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A comprehensive spatio-temporal analysis of avian assemblages was carried out during the winter—spring transition period (23
February—23 March) at three fixed observation points differing in landscape context and functional role within the migration system.
A total of 11 bird species were recorded. The Common Buzzard (Buteo buteo Linnaeus, 1758) functioned as the background species
throughout the study period, while short-term mass concentrations were characteristic of the Greater White-fronted Goose (4nser
albifrons Scopoli, 1769) and the Great Cormorant (Phalacrocorax carbo Linnaeus, 1758), reflecting episodic migratory pulses.

The spatial distribution of records was markedly heterogeneous. Observation point VP3 acted as a transit zone of seasonal
movements and showed the highest total abundance due to mass migratory passages. VP2 exhibited the greatest species richness,
likely related to higher structural heterogeneity of the environment and the involvement of a broader spectrum of ecological strategies.
In contrast, VP1 was characterized by minimal abundance and diversity, indicating limited functional significance during the studied
period.

Temporal analysis revealed a pronounced morning peak in both abundance and species richness between 08:00 and 10:00,
corresponding to the overlap of intensive transit migration and local activity of diurnal raptors. This pattern is consistent with established
diurnal rhythms of bird activity during transitional seasons. The coexistence of resident, nomadic, and migratory components during
peak hours highlights the complex temporal organization of the assemblage.

Integration of spatial and temporal parameters demonstrates a mosaic structure of the avian assemblage, formed through the
interaction of local habitat use and participation in large-scale migration flows. The applied spatio-temporal approach, supplemented
by flight line parameterization, provides a methodological basis for further assessment of the vertical structure of bird movements,
the influence of meteorological factors, and potential risks associated with spatial planning, including the placement of wind energy
facilities. The results emphasize the importance of integrated spatio-temporal analyses for understanding avian assemblage dynamics
during seasonal transition periods. Key words: bird assemblage, winter—spring transition, spatio-temporal analysis, bird migration,
diurnal activity, transit zones.

IIpocTopoBo-4acoBa CTPYKTYypa OPHITOKOMILIEKCY B NEPiol 3MMOBO-BECHSIHOTO Iepexo1y: pPojib TPAH3MTHHX 30H i 1000BHX
putmiB akTuBHOCcTi. Mopo3oBa T.B., Kosran 51.0., I'epacumenxo M.B.

3iHCHEHO MPOCTOPOBO-YACOBUH aHali3 CTPYKTYpH Ta JMHAMIKM YIpyHOBaHb NTaxiB Yy I€pioJ] 3MMOBO-BECHSHOIO IEPEXONLY
(23 nrororo — 23 Oepe3Hsl) HA TPHOX CTAI[IOHAPHHUX MYyHKTAX CHOCTEPEIKEHD, MO BIAPIZHAIHCS JTaHANIAQTHUMH XapaKTePUCTHKAMHU
Ta (yHKI[IOHATEHOIO POJITIO y CHCTeMi ce30HHUX Mirpaniil. I1in gac mocmimkens 3adikcoBano 11 BuaiB nraxiB. DOHOBUM BHIOM
YIPOAOBK yCHOTO MEPIOAY CHOCTEPEKEHb BUCTYIAB KaHIOK 3BUUaiiHul (Buteo buteo Linnaeus, 1758), Tomi sk KOPOTKOYacHI MacoBi
peectparii Oynu mpUTaMaHHI MIrPyFOYUM BOAHO-OOJOTHHM BHAAM, HMepeayciMm rycui 6inonobiit (Anser albifrons Scopoli, 1769) ta
6aknany Benukomy (Phalacrocorax carbo Linnaeus, 1758), o cBiT4uTh NpO TPaH3UTHHH XapaKTep BUKOPHCTAHHS OKPEMHX IiJISTHOK
TepUTOPIi.

