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ABSTRACT
This paper presents the results of the ornithological research performed in the oldest dry
coniferous forests of Kampinos National Park (central Poland). The field study took place on three 25ha-sites overgrown with Scots pine Pinus sylvestris over 150 years old. The species composition of the
dominant group was found to differ from that of other forests. Hole-nesters constituted the most
important part of the population of birds together with old and mature forest specialists and residents.
Hole-nesters were numerously represented (50% of all noted pairs). Old and mature forest specialists
constituted 40% of all pairs. Seven species connected to natural forest clearings were also found to be
of significant importance. The presence of such ecological groups is proof of the biological balance
and diversity of the researched forests.
Keywords: hole-nesters, mature forest, old forest, forest birds, mature forest specialists, umbrella
species, Kampinos National Park

1. INTRODUCTION
In the whole of Europe, ecological research projects focusing on forest birds are
performed on large scales in both productive and protected forests (Raivio & Haila 1990,
Rąkowski & al. 2016, Wesołowski & al. 2015). Some of these studies focus on the birds of
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mature forests but, in most cases, this refers to deciduous forests or coniferous forests
dominated by Norway spruce Picea abies (Nilsson & al. 2002, Wesołowski & al. 2010). In
the case of studies carried out in Scottish pine coniferous forests, the age of the Scots pine
Pinus sylvestris trees is unclear as they are only referred to as “granny pines” (Hill & al.
1990). All of the above makes it difficult to compare and analyze results.
Kampinos National Park, which includes the Kampinos forest complex – hence the
name – is located in central Poland in the so-called Kampinos Forest Mesoregion. It is
characterized by the presence of exclusively pine coniferous forests without Norway spruce.
These coniferous forests grow on sandy dunes, and a large proportion contains trees over 150
years old. Growing for decades within the park’s strict protection areas, they benefit from a
protection status as rigorous as that of strict nature reserves. The reason for such protection
measures, in some cases dating as back as to the 1930s, is the unique biological value of these
ecosystems. The natural end of the life of a pine tree and the related evolutionary adaptations
of birds can be observed there. The lack of human interference in these areas makes them
equal to other forests of a natural character. There are very few studies taking place in habitats
dominated by Scots pine, where all the consecutive stages of dying trees are found, creating
natural habitats and ecological niches for many species of birds. It is in such places that we
can observe - for example - the appearance of species preferring tree fall gaps in tree stands.
Such gaps are not the result of felling activities but of the natural process of dying and
toppling pines. Untypical bird nesting sites earlier observed in Białowieża Forest and
described by Czeszczewik & Walankiewicz (2016) are also observed in this forest. The
results presented in this paper are only an introduction to further planned ecological studies of
birds in this habitat in connection to individual elements of the environment.

2. RESEARCH SITES
The research was performed in Kampinos National Park (KNP) which covers a total
area of 38 544 ha and is located in central Poland. Kampinos National Park includes the
whole of Kampinos Forest, a 26 000 ha forest complex. It is composed of 23.8% of oldgrowth forests of which, 55.5% are mature forests (KNP’s own data). The main habitat is pine
coniferous forest, which covers 73,3% of forested areas. Scots pine, being the dominating tree
species, constitutes 69% of all tree species (Tyburski & Przybylski 2016). In regard to forestnaturalistic regional classification, Kampinos Forest is situated in the Kampinos Forest
Mesoregion. Three research sites located in the oldest pine coniferous forests were selected.
Each covered 25 ha and had a square shape of 500×500 m (Fig. 1). They were named as
follows: Kaliszki (K), Biała Góra (BG) and Wilków (W).
The chosen sites were all within strict protection areas, meaning that no management
activities are implemented and natural processes run their own course. The only human
interference permitted in such areas is that resulting from noninvasive scientific research. All
selected sites represented the same type of forest habitat: dry coniferous forest (PeucedanoPinetum), with only Scots pine growing on podsolic soil in the highest layer of the forest. The
forest floor is mossy with bilberry Vaccinium myrtillus, lily of the valley Convallaria majalis,
lichens Cladonia sp. and heather Calluna vulgaris. Common juniper Juniperus communis
dominates in the undergrowth with sessile oak Quercus petraea and silver birch Betula
pendula in the lower tree layer.
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Photo 1. The research sites Kaliszki.

