Kulon 31 (2026) « e-ISSN 3072-4775 e Article A-01, 15 July 2026 (Pionki. Online)
ARTYKULY - ARTICLES

Tree age and bird nest placement in apple orchards
Stawomir Chmielewski
Masovian-Swietokrzyskie Ornithological Society, e-mail: sch6@wp.pl

Abstract. We compared nest distribution in three apple orchards in central
Poland that differed in tree age and management intensity. Using a complete nest
inventory and GPS coordinates, we examined whether tree age was associated
with nest-site selection, whether the spatial distribution of nests within orchards
was uniform, random, or clumped, and whether the most abundant bird species
differed in their distribution among orchards and in their seasonal use of
breeding space. The study included 181 tree nests. The percentage of occupied
trees increased markedly with tree age (Spearman rank correlation, r_ = 0.93,
p < 0.001). In young trees aged 2-9 years (n = 2,723), only 5 nests were found
(0.18%), whereas in older trees aged 15-65 years (n = 4,030), 177 nests were
recorded (4.39%; Fisher’s exact test, p < 0.001). Spatial analysis revealed a
clumped distribution in Orchard [, while nest placement in Orchards II and III
was consistent with a random pattern. The six most numerous species differed
in their distribution among orchards, with the Fieldfare Turdus pilaris nesting
markedly more often in the oldest traditional orchard. A permutation analysis of
distances between nests of different species, interpreted as a seasonal pattern
of space sharing, yielded one nominally significant pair before correction for
multiple comparisons, but no pair remained significant after FDR correction. Our
results indicate that tree age and the associated structural features are strongly
linked to orchard suitability for breeding birds, although the observational design
suggests caution in separating the effect of age from other co-occurring orchard
attributes.

Key words: interspecific analysis, GPS, breeding birds, apple orchards, spatial
segregation, habitat structure

Abstrakt. Stawomir Chmielewski. Wiek drzew a lokalizacja ptasich gniazd
w jabtoniowych sadach. Por6wnano rozmieszczenie gniazd w trzech sadach
jabtoniowych srodkowej Polski, r6znigcych sie wiekiem drzew i intensywno-
$cig uzytkowania. Na podstawie petnej inwentaryzacji gniazd oraz wspoétrzed-
nych GPS sprawdzono, czy wiek drzew wigze sie z wyborem miejsca gniazdo-
wego, czy rozktad gniazd w obrebie sadéw ma charakter rownomierny, losowy
czy skupiskowy, a takze czy najliczniejsze gatunki rdznig sie rozmieszczeniem
pomiedzy sadami i sezonowym sposobem wykorzystania przestrzeni legowe,;.
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Analizg objeto 181 gniazd nadrzewnych. Wraz z wiekiem drzew wyraZnie wzra-
stal odsetek zajetych drzew (korelacja rang Spearmanar _=0,93; p < 0,001). Na
drzewach mtodych, w wieku 2-9 lat (2723 drzewa), umieszczone byto facznie
5 gniazd (0,18%), podczas gdy na drzewach starszych, w wieku 15-65 lat (4030
drzew), znaleziono 177 gniazd (4,39%; doktadny test Fishera, p <0,001). Analiza
przestrzenna wykazata uktad skupiskowy w Sadzie I, natomiast w Sadach I1i I1I
rozmieszczenie gniazd byto zgodne z rozktadem losowym. Sze$¢ najliczniejszych
gatunkow réznito sie rozmieszczeniem pomiedzy sadami. Kwiczot Turdus pilaris
wyraZnie cze$ciej gniazdowat w najstarszym sadzie tradycyjnym. Permutacyjna
analiza odlegto$ci miedzy parami réznych gatunkdéw, interpretowana jako sezo-
nowy wzorzec wspotuzytkowania przestrzeni, wykazata tylko jeden nominalnie
istotny wynik przed korektg na wielokrotne testowanie, jednak po korekcie FDR
zadna para nie pozostata istotna. Wyniki wskazujg, ze wiek drzew oraz zwigza-
ne z nim cechy strukturalne s3 silnie powigzane z przydatnoscia sadu jako miej-
sca legowego ptakéw, ale obserwacyjny charakter materiatu nakazuje ostroz-
nos$¢ przy oddzielaniu efektu wieku od innych cech sad6w.

