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Abstract Increasing human activity is altering the struc-
ture of forests, which affects the composition of communi-
ties, including birds. However, little is known about the key
forest structure variables that determine the richness of bird
communities in European temperate oak forests. We, there-
fore, aimed to identify key variables in these habitats that
could contribute to the design of management strategies for
forest conservation by surveying 11 oak-dominated forest
sites throughout the mid-mountain range of Hungary at 86
survey points to reveal the role of different compositional
and structural variables for forest stands that influence the
breeding bird assemblages in the forests at the functional
group and individual species levels. Based on decision tree
modelling, our results showed that the density of trees larger
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than 30 cm DBH was an overall important variable, indi-
cating that large-diameter trees were essential to provide
diverse bird communities. The total abundance of birds,
the foliage-gleaners, primary and secondary cavity nest-
ers, residents, and five specific bird species were related to
the density of high trunk diameter trees. The abundance of
shrub nesters was negatively influenced by a high density
of trees over 10 cm DBH. The density of the shrub layer
positively affected total bird abundance and the abundance
of foliage gleaners, secondary cavity nesters and residents.
Analysis of the co-dominant tree species showed that the
presence of linden, beech, and hornbeam was important in
influencing the abundance of various bird species, e.g., Eur-
asian Treecreeper (Certhia familiaris), Marsh Tit (Poecile
palustris) and Wood Warbler (Phylloscopus sibilatrix). Our
results indicated that large trees, high tree diversity, and
dense shrub layer were essential for forest bird communities
and are critical targets for protection to maintain diverse and
abundant bird communities in oak-dominated forest habitats.

Keywords Conservation ecology - Forest birds - Forest
structure - Functional avian guilds - Hungary - Temperate
oak forests

Introduction

Forests are the most biodiversity-rich terrestrial ecosys-
tems on Earth (Clark and McLachlan 2003; Blicharska and
Angelstam 2010). In temperate forests, stand structural
diversity plays a key role in shaping forest-dwelling ani-
mal communities (James and Wamer 1982; Winkler 2005;
Balestrieri et al. 2015; Hanzelka and Reif 2016). Natural
oak forests are highly diverse habitats with various struc-
tural and compositional features, which can support highly
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diverse bird communities (Proenca et al. 2010; LeSo and
Kropil 2015; Domokos and Domokos 2016; Onodi et al.
2022). High structural and compositional diversity (tree
species richness, canopy levels, shrub layer, standing and
lying deadwood) offers important habitats for diverse avian
communities (James and Wamer 1982; Roberge et al. 2008;
Czeszczewik et al. 2013; Adrion 2016). Besides providing
foraging and nesting habitats for ground- and shrub-nesting
birds, dense understory also provides more feeding oppor-
tunities for birds that primarily forage in the canopy. Bird
communities are explicitly sensitive to the quality of their
habitat and to fine-scale structural variation and are able to
respond immediately to habitat changes or loss and to the
amount of deadwood (Walankiewicz et al. 2011; Czeszcze-
wik et al. 2013, 2014; Ghadiri Khanaposhtani et al. 2013).
However, classical clear-felling practices homogenize the
forest by altering tree species richness, horizontal structure
complexity, and the composition of the canopy, with fewer
age classes of trees, the absence of large, old trees and dead
trees, and fewer variant microhabitats (Frank and Szmorad
2014).

Diverse bird communities of large forest stands can
include more sensitive forest specialists, indicating a healthy
ecosystem, and vice versa: a decline in certain bird species is
a sign of a decline in woody habitat (Fuller 1995). Because
of these attributes and the fact that birds are easily detect-
able, birds can be highly effective indicators of habitat qual-
ity (Canterbury et al. 2000; Drever et al. 2008; Gregory and
van Strien 2010) via qualitative and quantitative changes in
the whole assemblages and in the guilds (Root 1967). As a
result, studies on bird communities are widely used to exam-
ine the quality of numerous habitat types and monitor any
changes (Hingston et al. 2014; Reif et al. 2022). However,
most studies on bird responses to stand-level characteris-
tics of forests have been done in the hemiboreal zone or in
the Atlantic or Scandinavian region (Hinsley et al. 1996;
Canterbury et al. 2000; Poulsen 2002; Proenca et al. 2010;
Bouvet et al. 2016) of Europe. Studies on oak forests, with a
few exceptions (Székely and Moskat 1991; LeSo and Kropil
2015; Mag and Odor 2015; Onodi et al. 2022; Reif et al.
2022) are still scarce in the Central European region or in
primeval forests (Walankiewicz et al. 2011; Czeszczewik
et al. 2013). In particular, there is a lack of studies using a
broad range of background vegetation variables to inves-
tigate the complex interconnections of forest ecosystems.