Photo 2. The research sites Biała Góra.

Photo 3. The research sites Wilków.
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Fig. 1. The study area. 1 – border of KNP, 2 – forest area, W – Wilków, K – Kaliszki,
BG – Biała Góra (research sites).

The decisive factor when choosing the study sites was the age of the pine trees, which
had to exceed 150 years. The sites differed in regard to forest density and, where the trees
toppled, size of tree fall gaps. The tree crowns were the most scattered and tree fall gaps the
largest on the site Biała Góra. This was also the site with the oldest pine trees. The highest
density of the undergrowth (mainly sessile oak) was on the site Kaliszki. The age of the pine
trees on each site was as follows: Kaliszki – 166 years, Biała Góra – 199 years, Wilków – 159
years. Fragments of each site are illustrated on Photo 1, 2, 3. The pine trees on all of three
sites had thick, cracked bark with numerous crevices and tree holes in the trunk. Some pines
were leaning, some although dead were still standing, and some had fallen entirely.

3. METHODS
This study took place in the year 2016. In order to evaluate the number and distribution
of the occurring birds, the combined standard cartographic method designed by Tomiałojć
(1980) was used together with suggestions from Bibby & al. (1992). The researchers moved
on straight transects spaced out every 50 m with a GPS device. Five morning surveys were
performed on each site from mid-March till the end of June. The location of individual calling
males was transferred onto a GPS map as well as parallel calling or pairs displaying nesting
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behavior (copulating, nest building, strong distress, feeding of young etc.). The location of the
tree holes of woodpecker (Picidae), stock dove (Columba oenas) and tawny owl (Strix aluco),
as well as the nests of other hole-nesters bird and secondary-cavity nesters birds and the nests
of other bird species located in windthrows and trunk crevices were additionally noted during
three daily surveys. Maps were prepared in the Esri ArcGIS program. The dominance (D) of
individual pairs in the population; percentage of hole-nesters; and mature and old forest
specialists were calculated according to Raivio & Haila (1990). The community diversity of
each site was assessed with the Simpson’s diversity index (Simpson 1949).

4. RESULTS
Altogether 36 species of nesting birds were noted on all three sites: 31 in Kaliszki, 30 in
Biała Góra and 31 in Wilków. Regarding the number noted pairs, we noted 147 in Kaliszki,
154 in Biała Góra and 155 pairs in Wilków (Tab. 1). The common chaffinch Fringilla coelebs
and great tit Parus major were the most numerous species. High densities of the tree pipit
Anthus trivialis were also noted (Tab. 1). One pair of tawny owls that has been inhabiting the
same tree hole for many years, and a common raven Corvus corax nest, also known for years,
were also observed.
Eight species were classified as dominants (Tab. 2): the common chaffinch, great tit,
tree pipit, European robin Erithacus rubecula, crested tit Lophophanes cristatus on all three
sites, and the wood warbler Rhadina sibilatrix, coal tit Periparus ater and common redstart
Phoenicurus phoenicurus on some of the sites. A further 14 species were classified as
subdominants, while the remaining species constituted less than 2% of the whole bird
community. The value of the Simpson’s diversity index was as follows: K– 0,95, BG – 0,94,
W – 0.95. The calculated values are very high and nearly identical for all sites.
Table 1. The number of pairs and density of birds on individual research area.
Number of pairs