Stowa kluczowe: analiza miedzygatunkowa, GPS, ptaki legowe, sady jabtonio-
we, segregacja przestrzenna, struktura siedliska
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Introduction

In orchard landscapes, the number of sites suitable for nest placement
depends primarily on tree architecture and the intensity of plantation
management. As traditional orchards are replaced by intensive ones, crown
spread, tree height and the proportion of sheltered nesting sites decline,
while the maintenance of herbicide-treated fallow further simplifies
habitat structure (Pienigzek, 1968; Leganska, 2012). Previous studies
indicate that simplified orchard structure reduces both the species richness
and abundance of breeding birds, whereas old orchards and the presence
of older trees increase habitat attractiveness (Wigcek, Polak, 2008; Kajtoch,
2017; Chmielewski, 2019; 2020; Rime et al., 2020; Kajtoch, 2023; Anderle
etal.,, 2023). However, the age of trees in which nests are located has much
less often been examined directly, as has the question of whether nests
within an orchard are distributed uniformly, randomly or in clumps.

The aim of this study was to compare nest distribution in three apple
orchards and to determine: 1) whether tree age is associated with the
frequency of nest placement, and 2) whether the spatial distribution of
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nests within orchards is uniform, random or clumped. In addition, an
interspecific analysis of the most numerous species was carried out to
assess whether they differ in their distribution among orchards and in
their seasonal use of breeding space.

Study area

The study was conducted in three apple orchards located in central
Poland. Orchard I (2020) was an intensive orchard of 2.47 ha, with 3,902
trees aged 2-34 years. Orchard II (2018) was an even-aged intensive
orchard of 1 ha, consisting of 2,659 trees aged 15 years. Orchard 111 (2013)
was a traditional high-stem orchard of 1 ha, with 192 trees, including 37
trees aged 40 years and 155 trees approximately 65 years old. Orchards
[ and Il were characterized by simplified crown structure and intensive
agrotechnical practices, including regular chemical spraying and the
maintenance of herbicide-treated fallow. Orchard III had a more natural
structure, with large, spreading tree crowns and a much lower intensity
of management (Chmielewski, 2025).

Methods

In each orchard, all trees were inspected from all sides to search for
nests during 12-19 field visits. For each nest, the GPS location, the species
occupying the nest and the age of the tree were recorded. In Orchard III,
a correction was made to the source material: the record of Yellowhammer
Emberiza citrinella was removed from the analyses because it referred to
a ground nest rather than a tree nest. Thus, 11 nests in 40-year-old trees
and 52 nests in 65-year-old trees were retained for further calculations.
Because the material came from three observational orchards that differed
not only in tree age but also in structure and management, all analyses
were interpreted as descriptions of associations rather than as formal
tests of an isolated age effect.

The Clark-Evans nearest-neighbor index (R) was calculated as the
ratio of the mean observed distance to the nearest neighbor to the mean
distance expected under a random distribution (R < 1 = clumped pattern,
R > 1 = regular pattern, R = 1 = random distribution). The effect of tree
age on occupancy was assessed from the number of nests and the number
of trees in individual age classes. The percentage of occupied trees was
calculated for each age class. In addition, Spearman’s rank correlation
was used to assess the relationship between tree age and occupancy, a
chi-square test was applied to the nest/no-nest x tree-age contingency
table, and Fisher’s exact test was used to compare young trees (2-9 years)
with older trees (15-65 years). The spatial pattern of nest distribution
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was assessed separately for each orchard using the Clark-Evans nearest-
neighbor index (Clark, Evans, 1954) and the dispersion index from quadrat
analysis (D). The R index was used only as an auxiliary measure because
the data included nest locations only, without the full distribution of all
trees available as potential nesting sites. For this reason, the result was
interpreted cautiously and considered alongside the D index and the actual
arrangement of tree-age classes within the orchard.

