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Background. For several past decades, a notable pollution of the environment by
different kinds of solid waste has been noted. The number of studies addressing the
issue of utilising debris for nest construction by various species of birds has increased
over the past century. It is important to understand the extent to which anthropogenic
transformation of the environment in the form of debris affects the nest-building beha-
viour of birds and the architecture of the nest itself. In our research we analyse how the
pollution of the environment with solid household waste affects the appearance of the
debris in bird nests.

Materials and Methods. Materials for this article included 520 nests of 44 passe-
rines species. Nests were collected unevenly during the last two decades (2002—2024)
in different types of habitats mainly across the western part of Ukraine and in Poland.
Collected after the breeding season, nests were decomposed in a laboratory and nest
components were identified as natural (grass, plant stems, tree leaves, grass roots,
moss, mammals’ hair, bird feather and others) and anthropogenic (threads, synthetic
fibres, plastic ropes, fishing line, cigarette filters, paper, tissue, wires and others), and
their percentage by volume was defined.

Results and Discussion. Birds in the human settlements used debris for nest
construction more often. The number of nests with debris in natural environment was
the lowest and debris were found there in very small amounts.

Even a sufficient amount of natural nest materials in the environment does not pre-
vent birds from using debris. Part of nests collected in the natural environment included
debris indicating environmental pollution in the surrounding area.

There was a significant difference in the presence, amount and number of kinds of
debris in the nests collected in different environments.
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In the natural environment far from human settlements, the proportion of nests with
debris (6.6 %), the number of kinds (mean * standard error 0.08+£0.02; median value
0.00, Q1-Q3 values 0.00-0.00, n = 293) (further the numbers are presented as mean +
standard error; median value, Q1-Q3 values, n) and amount (0.07+0.04 % by volume;
0.00 %, 0.00-0.00 %, n = 293) were the lowest. In the natural environment far from
human settlements, debris still was present in nests, indicating the presence of pollution
in such territories and demonstrating birds’ ability to use debris, intentionally or uninten-
tionally, even if natural nest materials are readily available.

Nests with debris collected on the outskirts are relatively high (63.2 % of nests),
the number of kinds (1.12+0.10; 1.00, 0.00-2.00, n = 163) and amount (4.90+0.85 % by
volume; 0.10 %, 0.00—4.00 %, n = 163) in debris, which may indicate randomly polluted
environment as well as a presence of garbage dumps outside human settlements.

Debris in bird nests usually appeared in populated areas, where it is available and
accessible in significant quantities. Most frequently, debris was found in passerine bird
nests within human settlements (87.5 % of nests), however some nests did not include
debris. The number of kinds of anthropogenic materials (ANMs) incorporated in the
nests was the highest in populated areas (2.22+0.19; 2.00, 1.00-3.00, n = 64); it was
more numerous in cities and towns (3.04+0.30; 3.00, 2.00-4.00, n = 25) than in vil-
lages (1.69+0.21; 1.00, 1.00-2.00, n = 39). The amount of debris in the nests was also
the highest in human settlements (5.52+0.89 %; 2.00 %, 0.10-8.50 %, n = 64), being
higher in cities and towns (6.93+£1.22 %; 6.00 %, 2.00-10.00 %, n = 25) than in villages
(4.62+1.23 %; 1.00 %, 0.10-5.00 %, n = 39).

Turdus merula from human settlements used debris a lot (92.9 % of nests). On the
outskirts, 40.0 % of nests still contained debris (we assume that the number of nests in
every environment is 100%), whereas in natural environment its nests consisted only
of natural materials. On the outskirts, blackbird nests contained fewer kinds (0.50£0.22;
0.00, 0.00-1.00, n = 10) and a smaller amount (0.08+0.05 %; 0.00 %, 0.00-0.10 %,
n = 14) of debris than in human settlements (3.00+0.50; 3.50, 1.00—4.00, n = 14;
7.30£1.55 %; 7.50 %, 3.00-10.00 %, n = 14).

Conclusion. The environment affects the presence of debris in bird nests. In the
anthropogenic environment (human settlements) the share of nests with debris, the
amount and number of kinds of debris were the highest. Birds do not always use ANMs
in the polluted environment. On the other hand, even when the amount of natural mate-
rials was sufficient, birds could include debris into their nests.

Keywords: nest composition, anthropogenic materials, debris, environment,
passerines

INTRODUCTION

The environment in which birds live has changed greatly over the last century.
Along with the growing human population and the associated amount of waste pro-
duced, the amount of different type of physical contamination component in environ-
ment is increasing (Jagiello et al., 2020).

