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Species and numeric composition of bird communities were analyzed in parks of Lviv
based on results of monthly censuses on 20 linear transects on eight study plots. During
the year, 79 bird species that belong to eight taxonomic orders were registered Birds’
diversity was assessed by species number and Simpson index and it varies throughout
the year and denotes higher level during the breeding season. Similarly, birds’ density is
the highest in breeding season, but it also has a less expressed peak in winter period. This
shows that biotopical preferences to be presented in urban greenery of particular birds are
especially notable only while breeding, but in non-breeding season those birds stay resi-
dent in scale of the city though disperse in other habitat types. Between-months, stability
of species composition (assessed by Jaccard index) and numeric composition (by Bray—
Curtis index) was analyzed. Communities were the most stable during the breeding sea-
son as birds are related to their nesting sites. According to zoogeographic classification,
European species dominate during all months. Siberian, Transpalearctic and Mediterra-
nean species also play role in forming of the community structure. The main food resour-
ces type which compensates energy demands of birds during the breeding season is
invertebrates; this shows the importance of birds in controlling the abundance of inverte-
brates in urban ecosystems. Seeds are also important food resource types, especially
during the non-breeding period. Abundance variability of part of species is related with
season. Three main groups of these species were defined: breeding migrants (mainly
songbirds such as Fringilla coelebs, Erithacus rubecula, Sylvia atricapilla, Phylloscopus
collybita etc., also Columba palumbus), wintering migrants (Spinus spinus, Turdus vis-
civorus, Bombycilla garrulus, Pyrrhula pyrrhula) and residents (typical synanthropic spe-
cies whose numbers vary: Turdus merula, Coccothraustes coccothraustes, Troglodytes
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troglodytes, Cyanistes caeruleus etc.). The last ones, probably, migrate in non-breeding
seasons to other habitat types, that can explain their abundance variability.

Keywords: seasonal variation, urban ecosystems, synanthropic species, bird
species composition, urban forest, bird community

INTRODUCTION

The consequences of urbanization processes on wildlife are known widely: eco-
nomic growth in human society could be one of the reasons of species endanger-
ment [11], habitat loss and fragmentation are thought to be the main reasons of biodiver-
sity declining and populations extinction [7, 13]. In those conditions species have two
possible options — to avoid urban habitats or to accept new conditions [16]. Accepting
new conditions, or synurbization sensu M. Luniak [4, 25], provides the species with some
benefits such as a milder microclimate, food, places to hide etc. (as well as dangers such
as heavy metal poisoning [36], stress [26] and behavioral changes [32]). Thus, this phe-
nomenon is common for many animal species.

Bird’s diversity and composition are also being affected by changes caused by ur-
banization [5, 10, 19, 27]. Furthermore, considering their abundance, mobility and spe-
cies richness, birds are appropriate indicators of changes in ecosystems, animal com-
munities or landscapes [14, 20, 21]. This reveals why birds are common objects in
ecological studies, especially in urban habitats. From the view of avifauna, it is impos-
sible to consider the city as a single whole, and in most research the city is considered
as a complexity of different habitat types [2, 6, 9] that makes synurbization processes
easier to study in birds.

In general, habitat diversity of city urban greenery, e.g. urban parks and forests,
is one of the most stable and productive in ecological meaning habitat type, which is,
in fact, an “island” of wildlife in the city. It depends on origin, and can be actually a re-
sidual of native ecosystems [30]. Some authors assume that large urban parks could be
a buffer for penetration of wild species into the city [37], but this question hasn’t been
studied enough. Nonetheless, it is known that bird diversity is high compared to other
habitat types in urban parks [8, 28, 38, 40], and changes in the most diverse commu-
nities are the most informative [35], which makes urban greenery the best habitat type
to study.

While spatial distribution and dynamics of bird communities in urban parks is stu-
died well, less attention is paid to its time dynamics [24]. Bird communities are variable
because of variation in species biology features and their migration status [17]. Bird-
habitat relationships are unstable during the year a breeding and non-breeding pe-
riods [29]. Also migrant species contribute to general seasonal variability and birds of
some species wander during the non-breeding season which means changes in their
habitat preferences during the year without visible effects on species abundance on
a local scale. Annual habitat preference or migration cycles affect the composition of
a bird community in places with ecological consequences; it is more important to under-
stand it in the context of possible effects of urban heat island as a part of urbanization
process on birds phenological features [41].

Summarizing, information about seasonal dynamics of bird communities supple-
ments fields of avian biology and general ecology common with topics of urban plan-
ning [24], predicting changes of bird diversity and composition caused by anthropogenic
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landscape transformation, which could indicate about possible future changes in other
taxonomic groups and whole ecosystems, biogeographical changes and synurbization
mechanisms. Also, annual dynamics, stability of community structure and dynamics of
diversity level show the stability of ecosystems and primary productivity [23], according
to the species-energy hypothesis [12]. This can show possible deficiency in urban
greenery management — a problem that is being acutely felt in the Ukrainian cities.