Our main goal was to reveal the role of different com-
positional and structural forest stand variables influencing
the composition of breeding bird assemblages of Central
European forests at the functional group and individual spe-
cies levels. We hypothesized that more complex vegetation
structure such as more diverse tree species composition,
more large-diameter and taller trees, and the availability
of various microhabitats (e.g., amount of deadwood) all
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positively influence the total abundance and the abundance
of individual guilds of breeding bird communities in oak
forest stands. We also investigated the effects of the forest
stand variables on each of the most frequent bird species.

Materials and methods
Study sites

We examined 11 oak-dominated forest sites located in mid-
mountain areas (Biikk, Cserhit, Méatra, Borzsony, and Pilis
mountains, the Godol1l6 hills, and the Balaton Uplands) in
Hungary (Fig. 1). The stands are parts of the Natura 2000
network, with areas ranging between 42 and 376 ha (Fig. 1).
At the study sites, the mean annual temperature is 8-10°C,
and precipitation is 550-650 mm. The stand age ranges from
30 to 169 years, and the dominant forest types are mainly
turkey oak (Quercus cerris L.)—sessile oak [Quercus petraea
(Matt.) Liebl.] and sessile oak—hornbeam (Carpinus betulus
L.) forests (see details in Table 1).

Study design
Forest stand survey

Our work is part of the baseline monitoring for the
LIFE40Oak Forests Project (LIFE16NAT/IT/000245) on the
effects of actions to enrich the structure of various forests
on different taxonomic groups in oak-dominated hill for-
ests in Hungary (Aszalds et al. 2019). In the framework of
the LIFE project, we monitored forest stands in detail in
an equilateral triangular grid pattern at 1430 stand survey
points 40 m apart throughout the study sites. Plots were at
least 40 m from the natural area boundary and main hiking
trails and roads.

We established a circular plot with a 20 m radius
(1256.6 m?) at each grid point (Fig. 2). To quantify species
composition and stand structural characteristics, we recorded
tree species and DBH of all woody species (DBH >S5 cm)
within a circle with a radius () =9 m if the stand was
younger than 60 years or the mean DBH was lower than
20 cm. In other cases, the survey was done in a circle with
r=13 m. We also surveyed all the trees with DBH >40 cm
in a circle with =20 m. In each survey point, the height of
2-3 living dominant trees and all standing dead trees and
snags were measured with a Haglof (Langsele, Sweden)
Vertex IV GS ultrasonic instrument and a T3 transponder.
To estimate the abundance of the shrub layer in the forest
stands, we sampled saplings (all woody species taller than
1.3 m, DBH <5 cm) were sampled in a circle with r=6 m
and seedlings (all woody species 0.5 m <height<1.3 m,
DBH <5 cm) in two nested plots of a circle with r=2 m.
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Fig. 1 Map of study sites and =RV
the 40-m equilateral triangle
grid of forest stand survey
points at one site. Red dots rep-
resent the central survey points
of the point count stations; blue
dots represent the three sur-
rounding stand survey points

Hereafter, any mention of the shrub layer refers to the seed-
lings and saplings. The number of every woody species in
each circle was recorded.

We estimated the amount of lying deadwood with the line
intercept sampling method according to Stahl et al. (2001).
We established three transects (20 m long each) radiating
from the center of the survey plot in the directions of 0°,
120°, and 240°. Each intersection of the transect and any
lying deadwood (width >35 cm, longer than 0.5 m) was
counted as a record, and the diameter of any lying deadwood
crossing the lines was recorded. We recorded microhabitats
on each measured tree based on Kraus et al. (2016); the sim-
plified categories were exposed heartwood, dendrothelms
and stump cavities, trunk cavities, bark pockets, bark loss,
exposed sapwood, and stumps.

Slovakia

Romania

100km

200 400m
EESORR

Bird censuses

Point count stations (in total 86) were appointed on the 40
equilateral triangle grids with 40 m side. Each point was at
least 240 m from another and at least 80 m from the forest
edge. A maximum of 10-11 points were placed in one study
site based on the terrain. We used the average data of four
stand survey points for every point count station: one in the
center of each point count station and the three neighbouring
stand survey points (Fig. 1). After a 3-min waiting period, to
mitigate any disturbance caused by an approaching observer,
the species of each bird seen or heard within 10 min was
recorded. We excluded birds that flew over the sites. At
every point, we recorded each bird that occurred in a circle
of r=50 m. There were three visits from March to June
2019, with about a month between each visit per site. Visits

@ Springer



62 Page 4 of 15

M. Komloés et al.

Table 1 Main characteristics of the examined forest areas

Study sites Location

Area (ha) Altitude (m a.s.l.) No. No.