Nature in general, and particularly the animal kingdom, need to adapt to the resul-
ting changes in environment (Lowry et al., 2012). The initial response of individuals to
human-induced environmental change is often behavioural. A better understanding of
the mechanisms of behavioural responses and their causes and consequences could
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improve our ability to predict the effects of human-induced environmental changes on
individual species and on biodiversity (Tuomainen & Candolin, 2011).

Nest building is an energetically expensive activity (Mainwaring & Hartley, 2013).
Usually, birds collect nesting material around the nest location in order to minimize nest-
building energy costs (Collias & Collias, 1984; Mazgajski, 2007 cited in Mainwaring,
Hartley, 2013), and typically make use of local materials (Hansell, 2000). Therefore, if
the closest to the nest environment contains debris, birds can utilise it for the nest.

Urbanisation can affect different taxa of animals (Tsaryk et al., 2024) including birds,
influencing various aspects of avian nest design and composition. Previously, scien-
tists reported the appearance of artificial materials in the nests of various bird species.
Attempts were made to explain such behaviour and assess its benefits and risks. The
appearance of ANMs in the nests of land and sea birds was reported across the globe.
Nests of urban birds contain a wide variety of ANMs such as threads, pieces of cotton
and fragments of plastic bags, cigarette butts and others (Antczak et al., 2010; Bokotey,
1992; Franchuk, 2013, Hartwig et al., 2007; Henriksen, 2000; Hnatyna, 2023; Igic et al.,
2009; Jagiello et al., 2018, 2019, 2020, 2022, 2023; Radhamany et al., 2016; Sarlin
et al., 2023; Seacor et al., 2014; Suarez-Rodriguez et al., 2013; Suarez-Rodriguez &
Macias Garcia, 2014, 2017; Surgey et al., 2012; Tavares et al., 2016; Wang et al., 2009
and others). Incorporation of debris in nests may be an increasing avian response to
anthropogenic pollution (Jagiello et al., 2020).

The ‘availability hypothesis’ (AVH) (Wang et al., 2009; Antczak et al., 2010) pro-
poses that the most commonly available materials in the nesting environment are used
by birds to construct their nests. Observational studies on house sparrow (Passer
domesticus) (Radhamany et al., 2016), great tit (Parus major) (Jagiello et al., 2022),
white stork (Ciconia ciconia) (Jagiello et al., 2018) and brown booby (Sula leucogaster)
(Tavares et al., 2016) have found a positive association between the presence of envi-
ronmental solid waste materials in the vicinity of nests and the ANMs in them. Several
studies have highlighted a change in nesting materials along an urbanisation gradient
(e.g., Wang et al., 2009; Radhamany et al., 2016; Reynolds et al., 2016 cited in Sarlin
et al., 2023), while others did not find such effects (e.g., Townsend & Barker, 2014;
Hanmer et al., 2017 cited in Sarlin et al., 2023), suggesting that nest design may exhibit
species-specific or even city-specific differences (Sarlin et al., 2023). The estimated
total amount of twine within a nest buffer zone of osprey (Pandion haliaetus) did not
predict whether a nest contained twine. The amount of twine was not correlated with the
amount of twine found in their buffer zones (Seacor et al., 2014).

Questions of using ANMs for construction of birds’ nests increasingly attract the
attention of researchers, as they allow to reveal the response of birds to a certain
change in the environment, and this is relevant not only for predicting the impact of
environmental transformation on birds, but also for understanding their behaviour.

Undeniably, the factors which influence debris incorporation in the nest by birds, the
scale of this behaviour, and particular forms of use of debris in bird nests are aspects
which require long-term standardized research (Jagiello et al., 2019).

Thus, the purpose of this study was: 1) to reveal if the presence/absence of pollution
in the close environment can predict the presence of debris in passerine birds’ nests;
2) to analyse the frequency of use of debris by birds in three different environments
(in the gradient of environmental pollution with solid waste) over the past two decades.
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Working hypotheses: 1) we assume that the environment pollution with solid household
waste in a certain way affects the presence of debris in nests of birds; 2) birds inhabiting
populated areas incorporate debris in the construction of their nests more often.

MATERIALS AND METHODS

Materials for this article included 520 nests of 44 passerine species from 15 fami-
lies (Table 1). About 75 % of nests have been collected personally by the author. Nests
were collected randomly due to their visibility and accessibility, and purposely (nests in
nest-boxes and nests of Acrocephalus warblers) unevenly during the last two decades
(2002-2024). Nests were collected in different locations of mainly the western part
of Ukraine (Volyn, Rivne, Ternopil, Khmelnytskyi, Lviv, lvano-Frankivsk, Zakarpattia
regions) and in three locations in Poland (Krakéw city; near Dgbkowice settlement
(West Pomeranian Voivodeship, NW Poland) and Nida valley near Umianowice village
(Swietokrzyskie Voivodeship, in south-central Poland).

