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Background. The winter avifauna of urban agglomerations is a rather dynamic
object of research, whose indicators differ across cities and years of observation.
Depending on the species characteristics and the level of anthropogenization, birds
in the territory of cities choose different types of habitats, which also requires analysis.

Materials and Methods. Research on the species composition of wintering birds
on the territories of Zhydachiv and Lviv urban agglomerations was carried out in winter
periods of 2020-2023 by means of field trips using the method of point records (Bibby
et al., 2000).

In order to count small species of Passeriformes accurately, a slightly modi-
fied version of this method was used. In this case, observations were carried out in
a double radius. Birds were recorded separately in R1 — up to 25 m and R2 — from
25 to 50 m. The optimal time for counting at one point is 8—10 minutes. The counting
area corresponds to a circle with a known radius. Research was carried out mainly in
morning hours — from 8:00 to 11:00 in the case of absence of heavy precipitation, fog
or strong wind.

Results and Discussion. After comparing the winter avifauna of urban agglo-
merations of the regional (Lviv) and district (Zhydachiv) levels, which differ in the
level of environmental transformation, we established certain differences. A total of
48 species of wintering birds have been recorded, of which the Common Goldeneye
(Bucephala clangula) and the Ural Owl (Strix uralensis) are protected by the Red Data
Book of Ukraine.
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Conclusion. For each of the agglomerations, dominant species of birds have been
determined. Admittedly, birds in the territory of cities seek to occupy a territory with
conditions most similar to the natural environment. Additionally, we attempted to under-
stand the patterns of distribution of wintering species in the study area and the reasons
for such placement.

Keywords: winter avifauna, urban ecosystems, synanthropic species, Lviv,
Zhydachiv

INTRODUCTION

Birds as a component of ecosystems play an important role in the structure of
natural communities. A decrease in the number of certain species or even entire bird
complexes in anthropogenically transformed biotopes is observed quite often. Some
species «thrive» in new artificial ecosystems, while others are negatively affected.
Some representatives of urban avifauna may benefit from such a residence, for exam-
ple a warmer climate, especially during winter period, as well as additional food source
of anthropogenic origin. However, birds also face many new and potentially stressful
anthropogenic factors, such as constant presence of humans, high density of predators
(e.g. cats and dogs), noise and light pollution. These factors create a sort of selective
environment that gives preference to the individuals which are able to adapt to such
“urban conditions” (Partecke et al., 2006).

The radical transformation of landscape combined with the excessive needs of
cities for resources beyond their borders has profound and negative consequences for
ecosystems. Urbanization processes lead to habitat loss, degradation, and fragmenta-
tion. These factors have a negative impact on biodiversity (Piano et al., 2020).

On the territory of cities, the species richness of birds decreases sharply in com-
parison with natural habitats. It is also characterized by a significant increase in quan-
titative indicators and the dominance of a limited number of species (Peneaux et al.,
2021; Wood & Esaian, 2020). In urban areas, wildlife often encounters new, potentially
stressful situations, such as changes in food resources, interactions with new species,
increased human pressure and exposure to pollutants (lglesias-Carrasco, 2020).

Despite the adverse effects of urbanization on local species, many of them have
successfully adapted to the biotic and abiotic conditions of urban habitats. Although
urbanization reduces the overall diversity of birds, many species thrive in the anthro-
pogenically transformed environment (Bhatta, 2023). This can be explained by the fact
that urban ecosystems provide enough food resources for birds and have a more mode-
rate and relatively stable microclimate and fewer natural predators than in the natural
environment (Méndez et al., 2020).

Many cities often have fragments of vegetation under protection, which help to sup-
port biodiversity (Bhakti et al., 2020). Green urban infrastructure has a positive impact
on human health and provides habitat for animals (Felappi et al., 2020; Machar et al.,
2022). The diversity of birds in city parks is more related to natural factors than to
anthropogenic; however, these areas are significantly affected by recreational activi-
ties. The factors that affect the diversity of birds in urban green areas require further
comprehensive research.

Due to constant anthropogenic transformation of the natural environment, the
study of the organization of natural ecosystems on the biotope level is necessary for
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understanding of their stable functioning, which is important for the current issues of
biodiversity conservation. The evaluation of changes in the number of wintering bird
species is an important element of ornithological monitoring of species richness and the
condition of their natural populations.