The aim of this work was to reveal general tendencies of the dynamics of bird com-
munities in urban parks, i.e. to provide a descriptive study of this phenomenon. Primarily,
it was decided not to look at avian community in a discrete way, i.e. during breeding or
non-breeding season, but to concern the composition dynamics as a continual process
as in [32].The objectives were (1) to reveal the species composition and community
structure of birds in urban greenery during throughout the year, (2) to define the time of
peaks of diversity, abundance of birds and stability of the whole community, (3) to study
changes in ecological (viz. trophic) and biogeographical structure of bird communities,
and (4) to reveal the abundance dynamics of most common forest bird species.

MATERIALS AND METHODS

Study area. Bird surveys were conducted in Lviv city (Western Ukraine, 49°49'N
24°00’E). Lviv is a city located on the main European watershed between the East Eu-
ropean Plain and the North European Plain. The total population is approx. 725 thou-
sands inhabitants and the area of administrative boundaries equals 182 km?2. The area
of urban greenery, according to the city council, is 4419 ha (24 % of total city area).

Study plots (n = 8) were chosen in order to represent the whole parks and forests on
the area of the city. Linear transects (in sum, n, = 20) each of 500 m length and 100 m
width were paved, the number of those per plot depended on the total area of model plot.

Holoskivsky cemetery is allocated in the northern suburbs, A = 80.3 ha, n,= 3. In
fact, the cemetery is a part of the Briukhovitsky forest massif (A = 3200 ha) — typical
Roztocze forest, which has undergone strong anthropogenic transformation. Pinus syl-
vestris, Thuja occidentalis, Betula pendula and Acer platanoides are the most common
tree species on studied transects.

Yanivsky cemetery is located in the northwestern part of the city, and it is an old
cemetery. A = 30 ha, n, = 2. Acer platanoides, Robinia pseudoacacia, Betula pendula,
Thuja occidentalis and Fraxinus excelsior are the most common tree species.

Bilogorshcha forest is located in western suburbs near the mire and village-like part
of the city. A = 195 ha, n, = 4. Alnus glutinosa, Quercus robur, Pinus sylvestris, Betula
pendula and Carpinus betulus are the most common. There are one derelict pond and
a stream on that area.

Lychakivsky park and Lychakivsky cemetery are located in the eastern part of city,
both are old green areas. A= 10 ha and A= 34 ha, respectively; n, = 3. Acer platanoides,
Fraxinus excelsior, Thuja occidentalis and Pinus sylvestris are the most common.

Pohulianka forest park is adjacent to the Lychakivsky park and stretches east.
A =108 ha, n, = 3. Fagus sylvatica, Carpinus betulus, Acer sp., Picea abies and Alnus
glutinosa are the most common.

Stryisky park is an old park in the central part of city. A = 52 ha, n, = 3. Acer sp.,
Tilia cordata, Fraxinus excelsior, Fagus sylvatica, Carpinus betulus and some exotic
species, such as Salix babylonica, Ginkgo biloba and Mahonia aquifolium, form the tree
community. There is one big decorative pond “Pond with swans” on the area.
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Osvytsky Gai park is located in the southern suburbs near the Zubra river. A =
82 ha, n, = 2. Acer platanoides, Alnus glutinosa, Quercus robur and Fraxinus excelsior
are the most common.

Bird surveys. Bird surveys were conducted on each linear transect every month
during a period from December 2017 to November 2018. Linear transects method was
chosen and data obtained using this method are the most representative concerning the
whole community structure [18, 3]. Birds were located at the same distance (50 m on
both sides from observer) in all months. Surveys were carried out during 20—30 min time
period on each transect in morning hours of days without strong wind, rain, or snow.
During the non-breeding season, each observed individual was registered as one, both
resident and migrant birds were countered; during the breeding season, adult individu-
als, which probably was breeding, and juveniles were counted. This approach was used
to emphasize the ecological value of each individual in the whole community, not only
breeding birds. Bird species were identified by sounds or appearance; in cases of misi-
dentification (poor information such as non-typical song or calls, quick visual observa-
tion), observations were ignored.

Private property rights were not violated during the progress of this study, entran-
ces to all model plots are free (with exception of the Lychakiv cemetery where all tickets
needed were bought).

Data analysis. Data analysis was performed using the R environment (3.5.1) [34]
in RStudio (1.1.447). Packages xtable, psych, ggplot2 and dplyr were used; also own
unpublished functions were used in this work for calculating Jaccard, Bray-Curtis and
Simpson indices.