Debris in the environment is most often observed in and around human settlements,
butis largely absent far beyond them. Therefore, we divided all nest collection stations into
three categories depending on their distance from settlements: nests within the borders
of settlements (cities, towns and villages) (12.3 %), on the outskirts — up to 1 km outside
the settlements (31.4 %), and nests in the natural or close to the natural environment far
away from settlements (56.3 %) (Table 1). We assume 1 km away from settlements as
a buffer zone (this fact should be taken into account in the course of results interpreta-
tion), as that territory may still be affected with anthropogenic activity in the form of pol-
lution. Debris may be transferred there from settlements by wind. Additionally, spontane-
ous dumps can be found on the edge of settlements, especially villages. Environmental
solid waste pollution positively associates with human presence and urbanization inten-
sity (Jagiello et al., 2022). Therefore, we assume that the occurrence of debris increases
along the row “natural environment — outskirts — human settlements”.

Nests were collected after the breeding season. Each nest was air-dried for one or
two weeks at room temperature and placed into a plastic bag of a suitable size. Individual
nest materials were extracted using laboratory forceps and separated into categories,
such as natural (grass, plant stems, tree leaves, grass roots, moss, mammalian hair,
bird feathers and others) and anthropogenic (kinds of debris: threads, synthetic fibres,
synthetic fluff, cotton wool, ropes, fishing line, cigarette butts, paper, tissue, wires and
others). In this article we define “anthropogenic materials (ANMs)” as synthetic or man-
changed materials that were brought into the environment by humans in the form of pol-
lution. These also include artificial, synthetic materials, debris and solid household waste.

To assess the amount of each component, we calculated their percentage by volume
value (the author’s method) as it gave a better (than just weight) understanding of mate-
rial quantity regardless of their unit weight. In this procedure, all the nest components
were evenly spread on a paper sheet within a square frame divided into 100 identical
smaller squares (10x10). Each of these smaller squares represents 1 % accuracy, ensu-
ring precise measurement of the material. Artificial materials were identified, analysed
and collected.

Systematics of birds is presented according to Handbook of the Birds of the World
and BirdLife International (2024).
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Statistical analysis. Experimental data were processed by methods of variation
statistics using Origin 2018 and Statistica 8.0 software. The studied indexes are pre-
sented as follows: in the text, as absolute (n) and relative (part, %) nest frequencies; in
Figures 2 and 3, as well as in Tables 2 and 4 as the median, lower and upper quartiles
(Q1-Q3), minimum and maximum (Min-Max). For presenting average value (mean) and
standard error additionally descriptive statistics for Excell was used. Comparison of
data groups based on frequencies was carried out using the x? test with Bonferroni cor-
rection, applying a critical significance level of a = 0.0167; for Turdus merula data, Yates’
correction was used. Data on the number of varieties and the percentage composition
of debris were analyzed using the non-parametric Kruskal-Wallis analysis of variance
(ANOVA) with P values determined by Dunn’s multiple comparison post-hoc test. A criti-
cal significance level of a = 0.05 was applied. Spearman Rank Order Correlation was
used to analyse the linear relationship between the nesting environment and the pre-
sence of debris in the nests of Turdus merula.

RESULTS

More than 87 % of nests in the vicinity of the human settlements contained ANMs
(Fig. 1). The share of nests with debris collected on the outskirts is also high (63.2 %). In
the natural environment far from human settlements the proportion of nests with debris

was the lowest (6.6 %). 100

80

60 -

%
40 |

20 -

0 - T T
Fig. 1. Part (%) of nests with debris in different Natural Outskirts Settlements
environments Environment

Chi-square test with Bonferroni correction revealed significant differences in
the presence of debris collected in different environments. The difference was found
between natural/outskirts (P <0.0001), natural/settiements (P <0.0001) and outskirts/
settlements (P <0.001). But the difference between villages/cities (P = 0.0997) was not
significant (Table 3).