MATERIALS AND METHODS

Research on the species composition of wintering birds on the territories of
Zhydachiv and Lviv urban agglomerations (Fig. 1) was carried out in winter periods of
2020-2023 by means of field trips using the method of point records. This method is
suitable for counting birds at some points, beyond which the observer does not record
any species at all when moving between the points with a fixed detection band (Bibby
et al., 2020).
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Fig. 1. Boundaries of urban agglomerations (a - Lviv, b - Zhydachiv) and types of dwellings.
The following habitat types within the territories of Zhydachiv and Lviv urban agglomerations were
distinguished: a1, a2, c1, c2, c3, d2, e, f, r2, fm, fia habitat types are characteristic for Zhydachiv
agglomeration, while a1, a2, b1, b2, b3, c1, d2, e, fm, fia for Lviv one, accordingly (Bokotei, 2019)

Note: a1 — old densely built-up downtown districts with small greenery areas; a2 — old densely built-up
downtown districts with large greenery areas and modern multi storey building district inclusions;
b1 — modern multi storey buildings with small greenery areas; b2 — modern multi storey buildings with
medium greenery areas; b3 — modern multi storey buildings with medium greenery areas and private
building district inclusions; b4 — modern multi storey buildings with large greenery areas and private
building district inclusions; c1 — private buildings with large greenery areas; c2 — private buildings
with large greenery areas and multi storey building district inclusions; c3 — private buildings with large
greenery areas and old dense building district inclusions; d1 — industrial buildings with small greenery
areas; d2 — industrial buildings with medium greenery areas; e — parks and cemeteries; f — ruderal
areas; r1 — riparian areas without greenery; r2 — riparian areas with greenery; fm — forests; fia — agri-
cultural fields; fig — dumping grounds; cf — sewage plants (Bokotei, 2019) (Notations are relevant to
the rest of the figures)
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In order to count small species of Passeriformes accurately, a slightly modified ver-
sion of this method was used. In this case, observations were carried out in a double
radius. Birds were recorded separately in R1 — up to 25 m and R2 — from 25 to 50 m.
The optimal time for counting at one point is 810 minutes. The counting area cor-
responds to a circle with a known radius. Research was carried out mainly in morning
hours — from 8:00 to 11:00 in the case of absence of heavy precipitation, fog or strong
wind. In total, we established 1.514 points for accounting (Lviv — 1.406, Zhydachiv —
108). On average, observations were repeated in duplicate per point in Lviv, and in
triplicate per point in Zhydachiv.

During the surveys, bird species were recorded by the following optical devices:
Sigeta Farland binoculars (8x40); Canon EOS 250D (Focal distance: 28—-88) and Nikon
P1000 digital cameras (Focal distance: 24—3000). The species of birds were determined
by the following keys: “Ptakhy fauny Ukrayiny (Birds of the fauna of Ukraine)” (Fesenko
& Bokotei, 2002) and “Collins bird guide“ (Svenson et al., 2009). Scientific names of
birds are used in accordance with the “The Annotated List of the Ukrainian Scientific
Names of the Bird Species Belonging to the Fauna of Ukraine (with Characteristics of
Status of the Species)” (Fesenko & Bokotei, 2007).

The collected data are stored as electronic accounting lists in the program — eBird
(Cornell University) and All-In-One Offline Maps. Google maps and QGiS were used for
mapping. MS Excel 2016 software package (©Microsoft) was used for the evaluation of
the biodiversity level.

The comparative characteristics of bird species composition in different areas were
calculated using the Jacquard similarity index (K)):

K =cl(a+b-c)
where: c is the number of species occurring simultaneously in area “1” and “2”; a — num-
ber of species in area “1”; b — the number of species in area “2”.

To analyze the dominance structure of bird species, we used the following classi-
fication: dominants (the species part is >10 %), subdominants (1-10 %) and recedents
(<1 %).

In the territories of both agglomerations, slightly different types of habitats can be
distinguished, which is explained by the absence of modern multi storey buildings on
the territory of Zhydachiv agglomeration and the presence of the Stryi River that flows
through the territory of the town. In contrast, in Lviv, such a type of habitat as riparian
area with or without greenery cannot be found as there are no open rivers here. Also,
in the territory of Lviv agglomeration three types of multi storey buildings with diffe-
rent parts of greenery area were identified, whereas in Zhydachiv agglomeration, dif-
ferent types of buildings can be distinguished including multi storey ones as well as old
densely built-up districts.

