on the presence/absence of contem-
porary records. This helped to avoid an apparent
tendency in mobile individuals/species to form
double clusters instead of a single large territory
(Tomiatoj¢ 1980). As a rule, the records on the
three different visits to the plots were required as
a minimum to draw a cluster; a few exceptions
included late arriving or inconspicuous species
(e.g. Muscicapa striata, Locustella fluviatilis, Oriolus
oriolus). In such cases, only two records indicating
the presence of a territory were sufficient.
Numerous located nests (especially for Sturnus
vulgaris), and behavioural cues indicating the
presence of active nests, such as carrying nest
material or food, alarm calls, helped to establish
the number of territories. The territories of
polygynous (Wesotowski 1987) or bachelor males
were treated as equivalent to those of monoga-
mous pairs. In case of double-brooded species
(e.g., Turdus philomelos), we assumed that repeated
or second broods fell within the territories estab-
lished in the beginning of spring.

The estimates of species richness may be some-
what higher due to inclusive “territories” of large
or rare bird species, partially overlapping with the
study plots (relates to all species marked with “+’
in the tables).

Statistical analyses

To determine the long-term changes in the num-
ber of the individual bird species, and assess the
variation in the composition of the breeding bird
community, we pooled the data from 1975-2014
with the data from 2015-2019, all collected in the
same way on the seven permanent study plots
(Tomialoj¢ et al. 1984, Tomiatoj¢ & Wesotowski
1994, 1996, Wesolowski et al. 2002, 2006, 2010,
2015).

The trends and yearly indices of the 30 most
numerous bird species were estimated using
‘rtrim” package (Bogaart et al. 2020) in R 3.6.3
(R Core Team 2019). Trim uses generalised estimat-
ing equations (GEE) to compute trends and
indices, and, at the same time, accounts for
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overdispersion, serial correlation, and allows for
missing data in the time series. The abundance
index reflects changes in abundance in relation to
the base year (1975 in our case), making interpre-
tation easy and intuitive. For each species, we
have chosen among the three models to balance
complexity between the simplest model structure
(model 1 hereafter; assumes constant trend for the
whole period, usually unrealistic for longer time
series) and the most complex one (model 3 here-
after; estimates separate trend parameters for
each pair of the adjacent years). Model 1 usually
suffices with short time series only and becomes
too simple as the time series get longer. In con-
trast, model 3 will frequently be unnecessarily
complex, since the trends in adjacent years are
often so similar that they can be described with a
single parameter (instead of two or more, depend-
ing on the number of years). Model 2 can be
viewed as a consensus model between 1 and 3 as
it represents a piecewise approach. Being a simpli-
fied version of model 3, it identifies so-called
changepoints. At changepoints, a trend becomes
different enough from the previous one to war-
rant a separate parameter estimate; all the remain-
ing periods in the data are characterized with sin-
gle parameters. Therefore, model 2 is more parsi-
monious than model 3, while reflecting trend
changes sufficiently well. We have fitted models
1-3 to the data of all 30 species and the Akaike
Information Criterion (AIC) was used for model
selection. As supposed, model 2 was most often
the top-supported one, while models 1 and 3
appeared too simple or too complex, respectively
and much less supported. Model fit assessment
has been done with the goodness-of-fit test based
on Pearson chi-square statistics (Pannekoek & van
Strien 2005), while overdispersion and serial cor-
relation (both accounted for with GEE) were
given for each of the top-supported models (see
Appendix 1). [llustrated trends come from the top-
supported models; yearly indices are point esti-
mates with their standard errors. For each species,
an overall trend (a multiplicative slope), expressed
as an average annual growth rate can also be com-
puted and is presented; it allows a classification of
the species into one of the five categories original-
ly implemented in TRIM software (strong or mod-
erate decline, stability, strong or moderate
increase, along with unclassified; Pannekoek &
van Strien 2005). While packaging complex, alter-
nating abundance changes into a single value is
an obvious simplification, it is necessary when
one wants to concisely characterize changes in the
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long-term. Despite these values can be easily
interpreted, one should keep in mind, that very
few species showed truly simple patterns, missing
irregular or alternate changes in abundance.

We have also estimated the dynamics in
species richness and trends in the total abundance
over 45 years using generalized additive mixed
models (GAMMs), for their flexibility in capturing
non-linear patterns (Zuur et al. 2014) in the ‘mgcv’
package (Wood 2017). In these models, the
response represented either the number of species
or the total number of all the breeding pairs in a
study plot in a given year. We assumed that
response variables followed a Poisson distribu-
tion. The differences between forest types were
accounted for with the fixed factor (three levels:
coniferous, lime-hornbeam and riverine), while
trends were estimated with separate smoothers
(thin plate splines with an automated selection of
k, the number of knots defining the wiggliness of
the fitted curves) for each forest type (via an inter-
action term with forest type factor). To address the
differences in plot sizes, we included log(area) as
an offset term, making the model effectively esti-
mating the number of species or the number of
breeding pairs per 10 ha. Potential autocorrelation
due to the same plots surveyed in subsequent
years was addressed with a random ‘Plot’ inter-
cept in both cases. Species marked with “+’
(breeding but < 0.5 territory within the plot) in
the Tables 1-7 were also included.

Additionally, widely used community ecology
indices (alpha- and beta-diversity) were applied to
illustrate (a) within-plot changes in species com-
position and (b) between-plot similarities across
45 years. We opted for simple versions of these
indices. To assess the alpha diversity we used the
Gini-Simpson index (the probability that two ran-
domly chosen individuals/breeding pairs belong
to different species). To define beta diversity, we
used the Serensen index, measuring the similarity
in species composition between plots, and the
Bray-Curtis index, which used the abundance
data and also considered the differences in
species/community numbers between plots
(Tuomisto 2010, Jost et al. 2011). All indices were
computed in the ‘vegan’ package version 2.5-7 in
R (Oksanen et al. 2020).

To estimate the direction and the rate of
change in the community composition we used
Time Lag Analysis (TLA) with Hellinger distances
(Collins et al. 2000). So-called Hellinger distances
represent Euclidean distances computed from
abundance data transformed to proportions
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(Legendre & Gallagher 2001) at increasingly larg-
er time-lags (e.g., year 1 to year 2, year 1 to year 3
and so on). In a linear regression, Hellinger dis-
tances were then regressed on square roots of
time-lags (to minimize bias induced by smaller
number of data points at larger time lags). Slopes
resulting from this regression are informative in
respect to the direction and rate of change a com-
munity undergoes (see Fig. 2 in Collins et al. 2000).
If the community is stable, or the species vary
randomly without temporal autocorrelation,
distances between samples do not increase with
time lags and the slope is either not different from
zero or not significant. A significant positive slope
(meaning distances increase with time lags) indi-
cates instability: with time, the community veers
away from its initial state (a negative slope, with
distances decreasing over time means community
converges to one of the early sample periods).
With 45 year-long data series, there exist 990
((n* — n)/2, where n is the number of years) pair-
wise distance measures. We used Monte Carlo
procedure — nonparametric bootstrapping in
which columns representing years are resampled
10,000 times (see Thibault et al. 2004) — to deter-
mine variance and error probability (‘significance’
of the slope; the proportion of times among all
resamples the slope was smaller than the
observed slope). Year-to-year change was charac-
terized with the Hellinger distances at lag 1 (with
means and 95% Cls estimated with the Monte
Carlo approach).

RESULTS

Breeding bird community in 2015-2019

We recorded 69 bird species breeding at least once
within the study plots in 2015-2019 (Tables 1-7),
including the first confirmed case of Accipiter
gentilis breeding in the NW plot (Table 7). Accipiter
gentilis regularly breeds in other parts of the BNE,
but it has not been found nesting within the study
plots previously (Wesotowski et al. 2003).