Dominant forest type
survey  bird

points points

Biikkzsérc Biikk Mts 60.6 250-450 80 4 Pannonian-Balcanic turkey oak (Quercus cerris)—
sessile oak (Q. petraea) (56%)

Cserépfalu Biikk Mts 89.9 150-350 130 6 Pannonian-Balcanic turkey oak—sessile oak (56%)

Kerecsend Biikk Mts 118 150-250 140 10 Euro-Siberian steppic woods with oak species
(Quercus spp.) (58%)

Garab Cserhat Mts  42.4 350-550 60 7 Pannonic woods with sessile oak and hornbeam
(Carpinus betulus) (42%)

Matrasz616s Cserhat Mts ~ 72.9 300400 100 8 Pannonian-Balkanic turkey oak—sessile oak
forests (49%), Pannonic woods with sessile oak
and hornbeam (46%)

Matraszentimre-Falloskiat Matra Mts 48.2 600-700 66 7 Pannonic woods with sessile oak and hornbeam
(59%)

Diésjend Borzsony Mts  55.1 250-350 70 6 Pannonic woods with sessile oak and hornbeam
(52%)

Nagyoroszi Borzsony Mts  77.8 150-350 116 10 Pannonic woods with sessile oak and hornbeam
(48%) and the Pannonian-Balcanic turkey oak—
sessile oak (41%)

Esztergom Pilis Mts 375.8 0-450 447 12 Pannonic woods with sessile oak and hornbeam
(36%), Pannonian woods with downy oak (Q.
pubescens) (33%)

Fot Godolls Hills  93.4 150-250 125 10 Pannonian woods with downy oak (60%) and sub-
pannonic steppic grassland (10%)

Balatonfiired-Koloska Balaton 51.1 150-350 100 6 Pannonic woods with sessile oak and hornbeam

Uplands (35%) and Pannonian woods with downy oak

(35%)

were made in opposite directions to mitigate the effects of
daily bird activity, and birds were counted from dawn until
late morning when there was no heavy rain or wind. Among
the data collected at each point, we only analysed the maxi-
mum abundance of each species.

Bird guilds

From all species recorded during the surveys, we created
functional specialization guilds based on information from
Wesolowski et al. (2015), Domokos and Domokos (2016),
and Onodi et al. (2022) (Table 2).

We classified the species into three main guild types (for-
aging, nesting, and migration guilds, respectively). Guilds
based on foraging strategies included granivore species
(N=35), ground insectivore species (N = 10), bark insectivore
species (N=7), foliage-gleaner species (N=11), flycatcher
species (N=2), omnivores (N=2). We also distinguished
species foraging outside of the forest (N=28). The nesting
guilds comprised ground nester species (n=9), shrub nester
species (N=9), canopy nester species (N=9), primary cav-
ity nesters (cavity excavator species) (N =6), secondary cav-
ity nesters (N=12), and nest parasite species (N=1). On the
basis of migration strategies, we divided the bird species
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into groups of residents (N=23), short and medium distance
migrants (N = 10), and long-distance migrants (N=12). The
groups are exclusive for each characteristic; i.e., a species
could be classified only into one group.

Statistical analyses

Most of our studied forest stand variables (Table 3) are
averaged from the four-stand survey points. The maximum
height and DBH were counted as the maximum value for
survey points in the four stands. The structural heterogeneity
index (SHI) was calculated as described by Sabatini et al.
(2015). In this study, we considered birds living and forag-
ing within the forest. Total bird abundance, species richness,
individual guild, and species abundance were calculated as
described by Czeszczewik et al. (2014). We only used the
abundance of individual species present in at least 10% of
all point count stations.

To avoid problems with multicollinearity of the explana-
tory variables, we calculated Spearman correlation coeffi-
cients. From the pairs of highly correlated (> 0.6) (Hosmer
and Lemeshow 1989) variables, we retained the ecologically
more meaningful variables for further analyses.



Tall, large-diameter trees and dense shrub layer as key determinants of the abundance and...