IIpocTopoBuii po3mnonin peecTparniii MaB BUpakeHy HeOTHOPiAHICTh. [IyHKT VP3 Xapakrepu3yBaBcs HaOUIBIIO YHCENBHICTIO
Ta (YHKIIOHYBAB K TPAaH3UTHA 30HA CE30HHUX IEPEMIIIeHb NITaxXiB, y SAKii BigOyBaaucs KOHIEHTPOBaHI Mirpaiiini npoxoau. [IyHkT
VP2 Bin3Ha4yaBcs HalBUIIMM BUIOBUM PI3HOMAHITTAM 32 YMOB HHXKYOI 3araJlbHOI YHCENBHOCTI, 1[0 MOXe OyTH IOB’sI3aHO 31 CTPYK-
TYPHOIO HEOJHOPITHICTIO CEepelOBHUINA Ta 3aIy4eHHSM IIUPIIOrO CHEeKTpa eKojoriynux crpareriid. [lynkr VP1 xapakrepu3syBascs
MiHIMaJIbHIMH 3HaY€HHSIMH YUCETBHOCTI Ta BUIOBOTO CKIIAaMy, 1[0 3aCBiauye HOro oOMexeHe QYHKIIOHAIbHE 3HAUCHHS Y JOCHTIIKY-
BaHUI NepioA.

YacoBuil aHaii3 MiATBEPIUB HASABHICTh YiTKO BUPAXKEHOTO PAHKOBOTO IMIKY YHCENBHOCTI Ta BHUJIOBOTO PI3HOMAHITTS, 3yMOBIIE-
HOTO iHTEHCU(IKaI[i€I0 TPAH3UTHUX MIrpaliifHUX MOTOKIB Ta JOKaJbHOI aKTUBHOCTI IEHHHUX XIKUX NTaxiB. [HTErpamis mpocTopoBHX
1 9acOBHX ITapaMeTpiB O3HAUMIIa MO3aIdHy OpraHi3alilo yrpyloBaHHS NTaxiB, CHOPMOBAHY B3a€EMOJIEI0 MIiCIIEBOI aKTHBHOCTI OCIITHX
1 KOYOBUX BHIIB Ta TPAaH3UTHUX MIrPAIlifHUX MPOIECiB. 3aMpONOHOBAaHUN MTPOCTOPOBO-YACOBHI METOJ, JOMIOBHEHUH MapameTpu3a-
Li€r0 JIiHIH MOJBOTY, B MPOLECi IPOCTOPOBOrO IUIAHyBaHHs (GOPMY€E MiAIPYHTS ISl MOAANBIIOrO aHaji3y BEPTHKAIBHOI CTPYKTYpH
Mirpauii, BIUIMBY METEOPOJIOTiYHIX YNHHUKIB Ta MOTEHIIMHUX PU3MKIB JUIS NITaxiB, 30KpeMa, ITiJl 4ac pO3MiLIeHHs 00’ €KTIiB BiTpO-
eHepreTuku. Knwouosi cioea: OpHITOKOMIUIEKC, 3MMOBO-BECHSHHH IIE€peXij, IPOCTOPOBO-YaCcOBUI aHaNi3, Mirpalis NTaxis, 1000Ba
AKTHBHICTh, TPAH3UTHI 30HH.
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Introduction. Transitional seasonal periods play a
key role in shaping the spatial organization of avifauna,
as during these times local habitat use is combined with
large-scale migratory processes. The winter—spring tran-
sition is characterized by increased variability in species
composition, abundance, and daily activity rhythms of
birds, particularly in regions that function as migration
corridors [1,2].

Despite the substantial body of research on migration
phenology, the relationship between spatial environmen-
tal heterogeneity and the diel structure of bird activity
at the local scale remains insufficiently studied. In par-
ticular, limited information is available on the functional
role of individual sites within the observation area and
on the temporal concentration of migratory activity.

The aim of the study is to analyze the spatio-tempo-
ral structure of the ornithocomplex during the winter—
spring transition period.

Materials and Methods. Ornithological observa-
tions were conducted within the territory of the Balta
Wind Power Plant using three fixed monitoring points
(VP1-VP3), selected with consideration of landscape
configuration, territorial openness, and potential bird
migration corridors. Each monitoring point covered
open agricultural landscapes, elements of the ravine
network, and linear tree plantations that serve as spatial
landmarks for migratory and nomadic bird species.

Bird movements were recorded using the transect
method, which enables the assessment of the spatial
organization of migratory flows. Transects were posi-
tioned taking into account relief features, infrastructure,
and landscape elements that may influence flight direc-
tions and migration intensity. Flight lines and landscape
visibility were documented using photographic records.