Pairs/10 ha

Species
K

BG

W

K

BG

W

Columba oenas

0

4

2

0

1,6

0,8

Columba palumbus

1

0

0

0,4

0

0

Strix aluco

0

1

0

0

0,4

0

Dryocopus martius

1

1

1

0,4

0,4

0,4

Dendrocopos major

4

5

4

1,6

2

1,6

Anthus trivialis

9

11

11

3,6

4,4

4,4

Prunella modularis

1

0

1

0,4

0

0,4

Erithacus rubecula

10

8

12

4

3,2

4,8
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Phoenicurus phoenicurus

6

8

6

2,4

3,2

2,4

Turdus philomelos

2

1

1

0,8

0,4

0,4

Turdus viscivorus

2

2

2

0,8

0,8

0,8

Turdus merula

2

3

2

0,8

1,2

0,8

Sylvia borin

2

0

0

0,8

0

0

Sylvia atricapilla

4

3

4

1,6

1,2

1,6

Phylloscopus trochilus

2

4

3

0,8

1,6

1,2

Rhadina sibilatrix

9

7

10

3,6

2,8

4

Phylloscopus collybita

5

6

6

2

2,4

2,4

Regulus regulus

4

1

3

1,6

0,4

1,2

Regulus ignicapilla

0

0

1

0

0

0,4

Troglodytes troglodytes

4

1

2

1,6

0,4

0,8

Muscicapa striata

1

2

2

0,4

0,8

0,8

Ficedula hypoleuca

6

4

7

2,4

1,6

2,8

Parus major

15

16

14

6

6,4

5,6

Periparus ater

6

9

9

2,4

3,6

3,6

Cyanistes caeruleus

6

5

6

2,4

2

2,4

Lophophanes cristatus

8

11

9

3,2

4,4

3,6

Poecile palustris

2

3

2

0,8

1,2

0,8

Poecile montanus

2

2

1

0,8

0,8

0,4

Aegithalos caudatus

1

0

0

0,4

0

0

Sitta europaea

4

4

5

1,6

1,6

2

Certhia familiaris

4

4

2

1,6

1,6

0,8

Certhia brachydactyla

3

2

4

1,2

0,8

1,6

Garrulus glandarius

1

1

1

0,4

0,4

0,4

Corvus corax

0

1

0

0

0,4

0

Fringilla coelebs

20

24

21

8

9,6

8,4

Pyrrhula pyrrhula

0

0

1

0

0

0,4

Σ

147

154

155

Simpson’s diversity index

0,95

0,94

0,95
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Table 2. The dominance (D) of individual pairs in the population.

Species

D
K

BG

W

Fringilla coelebs

13,61

15,58

13,55

Parus major

10,20

10,39

9,03

Anthus trivialis

6,12

7,14

7,10

Erithacus rubecula

6,80

5,19

7,74

Lophophanes cristatus

5,44

7,14

5,81

Rhadina sibilatrix

6,12

Periparus ater

4,08

5,84

5,81

Phoenicurus phoenicurus

4,08

5,19

3,87

Cyanistes caeruleus

4,08

3,25

3,87

Dendrocopos major

2,72

3,25

2,58

Ficedula hypoleuca

4,08

2,60

4,52

Phylloscopus collybita

3,40

3,90

3,87

Sitta europaea

2,72

2,60

3,23

Certhia familiaris

2,72

2,60

Sylvia atricapilla

2,72

Troglodytes troglodytes

2,72

Regulus regulus

2,72

6,45

2,58

Columba oenas

2,60

Phylloscopus trochilus

2,60

Certhia brachydactyla

2,04

2,58

the rest of species ≤ 2
domination ≥ 5,01%
domination
2,01% - 5%
domination ≤ 2%

The percentage of hole-nesters within the community was very high, on site K – 46% of
all pairs, on site BG – 52% and on site W – 48% (Fig. 2). On each site one pair of black
woodpeckers Dryocopus martius and four to five pairs of great spotted woodpecker
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Dendrocopos major were noted. The percentage of mature forest specialists (Fig. 3) was as
follows: K – 43% of all pairs, BG – 43%, W – 42%. The values for the sites Kaliszki and
Biała Góra were identical. The value for the site Wilków was only 1% lower.
Several species (i.e. N = 7) were strongly dependent on tree fall gaps being the result of
the toppling of individual pines: the common redstart, tree pipit, spotted flycatcher
Muscicapa striata, European pied flycatcher Ficedula hypoleuca and stock dove.
The percentage of these species on each site was as follows: K – 15%, BG – 19%,
W – 18%. Half of the pairs (K – 53% , BG – 51%, W – 50%) and more than half on the
species (K - 55% , BG - 60% , W - 55 %) were classified as residents.