We used the data from each separate census (n = 12 months x 20 linear transects
= 240 censuses) for analysis. Abundance of birds was not recalculated to define the
density of each species because transects of similar area (500x100 m) were used.

Community diversity was calculated using Simpson diversity index [22]; it was cho-
sen since it assess diversity in [0; 1]-scale.

Stability between months on a defined transect was assessed using Jaccard simi-
larity index for species presence-absence matrix and Bray-Curtis similarity index for
community composition sensu lato similarity [33, 42].

Trophic preferences and zoogeographical fauna type of species became known via
data of the Zoogeographical Databank of the Institute of Systematics and Ecology of
Animals of SB RAS based on the works of Stegmann [39]. This databank describes the
zoogeographical fauna type (in sum, 18 types; species of 6 types was presented in our
data) and trophic preferences (the combination of six group: insectivorous, seed- and
fruit-eaters, vegetative parts of plants eaters, raptors, insectivorous in the first part of
summer and seedeater in the second, insectivorous and seedeater in the first part of
summer and pure seedeater in the second; preferences described for each season:
autumn, winter, spring and summer) of each species. What concerns trophic prefe-
rences, it is obviously that the sum of parts of different trophic groups in the community
can be more than one, because some species can mix different diets. For example,
according to the Databank, Dendrocopos major is both insectivorous and seedeater in
winter. To assess the abundance of individuals of species belonging to certain ecologi-
cal group or fauna type mean value was calculated ignoring cases of absence of these
group representatives.
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RESULTS AND DISCUSSION

79 bird species were registered during one year in urban greenery in Lviv. Those
taxa are listed in the Supplement according to HBW and BirdLife International taxonomy
[15]. For example, the number of species that breed in parks and forests in Lviv (but
only within the ecological merges) was assessed as 61 in 1994-1995 and the number
of wintering species was 38; in sum, 67 species was registered in this study period by
the team of ornithologists (described in PhD thesis of A. Bokotey, 1998). There are some
differences in the species list caused by strong declining of some species in the city (for
example, Passer domesticus and Streptopelia turtur were observed in the 1990s), rare
observations of the species (Picus viridis is rare and is being under protection of the
National Red List), some species was not observed during this study due to probabilistic
reasons (Athene noctua and Asio otus — because special night censuses were not con-
ducted; Anthus trivialis, Emberiza schoeniclus). Some species that were not mentioned
by Bokotey were observed in this study, mainly because it concerned the periods of
migrations (but other reasons, such as changes in populations or differences of study
plots, can be also considered): Accipiter gentilis, Buteo buteo, Columba palumbus,
Scolopax rusticola, Strix uralensis, Dendrocopos leucotos, Delichon urbicum, Hirundo
rustica, Alauda arvensis, Motacilla alba, Lanius collurio, Phylloscopus trochilus, Fice-
dula hypoleuca, Turdus iliacus, Lophophanes cristatus, Certhia brachydactyla, Fringilla
montifringilla, Acanthis flammea and Loxia curvirostra.

Species richness summarized on all transects is the lowest during the non-bree-
ding period: it changes from 38 species registered a month in July to 30 species in August
and stays on this level till the end of winter (28 in September, 30 in October, 27 in No-
vember, 31 in December, 30 in January, 27 in February). The breeding season is the
period of high species richness among birds in urban greenery: 39 species were regis-
tered in March, 44 — in April, 43 — in May, 45 — in June and 38 — in July (see not sum-
marized data on Fig. 1).

Averaged by month, all three parameters that can assess diversity level — sum of
individuals of all species (which does not actually mean the diversity level), species rich-
ness and Simpson diversity index — indicate that the peak of diversity level matches with
the beginning of breeding season in that latitude — end of March (2n,,, =40.95+17.14 SD
ind./5 ha, Simpson 1-D = 0.87+0.04, n_, = 12.95+2.76) and whole April (Zn, , =79.1+21.58,
Simpson 1-D = 0.90+0.02, n, = 16.40+2.78). It can be concluded that urban greenery is
the more preferred biotope type by some bird species for breeding than for residence
during the non-breeding season. | presume that this phenomenon is connected with
some general biotope characteristics, i.e. abundance of safe places for nesting, than
with food resource preferences, insofar as if the second option was true, the species
richness would be saved during the whole vegetation season. Besides that, the peak of
the sum of individuals can be explained by fledglings, but it is uncertain considering the
data gathering methods.

Between-months, species composition stability (Fig. 2) calculated with the Jaccard
index doesn’t change significantly (ANOVA results for pairs Nov/Dec, Dec/Jan, Jan/Feb,
Feb/Mar are F(3, 76) = 0.415, p = 0.743) during the winter (Table 1). Significant changes
of Jaccard indices were observed, again, in the beginning of the breeding season (Welch
Two sample t-test for Jy,,a,r @Nd Jpo s, t = -5.211, p-value = 7.7-10°) and in the period
between June and July (for J and J,,,, t =2.598, p-value = 0.013).