The interspecific analysis included the six most numerous species
among nests with identified occupants: Song Thrush Turdus philomelos,
Common Chaffinch Fringilla coelebs, Common Blackbird Turdus merula,
Fieldfare Turdus pilaris, European Serin Serinus serinus and Common
Linnet Linaria cannabina. Together, these species accounted for 89.7% of
all nests for which the occupying species was identified (140 of 156). For
these species, the number of nests in each orchard and the mean age of
occupied trees were compared. Differences in abundance structure among
orchards were assessed using a chi-square test, with the p value estimated
by the Monte Carlo method. By contrast, the comparison of the mean age of
occupied trees was treated primarily as descriptive, because these values
were strongly linked to the arrangement of the individual orchards and
therefore did not constitute fully independent observations. Seasonal space
sharing among species was also analysed using the GPS locations of nests.
In each orchard, the actual locations of points were retained, and species
identities were then randomly permuted among those locations 9,999
times. For each pair of different species, the mean distance to the nearest
nest of the other species was calculated and compared with the distribution
of expected values obtained under random assignment of species identities
to nest locations. Comparisons between nests of the same species were
excluded because the GPS database included all nests recorded during
the season, including subsequent and replacement clutches, which could
have caused methodological distortion of the true spatial relationships.
For the 15 tested species pairs, the Benjamini-Hochberg false discovery
rate (FDR) correction was also applied (Benjamini, Hochberg, 1995), and
the results were interpreted exploratively.

Results

In Orchard I, 90.5% of all nests were recorded in the two oldest age
classes, i.e. in 31- and 34-year-old trees. In Orchard II, which consisted
exclusively of 15-year-old trees, the percentage of occupied trees was 2.1%.
The highest values were recorded in Orchard IlI: 29.7% for 40-year-old
trees and 33.5% for 65-year-old trees (Table 1).
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Table 1. Number of trees, number of nests and percentage of occupied trees in each
age class

Tab. 1. Liczba drzew, liczba gniazd i odsetek zajetych drzew w poszczegdélnych
klasach wieku, (1) - Nazwa powierzchni, (2) - Wiek drzewa w latach, (3) - Liczba drzew,
(4) - Liczba gniazd, (5) - Zajete drzewa w %

Site name (1) Tree age Number of Number of Occupied trees
(years) (2) trees (3) nests (4) (%) (5)
2 522 0 0.0
3 820 1 0.1
4 116 0 0.0
5 298 0 0.0
Orchard I 7 166 0 00
8 378 2 0.5
9 423 2 0.5
21 123 1 0.8
31 781 36 4.6
34 275 21 7.6
Orchard II 15 2659 56 2.1
Orchard II1 40 37 11 29.7
Orchard II1 65 155 52 33.5

In the pooled analysis across all age classes, a very strong positive
relationship was found between tree age and the percentage of occupied
trees (r, = 0.93; p <0.001). The nest/no nest x tree-age contingency table
showed significant differences among age classes (x* = 773.4; df = 12;
p<0.001). Young trees aged 2-9 years held only 5 nests among 2,723 trees
(0.18%), whereas older trees aged 15-65 years held 177 nests among
4,030 trees (4.39%); this difference was highly significant (Fisher’s exact
test, p < 0.001). This result indicates a very strong association between
tree age and the frequency with which trees were occupied by birds, but
in itself it does not prove that tree age alone was the direct cause of the
observed pattern.

The spatial analysis did not reveal a uniform distribution in any of the
orchards. In Orchard I, nest distribution was clumped, corresponding
to the concentration of nests in parts of the orchard with the oldest
trees. In Orchards II and III, no significant departures from a random
distribution were detected; thus, nest arrangement was neither uniform
nor significantly clumped (Table 2).
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Table 2. Results of the spatial analysis of nest distribution. R - Clark-Evans nearest-
neighbor index, D - dispersion index in quadrat analysis, p - statistical significance level