Fig. 2. The percentage of hole nesters within the community.

Fig. 3. The percentage of mature and old forest specialists within the community.

5. DISCUSSION
The results of this analysis of the number of birds performed for three sites almost
didn’t differ between each other. The Simpson’s diversity index and the percentage of mature
and old forest specialists and hole-nesters were nearly identical for all three sites. Both holenesters and mature and old forest specialists were classified as dominants. This leads to the
presumption that the biological value of all three studied stands reached a certain balance,
most likely thanks to decades of protection as nature reserves.
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The lack of forestry activities and observations from other parts of Poland (Czeszczewik
& Walankiewicz 2016, Wesołowski & al. 2010) let us assume that the trend of ecosystem
balance and stability of bird communities may already occur here for many years. The
composition of nesting bird communities of old forests is stable (Wesołowski & al. 2010),
thus the high and similar value of Simpson’s diversity index on all three sites. The number of
species on the sites in KNP was lower when compared to coniferous forests in Białowieża
National Park (BNP) (Wesołowski & al. 2010, Wesołowski & al. 2015). This is most likely
the result of the fact that the coniferous forest in BNP has a high percentage of Norway
spruce and deciduous undergrowth, creating suitable conditions for species connected to these
trees, such as the Eurasian golden oriole Oriolus oriolus, collared flycatcher Ficedula
albicollis, Eurasian three-toed woodpcker Picoides tridactylus, which were not found in the
poor dry coniferous forests in KNP. Kampinos National Park is very rarely inhabited by
species connected to spruce forests because this forest complex is situated outside of the
boreal zone. However similar numbers of species were noted in pine coniferous forests in
Abernethy Forest in Scotland (Hill & al. 1990).
The group of dominants differed from that of various types of coniferous forests over
100 years old in Poland. Apart from the pine coniferous forests of Scotland, the common
chaffinch and European robin were the dominating species in all the compared forests. Such
was the case in Biała Forest, Borecka Forest, Białowieża Forest, the pine coniferous forests of
KNP (research from the eighties) and “Tomczyce” reserve (Chmielewski 1992, Cygan & al.
2003, Dmoch & al. 2003, Rąkowski & al. 2016, Wesołowski & al. 2015). In the pine
coniferous forests of Scotland, the common chaffinch was however the second species among
the dominants (Hill & al. 1990). In the present study, the great tit was the second most
numerous species after the common chaffinch.
The density of the European robin, on the other hand, was even lower than that of the
tree pipit. Similarly, the European robin was not classified as a dominant species and was less
numerous than the tree pipit in pine coniferous forests in Abernethy Forest (Hill & al. 1990).
On other compared sites, the great tit was not considered as a dominant species altogether or
if among the dominants, was much less numerous. The great tit is thought of as a mature
forest specialist, while the European robin is considered a mature forest generalist (Raivio &
Haila 1990). The tree pipit, which in the current research is third among the species with the
highest density, is mentioned among the dominants only in Biała Forest and Borecka Forest.
According to research performed in pine coniferous forests in KNP in the eighties the tree
pipit was the second most numerous species.
In Abernethy Forest the tree pipit was several times less numerous (Hill & al. 1990).
The common chaffinch, which was noted among the dominants on all three research sites in
KNP, is also given as the most numerous species by other authors (Andersson & al. 2017,
Cygan & al. 2003, Czeszczewik & al. 2015, Wesołowski & al. 2015). This specie’s
population density was similar to that of coniferous forests in BNP in the years 2010-14
(Wesołowski & al. 2015) but lower than the densities on the same sites in the years 20052009 (Wesołowski & al. 2010) and in Abernethy Forest (Hill & al. 1990). The density of the
common chaffinch was also lower than that of “Tomczyce” reserve, where 115-140 year old
pine trees dominated. The factor influencing the lower densities of the common chaffinch in
dry coniferous forests in KNP, in comparison to other sites in Poland, is most likely the lower
abundance of folivorous insects dwelling on deciduous trees, with which chaffinches feed
their young.
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The common chaffinch was also a dominant in a 105-125 year old mixed coniferous
forest in KNP as described by Cygan & al. (2003). In this case, the mixed coniferous forest
had a high percentage of deciduous trees and the density of the common chaffinch was higher.