There were cases when the debris was not found in the construction of the nests
even if it is present in the surroundings — 12.5 % nests in the frame of human settle-
ments did not comprise debris. There is information about nesting of the linnet (Linaria
cannabina) in 1979 in the vicinity of landfill on the territory of military vehicle parking
in the town of Brody (Lviv region, western part of Ukraine). There was no debris in the
construction of 16 nests, though there was a landfill in the vicinity (Horban, 1994). It is
possible that linnets found all necessary natural materials, or they did not see or have
experience of using debris for nest building. In our research (30—40 years later) practi-
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cally all nests on the outskirts and within settlements contained debris. The amount of
debris in nests was as follows: 13.0+5.6 % (5.00 %, 0.10-15.00 %, n = 11) and 3.0£0.7
(2.00, 2.00—-4.00, n = 11) kinds of debris in the outskirts and 9.9+2.7 % (5.00 %, 2.00—
18.00 %, n = 15) and 2.5+0.3 (2.00, 2.00-4.00, n = 15) within settlements.

In some cases, there is sufficient amount of natural materials in the natural environ-
ment with just subtle traces of presence of debris and birds incorporate debris in the nest.
A good example are warblers of genus Acrocephalus, which breed in the reedbeds or
other high vegetation along water bodies and use different kinds of wetland vegetation
for building their nests. We found one nest of great reed warbler (Acrocephalus arundi-
naceus) in the meadow of river in vicinity of a railway hub which contained up to 15 %
(by volume) of glass wool. This material largely resembled Typha fluff, but had different
physical properties. It must be said that fledglings successfully left the nest. In two other
nests of marsh warbler (Acrocephalus palustris) on the outskirts, there was fishing line
and in others threads (of four colours), thin rope and synthetic fiber in amount of 5 %.

Out of 31 nests of great tit (Parus major) collected in the vicinity of Biology and Geog-
raphy Research Station (Shatskyy National Nature Park) in the pine wood with birch, blue-
berry, heather and herbs near the local road with sufficient amount of natural materials, 27
(87.1 %) comprised 7 kinds of debris in total (threads in 11 nests, ropes —in 3, fibres — 7,
synthetic fluff — 16, cotton wool — 4, fragments of polyethylene — 4, fishing line — 7), on ave-
rage (in the nests with debris) 1.96+0.19 (2.00, 1.00-2.00, n = 27). The amount of debris
was from minimal up to 50 %, on average 12.9+2.7 % (5.00 %, 1.00-20.00 %, n = 27).

The number of kinds of ANMs incorporated in the nests of passerine birds was the
highest on the outskirts and within human settlements. They were more numerous in
cities and towns than in villages; while in the natural environment only three kinds of
debris were detected (Fig. 2, Table 2).

I 25%~75%; 1 Range within 1.51QR; — MedianLine; = Mean; ¢ Outliers]
*kkk
*hkk *
FkkKk ‘ kil
*kkk ‘
8_ dkk *%

o ‘ ok ‘

Range number of kinds of debris
N L
1 1
* *
*
* *
-

T T T T T T T T T T
1 | 2 | 3 | 4 | 5 1 | 2 | 3 | 4 | 5

All nests Nests with debris

Fig. 2. Average number of kinds of debris per one nest in different environments: 1 — natural; 2 — outskirts;
3 — villages; 4 — cities, towns; 5 — human settlement. Significance: * — P <0.05; *** — P <0.001; **** —
P <0.0001
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Table 2. Number of kinds of debris

All nests Nests with debris

Environment
Median Q1-Q3 min—-max n Median Q1-Q3 min—max n

Natural 0.00 0.00-0.00 0-3 293 1.00 1.00-1.00 1-3 18
Outskirts 1.00 0.00-2.00 0-7 163  2.00 1.00-2.00 1-7 103
Settlements 2.00 1.00-3.00 0-6 64 2.00 1.00-4.00 1-6 56
Villages 1.00 1.00-2.00 0-5 39 2.00 1.00-3.00 1-5 32

Cities, towns 3.00 2.00-4.00 0-6 25 3.00 2.00-4.00 1-6 24

Kruskal-Wallis ANOVA with Dunn’s post-hoc analysis revealed significant diffe-
rence in the number of kinds of debris in the nests collected in different environments for
all nests (with and without debris) and also only for nests with debris. For all nests the
difference (P <0.0001) between natural/outskirts, natural/settlements (P <0.0001) and
outskirts/settlements (P <0.001) was found significant, whereas the difference between
villages/cities was not significant (P = 0.338). For nests that comprise debris the diffe-
rence between natural/settlements (P <0.001) and outskirts/settlements (P <0.01) and
villages/cities (P <0.05) was found significant, while the difference between natural/
outskirts was not significant (P = 0.611) (Fig. 2, Table 3).