Tab. 2. Wyniki analizy rozmieszczenia przestrzennego gniazd, R - wskaznik najbliz-
szego s3asiada Clarka-Evansa, D - wskaznik dyspersji w analizie kwadratowej, p - po-
ziom istotnoSci statystycznej, (1) - Nazwa powierzchni, (2) - Interpretacja, (3) - Skupi-
skowy, (4) - Losowy

Site name (1) n GPS R p D p Interpretation (2)
Orchard I 63 090 <0.05 1.84 <0.05 Clustered (3)
Orchard II 56 1.15 >0.05 1.49 >0.05 Random (4)

Orchard II1 62 1.14 >0.05 1.10 >0.05 Random (4)

The interspecific analysis showed that the six most numerous species
differed in their distribution among the orchards (x* = 18.43; Monte Carlo,
p = 0.047). The Fieldfare was the most distinctive species: 72.2% of its
nests were recorded in Orchard III, while none was recorded in Orchard
[I. The opposite tendency was shown by Common Linnet and European
Serin, most of whose nests were located in the intensive orchards. The
comparison of the mean age of occupied trees was descriptive: the highest
mean age of nesting trees was recorded for Fieldfare (50.3 years) and
Common Blackbird (40.2), and the lowest for Common Linnet (29.8) and
European Serin (31.1) (Table 3). In the post hoc analysis, Fieldfare was
significantly more strongly associated with the traditional orchard than
the remaining most numerous species combined (Fisher’s exact test,
p =0.009).

The analysis of distances between pairs of different species showed that
the great majority of relationships did not differ from a random pattern.
Before correction for multiple testing, the Fieldfare-European Serin pair
showed shorter distances than expected (19.6 m vs. 33.8 m expected;
pperm. = 0.004). After FDR correction, none of the analysed species pairs
differed significantly from random expectations; the lowest qFDR value
was 0.060. This indicates a lack of clear evidence for interspecific spatial
segregation and instead suggests that different species used the same most
favourable parts of the orchard during the breeding season.
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Table 3. Distribution of nests of the six most numerous species in the studied orchards
and mean age of occupied trees

Tab. 3. Rozmieszczenie gniazd szesSciu najliczniejszych gatunkéw w badanych sadach
oraz $redni wiek zasiedlanych drzew, N - liczba gniazd, (1) - Gatunek, (2) - Nazwa po-
wierzchni, (3) - Sredni wiek drzewa w latach

Species (1) N Site name (2) Mean tree age
OrchardI | Orchard II | Orchard III (years) (3)
Turdus philomelos 37 6 18 13 331
Fringilla coelebs 31 7 11 13 37.6
Turdus merula 24 3 10 11 40.2
Turdus pilaris 18 5 0 13 50.3
Serinus serinus 16 5 7 4 31.1
Linaria cannabina 14 2 8 4 29.8
Discussion

The results show that tree age was one of the most strongly correlated
characteristics associated with nest placement in orchards. However, it
should not be treated merely as the number of years since planting, but
rather as a synthetic indicator of changes in tree architecture, crown
development, the number of forks, nest concealment and the availability of
nesting microsites. As tree age increases, both the number of potential nest
sites and their diversity increase. This direction of association is consistent
with earlier studies from Poland and with European studies showing that
birds prefer older orchards, more heterogeneous vegetation structure and
the presence of trees with better-developed crowns (Wiacek, Polak, 2008;
Brambilla etal., 2015; Kajtoch, 2017; Chmielewski, 2019; 2020; Rime et al.,
2020; Chaparro etal.,, 2022; Kajtoch, 2023). At the same time, because the
study was observational and tree age was confounded with management
type, orchard area and orchard structure, this relationship should not be
interpreted as a pure causal effect of age (cf. Hurlbert, 1984). It should also
be remembered that the GPS analysis included all nests from the entire
season (including subsequent and replacement clutches), and therefore
describes the seasonal pattern of breeding-space use rather than only the
synchronous arrangement of active territories.
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Table 4. Permutation analysis of distances between pairs of different species.
Obs. - mean observed distance in m; Rand. - mean distance expected under random
assignment of species identities to GPS points in m; pperm. - p value of the permutation test;
gFDR - value after Benjamini-Hochberg correction