Page 5of 15 62

9/13 m radius circular
plot: survey of living
trees, DBH > 5 cm,
standing dead wood
DBH > 5 ¢cm and
microhabitats

6 m radius
circular plot:
survey of
“saplings”
H>1.3m,
DBH <5 cm

20 m radius circular
plot: survey of large
trees, DBH > 40 cm

2 m radius
circular plot:
survey of
“seedlings”
H=0.5-13m
Nand E

20 m radius circular plot:
survey of downed dead trees
3 transects, 0°, 120°, 240°
D>5cm,L>50cm

Fig. 2 Design for survey of forest stand characteristics at survey points used for point-count censuses of birdsDBH =diameter at breast height;

H=height; N=north; E=east; D=diameter; L =length

Decision tree modelling was used to explore relationships
between the predictors (i.e., forest stand structure variables)
and the occurrence and abundance of bird species. Decision
trees are nonparametric statistical methods that treat the pre-
dictors individually and can handle nonlinear relationships
and large sets of mixed-type predictors (De’ath and Fab-
ricius 2000; Crawley 2007). The results are easy to inter-
pret and indicate the variable that significantly distinguishes
classes (Crawley 2007). The decision tree models were fitted
in the R 4.1.2 environment (R Core Team 2020) using the
party package (version 1.3—13, Hothorn et al. 2006). The
tree function was used to generate a binary decision tree and
apply simple permutation tests at each recursive step. A level
of P <0.05 was considered a significant difference.

Results
Bird survey results

In total, we detected 45 bird species at the 86 point count
stations of the 11 study sites. The five most-abundant spe-
cies were the Great Tit (Parus major, N=195), the Com-
mon Chiffchaff (Phylloscopus collybita, N=146), the
Eurasian Nuthatch (Sitta europaea, N=111), the European

Robin (Erithacus rubecula, N=107), and the Great Spotted
Woodpecker (Dendrocopos major, N=93). Species richness
ranged from 24 (at Didsjend) to 34 species (at Cserépfalu).

Guild-specific relationships

Only significant results are presented here. For the total bird
abundance, the density of trees over 30 cm DBH was the
primary predictor variable (Fig. 3a); total abundance of birds
was higher where the density of trees over 30 cm DBH was
above 128 individuals per hectare. Where the amount of
trees over 30 cm DBH was lower, the abundance of birds
depended on the stem number in the shrub layer.

The foliage-gleaner guild was primarily affected by the
same two variables: both higher DBH and a denser shrub
layer increased their abundance (Fig. 3b).

The high density of trees with DBH over 10 cm lowered
the abundance of shrub nesters (Fig. 3c). The abundance of
primary cavity nesters depended on higher diameter trees
(Fig. 3d), while for secondary cavity nesters, a dense shrub
layer was also determinant (Fig. 3e).

The density of trees larger than 30 cm in diameter and
of the shrub layer were significant explanatory variables,
indicating an increase in the abundance of resident birds
(Fig. 31).
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Table 2 List of observed bird species and their functional guild classifications

Common name

Scientific name

Foraging guild

Nesting guild

Migration guild

Common pheasant
Common cuckoo
Stock dove

Common wood pigeon
European turtle dove
Eurasian collared dove
Lesser spotted eagle
Common buzzard

Eurasian hoopoe

Great spotted woodpecker
Middle spotted woodpecker
Lesser spotted woodpecker

Eurasian green woodpecker

Grey-faced woodpecker
Black woodpecker
Eurasian golden oriole
Common raven
Eurasian jay

Marsh tit

Blue tit

Great tit

Woodlark

Common chiffchaff
Wood warbler
Willow warbler
Long-tailed tit
Eurasian blackcap
Garden warbler
Eurasian nuthatch
Short-toed treecreeper
Eurasian treecreeper
Eurasian wren
Common blackbird
Song thrush

Spotted flycatcher
European robin
Common nightingale
Collared flycatcher
Common starling
Tree pipit

Common chaffinch
Hawfinch

European greenfinch
European goldfinch

Yellowhammer

Phasianus colchicus
Cuculus canorus
Columba oenas
Columba palumbus
Streptopelia turtur
Streptopelia decaocto
Clanga pomarina
Buteo buteo

Upupa epops
Dendrocopos major
Leiopicus medius
Dryobates minor
Picus viridis

Picus canus
Dryocopus martius
Oriolus oriolus
Corvus corax
Garrulus glandarius
Poecile palustris
Cyanistes caeruleus
Parus major

Lullula arborea
Phylloscopus collibita
Phylloscopus sibilatrix
Phylloscopus trochilus
Aegithalos caudatus
Sylvia atricapilla
Sylvia borin

Sitta europaea
Certhia brachydactyla
Certhia familiaris
Troglodytes troglodytes
Turdus merula

Turdus philomelos
Muscicapa striata
Erithacus rubecula
Luscinia megarhynchos
Ficedula albicollis
Sturnus vulgaris
Anthus trivialis
Fringilla coelebs
Coccothraustes coccothraustes
Chloris chloris
Carduelis carduelis

Emberiza citrinella

Outside the forest
Foliage gleaner
Outside the forest
Outside the forest
Outside the forest
Outside the forest
Outside the forest
Outside the forest
Ground insectivore
Bark insectivore
Bark insectivore
Bark insectivore
Ground insectivore
Ground insectivore
Bark insectivore
Foliage gleaner
Omnivore
Omnivore