May/Jun
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Fig. 1. Annual dynamics of all-species birds abundance, species richness and diversity assumed with Simp-
son index by linear transects (A = 5 ha) in urban greenery in Lviv. The interquartile range is shown as
a box, the ends of the whiskers represent the minimum and maximum of all of the data, black dots are
the outliers

Puc. 1. PiyHa guHamika uncenbHOCTI nTaxiB ycix BAAiB, BUAOBOro 6araTtcTBa Ta pi3HOMAaHITTA (3a iHOeKCoM
CimncoHa) nTaxiB Ha MiHinHWMX TpaHcekTax (A = 5 ra) y 3eneHux 30Hax JlbBoBa. MiXKBapTUIbHUI
po3max 306paxeHo sk “KOpobOKy”, KiHUi “ByciB” BignoBigalTb 3aranbHOMY po3maxy AaHux, Kparnku
no3HayarTb BUKMAN
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Fig. 2. Between-months, bird community stability was assessed with paired comparison similarity indices:
species composition stability was assessed by Jaccard index and community structure stability was
assessed by Bray—Curtis index (the higher it is, the more stable communities are between months)

Puc. 2. C1abinbHicTb yrpynoBaHb NTaxis Mixx MiCALAMM OLIHEHO 32 JOMOMOTOH iHAEKCIB NOAIOHOCTI nonapHNX
nopiBHsHb (BiHapHMX Mip NOAIGHOCTI): cTabinbHICTL BUAOBOrO Cknaay Bifobpaxae iHaekc Xakkapa,
CTabinNbHICTb YNCENbHOI CTPYKTYpU yrpynoBaHb Bigobpaxae iHaekc bpes—Kboprtica (Yum GinbLui 3Ha-
YeHHSs iHAEeKCIB, TM CTabinbHiLli yrpynoBaHHS MK pokamm)

A similar situation was observed in community structure comparisons: significant
step in community structure stability during the spring part of the non-breeding season
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and breeding season beginning (for BC,,,,, and BC,,,, t = -6.25, p-value = 2.95-107)
is accompanied by a descending of stability in June-July (for BCy,,,,, and BC,, t
= 7.52, p-value = 1.32-10®). It is important that the stability value between months has
two main contributing components: real variability of the community composition and
probability factor (as at one linear transect one census per month was performed, all
birds which were really residents at the moment were not observed). Notable, that by-
months comparisons look smooth, i.e. there are no significant dissimilarities in commu-
nity composition during long period, although there does exist strong dissimilarities be-
tween community composition in long perspective.

Table 1. Mean values of the Jaccard species composition similarity index and the Bray—
Curtis community structure similarity index assessed for bird communities be-
tween months

Tabnuys 1. CepeaHi 3Ha4YeHHs iHAekcy noAibHocTi BuaoBoro cknany Xakkapa Ta iHgekcy
noAibHocTi cTpykTypu yrpynoBaHb Bpes—Kboptica, o64yucneHi gnsa yrpyno-
BaHb NTaxiB MiX MicaUusasMU

Mean +SD Mean +SD
Jan/Feb 0.403 0.146 0.521 0.145
Feb/Mar 0.356 0.158 0.443 0.157
Mar/Apr 0.347 0.082 0.394 0.113
Apr/May 0.500 0.102 0.599 0.094
May/Jun 0.478 0.110 0.624 0.063
Jun/Jul 0.381 0.124 0.428 0.098
Jul/Aug 0.436 0.135 0.472 0.148
Aug/Sep 0.438 0.135 0.484 0.146
Sep/Oct 0.355 0.124 0.452 0.145
Oct/Nov 0.383 0.113 0.423 0.143
Nov/Dec 0.399 0.129 0.415 0.126
Dec/Jan 0.382 0.157 0.411 0.157

Similarities between communities in different months decreases with difference in
time (At = [0; 6] months). Both Jaccard index values (regression equation is J = 0.603—
0.077-A1, p-value < 0.005, R* = 0.360, R?,; = 0.359) and Bray—Curtis index values (re-
gression equation is BC = 0.647-0.078-At, p-value < 0.005, R* = 0.353, R?,, = 0.359)
are related with months difference. Thus, it can be assumed that dynamical similarity is
a function of difference in time, inflection point is approximately in AT = 3 (R? values for
models with AT> 3 omitted are R?=0.493 for Jaccard index and R?= 0.500 for Bray—Cur-
tis index).