Table 3. Statistics of presence, amount and number of kinds of debris in nests of passerine
birds in different environments (for nests with debris)

Presence of debris Number of kinds of debris Amount of debris
(for nests with debris) (for nests with debris)
. . (] Kruskal-Wallis ] Kruskal-Wallis Q
Relat . 8] o} &}
S Chisquare 2 ANOVA with € ANOVAwith =
with S 5] o
: = Dunn post-hoc = Dunn post-hoc =
Bonferroni i= . = . =
correction IS) analysis S analysis S
n (z values) n (z values) n
NEtrElld 174.84 P <0.0001 1.64 NS 2.62 P <0.05
outskirts
NEtamElld 21158 P <0.0001 3.64 P <0.001 3.40 P <0.01
settlements
QUSRS 1294 P <0.001 3.42 P <0.01 1.51 NS
settlements
Villages /
. 2.71 NS 2.74 P <0.05 0.184 NS
cities, towns

Note: NS — not significant
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The amount of ANMs (% by volume) in the nest was the highest in human settle-
ments (for nests with debris), and on the outskirts (for all nests in these two environ-
ments) and the lowest in the natural environment (Fig. 3, Table 4).

B 25%~75%; 1 Range within 1.51QR; — MedianLine; = Mean; ¢ Outliers]
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Fig. 3. Amount (% by volume) of debris per nest in different environments: 1 — natural; 2 — outskirts; 3 —
villages; 4 — cities, towns; 5 — human settlement. Significance: ** — P <0.01; *** — P <0.001; **** —
P <0.0001

Kruskal-Wallis ANOVA with Dunn’s post-hoc analysis revealed significant diffe-
rence in the amount of debris in the nests for all nests and for nests with debris in natural/
outskirts (P <0.05) and natural/settlements (P <0.01) environments. However, the dif-
ference between outskirts/settlements and villages/cities was not significant (Table 3).

Table 4. Amount of debris (% by volume) in the nests of passerine birds

All nests Nests with debris
Environment
Median Q1-Q3 min-max n Median Q1-Q3 min—-max n
Natural 0.00 0.00-0.00 0.00-10.00 293 0.50 0.10-1.00 0.10-10.00 18
Outskirts 0.10 0.00-4.00 0.00-51.00 163 1.00 0.10-9.00 0.10-51.00 103

Settlements 200 0.10-8.50 0.00-35.00 64 3.50 1.00-10.00 0.10-35.00 56
Villages 1.00 0.10-5.00 0.00-35.00 39 1.50 0.50-8.50 0.10-35.00 32

Cities, towns ~ 6.00 2.00-10.00 0.00-25.00 25 6.50 2.50-10.00 0.10-25.00 24
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Potential interspecies differences within the passerine order will be examined in our
further research. This study focused primarily on one species — the blackbird — which
had an appropriate number of nests in different types of environment (see Table 1).

Turdus merula often used debris for nest construction on the outskirts and in human
settlements, whereas in natural environment its nests consisted only of natural materials
(Fig. 4). Practically all blackbird nests in human settlements contained a large amount
of debris.

100 4 Without debris
[ With debris
80
60 -
%
40 -
20
Fig. 4. The proportion of nests of Turdus merula 4

with debris in different environments. 0 T
The number of nests in every environ- Natural Outskirts Settlements
ment is 100 % Environment

We found all strong Spearman Rank Order Correlation between environment/
presence of debris as the nest materials (R = 0.797, P <0.0001), between environment/
number of kinds of debris (R = 0.810, P <0.0001), and between environment/amount of
debris in the nest (R = 0.817, P <0.0001).

Kruskal-Wallis ANOVA with Dunn post-hoc analysis revealed significant diffe-
rences in the presence of debris in nests from different environments, but differences in
the amount and number of kind of debris in nests were significant only between natural/
settlements and outskirts/settlements environments (Table 5).

Table 5. Statistics of presence, amount and number of kinds of debris in nests of Turdus
merula in different environments

. Number of kinds of debris Amount of debris
Presence of debris
(for all nests) (for all nests)
Yatets g g Kruska-Walls @  Kruska-Wallis g
Relations ~ Correcte = ANOVA with c ANOVA with =
Chi-square 3 g 5]
with .E Dunn post.-hoc ..E Dunn posF-hoc .E
Bonferroni 5 analysis > analysis S
- (2 (z values) (2 (z values) (2
correcntion
Nzl 480  P=0.0284 1.36 NS 1.25 NS
outskirts
REEl 2257 P <0.0001 4.61 P <0.0001 4.69 P <0.0001
settlements
U 554 P=00186 275 P <0.05 2.93 P <0.05
settlements