Foliage gleaner
Foliage gleaner
Foliage gleaner
Ground insectivore
Foliage gleaner
Foliage gleaner
Foliage gleaner
Foliage gleaner
Foliage gleaner
Foliage gleaner
Bark insectivore
Bark insectivore
Bark insectivore
Ground insectivore
Ground insectivore
Ground insectivore
Flycatcher

Ground insectivore
Ground insectivore
Flycatcher

Outside the forest
Ground insectivore
Granivore
Granivore
Granivore
Granivore

Granivore

Ground nester

Nest parasyte
Secondary cavity nester
Secondary cavity nester
Shrub nester

Canopy nester

Canopy nester

Canopy nester
Secondary cavity nester
Primary cavity nester
Primary cavity nester
Primary cavity nester
Primary cavity nester
Primary cavity nester
Primary cavity nester
Canopy nester

Canopy nester

Canopy nester
Secondary cavity nester
Secondary cavity nester
Secondary cavity nester
Ground nester

Ground nester

Ground Nester

Ground nester

Canopy nester

Shrub nester

Shrub nester

Secondary cavity nester
Secondary cavity nester
Secondary cavity nester
Ground nester

Shrub nester

Shrub nester

Secondary cavity nester
Ground nester

Shrub nester

Secondary cavity nester
Secondary cavity nester
Ground nester

Canopy nester

Canopy nester

Shrub nester

Shrub nester

Ground nester

Resident
Long distance
Short distance
Short distance
Long distance
Resident
Long distance
Resident
Long distance
Resident
Resident
Resident
Resident
Resident
Resident
Long distance
Resident
Resident
Resident
Resident
Resident
Short distance
Short distance
Long distance
Long distance
Resident
Short distance
Long distance
Resident
Resident
Resident
Resident
Resident
Short distance
Long distance
Short distance
Long distance
Long distance
Short distance
Long distance
Short distance
Short distance
Resident
Resident
Resident
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Table 3 Studied variables

L . Factor Min Max
and their minimum (Min) and

maximum (Max) values Project Stand age 30.00 169.00
Maximum height (m) 12.00 39.40

Density, DBH >0 cm (stems/ha) 535.71 8821.27

Density, DBH> 10 cm (stems/ha) 147.33 1778.21

Density, DBH > 20 cm (stems/ha) 0.00 559.99

Density, DBH > 30 cm (stems/ha) 0.00 296.58

Density, DBH >40 cm (stems/ha) 0.00 141.25

Density, DBH > 50 cm (stems/ha) 0.00 63.66

Mean DBH (cm) 13.21 42.18

Max DBH (cm) 19.00 105.00

No. of DBH classes 4.00 16.00

DBH <5 cm (shrub layer) (stems/ha) 9.82 6145.15

Standard deviation DBH 0 — 10 cm 50.08 3764.15

Standard deviation DBH> 10 cm 9.81 993.84

Basal area of standing dead wood, trees (m%/ha) 0.00 3.48

Basal area of standing dead wood, snags (m*/ha) 0.00 4.34

No. of large standing dead wood DBH > 30 cm (stems/ha) 0.00 23.54

Lying dead wood volume (m*/ha) 1.81 66.45

SHI 0.14 0.58

Number of tree species DBH > 10 cm (stems/ha) 1.00 10.00

Tree species Oak species (m%/ha) 0.00 37.61
Not oak species (m*/ha) 0.00 100.00

Pine species (m*ha) 0.00 26.52

Linden species (m%/ha) 0.00 25.42

Ash species (m%/ha) 0.00 22.01

Maple species (m*/ha) 0.00 9.63

Beech + Hornbeam (m?/ha) 0.00 19.75

Beech (m*/ha) 0.00 13.67

Hornbeam (m*/ha) 0.00 16.11

Willow and Poplar species (m*/ha) 0.00 11.43

Fruits (m%/ha) 0.00 8.16

Shrub species (m?/ha) 0.00 10.18

Microhabitats ‘Wet stumps cavities (no./ha) 0.00 53.02
Dry stump cavities (no./ha) 0.00 157.19

Trunk cavities (no./ha) 0.00 84.87

Bark pockets (no/ha) 0.00 88.42

Bark loss and exposed sapwood (no./ha) 0.00 255.43

Old stumps (no./ha) 0.00 195.40

New stumps (no./ha) 0.00 18.83

SHI structural heterogeneity index

Species-specific relationships

The stand variables had the following effects on bird
species: the Blue Tit (Cyanistes caeruleus) was more
abundant where the density of trees over 30 cm DBH
was remarkably high (Fig. 4a). The Middle Spotted
Woodpecker (Leiopicus medius) or Collared Flycatcher
(Ficedula albicollis) only appeared where the density of
trees over 30 cm DBH was above 106 (Fig. 4b) and 134