The second dominating species on all three sites in KNP was the great tit. The density of this
species was similar in other coniferous forests in KNP (Cygan & al. 2003), where it was also
a dominant. In the coniferous forests of BNP and in “Tomczyce” reserve, the great tit was not
a dominant and showed lower densities (Chmielewski 1992, Wesołowski & al. 2015). In their
paper, Czeszczewik & Walankiewicz (2016) point out that in Białowieża Forest the density of
the great tit is much lower than in Western European countries. Thus it is surprising that a
poor dry coniferous forest in KNP can be an attractive habitat for this species. The great tit
was very rare in Abernethy Forest, where the coal tit and crested tit dominated (Hill & al.
1990).
Tree fall gaps were a characteristic element of the three study sites. They were the result
of the natural process of toppling of old individual Scots pines. For this reason, the tree pipit
was the third dominant species. Tree pipits preferred the gaps and all the territories of this
species were connected to them, using small clearings as feeding and calling grounds.
Although in much lower densities, this species also inhabited tree fall gaps in a coniferous
forest in Białowieża National Park (Wesołowski & al. 2003, Wesołowski & al. 2015).Tree
pipits willingly occur in all types of clearings and gaps found in coniferous forests, and this
both in felling sites (Pepłowska-Marczak 2009) as well as thinned pine tree stands (Raivo &
Haila 1990). In the current study, the presence of the tree pipit shows that the forest reached a
stage in which habitats suitable for pioneer bird species can once again be found, and this
despite the fact that no felling activities or windstorms impacted these ecosystems. The
crowns of old pine trees are naturally scattered enough to provide preferable breeding and
feeding conditions for pioneer species.
The common Redstart, European pied flycatcher and spotted flycatcher were also found
among the species preferring small natural gaps in the tree stand. The European pied
flycatcher was noted on all three sites and reached densities many times higher than that of
coniferous forests in BNP (Wesołowski & al. 2010, Wesołowski & al. 2015) and similar or
even identical to the densities in coniferous forests in “Tomczyce” reserve (Chmielewski
1992). On all three sites, the European pied flycatcher was connected to natural tree fall gaps
in the tree crowns, similarly to the spotted flycatcher, which was several times less numerous
but occurred on all three sites. The strong insolation and warmth characteristic of such places
attract flying insects (Blake & Hoppes 1986), which are the main food source of the spotted
flycatcher. The common redstart reached densities similar to those of the European pied
flycatcher, and also preferred tree fall gaps on the edge of which it searched for food and
inhabited tree holes. In the forest, some species intentionally choose natural gaps and
clearings in tree stands that create microhabitats providing optimal conditions for some forest
species (Blake & Hoppes 1986). In Abernethy Forest, species preferring tree fall gaps in tree
stands were also among the dominants but the common redstart and spotted flycatcher were
the most numerous instead of the tree pipit (Hill & al. 1990).
The stock dove was also found among the species partially connected to tree fall gaps.
In this specific case, it was decided to include this species to the “tree fall gaps” group
because observations showed that stock doves inhabited tree holes located near or on the very
edge of the gaps, with vacant black woodpecker tree holes and the age of the tree stand being
the decisive factors to their presence on the site (Johnsson & al. 1993, Kosiński & al. 2010).
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In Kampinos Forest, stock doves concentrate their presence in pine tree stands over 120
years old, which are usually protected as reserves, or sometimes within the protection zones
established around the nesting sites of large birds. They are usually found in loose colonies
counting a few pairs of doves (results from stock dove monitoring D. Pepłowska-Marczak,
unpublished data). On the study site, this species inhabited dead pine trees standing in tree fall
gaps and of which thick branches (Photo 4) were used as mating or observation roosts. Stock
doves were the most numerous on the site Biała Góra, where the trees were least dense and
the standing dead pines the most numerous. Stock dove densities on the site Wilków were
similar to those in beech forests in western Poland (Jeleń 2010) and BNP (Wesołowski & al.
2003, Wesołowski & al. 2010), where this species also prefers old coniferous forests,
however the density there was never as high as in Biała Góra. Stock doves also prefer oldgrowth pine forests in Biała Forest (Dmoch & al. 2003). The preservation of old pine
coniferous forests may be an effective way to protect the stock dove in habitats other than
beech forests.