Note: NS — not significant
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Blackbird nests on the outskirts contained a smaller number of kinds of debris in the
nests (0.50+0.22; median value 0.00, Q1-Q3 values 0.00-1.00, n = 10) than in human
settlements. The detected ANMs included a single small thread, a small piece of alu-
minium foil, a piece of polyethylene foil, and a piece of fishing line. The amount of debris
in nests on the outskirts was also insignificant (0.08+0.05 %; 0.00 %, 0.00-0.10 %,
n = 10). In contrast, within human settlements, nests contained more kinds of debris
(3.00£0.50; 3.50, 1.00—4.00, n = 14). Here the variety of debris was high (a variety of
thread of different length and colours — in 5 nests, synthetic fibres of various colours — in
8 nests, ropes — in 9 nests, wet wipe, polyethylene foil — in 11 nests, fishing line, stripes
of synthetic mesh — in 2 nests) and the amount also was higher (7.30+1.55 %; 7.50 %,
3.00-10.00 %, n = 14). If debris was present in the environment, T. merula often incor-
porated it into their nests.

DISCUSSION

The current levels of environment pollution with solid waste is high, especially in
the human settlements and on the outskirts, but some trash can also be found close
to natural habitats. As it was shown earlier (Hnatyna, 2023) not every kind of debris is
suitable for construction of nests. ANMs are usually used because of their resemblance
to naturally occurring nesting materials (Antczak et al., 2010; Townsend & Barker 2014;
Biddle et al., 2018). Birds show selectivity and choose debris which resemble natural
materials commonly used for nest building of specific bird species. Some kinds of solid
waste such as threads, ropes, synthetic fluff are commonly used for nest construction
of passerine birds. However, other kinds, such as plastic or glass bottles, cans, metal
caps, ceramic materials and others which differ in appearance and physical properties
from traditional natural materials, were not found in the examined passerine nests. It
means that pollution with solid debris does not always provide suitable nest material for
passerine birds.

There are some combinations of presence of debris in the environment and in the
nest. If ANMs are absent in the environment, the bird cannot incorporate them into the
nest. Thus, nests in natural, or close to natural environments, without traces of human
activity in the form of pollution will be built completely of natural materials.

Debris in bird nests usually appears in populated areas, where it is available, acces-
sible, especially in significant quantities. As it was expected, most often debris is found
in birds’ nests within human settlements (87.5 % of nests) and the number of kinds and
amount (% by volume) of debris is the highest. Nevertheless, a small number of nests
(12.5 %) within human settlements did not contain any debris. The reasons for this can
be explored in further studies.

On the outskirts, the share of nests with debris was relatively high (63.2 %), which
may indicate not only randomly polluted environment around, but also a presence of
garbage dumps outside or on the edges of human settlements, especially in the villages
without organized garbage collection and disposal. The number of kinds and amount
(% by volume) of debris demonstrated intermediate values.

Logically, in the natural environment far from human settlements, the proportion of
nests with debris was the lowest (6.6 %). The same was true for the number of kinds
and amount (% by volume) of ANMs. However, debris still was present in nests, which
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suggests that birds use ANMs not only in the case of shortage of natural materials and
indicates the presence of pollution even far away from human settlements.

In natural environment, nests of Turdus merula consisted of natural materials.
Debris was used for nest construction on the outskirts and practically all blackbird nests
in human settlements contained a large amount of debris. One of the hypotheses for
the use of artificial components in birds’ nests is the lack of natural materials (Antczak
et al., 2010; Jagiello et al., 2023). This might be true particularly for big cities, where the
environment is considerably changed by anthropogenic activity. This was the case for
the blackbird. Interestingly, one nest found in the downtown of a big city (the historical
part of Krakow city) did not contain any debris. On the other hand, a blackbird nest col-
lected in a pine forest on the coast of the Baltic Sea comprised a high amount of debris
(up to 20 % by volume), even though natural materials were available in abundance.

CONCLUSIONS

Nest building behaviour of birds depends on anthropogenic pollution of environ-
ment. The environment affects the presence of debris in bird nests.

There was a significant difference in the presence, amount and number of kinds of
debris in the nests collected in different environments.

The proportion of nests with debris, the number of kinds and amount of debris in the
nests of passerine birds was growing along the row “natural environment — outskirts —
human settlements”, being the highest in the latter type of environment as the most
polluted by solid waste.

In the natural environment far from human settlements, debris still was present
in nests, indicating the presence of pollution in such places and demonstrating birds’
ability to use debris, intentionally or unintentionally, even if natural nest materials are
readily available.