Field observations were carried out during day-
light hours within standardized time intervals. For each
record, the following parameters were documented: date

and time of observation, monitoring point, bird species
and abundance, flight direction, and additional spatial
characteristics.

Based on these data, a spatio-temporal dataset of var-
iables was compiled for subsequent modelling of spring
bird migration:

e spatial variables: monitoring point, transect
location, flight direction;

e temporal variables: date, observation hour, diel
interval;

o biological variables: species, taxonomic affilia-
tion, number of individuals;

o derived variables: migration flow intensity,
directional recurrence, and concentration of records
within spatial sectors.

This approach makes it possible to move beyond
descriptive analysis toward the development of spa-
tio-temporal models that reflect the patterns of migra-
tory flow distribution within the zone of influence of the
wind power plant.

Results. Species composition and spatial distribu-
tion. During the period from 23 February to 23 March,
11 bird species were recorded at the three monitoring
points (VPs). The assemblage was represented predom-
inantly by diurnal raptors and wetland-associated taxa,
which is consistent with the seasonal characteristics of
the winter—spring transition period [1,3]. The common
buzzard (Buteo buteo Linnaeus, 1758) was the back-
ground species during the study period, dominating in
abundance and being present at all observation points
(Table 1).

The spatial distribution of records is characterized by
pronounced heterogeneity. The highest total abundance
was recorded at point VP3, where, alongside background
species, mass aggregations of the Greater White-fronted
Goose (Anser albifrons Scopoli, 1769) and the Great
Cormorant (Phalacrocorax carbo Linnaeus, 1758) were

Table 1

Species composition and abundance of birds recorded at the monitoring points during the winter—spring
transition period (23 February—23 March)

Species Code Ne sist. VP1 VP2 VP3 Total
Buteo buteo Linnaeus, 1758 BUTBUT 185 27 21 75 123
Phalacrocorax carbo Linnaeus, 1758 PHACAR 054 - - 22 22
Anser albifrons Scopoli, 1769 ANSALB 102 - - 110 110
Ciconia ciconia Linnaeus, 1758 CICCIC 090 1 8 — 9
Ciconia nigra Linnaeus, 1758 CICNIG 091 2 1 - 3
Falco tinnunculus Linnaeus, 1758 FALTIN 220 1 1 - 2
Accipiter gentilis Linnaeus, 1758 ACCGEN 177 1
Accipiter nisus Linnaeus, 1758 ACCNIS 178 2
Vanellus vanellus Linnaeus, 1758 VANVAN 310 2
Ardea cinerea Linnaeus, 1758 ARDCIN 077 1
Pluvialis apricaria Linnaeus, 1758 PLUAPR 296 7
Circus macrourus S. G. Gmelin, 1771 CIRMAC 172 1
Milvus migrans Boddaert, 1783 MILANS 170 1
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observed. This indicates the transit use of this site during
seasonal migrations [2].

At points VP1 and VP2, single and low-abundance
records prevail, represented mainly by diurnal raptors
and individual stork species (Ciconia ciconia Linnaeus,
1758; Ciconia nigra Linnaeus, 1758), which points to
a different functional role of these census points in the
spatial organization of territory use. Spatial differences
between the points are manifested both in total abun-
dance and species richness (Table 2).

The highest values of total abundance are charac-
teristic of VP3, whereas VP2 exhibits the greatest spe-
cies diversity, which may be associated with a broader
spectrum of ecological niches. VP1 is characterized by
minimal values, likely determined by local environmen-
tal features and its spatial position relative to the main
migration routes. Overall, the spatial distribution of
ornithological records reflects a mosaic organization of
the avian assemblage, within which zones of local activ-
ity coexist with areas of intensive seasonal transit.

Diurnal activity structure. The diurnal dynamics
of records are characterized by a pronounced uneven-
ness of activity throughout the daylight period (Table 3).
The maximum values of total abundance and species
richness were recorded in the morning hours, with a
peak between 09:00 and 10:00. This interval is driven
by mass records of Anser albifrons Scopoli, 1769 and
high activity of diurnal raptors, which is consistent with
typical migratory and trophic rhythms of birds during
transitional seasons [3, 4].