We start the field season according to meteorological indicators, such as: the for-
mation of a constant snow cover, as well as the presence of a constant negative tempe-
rature (usually at the end of November). We finish the field season when these constant
indicators decrease (usually in the middle or at the end of March).

RESULTS AND DISCUSSION

Zhydachiv agglomeration. During the survey on the territory of Zhydachiv agglome-
ration, 45 species of wintering birds were recorded and identified, two of which, namely,
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the Common Goldeneye (Bucephala clangula) and the Ural Owl (Strix uralensis) are
included to the Red Data Book of Ukraine (Akimov, 2009; Shydlovskyy et al., 2023).

After calculating the percentage ratio of each species, it was established that the
dominant species in winter period of 2020-2021 were the Great Tit (Parus major) —
21.7 % and the Rook (Corvus frugilegus) — 12.3 %; in 2021-2022 — the Mallard (Anas
platyrhynchos) — 23.6 %, which is most likely caused by the mild winter favorable for the
mass wintering of this species. In the winter period of 2022-2023, the dominant species
on the territory of Zhydachiv agglomeration were the Rook — 13.5 % and the Great Tit —
11.5 %. A high share of the presence of mallards in the winter season of 2021-2022 can
be explained by a mild winter, due to which water bodies did not freeze.

Our observations show that birds in urban areas tend to occupy territories with
a significant amount of trees and shrubs, as well as forage of plant origin, such as
weed seeds, which are the main food source for many species of birds. In the course
of research on the distribution of different species of birds in urban agglomerations,
P. R. Martin and F. Bonier (2018) put forward several hypotheses that can explain the
spatial distribution of wintering birds. One of the hypotheses is related to the competition
of urban species among themselves, which we also followed in the course of our own
research. For example, the gray pigeon actively competes with small sparrow-like birds,
such as the house sparrow. Thus in those types of dwellings where we recorded a large
number of gray pigeons, we did not record or recorded the minimum number of house
sparrows, although such a correlation with the number of gray pigeons, according to our
observations, does not in any way affect the population of another dominant species
of urban areas — the great tit. We believe that this is primarily due to the differences in
nutrition of these two species.

The bird species whose numbers were the highest during winter periods of 2020—
2023 were the representatives of Passeriformes, with the shares of 75.8 % (2020—
2021), 63 % (2021-2022) and 73 % (2022-2023), respectively.

The species recorded on the territory of Zhydachiv agglomeration refer to 21 fami-
lies. The most numerous ones are the Corvidae, the Paridae and the Anatidae.

Types of wintering habitat “f” and “c1” were the most similar in terms of species
composition in 2020-2021 (Fig. 2). In the next winter period (2021-2022), the most
similar habitats were “d2” and “r2” (Fig. 3). In 2022—2023, the most similar ones were:
“r2” and “fia” (Fig. 4).

We can see in Figure 2 that “f” habitat type has the most similar bird species com-
position to “c1” type (Jaccard coefficient 0.7). Probably it creates the best conditions for
protection and feeding of wintering birds. This is less typical for “c3”, as well as for “e”
for which the Jaccard similarity coefficient is 0.5.

Figure 3 shows that “r2” has the most similar bird species composition to “d2” (the
Jaccard similarity coefficient is 0.7). On the contrary, due to its specificity and lack of
sufficient green space and forage base, “d2” has almost nothing similar to the other five
habitat types (“a2”, “c3”, “f’, “fm”, “fia”), where the similarity coefficient is only 0.1.

According to Figure 4, “r2” is most similar to “fia”, which is associated with a signifi-
cant open water surface area and the field itself (he level of similarity is 0.7). Also, a high
level of similarity is observed with “c1” and “fm”, which is probably related to the pre-
sence of a sufficient number of shrubs that serve as hedges and food collection sites,
and create good protective conditions (similarity level is 0.5-0.6).
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Fig. 3.

Fig. 4.