Species richness was highest in the forest-edge
riverine plot K (mean 44.6, total 57 species, Tables
1, 8), followed by the riverine interior plot L
(Table 2), the edge lime-hornbeam plot W
(Table 3), and the coniferous plots NW and NE
(Tables 6-7). The lime-hornbeam interior plots
CM and MS (Tables 4-5) were least species
rich (Table 8). Fringilla coelebs, Erithacus rubecula
and Sylvia atricapilla were the most numerous
species in all plots, almost in all years (Tables 1-7).
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Ficedula albicollis and Coccothraustes coccothraustes
remained regular dominants (> 5% share) in the
lime-hornbeam forest (Tables 3-5), while
Phylloscopus collybita was dominant in the riverine
plots K and L (Tables 1-2) and in the coniferous
areas NE and NW (Tables 6-7). Sturnus vulgaris
continued to be dominant in the forest-edge plots
K and W (Tables 1, 3). Parus major and Turdus
philomelos were common species in the lime-horn-
beam (Tables 3-5) and coniferous habitats, while
Phylloscopus  sibilatrix remained a dominant
species only in some years in the plots MS, NE
and NW (Tables 5-7). The cumulative share of
dominant species ranged between 43% (plot K)
and 61% (plot MS) on average (Table 8).

The overall densities in the coniferous habitats
(mean c. 61 p/10 ha) were by 24-25% lower than in
the interior deciduous forest, and by 40—49% lower
than in the forest edge plots W and K (Table 8).

Long-term changes in the number of individual
bird species

Population trends of individual species fluctuated
to a large degree, with many species exhibiting
alternating patterns: the initial periods of popula-
tion increase, followed by periods of the decline or
stability (Fig. 5). Overall, 19 of 30 species were clas-
sified as increasing in numbers over 45 years
(Table 9). The most spectacular increases con-
cerned Regulus ignicapilla (by c. 5%), Dendrocopos
major (3.5%), Columba palumbus (3.3%) and Sylvia
atricapilla (3.1%). Few other species increased by
2% per year on average: Parus major, Phylloscopus
collybita, Ficedula albicollis, Coccothraustes coc-
cothraustes and Turdus merula.

Only six species have declined significantly,
with Ficedula hypoleuca and Anthus trivialis show-
ing the strongest declines (4-5% per year). The
declines of Phylloscopus sibilatrix and Ficedula parva
(2.0-2.5% per year), or Certhia familiaris and
Regulus regqulus (0.5-1.0% per year) were less
severe.

The long-term trends of five species were
classified as stable (Table 9); these included Oriolus
oriolus, Lophophanes cristatus, Muscicapa striata,
Prunella modularis and Fringilla coelebs.

Long-term variation in species richness and the
total abundance

Species richness was stable both in riverine (K, L)
and lime-hornbeam (CM, MS and W) habitats, but
it clearly increased in the coniferous stands (NE,
NW) over the 45 years of study (Fig. 6, Appendix
2). The largest number of species (annual average
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Table 1. The breeding bird assemblage of the ash-alder forest (plot K, 33 ha). ‘+” indicates breeding, but less than 0.5 territory; '~
indicates non-breeding; bold type indicates a dominant species (comprising > 5% of the community). In the species for which
number ranges are given, the means were used for all further calculations.

Species Number of pairs Mean
2015 2016 2017 2018 2019 p/10 ha %
Fringilla coelebs 42 44 52 50 45 14.1 11.9
Sturnus vulgaris 42 41 46 41.5 50 13.4 11.2
Sylvia atricapilla 30 37 30.5 42 42 11.0 9.3
Erithacus rubecula 30 22 24,5 24.5 28 7.8 6.6
Phylloscopus collybita 17.5 18 16 29 27 6.5 5.5
Ficedula albicollis 29 12-13 315 13-14 15.5 6.2 5.2
Parus major 17 15 16 19 11 4.7 4.0
Coccothraustes coccothraustes 12 17-18 15.5 15 17.5 4.7 4.0
Turdus philomelos 16 14 19 11.5 14.5 4.5 3.8
Troglodytes troglodytes 11.5-12.5 17.5 8.5 16.5 14.5 4.2 3.5
Turdus merula 12 10 15.5 13 15.5 4.0 3.4
Cyanistes caeruleus 12 9-10 13.5 14 12 3.7 3.1
Prunella modularis 12 9 13 15 11-12 3.7 3.1
Sitta europaea 11 11 9.5-10.5 115 10.5 3.3 2.8
Dendrocopos major 8-9 7 9 8 10.5 2.6 2.2
Regulus ignicapilla 45-55 6 8 10 8 2.2 1.9
Columba palumbus 7.5 5 6 6 8 2.0 1.7
Poecile palustris 6 5.5 6.5 5.5 6.5 1.8 1.5
Muscicapa striata 6 5-6 6 7 5-6 1.8 1.5
Certhia familiaris 5 5.5 5.5 6.5 5.5 1.7 1.4
Sylvia borin 4 4.5 7.5 45 3.5 1.5 1.2
Dendrocoptes medius 45-55 3 5.5 4-5 45 1.4 1.1
Phylloscopus sibilatrix 7 6.5 1 6 1 1.3 11
Apus apus 3-4 4-5 3 6 3-4 1.2 1.0
Regulus regulus 4.5 3 3.5 4 5 1.2 1.0
Spinus spinus - - 6 1 9 1.0 0.8
Oriolus oriolus 2-3 2 34 4 3.5 0.9 0.8
Garrulus glandarius 3 15 1 25 3.5 0.7 0.6
Hippolais icterina + 2 5 2 1 0.6 0.5
Carduelis carduelis 1-2 2-3 1 3 1-2 0.6 0.5
Dryobates minor 1-1.5 1 1 2.5 2-3 0.5 0.4
Cuculus canorus 1 25 1.5 1.5 1 0.5 0.4
Erythrina erythrina 1 2-3 1 1 1 0.4 0.3
Lophophanes cristatus 1 1 1 1 2 0.4 0.3
Aegithalos caudatus 1 1 - 1-2 1 0.3 0.2
Scolopax rusticola 1 1 1 + 1 0.2 0.2
Gallinago gallinago + 0.5 0.5 2 0.5 0.2 0.2
Luscinia luscinia — 1 - 2-3 + 0.2 0.2
Dendrocopos leucotos 1 1 0.5 0.5 0.5 0.2 0.2
Pyrrhula pyrrhula - + - 1 2 0.2 0.2
Jynx torquilla 1 — 1 — 1 0.2 0.2
Dryocopus martius 0.5 0.5 0.5 0.5 0.5 0.2 0.1
Picus canus - 1 + 0.1 1 0.1 0.1
Ficedula hypoleuca 1 - 1 - - 0.1 0.1
Turdus iliacus - 1 - 1 - 0.1 0.1
Ficedula parva 1 — - — 1 0.1 0.1
Phylloscopus trochilus 1 - - - 1 0.1 0.1
Periparus ater 1.5 - - - 0.5 0.1 0.1
Picoides tridactylus 0.5 - + - 0.5 0.1 0.1
Strix aluco - 0.5 - + 0.5 0.1 0.1
Acrocephalus palustris - - - 1 - 0.1 0.1
Picus viridis - - - + 0.5
Glaucidium passerinum - 0.5 - - -
Buteo buteo - - 0.5 - -
Corvus corax + + + - +
Locustella fluviatilis + - - + -
Sylvia communis + - - - -
Total (57 species) 377.8 357.2 399.3 413.0 413.5 118.8
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Table 2. The breeding bird assemblage of the alder swamp forest (plot L, 25 ha). For explanations see Table 1.