(Fig. 4c) individuals per hectare, respectively. When the
density of large DBH trees was lower than 154 individu-
als per hectare, Marsh Tit’s (Poecile palustris) occur-
rence depended on the presence of hornbeam (C. betulus)
(Fig. 4d). Besides the diameter of trees, the presence of
beech (Fagus sylvatica) and hornbeam trees was also a sig-
nificant factor for Wood Warblers (Fig. 4e). The high den-
sity of trees larger than 10 cm DBH lowered the abundance
of the Common Blackbird (Turdus merula) (Fig. 4f). The
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(a)

total bird abundance

Density DBH.30
P <0.001

(b)

foliage-gleaner

/
Node 3 (N = 45)

\
Node 4 (V=9)

>128

Node 5 (N =32)

35 35 35 _
30 30 30
25 = 25 e 25
204 1 20 - E 20
15 E' 154 — 15 -
10 ; 10 | 04
5 i 5 5
(©
shrub nester
guild
;433 >483
Node 2 (N =36) Node 3 (N = 50)
8 — 8 -
<o
6 6
4 4 -
2 4 : 2 4
04 04 .
()
secondary cavity
nester guild
>128
\
Node 3 (N =45) Node 4 (N=9) Node 5 (N =32)
15 4 15 H 15 4
10 —_ 10 —_1 10 H
S Eg | of T o
04 0+ 0

@ Springer

guild

/
Node 3 (N=43)

\
Node 4 (N=17)

Node 5 (N =36)

15 =
10 10 10
5 : 5 5
- o
04— 0 o4
(d)
primary cavity
nester guild
<108 >108
Node 2 (N = 46) Node 3 (N = 40)
o
6 6
o
47 47 —
24 2 - I:I
0 0 °
() , .
resident guild
<128 >128
/ \
Node 3 (N=45) Node 4 (N=9) Node 5 (N=32)
20 20 B —
15 15 15
—_ ©
10 4 04 /= 10 -
o
S 0 0




Tall, large-diameter trees and dense shrub layer as key determinants of the abundance and...

Page9of 15 62

«Fig. 3 Classification tree models of forest structure and composition
variables influencing the abundance of forest bird guilds. Each split
is described with the predictor used, the Bonferroni-corrected Type
I error rate (P-value) of the split and the values at which the separa-
tion occurs. At each node, the number of observations (N) is given
with the values of the response variables (= abundance) below. Total
abundance of a All birds, b Foliage gleaners, ¢ Shrub nesters, d Pri-
mary cavity nesters, e Secondary cavity nesters, f Residents. In the
box plots (analysed for differences using Tukey’s test), the horizon-
tal line represents the median, the bottom and top edges of the box
indicate the 25th and 75th percentiles, respectively, the whiskers
represent the lowest and highest values, and circles represent outli-
ers. DBH.10, DBH.30: diameter at breast height over 10 cm and
over 30 cm, respectively

abundance of the Common Chiffchaff was significantly
higher where the shrub layer was substantial (Fig. 4g).
Where the maximum height of trees in the forest stand was
above 31 or 26 m, respectively, the abundance of Com-
mon Chaffinch (Fringilla coelebs) (Fig. 4h) and Eurasian
Nuthatch (Fig. 4i) increased. The presence of linden tree
species (Tilia spp.) was essential for the occurrence of the
Eurasian Treecreeper (Certhia familiaris) (Fig. 4j).

Discussion

In this study of the effects of forest stand characteristics on
bird assemblages, functional guilds and species, we assumed
that birds are primarily affected by stand structural compo-
nents (Laiolo et al. 2004). Birds generally are less abun-
dant at increasing tree density, but their abundance is higher
when the density of large-diameter trees is higher (Bereczki
et al. 2014; Czeszczewik et al. 2014; Balestrieri et al. 2015;
Bouvet et al. 2016). Regarding the overall tree density, we
also found negative trends in the density of all trees over
10 cm trunk diameter in relation to the abundance of shrub
nesters and the Common Blackbird. For woody stems above
10 cm as trees, with higher tree density, less light reaches
the undergrowth, and the shrub layer is less developed; thus,
shrub nesters such as the Common Blackbird, are present in
lower abundance (Ghadiri Khanaposhtani et al. 2012). The
density of the shrub layer affected the abundance of all birds,
the foliage gleaners, the secondary cavity nesters and the
resident guild. This background variable also influenced the
Common Chiffchaff, which is a foliage-gleaner that prefers
thick understory (Haraszthy 2019).