Comparison of the species composi-
tion of the avifauna of “f” habitat type
with others according to the Jaccard
similarity index (2020-2021)

Comparison of the species compo-
sition of the avifauna of “d2” habitat
type with others according to the
Jaccard similarity index (2021-
2022)

Comparison of the species compo-
sition of the avifauna of “r2” habitat
type with others according to the
Jaccard similarity index (2022—
2023)

Lviv agglomeration. During the research period in Lviv agglomeration, 32 species
of wintering birds were recorded, of which the Eurasian goshawk (Accipiter gentilis) is

included in Appendix Il of the CITES Convention.

Based on the data of the percentage ratio of species, it was established that the
dominant species in winter period of 2020-2021 were the Great Tit (18 %) and the Rook
(15 %). The Rock Pigeon (Columba livia) — 41.8 %, whose percentage has increased
significantly compared to the previous year, the Great Tit — 21 %, the Rook and the
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Hooded Crow (Corvus cornix) — 19.4 % and 14 %, respectively, were the dominant spe-
cies of the 2021-2022 winter period. Similar data were obtained for 2022—2023 winter
season: the Rock Pigeon — 47.84 %, the Great Tit — 21.1 % and the Rook remained on
the same level — 15 %.

The bird species with the highest numbers in the winter period of 2020-2021
belonged to Passeriformes, whose share was 85.1 %. In 2021-2022 and 2022-2023,
the share of this taxonomic group of birds was 56 % and 55 %, respectively. It is impor-
tant to note that the percentage of the Columbidae has grown significantly and currently
accounts for 44 %. This is due to the fast growth of the population of the Rock Pigeon,
which is an absolute urbanist and has adapted well to living in the urban environment.
The main reasons for this are a significant number of warm places, the availability of
food resources in winter, the possibility of constant reproduction and a small number of
predatory birds.

According to the obtained data, we found that the largest number of species
recorded during 2022—-2023 winter period on the territory of Lviv agglomeration belong
to the following three families: Columbidae, Corvidae and Paridae.

The results indicate that in 2020-2021 winter period “a1” and “a2” habitat types
were the most similar (Fig. 5). In the winter period of 2021-2022, the highest simila-
rity between species composition of avifauna was noticed between types “b3” and “d2”
(Fig. 6). In 2022—-2023, the most similar were “b1” and “e” habitat types (Fig. 7).
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ery area — with the other habitats
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Data presented in Figure 4 indicate the variability of similarity level of “a2” com-
pared to the other habitat types. In such type of habitat, appear well synanthropized
species of birds that can feed from feeders or garbage cans. An almost complete dis-
similarity of “a2” and “c1” types is noticeable, which is due to the absence of shrubs
in the central part of the city that serve as a perch and a place for feeding for small
sparrow-like birds (the similarity index is 0.1). One of the reasons for the disappearing of
sparrows from the central part of Lviv was the cutting down of shrubs (Save the House
Sparrows, 2021).

“B3” is a universal type of habitat for almost all bird species which have a sufficient
level of synanthropization (Fig. 6). The only complete dissimilarity is observed when
compared to “fm”, which is explained by the lack of species with a low level of synatropi-
zation that usually do not visit transformed areas.

According to Figure 6, “b1” habitat type shows a lot of similarity with certain habitat
types, while being quite different from others. The similarity is caused by the presence
of synanthropic bird species, a high diversity of the forage base and a moderate amount
of trees and shrubs. Differences with other habitats are caused by similar reasons men-
tioned in the analysis of Figures 5 and 6.

Comparison of Lviv and Zhydachiv agglomerations by winter avifauna habitat
types. The Jaccard similarity index (K)) was also used to reveal the similarity between
the species composition of the avifauna in the territories of Zhydachiv and Lviv agglom-
erations for the winter period of 2020-2023. However, since different types of habitats
are distinguished on the territories of these agglomerations, we conducted a compara-
tive analysis of only those types that were present in both agglomerations during the
years of observation.

According to the obtained results, “a1” and “c1” habitat types were most similar in
terms of the species composition of winter bird fauna (for the period of 2020-2021). The
results are presented in Figure 8.