European zoogeographical fauna type is most common for species of birds that are
breeding and residents for urban greenery in Lviv (Table 2). Absolute number of indi-
viduals of European species varies from 18.85+10.26 ind./5 ha in October to
69.4+£15.23 ind./5 ha in April; generally, European species are the most abundant during
the breeding season, but their abundance is 2—4 times lower during the non-breeding
season (August-March). Anyway, those species are the most abundant in all months.
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Mediterranean species are common during the non-breeding season (June—March,
abundance varies from 4.50+3.32 ind./5 ha in June to 23.20422.75 ind./5 ha in Decem-
ber), butunreliable peakinApril (from 4.60+4.62 ind./5 hain Marchto 12.75+21.5ind./5 ha
in April, Welch Two sample t-test t = -0.599, p-value = 0.555) shows the breeding occa-
sions among those species. Only three Mediterranean species were registered: not
common in urban greenery in Lviv Dendrocopos syriacus, Serinus serinus and extremely
distributed Columba livia f. domestica. Although abundance of Mediterranean species is
high, this data is unrepresentative.

Table 2. Mean abundance (n£SD, ind./5 ha) and total occurrence (%) of species of diffe-
rent zoogeographical types, according to Stegmann

Tabnuua 2. YcepegHeHa cyMapHa LWinbHicTb HaceneHHsA (n*SD, oc./5 ha) Ta 3aranbHa
yacTtoTa TpannsaHHA (%) BuAIB pisHMX 3ooreorpadpivHux TuniB 3a LLitermaHom

ntSD % nxSD % n+tSD % nxSD % nxtSD % nxSD %
2.38 24.75 5.95 20.00

Jan o007 40 41020 190 i555 9O 0 41735 19 0
Feb 579 55 sisey 190 gy 95 0 sitgp 2 0
] 143;?067 55 3124'.7157 lee 143;.6755 lee e ;1..6602 43 v
AP an 55 sson 190 as 85 Gop 18 Ly 0
May  LiGe 45 sioqa 190 e 85 g0 10 ooy 0
e 3 Liias 10 oo 85 g 20 i3 20 0
Ll 121?000 2 13112'.3753 (e 165.7307 (20 110'?701 2 31'9000 2 0
mig B2 0 2200 00 L0 100 100 5 DTS 20 100 10
=2 ;101%% 19 i2152.?656 oo 1889301 (Y IREC U 1126é.1271 el v
Oct | 5o |45 Jypoe 100 4{32g 100 0| J14oy |20 0
Nov 55 50 Jogs 190 iz 9 0 s 2 0
Dec ;f; Ee ;3:36 ot 143;?363 & v 12235?705 ES v

Comments: Codes of zoogeographical fauna types are SIB — Siberian, EU — European, TRP — Transpale-
arctic, MON — Mongolian, MID — Mediterranean, ND — not defined

Mpumitkn:  Koam 3ooreorpadivHmx TvniB dpayHu Taki: SIB — Cubipcekuin, EU — €EBponelicbkuin, TRP — TpaHc-
naneapktuyHuin, MON — MoHronbcbkuin, MID — CepegsemMHomopcbkuii, ND — He BU3Ha4YeHMi
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An abundance of Siberian species is larger in the autumn and winter period than in
the breeding period (10.00£11.53 ind./5 ha in September and 8.57+13.21 ind./5 ha in
December compared with 5.00+£3.49 ind./5 ha in April — the peak value in the breeding
period). However, the total occurrence of Siberian species is low both in the breeding
season (20-55 %) and the non-breeding season (15-55 %).

Paying attention to occurrence distribution, European species are ubiquitous in all
months, Transpalearctic species are spread too. The rarest fauna type are Mongolian
(includes Phoenicurus ochruros only) and type of not defined origin (includes Strepto-
pelia decaocto only — this species was observed in urban greenery only after the depar-
ture of migrant Columba palumbus, the species that recently became typical synan-
thropic in Lviv).

Invertebrate-eaters are the dominant trophic group among birds in urban greenery
(see Table 3 and Fig. 3), their abundance is the largest in April (firstly, because the gene-
ral birds abundance is the largest, secondly because the specific diet of the vast majo-
rity of songbirds in the period of feeding chickens). Obviously, the abundance of inver-
tebrate-eaters is low in the winter period, only Paridae and Piciformes are common in
this time. Seed-eaters are the subdominant group, the abundance of whose correlates
slightly with the abundance of invertebrate-eaters (r = 0.364, p = 6.08:10°% Spearman
rank correlation r = 0.371, p = 3.05-10°).
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Fig. 3. Annual dynamics of abundance of birds of different trophic groups (according to food resources types)

Puc. 3. PiyHa gvHamika 4icenbHOCTI NTaxiB pi3HMX TPOMIYHMX rpyn (3a TMMNOM KOPMY, 3aBAsiKM CMOXMBaHHIO
SIKOrO 3a0BOSIbHAOTECA eHepreTUyHi NoTpebn)