Species Number of pairs Mean
2015 2016 2017 2018 2019 p/10 ha %
Fringilla coelebs 315 29 34 34.5 28 12.6 14.7
Sylvia atricapilla 20 20 15.5 24 21.5 8.1 9.4
Phylloscopus collybita 19.5 17 20.5 16.5 16.5 7.2 8.4
Erithacus rubecula 12.5 21 17 14 17 6.5 7.6
Turdus philomelos 10 14 12 11.5 1" 4.7 5.5
Turdus merula 10 10.5-11 10 1.5 1" 4.3 5.0
Parus major 10.5 10.5 10.5 11 9 41 4.8
Coccothraustes coccothraustes 5 13.5 9.5 7 14 3.9 4.6
Ficedula albicollis 17 8 9-10 7 6 3.8 4.4
Troglodytes troglodytes 9.5 9 10.5 9.5 8.5 3.8 4.4
Prunella modularis 7 5 7-8 9 7 2.8 3.3
Cyanistes caeruleus 7 6 6 8.5 6 2.7 3.1
Sitta europaea 7.5 6 4 10-11 5 2.6 3.1
Dendrocopos major 5 4.5 6 5.5 6 2.2 2.5
Columba palumbus 5.5-6 3.5 5 6 5 2.0 2.4
Certhia familiaris 4-4.5 4 4-5 3 3 1.5 1.8
Poecile palustris 3-35 2 3 3.5-4.5 2 1.1 1.3
Phylloscopus sibilatrix 4 4.5 2 2.5 - 1.0 1.2
Spinus spinus - 1 5-6 2 4 1.0 1.2
Dendrocoptes medius 2-3 2 2 3 3 1.0 1.2
Regulus regulus 3.5 3.5 0.5 2 2-3 1.0 1.1
Apus apus 2 3 1 2-3 3 0.9 1.1
Tringa ochropus 2.5-3 2 2 2 2.5 0.9 1.1
Garrulus glandarius 2 1.5-2 1 2 2 0.7 0.8
Muscicapa striata 1 2.5 3 - 2 0.7 0.8
Periparus ater 1.5 1 3 2 + 0.6 0.8
Cuculus canorus 0.5-1 1-1.5 1.5 2 1.5 0.6 0.7
Oriolus oriolus 1 1 1-2 1.5-2 1-2 0.5 0.6
Dryobates minor - 1.5 1 2 + 0.4 0.4
Scolopax rusticola + 1 + 1 2 0.3 0.4
Picoides tridactylus 1 0.5 + 1 1 0.3 0.3
Lophophanes cristatus 1 - - 2 - 0.2 0.3
Dendrocopos leucotos 0.5 0.5 0.5 0.5 1 0.2 0.3
Ficedula hypoleuca 3 - - - - 0.2 0.3
Dryocopus martius 0.5 0.5 0.5 0.5 0.5-1 0.2 0.3
Regulus ignicapilla 1 - 1 + + 0.2 0.2
Phylloscopus trochilus 1 - - - 1 0.2 0.2
Ficedula parva - - - 1 0.5 0.1 0.1
Tetrastes bonasia 1 - - - - 0.1 0.1
Anas platyrhynchos 1 - - - - 0.1 0.1
Sylvia borin - 1 - - - 0.1 0.1
Strix aluco - - + 0.5 + 0.1 0.1
Turdus viscivorus - - - 0.5
Corvus corax - + + + +
Glaucidium passerinum - - - + -
Total (45 species) 216.4 212.9 2114 2241 205.8 85.6

~43-44) bred in riverine plots, a bit smaller (~40)
in lime-hornbeam plots and initially the lowest,
but steadily increasing (from ~31 to ~44) in conif-
erous plots. The alpha-diversity, expressed with
the Gini-Simpson index, was approximately stable
in the riverine (K, L) and lime-hornbeam stands
(CM, MS, W) over the whole study period, but
increased abruptly since c. 1985 in coniferous
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stands (NE, NW), almost levelling the values
recorded in the riverine plots in the last 15 years
(Fig. 7).

The total number of breeding birds (the whole
community) showed relatively similar dynamics
in both riverine and lime-hornbeam plots, where
it clearly increased from 1985 to 2005, and then
declined (Fig. 8, Appendix 3). In coniferous plots,
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Table 3. The breeding bird assemblage of the lime-hornbeam forest (plot W, 25.5 ha). For explanations see Table 1.

Species Number of pairs Mean
2015 2016 2017 2018 2019 p/10 ha %
Fringilla coelebs 40 44 36.5 44.5 a4 16.2 16.1
Ficedula albicollis 27 335 32 29.5 26.5 11.6 11.6
Coccothraustes coccothraustes 15.5 24 22.5 20 20 8.0 8.0
Erithacus rubecula 17.5 19.5 21.5 19 21 7.7 7.7
Sturnus vulgaris 21.5 11 14 14 19 6.2 6.2
Sylvia atricapilla 9.5 20 14 16.5 13.5 5.8 5.7
Parus major 14.5 15 14 14 12 5.5 5.4
Turdus philomelos 12.5 10 10.5 12.5 10 4.4 4.3
Turdus merula 9 10.5 7.5 7.5 11 3.6 3.5
Cyanistes caeruleus 7.5-8.5 8 10 10 7.5 3.4 3.4
Phylloscopus sibilatrix 11 10.5 4 11.5 5.5 3.3 3.3
Sitta europaea 8 7 10.5 8.5 7.5 3.3 3.2
Dendrocopos major 5.5 6 7 8 8 2.7 2.7
Troglodytes troglodytes 6 6.5 4.5 8.5 7.5 2.6 2.6
Columba palumbus 4.5 7 6.5 5.5 5.5 2.3 2.3
Dendrocoptes medius 4 4.5 4 45 3.5-4.5 1.6 1.6
Poecile palustris 4-5 4 4.5 4 2 1.5 1.5
Certhia familiaris 3.5 3-4 4 4 4 1.5 1.5
Muscicapa striata 3 5.5 2 3 2-3 1.3 1.2
Regulus ignicapilla 2-3 3 3 4 3 1.2 1.2
Phylloscopus collybita 2 1.5 2.5 1.5 2.5 0.8 0.8
Regulus regulus 3 2 2 2 1 0.8 0.8
Garrulus glandarius 2 2 2 1 2 0.7 0.7
Periparus ater 3 2 2 1 - 0.6 0.6
Dryobates minor 1 2 2 2 - 0.5 0.5
Ficedula parva 1 1.5 1-2 1.5 1.5 0.5 0.5
Lophophanes cristatus 1 1 - 2 1 0.4 0.4
Oriolus oriolus 0.5-1 1 1-1.5 1.5 + 0.4 0.4
Spinus spinus - - 2 1-2 1 0.4 0.4
Cuculus canorus 0.5 0.5-1 0.5 1.5 1 0.3 0.3
Dendrocopos leucotos 1 0.5 0.5 1 0.5 0.3 0.3
Dryocopus martius 0.5 1 1 0.5 0.5 0.3 0.3
Ficedula hypoleuca 0.5 1.5 - 1 - 0.2 0.2
Strix aluco - 1 0.5 0.5 0.5 0.2 0.2
Turdus viscivorus 1 - - 1 - 0.2 0.2
Phylloscopus trochilus 1 - - - - 0.1 0.1
Pyrrhula pyrrhula - - - 1 - 0.1 0.1
Chloris chloris - - - - 1 0.1 0.1
Lanius collurio - - - - 1 0.1 0.1
Picoides tridactylus - 0.5 -
Scolopax rusticola + + - + +
Corvus corax - - + - +
Emberiza citrinella - - + - -
Jynx torquilla - - + — —
Loxia curvirostra - - + — -
Total (45 species) 2459 270.9 250.7 270.1 244.8 100.6

the total abundance increased steadily but at a
slower rate than in the deciduous stands (Fig. 8).
Similarity in the composition of bird communi-
ty between the plots (beta diversity) was greatest
within the same forest types (Fig. 9). Also, lime-
hornbeam and ash-alder communities were more
similar to each other (no matter which pair to be
compared) than to the coniferous plots.
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The overall resemblance of community struc-
ture across the habitats was due to low species
turn-over among the areas: most species bred in
all three types of forests and high repeatability of
species proportions across years was evident. The
dominant five species made up 45-70% of the
whole community and most of them remained in
this group over the whole period (Table 10). Fringilla
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Table 4. The breeding bird assemblage of the lime-hornbeam forest (plot CM, 24 ha). For explanations see Table 1.