According to Fig. 8, a high level of variability of the similarity is observed in the
territories of urban agglomerations at the district and regional level. The reason for
this, in our opinion, is a combination of factors: the level of urbanization and the level
of synanthropy of wintering birds, meteorological features of each field season and the
availability of the forage base. However, the above is not always true for other cities
(Thompson et al., 2022; Dementieieva, 2021).
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The average value of bird number in each of the habitat types was calculated and
is presented below (Fig. 9).
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Fig. 9. Comparison of the quantitative indicators of avifauna in the research areas of each year and their
average value
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Differences in the quantitative indicators of bird fauna of different types of habi-
tats on the territory of two urban agglomerations are explained by different levels of
urbanization, as well as meteorological indicators of winter conditions. The winter of
2020-2021 was relatively mild, with moderate precipitation and not constant negative
temperature indicators. Thus, the quantitative distribution of birds was generally simi-
lar between the studied agglomerations. However, abnormally high density of avifauna
was observed on the territory of Zhydachiv agglomeration in “d2” habitat type, mainly
comprising the Great Tit and the Rook. This was due to the presence of a large number
of people in “d2” area during the research season that winter, which attracted these two
well-anthropogenic bird species.

The winter of 2021-2022 was rather cold with frequent persistent snow cover and
significant negative temperatures, which encouraged birds to visit “fm” and “fia” territo-
ries more often within more anthropogenic Lviv agglomeration than in Zhydachiv one.

The winter of 2022—2023 was mostly warm, without significant snow cover and
without significant negative temperature values. Therefore, the distribution of repre-
sentatives of winter avifauna was mostly homogeneous, without significant differences.

In general, the qualitative distribution of birds indicates a strong tendency to visiting
the areas with a higher level of anthropogenization during the seasons with unfavorable
meteorological conditions in order to find sources of food and comfort and to reduce
the level of energy expenditure. If the meteorological indicators remain acceptable for
the survival of birds in the territories with a lower level of anthropogenization, the birds
prefer habitats in the territories of smaller agglomerations. This distribution, to a greater
extent, is provoked by the attraction of birds to the territories more familiar to them,
since highly androgenized areas often cause increased anxiety levels in birds (Martin
& Bonier, 2018; Dixon, 2022). R. Thompson, M. Tamayo, S. Sigurdsson (2022) also
recorded the highest qualitative and quantitative indicators of bird fauna in similar terri-
tories. Apparently, the reason for such distribution of avifauna is the relatively rich forage
base and the affinity of these territories with the locations that are common for birds.

CONCLUSIONS

The study on the species composition of birds on the territory of Zhydachiv and
Lviv urban agglomerations during the winter periods of 2020-2023 was conducted.
A total of 48 species of wintering birds were recorded, of which the Common Goldeneye
and the Ural Owl are protected by the Red Data Book of Ukraine. Dominant species of
birds have been determined for each of the agglomerations: the Rock Pigeon (31 %),
the Great Tit (19 %), the Rook (17%) for Lviv and the Rook (18 %), the Mallard (16 %),
and the Great Tit (15 %) for Zhydachiv.

According to our observations, Lviv agglomeration has shown a significant increase
in the percentage of the number of pigeons, in particular gray ones over the past two
years. Presumably, this tendency will persist, as this species is found in all types of
habitats, but mostly in urbanized areas, both in the vicinity of new and old high-rise buil-
dings. In our opinion, the number of house sparrows during the winter, in our opinion,
depends on the intensity of the anthropogenic transformation of urban agglomerations.
In the central part of Zhydachiv, we recorded a small number of birds of this species
every year, and in the central part of Lviv, during the three years of research, the house
sparrow was never detected.
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A comparative analysis of the types of biotopes on the territory of Lvivand Zhydachiv
city agglomerations was carried out. To reveal the similarity between the same types
of biotopes in the territories of both agglomerations, the Jacquard similarity index
was calculated. It is 0.1 for such types of biotopes as “a2” and “c1”, which indicates
a low similarity between these agglomerations.