The presence of debris in nests on the outskirts may indicate randomly polluted
environment and often a presence of garbage dumps outside human settlements.

Debris in bird nests usually appeared in populated areas (more frequently in cities
than in villages), where it is available and accessible in significant quantities. However,
birds do not always use ANMs for nest building even in the areas with high levels of
pollution with solid waste.

In human settlements, birds used debris for nest construction more frequently. The
number of nests with debris in natural environment was the lowest and debris was found
in very small numbers and amount.
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AHTPOMOIEHHI MATEPIANW Y THISBOAX TOPOBLIEMOAIBHUX NTAXIB:
Y BNJIIMBAE OOBKINNA?

OkcaHa NlHamuHa

JIbgigcbkuli HayjioHanbHUl yHieepcumem imeHi leaHa ®paHka
syn. lpywescbkoeo, 4, Jibeie 79005, YkpaiHa

OOGrpyHTYBaHHA. [pOTAroM OCTaHHIX KiNbKOX AECATUMITb (PiKCytoTb NMOMITHE
3aCMiYEHHS HaBKONULWIHLOIO CcepefoBuwia nobyToBMMK Bigxogamu. Y HayKOBIN
nitepatypi 3a oCTaHHE CTONITTA Aefani yacTille MOXHa 3HaWTu iHdopmauio npo
BMKOPUCTAHHA aHTPOMOreHHUX Martepianis ons nobygoBw rHi3g pisHMX BUAIB NTa-
XiB. Baxnmeum € po3yMiTu, HACKifIbKM aHTPOMOreHHa TpaHcgopmaLis cepeaosuLla
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y BUIMSAI 3aCMiYeHHs BNMBAaE Ha rHisgobyaiBHY NOBeAiHKY NTaxiB i HA apXiTekTypy
CaMoro rHizga. Y Hawux AocnigXeHHsaX MU aHanisyemMo, SKMM YMHOM CTaH AOBKiNMs
(3acmiyeHHst TBepaMMK NOBYTOBUMU BiAXO4aMu) BNAMBAE Ha NOSIBY CMITTS y CKNagi
rHi3g nTaxis.

MaTepianu i metoan. MaTtepianamu Ona HanucaHHSA Ui€l cTaTTi cryryBanu
520 rHizg 44 Buais ropodbuenoaibHux ntaxis, 3ibpaHi HEPIBHOMIPHO NPOTATOM OCTaH-
Hix ABox Agecatunitb (2002-2024) y pisHUX Tunax OioTomiB nepeBa)KHO Ha 3axoni
YkpaiHu Ta B [lonblwi. My noginunu cepefoBulle Ha NPUPOAHE YM YMOBHO MNpwu-
pOLHE — OKOMNULi HacerneHuX MyHKTIB — HaceneHi NyHKTKU (cena, MicTedka, micta), npu-
nycKkaw4u, L0 BOHM CYTTEBO BiAPi3HAIOTLCH 3a pPiBHEM HAABHOCTI CMITTS 3i 36inb-
LUEeHHSIM Oro KinbKocCTi B LboMy psAai. 3ibpaHi nicns rHisgoBoro ce3oHy rHisga oynum
pO3KIafeHi Ha OKpeMi KOMMOHEHTU B NabopaTopHMx ymoBax. MaTtepianu ruisg oynu
BM3HaAYeHi K NpUpoaHi (3naku, ctebna pocnuH, NUCTKN AepeB, KOPEHi, MOX, BOMNOCCs
Ta WepcTb ccaBLiB, Mip’s NTaxiB TOLWO) M aHTPOMNOreHHi (BUAW CMITTS: HUTKWU, CUHTE-
TWYHI BOMOKHA, WTYYHUIA NyX, WHYPKX, pubanbcbka BOMOCiHb, iNbTPU Bif BUKYype-
HUX LMrapok, nanip, TkaHuHa, apit Towo). ObumcneHo BiacoTKOBMI 06’eM MaTepianis
@HTPOMOreHHOro NMOXOLKEHHS.

Pesynbratu. [1Taxm BUKOPUCTOBYIOTL CMITTS ANs NoBynoBu rHisg. byno BuasneHo
OOCTOBIPHY Pi3HUMLIKD B HASIBHOCTI, KifTbKOCTi BMAIB Ta 06’€MHIi YacTuUi CMITTS y rHisgax
nraxiB y 6ioTonax pi3HOro pPiBHA 3aCMiYEHHS.