Species Number of pairs Mean
2015 2016 2017 2018 2019 p/10 ha %
Fringilla coelebs 39 46 44 40 39.5 17.4 215
Ficedula albicollis 215 245 19.5 225 21 9.1 11.3
Erithacus rubecula 15 17 10.5 20 14 6.4 7.9
Sylvia atricapilla 1" 17 14 18.5 13 6.1 7.6
Coccothraustes coccothraustes 9-10 17 10.5-11.5 10 17 5.4 6.7
Parus major 15.5 10 8.5-9.5 9 8.5 4.3 54
Turdus philomelos 10 9 12 8 10.5 4.1 5.1
Turdus merula 11.5 6 6.5 8.5 9 3.5 4.3
Cyanistes caeruleus 8 5 6.5 7 7 2.8 3.5
Troglodytes troglodytes 7 6 5 7.5 6.5 2.7 3.3
Sitta europaea 5.5 4.5 7.5-8 5.5 4 23 2.8
Columba palumbus 45 5 3 5 7.5 21 2.6
Dendrocopos major 5 2 5 4.5 5.5 1.8 23
Poecile palustris 4-5 3 45 4 2.5 15 1.9
Certhia familiaris 3.5-4 3 4 3.5 2.5 1.4 1.7
Dendrocoptes medius 3-4 3 2.5 2.5 4 1.3 1.6
Phylloscopus sibilatrix - 7.5 - 7 - 1.2 15
Regulus regulus 4 4 3 2 1-2 1.2 1.5
Periparus ater 3.5 1.5 2 2 1.5 0.9 1.1
Regulus ignicapilla 1.5-2 1 15 1 4-5 0.8 1.0
Phylloscopus collybita 1 2 2 2 2 0.8 0.9
Garrulus glandarius 1-2 1 2 1 1.5 0.6 0.7
Apus apus 2 2 1 - + 0.4 0.5
Dryobates minor 1 1 1.5 0.5 1 0.4 0.5
Cuculus canorus 0.5-1 1 1 0.5 0.5 0.3 0.4
Muscicapa striata - 1.5 2 - - 0.3 0.4
Spinus spinus - - 2 - 1-2 0.3 0.4
Strix aluco 1 0.5 1 + 0.5 0.3 0.3
Dendrocopos leucotos + 0.5 + 0.5 0.5 0.1 0.2
Dryocopus martius 0.5 + + 0.5 0.5 0.1 0.2
Turdus viscivorus - + - - 1.5 0.1 0.2
Oriolus oriolus - 1.5 - - - 0.1 0.2
Ficedula parva - 0.5 1 - - 0.1 0.2
Lophophanes cristatus - 0.5 1 - - 0.1 0.2
Prunella modularis - 1 - - - 0.1 0.1
Picoides tridactylus 0.5 + - + - 0.1 0.1
Aegithalos caudatus 0.5 - - - - 0.1
Scolopax rusticola + + + + + 0.1
Corvus corax + + + - +
Total (39 species) 193.05 205.5 186.4 193.3 189.3 80.6

coelebs and Erithacus rubecula belonged to domi-
nants in all habitats, in almost every season (Table
10). Several other species, though breeding in all
habitats, belonged regularly to the dominants
only in some forest types: e.g. Ficedula albicollis —
in both deciduous forest types, Coccothraustes coc-
cothraustes in lime-hornbeam forest or Regulus reg-
ulus in coniferous forest (Table 10).

Time lag analysis (TLA) indicated that de-
spite high consistency in annual similarity of
species composition within the plots (Fig. 9), the
community composition changed directionally
over 45 years in all plots. Species composition
became less and less similar to the initial state in
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1975 as the time interval increased (Fig. 10). The
rates of community change (regression slopes)
over 45 years were lower in the deciduous habi-
tats (c. 0.04, Table 11) than in the coniferous plots
(c. 0.07). Mean Hellinger distance at time lag 1
amounted to 0.36-0.37 in coniferous and 0.24-0.31
in the deciduous habitats implying quicker
change in the former (Table 11). Though signifi-
cant, these changes were rather modest in com-
parison with the year-to-year variability —
Hellinger distances between the most different
adjacent years could be of similar magnitude as
the distances measured over the whole period
(Fig. 10).
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Table 5. The breeding bird assemblage of the lime-hornbeam forest (plot MS, 30 ha). For explanations see Table 1.

Species Number of pairs Mean
2015 2016 2017 2018 2019 p/10 ha %
Fringilla coelebs 51 49 54.5 60.5 53 17.9 20.6
Ficedula albicollis 28 27 30.5 43 38.5 11.1 12.9
Coccothraustes coccothraustes 25.5 17 27 23.6 22 7.7 8.9
Erithacus rubecula 21 22 17.5 21 18.5 6.7 7.7
Sylvia atricapilla 10 20 12.5 20 12 5.0 5.7
Parus major 15 14 13.5 14.5 10 4.5 5.2
Turdus philomelos 15 12 13 10 10 4.0 4.6
Phylloscopus sibilatrix 15 24.5 4.5 12 1 3.8 4.4
Cyanistes caeruleus 12-13 8-9 12.5-13.5 11-12 10 3.7 4.3
Turdus merula 9.5 13 10 11.5 10 3.6 4.2
Sitta europaea 10.5 9 10.5 9 7.5 3.1 3.6
Troglodytes troglodytes 8 5.5 4.5 10 8 24 2.8
Dendrocopos major 5 5 5 5.5 5 1.7 2.0
Poecile palustris 6.5 3.5-4 4 5.5-6 4.5 1.6 1.9
Columba palumbus 4.5-5 4 25 75 4.5 1.6 1.8
Dendrocoptes medius 4 3.5-4.5 45 4.5 5.5 15 1.7
Certhia familiaris 3.5-4 3-4 3.5 4 4 1.3 1.4
Muscicapa striata 34 34 3 4-5 3 1.2 1.3
Regulus ignicapilla 1 1 2 1 45 0.6 0.7
Ficedula parva 2.5 1 1 1.5 25 0.6 0.7
Garrulus glandarius 1 1.5 1 2 15 0.5 0.5
Regulus regulus 1 2.5 1 1 1 0.4 0.5
Cuculus canorus 1 1-1.5 0.5-1 1 0.5 0.3 0.3
Dryobates minor 1-2 1 1 1 - 0.3 0.3
Ficedula hypoleuca - 1 1 2 - 0.3 0.3
Periparus ater 1-2 + 1 1 - 0.2 0.3
Oriolus oriolus 1 0.5 1 - 1 0.2 0.3
Phylloscopus collybita - 1 0.5 1 1 0.2 0.3
Dryocopus martius 0.5 0.5 + 0.5 0.5 0.1 0.2
Strix aluco + 0.5 + + 1 0.1 0.1
Scolopax rusticola + + + + 1 0.1 0.1
Dendrocopos leucotos 0.5 + + 0.5 + 0.1 0.1
Spinus spinus - - 1 - + 0.1 0.1
Turdus viscivorus - - 1 - - 0.1 0.1
Corvus corax - 0.5 + - + 0.1
Lophophanes cristatus - + - - 0.5
Aegithalos caudatus 0.5 - - - -
Total (38 species) 260.7 257.9 246.3 2911 242.3 86.5

DISCUSSION

The study constitutes the five-year extension of
the long-term research on the dynamics of breed-
ing avifauna in the primeval habitats of BNP
(Tomialoj¢ et al. 1984). The work provides novel
information on population trends for the 30 com-
monest forest bird species and the directional
changes in the composition of bird community
over 45 years. Despite some discrepancies, the
observations from 2015-2019 resemble the pat-
terns recorded in 20102014 and in the last 40
years in general (Wesolowski et al. 2015); the
structure of the breeding bird community
remained similar and most bird species bred in
BNP in all types of forests. The overall density of
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bird species was alike as in the previous five-year
period (Wesotowski et al. 2015), but it was by c.
30% lower than around the peak year of 2005
(Wesotowski et al. 2006), and higher than in the
1970s (Tomiatoj¢ et al. 1984). As previously, the
overall density of bird species varied from the
highest in the riverine plot at the forest edge to
the lowest in the coniferous plots in the forest
interior (Wesotowski et al. 2015).

Long-term changes in numbers of individual
bird species

The numbers of individual bird species varied
extensively over 45 years, although they usually
stayed within the less than fivefold range (except
for Regulus ignicapilla). For the majority of species,
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Table 6. The breeding bird assemblage of the pine-bilberry coniferous forest (plot NE, 25 ha). For explanations see Table 1.