Based on the obtained results, it can be stated that the highest diversity of bird
species is observed in such types of habitats as “e”, “fm” and “fia”. This result indi-
cates that birds in the territory of urban agglomerations give preference to the territories,
which are as similar as possible to the natural environment in terms of their conditions.
Heavily transformed types of habitats, such as “d1” serve as a wintering place only for
synanthropic bird species, which is due to the significant differences of these areas from
natural habitats.
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TUMWU OCENMULL 3UMOBOI OPHITO®AYHU MICbKUX ATMTIOMEPALLIA:
NMOPIBHAHHA 3A AKICHUMU TA KJTbKICHUMW NOKA3HUKAMMW

Baduwm XKyneHko, PokconaHa [pekasno

JlbeigcbKul HayjioHanbHUl yHieepcumem imeHi leaHa ®paHka
syn. pywescbkozo, 4, Ilbeie 79005, YkpaiHa

O6r'pyHTYBaHHSs. 3MMOBa OpHiTohayHa MiCbK1X arnomMepaLiin € 4oCUTb ANHAMIY-
HUM OB’€EKTOM AOCnigXeHb, MOKA3HUKM SIKOrO BiAMiHHI B Pi3HMX MiCTax i B pi3Hi poKu
crnocTepexeHb. 3anexHo Bif, BUOOBUX OCOOMMBOCTEN i PiBHS aHTpOMoreHisadii ntaxu
Ha TepuTOpIi MIiCT 06MpatoTh Pi3HI TUNKU OCENULL, Lo Takox notpebye aHaniay.

Matepiann Tta Metoau. [JOCnigKeHHs WOOO0 BCTAHOBMIEHHS BWOOBOrO cKragy
3UMYOYMX NTaxiB Ha TepuTopisax XXugadiscbkol Ta J1bBIBCbKOI MiCbKMX armomepadin
nposoaunu B 3umosuii nepiog 2020-2023 pp. NonboBUMU BUi3gamu, 3aCTOCOBYHOUU
MeTOoZ TOYKOBMX OOMIKIiB i3 (hiKCOBAHOK CMYTOK BUSIBIEHHS.

[lna TouHoro migpaxyHky apidbHMX BUAiB ropobLenoibHnX BUKOPUCTOBYBaNM TPOXU
MoandikoBaHW BapiaHT Lboro metody. BignosigHo, 06nikv NpoBOAMNM y NoABIIHOMY
pagiyci. Okpemo cikcyBanu ntaxis y R1 (0o 25 m) i okpemo y R2 (Big 25 m go 50 m).
OnTumanbHWiA Yac nepebyBaHHA Ha ofHin Toyui 8—10 xB. Y uboMy pasi nnowa obniky
Bignosigae kony 3 BigoMum pagiycom. [JocnigXeHHA NpoBOANSIM NEPEBaAXXHO B PAHKOBI
roguHy — 3 8:00 go 11:00 y gHi 6e3 psacHMX onagis, TYMaHy 4v CUIbHOIO BITPY.

PesynbTtaTu. [NopiBHABLUM 3MMOBY OpHiTOdayHy MiCbKMX arnomepadii obnacHoro
(JlbBiB) Ta paroHHoro (PKvpadiB) piBHIB, SIKi pi3HATBLCA 3a CTyneHeM TpaHcdopmalii
cepefosuLLla, MM BCTAHOBUIW MEBHI BIAMIHHOCTI, OOQHIEKD 3 MPUYUH SKUX € pidHa Mipa
aHTponoreHisauil umx Teputopi. CymapHo 3adhikcoBaHo 48 BUAIB 3MMYHOUMX MTaxis,
i3 skux roronb (Bucephala clangula) Ta coBa gosroxsocTa (Strix uralensis) 3aHeceHi
00 YepBoHOT KHUMM YKpaiHW. [0ns KOXHOI 3 arnomepalii BU3Ha4eHO JOMiIHaHTHI BUAK
nTaxis.
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BucHoBKK. Ha OCHOBI ogepxaHux pesynbTaTiB MOXHa CTBEpAXyBaTW, WO Hau-
OinbLue BMOOBE Pi3HOMAHITTA NTaxiB € B TUMax ocenuiy “napku Ta cksepwu”, “nic” i “cinb-
cbkorocnogapceki nons”. Lle Bkasye Ha Te, WO nNTaxam y MicTax BNacTUMBO 3ammati
TepuTopito, sika 6u 3a cBOiMKM ymMOBaMu Oyra MakcMMarbHO HabnukeHow 40 nNpupoa-

HOTO cepeaoBuLLa.

Knroyosi crioea: 31moBa OpHiTOohayHa, MiCbKi €KOCUCTEMWU, CUHAHTPONMHI BUAMW,
J1bBiB, XXnpgauis
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