The abundance of all birds, foliage gleaners, primary
and secondary cavity nesters, residents, and five species
were connected to the density of relatively larger trunk
diameter trees (> 30 cm). Mature large trees are known for
supporting diverse bird communities (Roberge et al. 2008;
Ghadiri Khanaposhtani et al. 2013). Mag and Odor (2015)
also demonstrated that the diameter of their studied trees
was the most important explanatory variable for breeding

bird communities in similar Hungarian deciduous forests,
supporting our results. Older, thicker trees develop rougher
bark surfaces, crevices, cracks, and more extensive canopies
with dead and dying parts, thus harboring a higher diver-
sity of arthropods (Jackson 1979; Czeszczewik et al. 2014;
Balestrieri et al. 2015; Stanski et al. 2020). The abundant
invertebrates in such trees can support a wide variety of
insectivorous birds (Czeszczewik et al. 2014). However, in
other studies (Poulsen 2002; Rosenvald et al. 2011; Berec-
zki et al. 2014), tree size heterogeneity rather than larger
diameter was the most important explanatory variable for
insectivorous birds.

For cavity nesters, the diameter of potential nest trees was
significant; both primary and secondary cavity nesters were
associated with the number of older, thicker tree individu-
als, as underlined by our results (Hardersen 2004; Cockle
et al. 2011; Hebda et al. 2017). Larger diameter trees can be
important for nesting or roosting; hence, cavity excavators
can benefit from sufficient wall thickness and cavity volume
even in younger stands with sporadic presence of trees of
greater diameter (Remm et al. 2006). In Romanian decidu-
ous forests, Great Spotted Woodpeckers preferred oak trees
above 30 cm as nesting trees (Domokos and Cristea 2014).
In our study, Middle Spotted and Black Woodpeckers chose
thicker trees for nesting, above 40 and 60 cm, respectively.
In the meta-analysis of Gutzat and Dormann (2018) of 51
European and North American studies on habitat utilization
of cavity-nesting birds, the minimal DBH of cavity trees
was 20 cm (mean 35.6 cm), but their results suggested that
relatively larger trees would be selected for nesting only if
the mean diameter in the forest is low, which might explain
why some studies on overall older forests did not confirm
this association (Milne and Hejl 1989). Seavy et al. (2012)
also suggested that the importance of DBH of selected cav-
ity trees decreases with the increasing diameter of avail-
able trees. Komlos et al. (2021) found an association of the
frequency of woodpecker-foraging signs with increasing
diameter and height, and Starniski et al. (2020) showed that
Great Spotted Woodpeckers also prefer taller trees with
larger diameter. Cavity-nesting species respond positively to
the increased density of thicker trees (Delahaye et al. 2010;
Hebda et al. 2016), as we also found for the cavity-nesting
Middle Spotted Woodpecker, Blue Tit, Marsh Tit and Col-
lared Flycatcher.

Winkler (2005) stated that the proportion of resident bird
species tended to increase with the age of the forest stand.
This phenomenon can be related to our result on resident
birds, which mainly consisted of cavity-nesting species that
were associated with the density of thicker trees, indicating
that the stands are older and more developed. Onodi et al.
(2022) also found a higher abundance of resident birds in
oak stands with larger stem diameters in a study comparing

@ Springer



62 Page 10 of 15

M. Komloés et al.

(@)

Density DBH.30
P=0.019

Cyanistes caeruleus

<200 >200

Node2(N:é9) Node 3 (N=17)
3 3 e
2.5 1 25
o |
1.5 4 1.5
1= 1
0.5 0.5
0 0 °

(©)
Ficedula albicollis
<134 >134
Node 2 (N=57) Node 3 (N=29)
2+ o 2 _
1.5 1:5 =
1 o 1
0.5 1 0.5
0 - 0
(©

Phylloscopus sibilatrix
<162 >162

<2 >2
/ \
Node 3 (N =54) Node 4 (N=13) Node 5 (N=19)
2 24 - 24 -
1.5 4 1.5 4 1.5 4
1 ° 1 1
0.5 0.5 0.5
04 —— 0 0

Fig. 4 Classification tree models of forest structure and composition
variables influencing the abundance of forest bird species. Each split is
described with the predictor used, the Bonferroni-corrected Type I error
rate (P-value) of the split, and the values at which the separation occurs.
At each node, the number of observations () is given with the values of
the response variables (=abundance) below. Abundance of a Blue tit, b
Middle spotted woodpecker, ¢ Collared flycatcher, d Marsh tit, e Wood
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warbler, f Common blackbird, g Common chiffchaff, h Common chaf-
finch, i Eurasian nuthatch, j Eurasian treecreeper. In the box plots (analysed
using Tukey’s test), the horizontal line represents the median value, the bot-
tom and top edges of the box indicate the 25th and 75th percentiles, respec-
tively, the whiskers represent the lowest and highest values, and circles rep-
resent outliers. DBH.10, DBH.30: diameter at breast height over 10 cm and
over 30 cm, respectively; MaxH, maximum tree height
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Fig. 4 (continued)

middle-aged managed oak stands with remnants of old oak
forest steppes.