Tab. 4. Permutacyjna analiza odlegto$ci miedzy parami r6znych gatunkéw, Obs. - $red-
nia odlegto$¢ obserwowana w m, Los. - Srednia odlegto$¢ oczekiwana przy losowym
przypisaniu gatunkéw do punktéw GPS w m, pperm. - wartos$¢ p testu permutacyjnego,
gFDR - warto$¢ po korekcie Benjamini-Hochberga, (1) - Para gatunkéw

Species pair (1) Obs. (m) [Rand. (m)| pperm. qFDR
Turdus pilaris - Serinus serinus 19.6 33.8 0.004 0.060
Turdus philomelos - Fringilla coelebs 16.9 20.8 0.105 0.555
Serinus serinus — Linaria cannabina 52.1 38.5 0.142 0.555
Turdus pilaris - Linaria cannabina 52.8 38.2 0.148 0.555
Fringilla coelebs - Turdus pilaris 17.6 21.0 0.253 0.759
Fringilla coelebs - Turdus merula 20.7 24.2 0.328 0.820
Turdus merula - Linaria cannabina 38.9 34.1 0.427 0.870
Fringilla coelebs - Linaria cannabina 38.5 34.5 0.464 0.870
Turdus philomelos - Turdus merula 20.7 23.1 0.551 0.918
Turdus philomelos - Linaria cannabina 33.6 32.7 0.716 0.944
Turdus merula - Turdus pilaris 21.8 23.1 0.814 0.944
Turdus philomelos - Turdus pilaris 21.5 21.1 0.815 0.944
Turdus philomelos - Serinus serinus 31.8 32.0 0.835 0.944
Fringilla coelebs - Serinus serinus 31.7 32.2 0.914 0.944
Turdus merula - Serinus serinus 32.5 34.3 0.944 0.944

In this context, a broader conclusion appears interesting, although it
requires further testing: birds may place nests differently in orchards
than in forests or parks. In orchards, breeding space is to a large extent
“designed” by humans: trees stand in rows, are of similar height and
often have a very similar crown shape. In forests and parks, nest-site
selection usually takes place within a vertically and horizontally much
more complex structure, where factors such as understory density and
height, leaf cover, topography, tree species composition and the mosaic
of microhabitats play a larger role. Studies in forests and urban parks
show that birds respond precisely to these structural features, and that
co-occurring species may differ in how they use space and nest-support
structures (Newell, Rodewald, 2011; Mikula et al., 2014; Jara et al., 2020;
Ding et al,, 2023). In agricultural and orchard landscapes, in turn, habitat
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heterogeneity is important both at the level of vegetation structure and at
the level of the broader cropping pattern (Anderle etal., 2023; Sattler etal.,
2024). This does not necessarily mean that distances between nests in
forests or parks are always greater; rather, it means that the determinants
of nest distribution differ from those in orchards, where the layout of trees
and agrotechnical practices are especially important.

Against this background, the contrast between young and older orchards
is particularly striking. In the 2-9-year age classes, the proportion of
occupied trees was almost zero, whereas in the 31-34-year classes in
Orchard I and in the 40-65-year classes in Orchard III it was many times
higher. Similar results have been obtained in other woody agroecosystems:
in orange and olive orchards, tree age, plantation type and the vertical
position of the nest have been shown to influence nest-site choice and
breeding success (Hanane, 2012; 2016; Bensouilah et al.,, 2016; Zeraoula
etal., 2016). More recent studies also emphasize that the loss of traditional
orchards worsens conditions for birds associated with older trees, while
greater habitat heterogeneity promotes higher avian diversity (Kajtoch,
2023; Anderle et al,, 2023). In tree-based agroecosystems, co-occurring
species may also segregate nesting niches both spatially and temporally,
thereby reducing competition within simplified habitats (Squalli et al.,
2025).