KinbkicTb rHi3g 3 aHTpPONOreHHMMM MaTtepianamu y npupogHux 6iotonax oyna
HaMHWXYOLo, i Anst nobygoBu rHI3A CMITTS Byno BUKOPUCTAHO NMOOLMHOKO Ta B HEBE-
JIMKIN KiNbKOCTI. Y NpupogHOMY CepefoBULLi JarieKo 3a MexaMu HaceneHux MyHkK-
TiB HANHWXYUMKU Bynn YacTKa rHi3g 3 aHTponoreHHUMM matepianamm (6,6 %), Kinb-
KiCTb BUAIB CMITTS (CepeaHe apudMeTnyHe + noxmbka cepegHboro apnpmeTUyHOro
0,08+0,02; mepgiaHa 0,00 %, keaptmuni Q1-Q3 0,00-0,00, n = 293) Ta ixHA ob’emHa
yacTtka (0,07+0,04 %; 0,00 %, 0,00-0,00 %, n = 293). lNpoTe HaBiTb 3a 4OCTATHLOI
KiNbKOCTI NMPUPOAHMX MaTepianiB NTaxu BUKOPUCTOBYBanuM CMITTA SK FHi3A0OBI maTe-
pianu, WO MOXe CBiguMTK Npo 3abpygHEeHHS cepefoBuLLa TakoX Aaneko 3a Mexamu
HaceneHux MyHKTIB i WO MNTaxu BUKOPUCTOBYIOTb CMITTA (CnewianbHO/BMNAAKOBO)
HaBiTb KONW € NPUPOAHI MaTepianu.

[Hi3ga 3i CMITTAM Ha OKONUUAX HaceneHuxX MyHKTIB BUSBMNEHO Y 3HAYHIN KiNbKOCTI
(y 63,2 % rHi3a); BOHU MiCTUNK Kinbka pisHoBuais cmitta (1,12+0,10; 1,00, 0,00-2,00,
n = 163) y nomipHin kinbkocTi (4,90+0,85 %; 0,10 %, 0,00—4,00 %, n = 163), wo moxe
CBIQYMTM NPO 3aCMiYEeHHSA cepefoBuLLa Ta, YacTo, NPO HaSABHICTb CTUXIMHUX CMITHUKIB
Ha OKOMULAX HacerneHnx NyHKTiB.

CwmiTTa y rHizgax nraxiB HandacTille BUSIBNANW B HaceneHux MyHKTax, Ae BOHO
HasgBHe, JOCTYMHEe i y 3HayHil KinbkocTi: 87,5% rHi3a, 3ibpaHux y mMexax HaceneHmx
NYHKTIB, MICTUMNW CMITTA Yy cBoemy cknagi. CepeaHs KinbKiCTb Pi3HOBUAIB aHTPOMOreH-
HUX maTtepianis (2,22+0,19; 2,00, 1,00-3,00, n = 64) (6inbwa y mictax (3,04+0,30; 3,00,
2,00—4,00, n = 25), Hix y cenax (1,69+0,21; 1,00, 1,00-2,00, n = 39) Ta o6’emMHa Kinb-
Kictb (5,52+0,89 %; 2,00 %, 0,10-8,50 %, n = 64) (6inbwa y mictax (6,93+1,22 %;
6,00 %, 2,00-10,00 %, n = 25), Hix y cenax (4,62+1,23 %; 1,00 %, 0,10-5,00 %, n = 39)
Oyna HanBumLLOH.

BucHoBku. CepenoBule BMNMBaE Ha HAsIBHICTb aHTPOMOrEeHHNX MaTepiarniB Y rHis-
Aax nraxiB. Y TpaHcopMoBaHuUx BioTonax (HaceneHi MyHKTW) YacTtka rHi3a 3i CMIiTTsM,
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KINbKICTIO Pi3HOBMAIB aHTPOMNOreHHWX Matepianis i ixHa 06’eMHa YacTka Bynu BinbLmmu.
lMTaxm He 3aBXan 3aCTOCOBYIOTb CMITTS 3@ Gpaky NPUPOAHMX KOMMOHEHTIB. BusaBneHo,
O HaBiTb 3a AOCTATHbLOI KifbKOCTi MPUPOAHMX MaTepianiB nTaxy BUKOPUCTOBYHOTb
WTYYHi. | HaBnaku, HaBiTb Yy JOCUTb 3acMiYeHOMY CepefoBULLi 3HaWAEeHOo rHisga, sKi
MOBHICTIO CKraganuca 3 NpUPOAHNX MaTtepianis.

Knrodoei cnoea: rHi3goBi MaTepiann, matepianu aHTPONOreHHOro NOXOMAXKEHHS,
3acMideHe cepenoBuLLe, ropobuenonibHi nTaxm
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