Vegetative parts of plants are concerned as food resources by birds in the after-
breeding season with a strong rise in autumn (abundance goes up from 2 ind./5 ha in
July to 61 ind./5 ha in November, but the occurrence of species with this diet — Anas
platyrchynchos — is low, just 5-10 %; Anas platyrchynchos, obviously, was registered
only on plots with ponds). Abundance of vertebrate-eaters, or raptors — Accipiter nisus,
Accipiter gentilis, Buteo buteo, Strix aluco, Strix uralensis (important that owls abun-
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dance was not the main object of this research as this requires special censuses; regi-
strations of those two species are accidental and their occurrence is underestimated)
and partial raptor Corvus corax — is low and stable through the year: 1-2 ind./5 ha, CV
of means = 0.249. Occurrence of raptors is low — 10-45 % and do not depends on sea-
son (ANOVA F(2, 9) = 1.534, p-value = 0.267 for groups of March—June, August—No-
vember and December—February).

The presentation of data on trophic demands structure would be more informative
in relative scale, i.e. parts of individuals of defined ecological groups’ species in the
community, but this meets a deficiency of available classification — groups’ intersection,
which means that the sum of percentages of different groups would be greater than
100 % calculated in a certain community. The fact that used classification was deve-
loped in the Siberian region also means that it could be inaccurate for individuals of the
population present in Ukraine, thus, ecological classification of Ukrainian birds’ species
should be reviewed.

Table 3. Mean abundance (nxSD, ind./5 ha) and total occurrence (%) of species of differ-
ent trophic groups, by food resources type

Tabnuus 3. YcepeaHeHa cymMapHa WinbHicTb HaceneHHs (nxSD, oc./5 ha) Ta 3aranbHa 4ac-
ToTa TpannsaHHA (%) BMAIB Pi3HMX TPOMiYHNX rpyn 3a TUMOM KOpPMY, 3aBAAKM
CNOXMBAaHHIO AKOro 3a0BONbHAITLCA eHepreTU4YHi NoTpedu

____
n+SD n+SD % n+SD % n+SD %
Jan 23.05+¢8.34 100 23.95%17.99 100 0 2.00+1.26 30
Feb  27.85%12.27 100 25.05+19.15 100 0 1.43+0.79 35
Mar  33.35%12.14 100 23.05+£11.38 100 0 1.67+1 45
Apr  66.55+14.07 100 33.30+16.53 100 2.00 5 2.00+0.00 35

5

5

5

May 52.35¢9.35 100 25.60+11.12 100 1.00 2.00+0.00 35
Jun  46.20+11.09 100 14.50+5.81 100 2.00 2.00+0.00 15
Jul 35.70£15.19 100 8.89+4.31 95 2.00 1.33+£0.58 15
Aug  28.05+14.17 100 6.60+8.54 75 23.00£1.41 10 1.50£0.71 10
Sep  30.05+13.88 100 25.30+x19.27 100 32.00 5 1.40+0.89 25
Oct  23.50+15.35 100 19.65%¥12.19 100 56.00 5 1.00+0.00 20
Nov  30.70%22.77 100 30.45+23.42 100 61.00 5 1.00£0.00 20
Dec  20.70+12.41 100 38.10+18.30 100 0 1.20+0.45 25

Seasons classified as winter — December, January and February, Spring — March,
Breeding — April, May, June and July, autumn — August, September, October and No-
vember, affects densities of several species, as results of ANOVA tests show.

Thus, season affects (in terms of ANOVA results) individuals density in common
migrant songbirds species such as Fringilla coelebs (F(3, 236) = 88.57, p-value<0.001),
Erithacus rubecula (F(3,236)=59.16, p-value <0.001), Sylvia atricapilla (F(3, 236) =53.36,
p-value < 0.001), Phylloscopus collybita (F(3, 236) = 38.44, p-value < 0.001), Columba
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palumbus (F(3, 236) = 30.11, p-value < 0.001), Turdus philomelos (F(3, 236) = 28.58,
p-value < 0.001), Ficedula albicollis (F(3, 236) = 20.24, p-value < 0.001), Sturnus vul-
garis (F(3, 236) = 12.28, p-value < 0.001), Phylloscopus sibilatrix (F(3, 236) = 11.43,
p-value < 0.001), Muscicapa striata (F(3, 236) = 8.76, p-value < 0.001), Phoenicurus
ochruros (F(3, 236) = 7.06, p-value < 0.001), Oriolus oriolus (F(3, 236) = 5.83, p-value
< 0.001), Sylvia curruca (F(3, 236) = 4.31, p-value = 0.006), Serinus serinus (F(3,
236) = 3.89, p-value = 0.010) and Phylloscopus trochilus(F (3, 236) = 3.82, p-value = 0.011)
(see Fig. 4).
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Fig. 4. Annual dynamics of (log,,+1)-modified [1] averaged abundance (ind./km?) of different birds species
which show a dependence on season