Photo 4. The dead pine tree standing in tree fall gaps which thick branches - the places
of mating or observation roosts stock doves.
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The current study showed a high percentage of hole-nesters (approx. 50%) within the
whole community. In the coniferous forests of Białowieski Park Narodowy, hole-nesters
constituted 30% of all the nesting birds and thus are considered to be the main group
impacting the species diversity of forest birds (Czeszczewik & Walankiewicz 2016,
Czeszczewik & al. 2015). Hole-nesters often constitute 50% of the species composition of the
community of forest birds of a given fragment of deciduous forest (Mazgajski & al. 2001).
Such a high percentage of hole-nesters in the researched dry coniferous forests of KNP is the
result of the protection of an old tree stand, which provides suitable foraging and nesting
conditions. A high number of dead trees favor woodpeckers. Dying and toppled trees are a
very important element of their habitat (Czeszczewik & al. 2015). It is in the oldest protected
forests that dead trees are an important element of the ecosystem because of the higher
probability of them having holes (Andersson & al. 2017), explaining the high percentage of
this ecological group of birds in the current study. Andersson & al. (2017) consider that
maintaining a sufficient number of dead trees is possible in various forms of nature protection
including national parks. In old protected forests, especially those exceeding 100 years of age,
we will find the highest diversity of shapes of tree hole entrances as well as shapes and depths
of the interiors of tree holes (Andersson & al. 2017).
On the three study sites, some species that are usually not considered as hole-nesters did
choose crevices and cracks in the tree trunks as nesting sites. Such natural chinks were highly
abundant in the researched dry coniferous forests. Czeszczewik & Walankiewicz (2016)
attribute this to the high diversity of nesting sites characteristic of primeval forests. In the case
of the current research, such observations were noted in reference to the Eurasian wren, which
frequently nested in windthrows; song thrush, which in one case built its nests in a shallow
and wide black woodpecker hole; common blackbird Turdus merula, of which several nests
were located in broken tree trunks and windthrows; and the European robin, which nested in
windthrows and, in one instance, in a rotting wood niche in a toppled pine. In this group of
birds, untypical nesting sites were most often noted in the case of the Eurasian wren
Troglodytes troglodytes, which finds many suitable nesting sites in protected forests, while in
managed forests seeks out specific microhabitats (Pepłowska-Marczak 2009, Waterhouse &
al. 2002, Wesołowski 1982).
Features of the trees, such as age, height or circumference at breast height impact the
occurrence of many bird species including hole-nesters (Hill & al. 1990, Jokimäki & Solonen
2011). Those hole-nesters, which are considered to be old forest generalists such as the
treecreeper Certhia familiaris or great tit, are very sensitive with their density growing with
the increase of the area of old-growth forests (Jokimäki & Solonen 2011, Raivio & Haila
1990). The treecreeper was noted on all three sites and on two was more numerous than the
short-toed treecreeper Certhia brachydactyla. On the sites Kaliszki and Biała Góra, the
treecreeper displayed identical densities to those noted in coniferous forests in Borecka Forest
in the years 1994-1996 but lower to those observed on the same site in 2012-2014 (Rąkowski
& al. 2016). In “Tomczyce” reserve, the treecreeper density was three times lower
(Chmielewski 1992). In the study of Cygan & al. (2003), the densities of this species in
coniferous forests were similar while the short-toed treecreeper was only very rarely noted.
Comparable results regarding the treecreeper were obtained in Abernethy Forest (Hill & al.
1990). In his study, Fuller (2000) noticed that treecreepers using dead wood prefer uniform
forests, although it doesn’t avoid gaps and clearings. This species is classified in the mature
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and old forest specialist group (Raivio & Haila 1990), the representatives of which constituted