Species Number of pairs Mean
2015 2016 2017 2018 2019 p/10 ha %
Fringilla coelebs 24 25 32 29.5 245 10.8 17.7
Erithacus rubecula 15 16 16-17 11.5 17 6.1 10.0
Phylloscopus collybita 8.5 12 11.5 9 11.5 4.2 6.9
Phylloscopus sibilatrix 10.5 13 8.5 " 4.5 3.8 6.2
Sylvia atricapilla 7 12 8 1" 7.5 3.6 6.0
Turdus philomelos 8 6.5 12 9.5 8.5 3.6 5.8
Parus major 8.5 6 7 8 7 29 4.8
Periparus ater 4.5 6.5 7 7.5 5.5 25 4.1
Turdus merula 7.5 5.5-6 6 5 5 23 3.8
Coccothraustes coccothraustes 3 4.5-55 9 1 6.5 2.0 3.3
Dendrocopos major 5.5 4 6 3.5 4 1.8 3.0
Regulus regulus 4-5 4 4 3 3 15 2.4
Lophophanes cristatus 2 3 4 4.5 4 1.4 2.3
Columba palumbus 4 2.5 3 3.5 4 14 2.2
Certhia familiaris 3.5 2.5 3.5-45 2 2.5 1.2 1.9
Ficedula albicollis 1.5 2 2.5 1-2 6 1.1 1.8
Cyanistes caeruleus 1-2 2.5 3-4 2 3.5 1.0 1.7
Spinus spinus 1 2.5-3.5 3 1 4 1.0 1.6
Prunella modularis 3 2.5 15 1 3 0.9 1.4
Garrulus glandarius 1.5 2.5 2 1.5 2 0.8 1.2
Phoenicurus phoenicurus 2 2 2 1 2.5 0.8 1.2
Troglodytes troglodytes 1 1 2 1.5 2.5 0.6 1.1
Sitta europaea 2 1.5 2 1 1.5 0.6 1.1
Cuculus canorus 1.5 2 1 1 2.5 0.6 1.1
Poecile palustris 15 1 2 1 2 0.6 1.0
Columba oenas 2.5 - 2 1.5 1.5 0.6 1.0
Apus apus 1 1 0.5 1 3 0.5 0.9
Oriolus oriolus 1 - - 1 3 0.4 0.7
Poecile montanus 0.5 - 1 1.5 1 0.3 0.5
Tetrastes bonasia 0.5 1 0.5 1 + 0.3 0.4
Muscicapa striata - - 1 - 2 0.2 0.4
Phylloscopus trochilus - 0.5 2 - 0.5 0.2 0.4
Dryocopus martius 1 0.5 0.5 0.5 0.5 0.2 0.4
Loxia curvirostra 1 + 1.5 - — 0.2 0.3
Picoides tridactylus 1 0.5 + 0.5 0.5 0.2 0.3
Anthus trivialis - 1 1 0.5 - 0.2 0.3
Corvus corax - 0.5 + - 0.5 0.1 0.1
Aegithalos caudatus - 1 - - 0.1 0.1
Dendrocoptes medius - - - - 1 0.1 0.1
Tringa ochropus - 0.5 - - — 0.1
Ficedula parva - - 0.5 - - 0.1
Pyrrhula pyrrhula - - 0.5 0.1
Scolopax rusticola + + + - -
Buteo buteo - - - - +
Total (44 species) 141.9 150.5 170.8 139.5 158.7 60.9

the numbers showed alternating phases, with the
initial periods of growth followed by decline or
stability. Steady decline or increase of bird num-
bers occurred rarely.

The changes of species numbers could be par-
tially explained by natural transformation of the
habitats within BNP For example, the initial
increase and then the decline of Phylloscopus colly-
bita numbers in coniferous forest followed the
appearance of numerous canopy gaps in the early
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2000s and their later ‘closure’ due to natural
regeneration by young, mostly deciduous trees.
Also, the occurrence of additional ‘deciduous for-
est’ bird species, such as Ficedula albicollis, Poecile
palustris or Coccothraustes coccothraustes, followed
the replacement of coniferous trees by deciduous
trees in the formerly conifer-dominated habitats.
However, the numbers of other bird species
did not vary as predicted by habitat change. For
example, the decline of the ‘spruce-dependent’
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Table 7. The breeding bird assemblage of the pine-bilberry coniferous forest (plot NW, 25 ha). For explanations see Table 1.

Species Number of pairs Mean
2015 2016 2017 2018 2019 p/10 ha %

Fringilla coelebs 20 26 31 28.5 25 104 17.2
Erithacus rubecula 19.5 17.5 12.5-13 145 14.5 6.3 104
Phylloscopus collybita 9 11.5 16 1" 9 4.5 7.4
Turdus philomelos 9 8.5 1" 8.5 7.5 3.6 59
Sylvia atricapilla 7.5 8 10.5 9 8.5 3.5 5.7
Phylloscopus sibilatrix 10 10.5 6 10.5 6 3.4 5.7
Parus major 10.5 7.5 7 8 5 3.0 5.0
Periparus ater 4 7 6.5 6.5 5-6 2.4 3.9
Turdus merula 7 6 5 5 5.5 23 3.8
Coccothraustes coccothraustes 3.5 6.5 10-11 1 5.5 2.2 3.6
Dendrocopos major 5.5 4 7 4 5 2.0 3.4
Regulus regulus 5.5 4 4 3 3 1.6 2.6
Lophophanes cristatus 3 2.5-3.5 5 3.5 3 1.4 2.3
Certhia familiaris 3.5 3 3 3 3.5 1.3 2.1
Columba palumbus 5 2.5 2 3 3.5 1.3 21
Ficedula albicollis 1.5 - 1 2-3 9 1.1 1.8
Sitta europaea 3 3.5 34 2 2 1.1 1.8
Spinus spinus 1 1.5-2.5 7 - 3 1.0 1.7
Phoenicurus phoenicurus 3 2 2.5 1 4 1.0 1.6
Prunella modularis 4.5 4 1.5 - 1 0.9 1.5
Columba oenas 3.5 1.5 2 1 1.5 0.8 1.3
Garrulus glandarius 2 1.5 2 2 1.5 0.7 1.2
Apus apus 1 3 0.5 1 2-3 0.6 1.1
Cuculus canorus 1-1.5 1.5-2 1 1.5 2 0.6 1.0
Cyanistes caeruleus 1 1.5 1 2 0.5 0.5 0.8
Poecile montanus 0.5 1 2 0.5 1 0.4 0.7
Loxia curvirostra - + 25 - 1 0.3 0.5
Tetrastes bonasia 1 0.5 1 1 - 0.3 0.5
Dryocopus martius 0.5 0.5 0.5 0.5 1 0.2 0.4
Pyrrhula pyrrhula - - 2 - 0.5 0.2 0.3
Poecile palustris 1-2 - 0.5 - 0.5 0.2 0.3
Tringa ochropus - + - 1 1 0.2 0.3
Troglodytes troglodytes + - - 15 0.5 0.2 0.3
Sylvia borin - - 2 - - 0.2 0.3

Oriolus oriolus - - - 1 1 0.2 0.3
Picoides tridactylus 0.5 + + 0.5 0.5 0.1 0.2
Corvus corax - 0.5 1 - + 0.1 0.2
Anthus trivialis - - 1 0.5 - 0.1 0.2
Ficedula parva - - 1 + - 0.1 0.1
Aegithalos caudatus - - 1 + - 0.1 0.1
Muscicapa striata — — - - 1 0.1 0.1
Phylloscopus trochilus - 0.5 - - 0.5 0.1 0.1
Falco subbuteo 0.5 - + - 0.1
Dendrocoptes medius — — - + 0.5 0.1
Turdus viscivorus - - - 0.5 - 0.1
Scolopax rusticola + - + +

Dryobates minor - + - - -

Dendrocopos leucotos - - - - +

Strix aluco - - - - +

Accipiter gentilis - - - - +

Total (50 species) 149.0 149.7 174.0 139.4 146.5 60.7

Regulus requlus appeared evident around 2000,
whereas the Norway Spruce decline started in
mid-20t" century and continued in BNP since then
(Brzeziecki et al. 2016). The recent ash dieback in
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ash-dominated stands might result in the reduc-
tion of tree-hole availability. The decline of
Sturnus vulgaris would be therefore expected due
to the limited abundance of the potential nesting
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Table 8. Main structural parameters of bird communities in different BNP stands in 2015-2019. Mean values + standard deviations

for individual plots are given; densities in pairs/10 ha.