Puc. 4. PiyHa auHamika mogudikoBaHoi [1] ycepeaHeHoT YicensHOCTI (0c./kM?) BUAIB NTaxis, WO BUSBNSAIOT
3aNeXHiCTb YNCENbHOCTI Bif CE30HY

The same is observed with common wintering species: Spinus spinus (F(3, 236) =
13.46, p-value < 0.001), Turdus viscivorus (F(3, 236) = 7.61, p-value < 0.001), Bomby-
cilla garrulus (F(3, 236) = 5.36, p-value = 0.0013; unreliable result due to this species
observation is singleton), Pyrrhula pyrrhula (F(3, 236) = 5.33, p-value = 0.0014).

Variability of some resident species abundances can be explained by season
too (this wording is unsure for ANOVA method): Turdus merula (F(3, 236) = 67.31,
p-value < 0.001), Coccothraustes coccothraustes (F(3, 236) = 10.62, p-value < 0.001),

ISSN 1996-4536 (print) e« ISSN 2311-0783 (on-line) e BionoriyHi Ctyaii / Studia Biologica e 2019 e Tom 13/Ne2 e C. 79-98



90 O. Dubovyk

Troglodytes troglodytes (F(3, 236) = 10.22, p-value < 0.001), Cyanistes caeruleus (F(3,
236) = 9.05, p-value < 0.001), Chloris chloris (F(3, 236) = 7.01, p-value < 0.001) etc.

For some species this variability can be explained by changing biotopes prefe-
rences, which should be proven by the results of special research. For example, the
abundance of Turdus merula in April is 10.4%£4.28 ind./ 5 ha and 11.1+x4.18 ind./ 5 ha in
May, but 2.69+2.06 in December; moreover, the occurrence of this species is 100 %
during the breeding season, but it is 50-60 % in winter. Further statistical analysis is
needed to make specific conclusions about common synurbanized forest bird species
ecology dynamics.

CONCLUSIONS

79 birds’ species were found to occur in urban greenery in Lviv throughout the year.

The highest diversity level and abundance of birds is observed during the breeding
period, especially in April, when many species begin breeding. A slight peak of abun-
dance is observed during winter season, inasmuch as urban habitats afford special
conditions, such as food resources and softer weather, to outlive this period success-
fully. Nonetheless, in this particular case the diversity of birds in urban greenery de-
clines during the non-breeding season. This could mean that urban greenery is the
more preferred biotope type by some bird species for breeding than for residence during
the non-breeding season.

Between-months, community stability among birds in urban greenery is higher both
for presence-absence species composition and numerical structure during the breeding
season that shows that most of the birds are highly attached to their nesting sites, espe-
cially in April, May and June. Similarities between communities in different months de-
crease with difference in time.

European bird species make a nucleus of community structures in all months. Si-
berian, Mediterranean and Transpalearctic species are also common in urban greenery.
Their role becomes more important during the non-breeding season, but separately by
types all of them subdominate compared with European.

Invertebrates are the main food resources for most individual birds. Their role is
especially important for birds of urban greenery while feeding nestlings; naturally, in
cold months, the majority of birds predominantly use other food resources, particularly
seeds. The abundance of raptor species is low and stable in all months.

Season can be considered as a factor related with the abundance of several spe-
cies. Thus, bird species that are typical for urban greenery in Lviv can de divided into
three groups. First, there are songbirds species that only breed in examined sites, such
as Fringilla coelebs, Erithacus rubecula, Sylvia atricapilla, Phylloscopus collybita, Co-
lumba palumbus, Turdus philomelos, Ficedula albicollis, Sturnus vulgaris, Phylloscopus
sibilatrix, Muscicapa striata, Phoenicurus ochruros, Oriolus oriolus, Sylvia curruca, Se-
rinus serinus and Phylloscopus trochilus. Second group is wintering species that are not
typically breed in those locations: Spinus spinus, Turdus viscivorus, Bombycilla garru-
lus, Pyrrhula pyrrhula. Third are species whose abundance varies as response on sea-
son, which can indicate unrevealed spatial-seasonal dynamics in terms of different
habitat types. Those species are might be resident in Lviv: Turdus merula, Cocco-
thraustes coccothraustes, Troglodytes troglodytes, Cyanistes caeruleus, Chloris chlo-
ris, Parus major, Poecile palustris. Spatial dynamics of different populations and sub-
populations of those species needs special study.
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PIYHA OUHAMIKA YIPYMNOBAHbDb MTAXIB Y 3EJIEHUX 30HAX JIbBOBA:
NMONEPEQHIN AHANI3 BAPIABENIbHOCTI PI3BHOMAHITTA | CTPYKTYPU