The interspecific analysis shows that bird responses to orchard
structure are not uniform. Song Thrush, Common Chaffinch and Common
Blackbird occurred in all three orchards, suggesting relatively broad
tolerance of habitat simplification, although even in these species the
mean age of occupied trees remained high. By contrast, Fieldfare was
clearly concentrated in the traditional orchard, whereas European Serin
and Common Linnet more often used intensive orchards. This means that
simplification of the orchard landscape leads not only to a decline in the
total number of nests, but also to a shift in the species composition of the
breeding assemblage.

The result for Fieldfare is particularly interesting. In the present
material, most of its nests were located in the oldest traditional orchard,
whereas it was not recorded at all in the even-aged intensive orchard. This
is consistent with earlier observations showing that Fieldfare can reach
very high densities in old, extensively managed orchards, while in intensive
orchards it may be extremely scarce or absent (Chmielewski, 2019; 2020;
2024; 2025). It may therefore be cautiously hypothesized that the locally
observed decline of this species in Mazovia may be at least partly related
to orchard restructuring and the disappearance of older orchard sections.
However, this requires separate verification using a larger regional dataset,
ideally combining information on orchard age, structure and long-term
population trends.
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The spatial analysis adds a further element to the interpretation. The
absence of a uniform distribution indicates that birds do not occupy trees
according to a pattern that maximizes mutual distances between nests.
In Orchard I, the clumped distribution was clearly associated with the
concentration of the oldest trees; in Orchards II and III the pattern was
closer to random than to regular. In orchards, this may mean that the
overriding factor is not interactions between breeding pairs themselves,
but rather the distribution of trees offering suitable concealment and
support for nests. In intensive orchards, additional constraints are imposed
by the geometry of cultivation: fixed row spacing, similar tree height, and
annual pruning and crown thinning, which reduce the number of available
microsites (Pienigzek, 1968; Leganska, 2012; Chmielewski, 2020). This
conclusion should nevertheless be interpreted with caution, because the
spatial indices used refer to points distributed freely in space, whereas in
this case nests were tied to specific trees growing in ordered rows. This
means that nest distribution was largely determined by the arrangement
of trees within the orchard rather than by an unconstrained distribution
of points in space.

The GPS analysis therefore suggests that the most numerous species did
not divide the orchard into clearly separate sectors, but rather overlapped
seasonally in the same parts of the plantation that offered favourable
breeding conditions. After FDR correction, no significant results remained
for any of the analysed species pairs, strengthening the interpretation that
nest distribution was driven primarily by the availability of suitable trees
rather than by a simple tendency to avoid sites occupied by other species.

An important methodological caveat must be applied to the
interpretation of spatial patterns. The GPS coordinates included all
nests found throughout the entire season, i.e. nests from first, second
and sometimes third broods, as well as replacement clutches. Thus, the
analysis does not describe only the synchronous distribution of breeding
pairs at a single moment in the season, but rather the way in which birds
used the orchard’s breeding space over the whole reproductive period.
This approach is highly useful for assessing habitat value, but when
interpreting spatial patterns, it should be remembered that some points
may reflect successive breeding decisions by the same individuals or pairs.
The analysis of GPS points also showed that the detected relationships
must be interpreted cautiously. They do not necessarily indicate direct
attraction or repulsion between breeding pairs, but may reflect the fact that
different species used the same parts of the orchard with more favourable
tree structure over the course of the season. For the same reason, distances
between nests of the same species were not analysed: in material that also
includes replacement clutches and subsequent broods by the same pair,
such comparisons would be methodologically ambiguous. The approach
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used in this study therefore describes the seasonal pattern of shared use
of breeding space by different species, not the synchronous arrangement
of active territories.

From the perspective of conserving the avifauna of agricultural
landscapes, these results strengthen the argument for retaining older
orchard sections and individual groups of trees with more developed
crown structure. Even in landscapes dominated by intensive plantations,
such fragments can function as key nesting microsites, increasing both the
number of breeding pairs and the diversity of the bird assemblage. This
conclusion is consistent with calls to conserve traditional orchards and
to maintain habitat heterogeneity in orchard landscapes (Kajtoch, 2017;
Chmielewski, 2019; Rime et al., 2020; Kajtoch, 2023; Sattler et al., 2024;
Anderle et al.,, 2023).
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