Variables Ash-alder plots Lime-hornbeam plots Coniferous plots

K (edge) L W (edge) CM MS NE NW
Number of species 46.6 +2.3 36.8+1.3 36.6+1.5 322+3.0 326+1.8 35.8+23 36.4+3.8
Overall density 1188+7.4 85.6+27 100.6+5.1 80.6 £3.0 86.5+6.4 609%51 60.7 £5.2
Cumulative share 43.0+3.2 51.3+7.8 58.6 + 2.1 60.2+2.4 61.3+79 505+£55 488+%55
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sites in ashes (Wesotowski 2021), but this did not
seem to happen, possibly because holes suitable
for Sturnus vulgaris were plentiful in other tree
species as well.

As such, the numbers of breeding birds in the
BNP were most likely affected also by factors
operating at a wider geographical scale (see e.g.
Portaccio et al. 2021). These factors may include
habitat transformation or climate change along
the migratory routes and/or on wintering grounds
(Jones & Cresswell 2010), and explain similar pop-
ulation trends in BNP and nationally since 2000
(Chodkiewicz et al. 2019, Wardecki et al. 2021). For
example, the increasing numbers of Columba
palumbus or Dendrocopos major, the decline of
Anthus trivialis or similar fluctuations of Erithacus
rubecula in BNP and nationally are striking.

Long-term variation in the composition of bird
breeding community

The composition of the breeding avifauna of the
BNP has not changed substantially since 1975

(Tomiatoj¢ & Wesotowski 2004, Wesotowski et al.
2003, 2015); the same bird species breeding in
1970s (Tomiatojc et al. 1984) were present recently.
Also, the core of the breeding bird community in
the BNP was stable, with almost 40% of species
found breeding in the plots each year, and 57% of
the species breeding in > 35 years. Similar pattern
of the dominant species forming a core of the
breeding bird community is widespread in old-
growth deciduous forests across temperate
Europe (review in Wesotowski et al. 2018).
Species richness in the riverine and lime-horn-
beam habitats did not show a clear long-term
change, but the number of species increased in
both coniferous plots (Tomiatoj¢ et al. 1984), since
large canopy gaps appeared after hurricanes. The
incremental change in the composition of com-
munity structure was rather slow in deciduous
plots (regression slope of c. 0.04) and greater in
coniferous stands (c. 0.07). Such slow incremental
changes may be typical for natural forests, but
when natural disturbances are large, one would

Table 9. Multiplicative slopes (rates of change) from trend analysis for 30 forest bird species in BNP 1975-2019. All trends were sig-
nificant and categorized as either moderate growth (M), moderate decline ({) or stability («<») over 45 years.

Species Slope + SE p Trend direction
Anthus trivialis 0.953 £ 0.020 <0.05 l
Certhia familiaris 0.996 + 0.001 <0.05 l
Columba palumbus 1.033 + 0.002 <0.01 1
Coccothraustes coccothraustes 1.024 + 0.002 <0.01 1
Dendrocopos major 1.035 + 0.002 <0.01 1
Dendrocoptes medius 1.015 £ 0.002 <0.01 1
Erithacus rubecula 1.004 + 0.001 <0.01 1
Ficedula albicollis 1.022 £ 0.001 <0.01 I
Ficedula hypoleuca 0.959 £ 0.007 <0.01 l
Ficedula parva 0.978 £ 0.005 <0.01 l
Fringilla coelebs 1.001 + 0.001 - >
Garrulus glandarius 1.012 £ 0.002 <0.01 1
Phylloscopus collybita 1.020 + 0.003 <0.01 1
Phylloscopus sibilatrix 0.973 £ 0.002 <0.01 l
Muscicapa striata 1.004 + 0.003 - >
Oriolus oriolus 1.002 + 0.003 - -
Periparus ater 1.028 + 0.004 <0.01 1
Lophophanes cristatus 1.000 + 0.003 - >
Cyanistes caeruleus 1.013 + 0.002 <0.01 1
Parus major 1.021 + 0.002 <0.01 i
Poecile palustris 1.011 £ 0.002 <0.01 1
Prunella modularis 1.003 + 0.002 - -
Regulus ignicapilla 1.050 + 0.009 <0.01 il
Regulus regulus 0.989 + 0.001 <0.01 l
Sturnus vulgaris 1.022 + 0.004 <0.01 1
Sylvia atricapilla 1.031 + 0.002 <0.01 i
Sitta europaea 1.009 + 0.002 <0.01 1
Troglodytes troglodytes 1.005 + 0.002 <0.05 1
Turdus philomelos 1.009 + 0.001 <0.01 1
Turdus merula 1.021 + 0.001 <0.01 I
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Fig. 6. Dynamics of species richness in the three forest types in
Biatlowieza National Park in 1975-2019. Symbols show the
observed number of species breeding in a single plot in a given
year. Darker shades of symbols depict edge plots (K and W),
paler shades — the forest interior ones. Lines show mean
number of species, predicted with smoothed trends for plots of
average size within each forest type (riverine 29.3 ha, lime-
hornbeam 26.5 ha, coniferous 25 ha), ribbons — 95% confi-
dence intervals of the mean.
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Table 10. Dominant (constituting > 5% of assemblage) breed-
ing bird species in relation to habitat in BNP 1975-2019. Only
species belonging to dominants in > 25% of all season-plot
combinations (sample size, n, given in parentheses) in any
habitat type are shown. Riverine — plots K & L; Lime-horn-
beam — plots CM, MS & W; Coniferous — plots NE & NW.

Species Riverine Lime— Coniferous
(n=87) hornbeam (n=90)
(n=135)

Fringilla coelebs 100.0 100.0 100.0
Erithacus rubecula 98.9 99.3 98.9
Sylvia atricapilla 77.0 34.8 30.0
Ficedula albicollis 59.8 99.3 1.1
Phylloscopus collybita 52.9 0.0 34.4
Sturnus vulgaris 471 13.3 0.0
Turdus philomelos 241 53.3 47.8
Phylloscopus sibilatrix 6.9 51.1 80.0
C. coccothraustes 8.0 77.8 2.2
Parus major 1.1 32.6 12.2
Regulus regulus 0.0 0.0 51.1
Periparus ater 0.0 0.0 27.8
7 other species 28.7 37.9 9.2

expect relatively high slope values. Kampichler et
al. (2014) suggested a rate of change between
0.04 and 0.06 for disturbed or managed stands,
which was similar to what we estimated for
the BNP’s stands. Thus, although natural, the
‘disturbances’ in the BNP’s coniferous stands,
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Fig. 7. Variation of alpha-diversity in the seven studied plots in
Biatowieza National Park, 1975-2019. Blue dots — riverine for-
est plots, green squares — lime-hornbeam forest plots, red tri-
angles — coniferous forest plots. Symbols show yearly values
of the Gini-Simpson index for each plot, lines — smoothed
trends for each forest type.
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Fig. 8. Changes in densities of the whole breeding bird assem-
blage in relation to habitat in Bialowieza National Park over 45
years, 1975-2019. Blue — riverine forest (plots K & L), green —
lime-hornbeam habitat (plots CM, MS & W), red — coniferous
forest (plots NW & NE). Symbols — actual yearly densities
recorded in each plot; lines — smoothed means from GAMM
(see Methods); ribbons — their 95% confidence intervals.

such as an appearance of large canopy gaps and
their colonisation by deciduous tree species,
appeared substantial as manifested by the quick-
est rate of change and year-to-year variability of
the avian community.