O. Aly6osuk
JibeiecbKuli HayjoHanbHUl yHigepcumem iMeHi leaHa ®paHka

syn. lpywescbkoeo, 4, Jibeie 79005, YkpaiHa
e-mail: oadubovyk@gmail.com

[MpoaHanizoBaHO BMOOBWM i YNCEMNBHWUI CKNa, yrpynoBaHb MTaxiB Y 3erieHnx 30Hax
JlbBOBa 3a pe3ynsraTtamm WoMiCAYHMX 06nikiB, MpoBeaeHMx Ha 20 TpaHCeKTax Ha BOCh-
MU MoAenbHUX aingHkax. MpoTtarom nepiogy gocnigxeHb 3apeecTpoBaHo 79 BMAIB NTa-
XiB, LLIO HanexaTtb 40 BOCbMW psAiB. PisHOMaHITTA nTaxiB, OLUiHEHE 3a KINbKICTIO BUAIB
Ta iHgekcom CiMmncoHa, Bapitoe NPOTArOM POKY | € HAMBULLMM Y THI300BUIA Ce30H. AHa-
NOriYHO, WiNbHICTb NTaxiB HAMBMLLA Y FHI300BUI CE30H, NPOTE MEHLUWI NiK YNCENbHOCTI
crnocTepiraeTbcd i B 3uMoBuMi nepiog. Lle Bkasye Ha Te, Wwo GioTonHi npedepeHLii okpe-
MMWX BUAIB NTaxiB 4O 3€MeHMX 30H OCOBNMBO BUPAXEHI NULLE Y THI3A0BUIN CE30H, TOAI 5K
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y NO3arHiagoBuii GinbLUICTb NTaxiB 3anMLIaTbCA OCINMMKU B MeXax MicTa, npoTe nepe-
MilLlytoTbCst B GioTonu iHWKMX TuniB. NMpoaHanisoBaHo MiXKMICAYHY CTabinbHICTbL BUOO-
BOrO CKIlaZly yrpynoBaHb nTaxiB (3a iHgekcom XKakkapa) Ta UncenbHOro iXHbOro cknagy
(3a iHoekcom Bbpes—KbopTica): yrpynoBaHHsa HanbinbL cTabinbHi y rHi3goBui nepiog,
OCKiNbKKN NTaxu B NepeBakHin GinbLIOCTI MpUB’A3aHi 40 rHi3goBuMX OingHOK. 3a 300reo-
rpacpiyHMM NoAiNom, EBPONENCHKI BUAM NTaxiB AOMIiHYHOTb Y BCi MicsiLi. Cubipcbki, TpaHc-
naneapKkTUYHi Ta cepeas3eMHOMOPCHKI BUOW TaKoX BigirpatoTb 3HAYHY porib Yy oopMy-
BaHHi CTPYKTypu yrpynoBaHb. OCHOBHUM TWUMOM KOPMY, 3aBOSKM CMOXMBAHHIO SIKOTO
KOMMEHCYTbCA €HepreTUYHi BUTpaTu NTaxiB y THi34OBUIA Ce30H, € 6e3xpebeTHi, Lo
BKa3ye Ha 0cobnmMBY porib NTaxiB y KOHTPOSi UncenbHocCTi 6e3xpebdeTHMxX B ypbaHizoBa-
HUX cepefoBMLlax. Y MO3arHi3goBuUii CE30H BaXKIMBMM KOMMOHEHTOM KOPMOBOI 6a3u
nTaxiB € TAKOX HACiHHA pocnyH. BapiabenbHicTb YicenbHOCTI 6aratbox BUAiB NOB’A3aHa
3i ce30HOM. BuaineHo Tpu OCHOBHI rpynu Takmx BWAIB: THI3AOBI MirpaHTu (NepeBaXHo
cniBovi nTaxu, 3okpema, Fringilla coelebs, Erithacus rubecula, Sylvia atricapilla, Phyl-
loscopus collybita Towwo, Takox Columba palumbus), 3umytodi MirpaHTu (Spinus spinus,
Turdus viscivorus, Bombyecilla garrulus, Pyrrhula pyrrhula) i TUnoBi ocini, YicenbHicTb
SAKMX 3HA4YHO Bapitoe 3a ce3oHamu (Turdus merula, Coccothraustes coccothraustes,
Troglodytes troglodytes, Cyanistes caeruleus Towo). OcTaHHi, IMOBIPHO, B MO3arHiago-
BU nepiog AndyHAYTh B iHLWI GioTonu micTa.

Knroyoei cnoea: ce3oHHa BapiabenbHICTb, MiCbKi €KOCUCTEMMW, CUHAHTPOMHI

BMOW, BUAOBUI CKNad HaceneHHs NTaxiB, MiCbKi HACaa)KEHHS,
YrpynoBaHHA nNTaxis

OpepxaHo: 26.07.2019
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