In our study, maximum tree height was an important fac-
tor for two species, Eurasian Nuthatch and Chaffinch. Trees
taller than 26 m influenced the abundance of Eurasian Nut-
hatch. In our study, oak species dominated the upper canopy
layer. Oak trees have a complex bark structure, providing
suitable habitats for birds feeding on and from under the
bark (Proenga et al. 2010; Robles et al. 2011; Domokos and
Cristea 2014; Porro et al. 2020; Koml6s et al. 2021; Onodi
et al. 2021; Stariski et al. 2021). In a study on the Hyrcanian
deciduous forests of Iran, Khosroshahi et al. (2011) found
that the density of tall trees was a significant predictor and
had a positive effect on the abundance of the Eurasian Nut-
hatch. We found that a higher abundance of Chaffinches was

(h)
Fringilla coelebs
<31 >31
Node 2 (N=179) Node 3 (N=17)
4 4 S
3 — 3
2 2
14 1
0 — 0
)
Certhia familiaris
/
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also associated with tree height, as we found significantly
more individuals where the maximum tree height was over
31 m. According to Krams (2001), Chaffinches prefer taller
trees in mature forests to sing from just under the canopy,
lowering predation risk.

Tree species richness is also crucial for avifauna (Ellison
et al. 2005; da Silva et al. 2021; Kaushik et al. 2022). In
habitats dominated by oak species, the presence of second-
ary tree species can be essential for increasing biodiversity.
Such tree species are foraging sources for numerous defoli-
ating caterpillars, which are essential for the foliage-glean-
ing guild consisting of numerous pest-controlling species
(Bereczki et al. 2014; Czeszczewik et al. 2014; E6tvos et al.
2021). In this regard, we have found that the presence of
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secondary tree species, such as linden, beech, and hornbeam,
was important for various bird species.

We also found an association between the presence of
linden trees and the abundance of Eurasian Treecreepers.
In a mixed deciduous temperate forest, Schonfeld (1983)
investigated the breeding success and nesting tree selection
of the two European species of treecreepers. He found that
after the sessile oak, linden was the second most preferred
tree species by the Eurasian Treecreeper in terms of both
probable and proven nesting.

Besides the density of large-diameter trees, beech, and
hornbeam was also important for the Wood Warbler. Wood
Warblers are known to prefer beech forests (Glutz von
Blotzheim and Bauer 1991) and other tall, well-developed
mesophilic deciduous or even mixed coniferous stands
with a closed canopy and less-dense shrub and herb lay-
ers (Broughton et al. 2020). Nevertheless, Wesolowski et al.
(2009) stated that the availability of food sources or the low
predator risk seems more important for Wood Warblers
choosing their nest sites than the fine structure or composi-
tion of their immediate surroundings.

We have found a positive relationship between the abun-
dance of Marsh Tits and incidence of hornbeam. On the
other hand, Broughton et al. (2012) stated that tree species
composition is less important than structural variables to
Marsh Tits, but Hinsley et al. (2007) found that understorey
characteristics were more significant than canopy charac-
teristics. Nevertheless, we found no particular relationships
with structural variables.

Our study revealed that deadwood did not significantly
impact bird abundance. However, various manifestations
of deadwood are clearly essential for woodpeckers, hole-
nesting birds (Cockle et al. 2011; Czeszczewik et al. 2013;
Kilgo and Vokuvich 2014; Aszal6s et al. 2020) and other
bird species (Mag and Odor 2015). In our investigation, the
stands are relatively poor in standing and lying deadwood
compared to more natural stands or old-growth forests, so
their impact on the abundance of the breeding community
is not substantial.

Conclusion

According to our results, to maintain a diverse forest bird
community, a key structural characteristic to conserve is a
high density of trees above 30 cm in diameter, a key deter-
minant for the total abundance of birds, the abundance of
foliage-gleaners, primary and secondary cavity nesters, resi-
dents, and some single species. Tall trees and a dense shrub
layer were also determinants for the total bird abundance
and abundance of shrub nesters, foliage gleaners, secondary
cavity nesters, and residents. We found that the presence of
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secondary tree species creates unique biodiversity hotspots,
particularly for foliage-gleaner species. Protecting these
forest elements with appropriate management practices is
crucial to maintain diverse, abundant bird communities in
oak-dominated forest habitats.
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