Whereas species richness (alpha diversity) of
breeding bird community in the primeval old
growth stands was very high, the change of
the community structure between habitats (beta
diversity) remained rather low. The current
study confirms the conclusions by Tomiatoj¢ and
colleagues, who stated in 1984 that the same bird

community inhabits all the BNP plots, and only
small local deviations may occur (Tomialoj¢ et al.
1984). Most bird species breeding in the
Bialowieza NP have rather wide habitat niches
and can occupy an array of structurally different
places. Thus, even large disturbances, like forma-
tion of windfall gaps, do not lead to substantial
species turnover, provided the forest tree compo-
sition remains similar (Fuller 2000). Such broad
niches seem to be characteristic for European for-
est birds in general (Blondel 2018, review in
Wesotowski et al. 2018), but differ from the North
American birds, which show much higher habitat
specialisation (Monkkonen 1994, Blondel 2018).
The general compositional and structural sta-
bility of the breeding bird community observed in
the primeval old-growth forests of the BNP is
remarkable, as each spring most of the communi-
ty is formed by different individuals, which are
probably new to the area (most of species are not
philopatric; review of evidence in Wesotowski et
al. 2015). The breeding community largely ‘disas-
sembles” in autumn (less than 20% of the breeding
species and less than 10% of individuals spend the
winter here; Wesotowski et al. 2015) and is ‘re-cre-
ated’ the following spring by newly-arriving
‘colonisers’. Thus, the arriving birds have to assess
habitat suitability and decide on where to settle
using mostly the cues available to them at the
arrival time. Therefore, the high constancy of
species composition of the breeding bird com-
munity in the BNP seem to result largely from the
interplay of two factors: 1) long-term stability of
the forest habitats (particularly the deciduous
stands), causing places suitable in one year to
remain so over many seasons, and 2) cross-gener-
ational reproducibility of the selection criteria
used by the birds in their settlement decisions

Table 11. Changes in the breeding assemblage composition with time in relation to forest type in BNE Time Lag Analysis results:
slopes and Hellinger distances at time lag 1 for the seven studied plots, 1975-2019. Slope measures the rate of change (the higher
the value, the faster the change), p is the error probability while year-to-year variability is measured by the mean Hellinger

distance at time lag 1 (see Methods).

Forest type and plot Slope (95% CI) p Hellinger distance at lag 1
Riverine
K 0.042 (0.037-0.049) 0.0020 0.243 (0.223-0.315)
L 0.037 (0.031-0.044) < 0.0001 0.304 (0.244-0.366)
Lime-hornbeam
w 0.039 (0.033-0.046) < 0.0001 0.308 (0.207-0.357)
CM 0.043 (0.035-0.052) 0.0128 0.312 (0.220-0.402)
MS 0.041 (0.035-0.049) 0.0030 0.264 (0.210-0.348)
Coniferous
NW 0.073 (0.066-0.080) 0.0027 0.368 (0.302-0.454)
NE 0.070 (0.060-0.080) 0.0274 0.356 (0.299-0.443)
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Fig. 9. Variation of beta-diversity among the seven studied plots in Bialowieza National Park, 1975-2019. Each section of the fig-
ure shows Bray-Curtis distances for a single plot (marked in the bottom-left corner) compared to the six other plots (six pairwise
comparisons for all 45 years). Forest types marked with colours: riverine in blue, lime-hornbeam in green and coniferous in red.

(Wesotowski et al. 2015). As long as the area
retains its attractiveness, it would continue to be
chosen by the same species in consecutive years.
However, where the major transformations in
habitat structure occur (as happened in the conif-
erous habitat), this may make the area unaccept-
able for some species and more attractive for the
others. This would then result in changes of the
breeding community composition. The processes
of community formation by birds in BNP are,
thus, driven both by the population demography
of species (no birds may settle when none
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survives), and active acceptance of the same spots
by mostly different individuals in consecutive
seasons (Wesotowski et al. 2015). Similar situation
might apply to other European forests that under-
go little anthropogenic or natural transformations,
but further studies would be needed to test this
idea.

Final remarks

Gathering reference information on the function-
ing and natural dynamics of forest ecosystems,
which are free of direct human impact, and study-
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Fig. 10. Changes in composition of bird communities with time in the seven studied plots in Bialowieza National Park, 1975-2019.
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ing ecological and behavioural adaptations of
birds in their evolutionary (primeval) settings, is
fundamental for understanding the ecology and
evolution of forest birds. This served as a motiva-
tion to begin the study on the breeding bird com-
munity in the strictly protected part of the BNP in
1975 (Tomiatoj¢ et al. 1984). After 45 years of con-
tinued study, we can also see how these pristine
communities react to the large scale environmen-
tal changes occurring during this time. So far,
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they appeared highly adaptable and resilient to
varying environmental challenges. However, no
plasticity is limitless and the increase of external
pressures may lead, at some point, to changes in
the BNP avian communities becoming stronger
and increasingly quicker as well. Provided that
the current study is continued, we would be able
to detect such break points. Understanding how
species, communities and entire ecosystems
respond to environmental change is critical to our
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efforts to arrest the current diversity crisis, but it
can be done only with truly long-term studies
(White 2019). Sadly, long-term studies are in
decline often due to difficulties in ensuring stable
funding (Hughes et al. 2017, Kuebbing et al. 2018).
Thus, more endeavour is needed to assure the
continuation of the long-term research which con-
stitutes an invaluable source of crucial informa-
tion.
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STRESZCZENIE

[Dlugoterminowe zmiany w ugrupowaniach
ptakéow legowych w lesie pierwotnym: 45 lat
cenzusow w Biatowieskim Parku Narodowym
(Polska)]
W pracy oméwiono dlugoterminowe trendy
zmian liczebnosci 30 leSnych, pospolitych ptakow
legowych na 7 statych powierzchniach prébnych
w Biatowieskim Parku Narodowym w latach
1975- 2019 (wschodnia Polska, dalej BPN, Fig. 1).
Przeanalizowano zmiany w skladzie ugrupowan
ptakéw legowych w trzech najwazniejszych
typach drzewostanéw pierwotnych w BPN:
fegach (Fig. 2), gradach (Fig. 3) i borach (Fig. 4).
Cenzusy kontynuowane w latach 2015-2019 z
wykorzystaniem kombinowanej metody karto-
graficznej na siedmiu stalych powierzchniach
prébnych w BPN, monitorowanych od 1975 1., w
tym dwodch na skraju lasu i pieciu w jego wnetrzu
wykazaly gniazdowanie 69 gatunkéw ptakow.
Najwiecej gatunkéw gniazdowato w legach (57
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gatunkéw na skraju lasu i 45 we wnetrzu), mniej
w gradach (45 gatunkéw na skraju lasu, 38 i 39
gatunkow we wnetrzu) i borach (44 i 50 gatun-
kéw, obie powierzchnie we wnetrzu lasu) (Tab.
1-8). Liczebnos¢ poszczegdlnych gatunkéw pta-
kéw byta mocno zmienna — wiekszos¢é gatunkow
charakteryzowata sie naprzemiennie wystepu-
jacymi okresami istotnych wzrostéw, spadkéw i
stabilizacji (Fig. 5). Wiekszos¢ gatunkéw (19 z 30)
w 45-letnim okresie badan (1975-2019) wykazy-
wala wzrost liczebnosci. Najsilniejsze wzrosty
(Srednio 3-5% rocznie) odnotowano u grzywacza,
dzieciola duzego, kapturki i zniczka (Tab. 9).
Najsilniejszy spadek liczebnosci dotyczyl swier-
gotka drzewnego (—4,7% rocznie) — zwiazany byl
on z zarastaniem luk pohuraganowych i prawie
calkowitym wycofaniem sie gatunku z powierzch-
ni probnych. Ponadto 5 dalszych gatunkow
wykazywato istotne spadki: muchotéwka Zzatobna
(~4,1% rocznie), $wistunka les$na (-2,7% rocznie),
muchotéwka mata (-2,2% rocznie), mysikrélik
(-1,1% rocznie) i pelzacz lesny (-0,4% rocznie).
Zieba, muchotéwka szara, wilga, czubatka i
pokrzywnica fluktuowaty liczebnie, ale ich popu-
lacje w omawianym okresie 45 lat byly stabilne.
Zieba, rudzik i kapturka byly najliczniejsze na
wiekszosci powierzchni w prawie wszystkich
latach (Tab. 10). W wiekszosci te same gatunki
ptakéw gniazdowaly na powierzchniach w latach
1970-tych i obecnie. Bogactwo gatunkowe ugru-
powan byto stabilne w lasach lisciastych, a borach
rosto (Fig. 6), podobny wzorzec zmian dotyczyt
alfa-r6znorodnoéci (Fig. 7). Catkowita liczebnosé
wszystkich gatunkéw w lasach lisciastych rosta od
1975 i byla najwyzsza okoto 2005 roku, po czym
spadia, a w borach wzrastata przez caly okres
badan (Fig. 8). Wskaznik podobiefistwa ugru-
powan ptakéw legowych miedzy powierz-
chniami (beta-r6znorodnos$¢) nie zmienil sie
znaczaco w okresie badan: tegi i grady pozosta-
waly podobne do siebie, a bory byly bardziej
odmienne od laséw lisciastych (Fig. 9). Ugrupo-
wania ptakéw legowych w borach wykazywaty
najszybciej postepujace zmiany skladu i stawaly
sie coraz bardziej odmienne od stanu poczatko-
wego z 1975 ., mimo ze analogiczne zmiany byly
tez widoczne w lasach liSciastych, ale zachodzity
wolniej (Fig. 10, Tab. 11). Szybkie zmiany ugrupo-
wan zachodzace w borach mozna wigzac z zaras-
taniem luk pohuraganowych przez drzewa
liSciaste typowe dla gradéw, i kolonizacja
powierzchni borowych przez ,gradowe” gatunki
ptakéw. Wskazuje to, ze nawet w lasach gdzie
brak jest bezposSredniej ingerencji cztowieka,
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ugrupowania ptakéw legowych znaczaco zmie-
niaja sklad w dluzszych okresach czasu, a
dynamika ta jest powodowana przez czynniki
pochodzenia naturalnego.