1/3 of all the species noted in the current research.
So-called umbrella species (Roberge & Angelstam 2004) were also noted on the study
sites, e.g. woodpeckers and other species connected to forest ecosystems, such as hole-nesters
and resident species of coniferous forests. Among them the following species were found: the
great spotted woodpecker, black woodpecker, common redstart, crested tit, tawny owl or the
previously mentioned stock dove. The numerous hole-nesters and typical forest species,
including resident species, points to the high level of the forest’s biodiversity. The high
density of birds connected to dead wood reflects the forest’s natural value (Hill & al. 1990).
Among the species characteristic of old forests with dead trees, Summers (2004) included the
tawny owl, great spotted woodpecker, common redstart, great tit, crested tit and treecreeper.
These species were noted on all study sites in KNP. The same species as in KNP were found
to be dominants in Abernethy Forest. The author indicates that the number of birds were
correlated with the presence of dead wood and especially in the case of the crested tit that
displayed a strong dependency in this regard (Hill & al. 1990).
This study confirms this observation as the crested tit was indeed the most numerous on
the site Biała Góra, where dead standing trees were the most frequent. This rule also applies
to the black woodpecker, which is considered to be an old forest specialist (Raivio & Haila
1990) and keystone species especially in suitable habitat for secondary-cavity breeders
(Brambilla & al. 2013). Requires large dead decaying trees and a sufficient food source in its
habitat, such as the larvae of saproxylic insects, which are dependent on dead wood matter
(Rolstad & al. 2000). In order to sustain its population, the fragments of old-growth forests
must be large enough and include numerous old and dead trees (Jokimäki & Solonen 2011,
Czeszczewik & al. 2015).
The quality of the trees themselves is not the only important factor. The availability of
food is also of great relevance, especially during the winter. Forest residents (including holenesters) – which in the current research constituted half of the studied birds, both in terms of
number of species as number of noted pairs – feed, during the winter, most frequently in pine
coniferous forests (Jokimäki & Solonen 2011). The insufficiency of food for birds in the study
sites was unlikely to be a problem. Studies of saproxylic insects in Kampinos National Park
on fragments partially overlapping the sites K, BG and W indicate a high percentage of larvae
foraging under the bark of old, dying scots pines (KNP own research, D. Marczak
unpublished data). Bark beetles are another group of insects studied in KNP’s coniferous
forests on sites partially overlapping those of the current study. In this area, the species
diversity of these insects has been proved to be high with the number of species comparable
to other Polish forests of significant natural value (Marczak & Masiarz 2016).

6. CONCLUSIONS
The high number of hole-nesters and birds, which are considered to be specialists of old
and mature forests, confirm the value of the studied area, despite the fact that a dry coniferous
forest in itself is poor regarding the number of tree and shrub species. In this case, the factors
having the strongest impact on the density of bird species are: the age of the pine trees
exceeding 150 years thus ensuring a high percentage of dead, dying and toppled trees; leaving
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dead trees on the site; a high abundance of suitable nesting locations, including windthrows,
crevices in the bark and cracks in the trunks and natural tree holes.
All the mentioned above elements lead to a high percentage of hole-nesters and birds
using natural niches and crevices. Some of the toppled pines create gaps in the canopy, which
positively influence the presence of birds preferring natural tree fall gaps. A high percentage
of dying trees provides suitable feeding conditions for woodpeckers. The high number of
residents proves the habitat’s value in regard to yearly food availability.
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