Dlugoterminowe badania, jak powyzsze w
BPN, dostarczaja cennych informacji dotycza-

cych zmian liczebnosci poszczegdlnych gatunkéw
oraz tempa naturalnej wymiany gatunkéw w
ugrupowaniach ptakéw w lasach pierwotnych,
pozbawionych bezposredniej ingerencji czlowieka.

Appendix 1. GEE models used for trend estimation of forest bird species in BNFE, E Poland, 1975-2019. Model 1 assumes a constant
trend for the whole study period (usually unrealistic for long time series), while model 3 estimates separate trend for each pair of
adjacent years — in most cases it has too many parameters. Model 2 is a consensus-type model and reduces the number of param-
eters of model 3 by a piecewise approach: it identifies periods over which a trend can be summarized into a single paramater and
only at identified changepoints between periods trend becomes sufficiently different to warrant a separate estimate. Non-conver-
gence of a model due to insufficient number of observations is marked with ‘~". The top-supported model, used for inference is
given in bold. Abbreviations: AIC — Akaike Information Criterion, Corr — serial correlation, OD — overdisperson (both estimat-
ed under the top supported model), LR — likelihood ratio statistic, df — degrees of freedom, p — probability.

Species AlC Corr oD Goodness of fit test
model 1 model 2 model 3 LR df p

Anthus trivialis —280.31 - —274.55 0.599 1.223 327.69 304 0.168
Certhia familiaris -525.71  -522.73  -485.77 0.314 0.246 82.29 304 1.000
Columba palumbus -448.43 -457.75 40717 0.215 0.353 118.25 288 1.000
Coccothraustes coccothraustes -200.92 -271.42 -246.08 0.253 0.969 282.58 277 0.396
Dendrocopos major —-462.74  -467.39 —440.15 0.190 0.260 82.61 275 1.000
Dendrocoptes medius -532.27 -522.38 -465.83 0.075 0.386 75.73 304 1.000
Erithacus rubecula -363.68 —412.56 -454.40 0.031 0.395 113.60 284 1.000
Ficedula albicollis -25.35 -271.74 -229.37 0.255 0.958 306.26 289 0.232
Ficedula hypoleuca -132.75 - —241.69 0.181 1.108 282.31 262 0.186
Ficedula parva -340.01 -347.03 -296.43 0.220 0.734 230.97 289 0.995
Garrulus glandarius -511.61 - -300.81 0.132 0.286 92.39 302 1.000
Phylloscopus collybita -194.83 -254.73 -224.21 0.573 0.998 313.27 284 0.112
Phylloscopus sibilatrix 37493 -132.73 -115.39 0.124 1.342 409.27 271 <0.001
Muscicapa striata -269.66 -301.85 —252.51 0.308 0.829 274.15 288 0.712
Oriolus oriolus —-400.78 -402.03 -353.69 0.113 0.492 171.97 287 1.000
Periparus ater -194.85 -318.58 -276.30 0.328 0.706 251.42 285 0.925
Lophophanes cristatus —-422.16  -428.61 -371.23 0.050 0.547 157.39 293 1.000
Cyanistes caeruleus -292.54 -399.86 -367.41 0.364 0.495 158.14 279 1.000
Parus major -314.52  -348.50 -302.90 0.498 0.681 221.50 285 0.998
Poecile palustris -436.53 -460.30 —405.50 0.303 0.377 119.70 290 1.000
Prunella modularis -293.85 -354.73 -308.93 0.276 0.642 217.27 286 0.999
Regulus ignicapilla —242.50 - -215.78 0.239 0.950 185.53 216 0.934
Regulus regulus -277.54 -468.83 —436.97 0.040 0.308 87.17 278 1.000
Sturnus vulgaris -9.71 -186.35 —-129.91 0.348 2.112 139.65 163 0.907
Sylvia atricapilla -237.98 -312.52 -276.97 0.561 0.830 255.48 284 0.887
Sitta europaea -357.65 -416.65 -384.72 0.324 0.441 141.35 279 1.000
Troglodytes troglodytes —-408.09 -430.33 —401.93 0.338 0.403 121.67 276 1.000
Turdus philomelos -414.19 -446.00 -399.87 0.302 0.427 124.00 285 1.000
Turdus merula -475.82 -481.97 —431.00 0.219 0.320 94.03 288 1.000
Fringilla coelebs -62.38 -373.25 -336.29 0.237 0.668 190.75 282 1.000
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Appendix 2. Coefficients from a GAMM explaining long-term variation in species richness (the total number of breeding species)
in relation to forest type in BND E Poland, 1975-2019. For the fixed terms, estimates for habitats are given as contrasts to the inter-
cept; annual change in species richness was modelled with separate smooth terms for each habitat type.

Term Estimate + SE z value p
Fixed term: habitat type
Intercept (coniferous) 2.567 £ 0.071 36.415 < 0.001
lime-hornbeam 0.008 + 0.091 0.087 0.931
riverine 0.113 + 0.099 1.134 0.257
Smooth terms edf chi-sq p
coniferous x year 1.841 29.181 < 0.001
lime—hornbeam x year 1.000 0.060 0.807
riverine x year 1.000 0.375 0.540
Random effect Variance SD
Plot 0.0093 0.0962

Appendix 3. Coefficients from a GAMM explaining long-term variation in the total abundance (summed abundances of all indi-
vidual breeding species) in relation to forest type in BNE, E Poland, 1975-2019. For the fixed terms, estimates for habitats are given
as contrasts to the intercept; annual change in abundance was modelled with separate smooth terms for each habitat type.

Term Estimate + SE z value p
Fixed term: habitat type
Intercept (coniferous) 3.893 + 0.068 57.276 < 0.001
lime-hornbeam 0.520 + 0.088 5.935 < 0.001
riverine 0.677 + 0.096 7.057 < 0.001
Smooth terms edf chi-sq p
coniferous x year 3.388 263.5 < 0.001
lime-hornbeam x year 7.513 618.4 < 0.001
riverine x year 7.216 406.0 < 0.001
Random effect Variance SD
Plot 0.0091 0.0952
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