During the early morning minimum (08:00), the
dominance of Phalacrocorax carbo Linnaeus, 1758
results in high abundance under a limited species com-
position, indicating the passage of compact migratory
groups. In the mid-morning period (10:00-11:00), the
structure of the avian assemblage stabilizes, with Buteo

buteo Linnaeus, 1758 dominating as the background
species. After 11:00, a decline in total abundance of
records is observed; however, during the midday period
an increase in species diversity occurs due to the appear-
ance of individual migratory and wetland species, in par-
ticular Pluvialis apricaria Linnaeus, 1758.

Integration of spatial and temporal patterns. The
combined spatial and temporal analyses indicate that
the structure of the avian assemblage during the winter—
spring transition is shaped by the overlap of migratory
flows and local activity of resident and nomadic species.
The dominance of the common buzzard as a background
species is accompanied by episodic mass records of
migratory wetland birds, confirming the transit function
of the studied area.

Records were conducted along several flight lines,
which were used as spatial identifiers of bird activity.
This approach provides a methodological basis for
further spatial-temporal and vertical analyses of bird
movements [5].

Discussion. The obtained results indicate the forma-
tion of a mosaic spatial-temporal structure of the avian
assemblage during the winter—spring transition, which
is consistent with classical concepts of seasonal bird
migration as a process driven by the interaction of spatial
and temporal factors [2]. The dominance of the common
buzzard (Buteo buteo Linnaeus, 1758) as a background
species and episodic mass records of migratory wetland
birds reflect the transit nature of the use of certain parts
of the territory, similar to spatial patterns of migratory
flow organization described for other regions [6, 7].

The pronounced morning peak in abundance and
species richness (08:00—-10:00) corresponds to contem-
porary data on the diurnal phenology of bird migratory
activity, particularly the increased intensity of move-
ments during morning hours in transitional seasons [8,

Table 2
Spatial differentiation of avifauna between survey points
VP number Total N ind. Species richness
VP1 31 4
VP2 41 8
VP3 212 7
Table 3

Diurnal structure of bird records during the winter—spring transition period
(23 February — 23 March 2025)

Hour Total N ind. Species richness Dominant species
8 41 3 Phalacrocorax carbo Linnaeus, 1758
9 188 8 Anser albifrons Scopoli, 1769
10 42 4 Buteo buteo Linnaeus, 1758
11 10 3 Buteo buteo Linnaeus, 1758
12 10 4 Pluvialis apricaria Linnaeus, 1758

Note. The dominant species was identified based on the maximum number of individuals recorded within the corresponding hour.
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9]. The coexistence of mass records of migratory wet-
land species and high activity of diurnal raptors during
this time interval indicates an overlap of local and transit
components of the avian assemblage.

At the same time, mass records of Anser albifrons
Scopoli, 1769 and Phalacrocorax carbo Linnaeus, 1758
at VP3 reflect short-term migratory pulses characteristic
of transit areas during periods of active spring move-
ment [2]. The high species richness at VP2 under lower
total abundance may indicate structural heterogeneity of
the environment and the involvement of a broader spec-
trum of ecological strategies.

Temporal analysis demonstrated that morning hours
are crucial for recording both migratory and local bird
activity, which is consistent with general patterns of
diurnal rhythms during transitional seasons [4]. The
combination of spatial and temporal patterns emphasizes
the necessity of an integrated spatial-temporal approach
to the analysis of ornithological data.

Spatial differences among observation points, par-
ticularly the identification of VP3 as a center of mass
records, may be oOyciosieHi landscape structure and
the spatial position of the site relative to major migra-
tion routes, which is consistent with studies addressing
the influence of landscape mosaicity on bird movements
[10]. A similar approach to interpreting spatial hetero-
geneity of avifauna has been applied in national studies,
particularly in ornithofaunistic monitoring of mountain-
ous areas in the context of environmental justification
for the placement of wind energy installations [11].

The application of a spatial-temporal approach sup-
plemented by flight line parameterization creates pre-

requisites for further analysis of the vertical structure of
bird movements, including the assessment of flight alti-
tudes and the influence of meteorological factors, which
is widely applied in modern migration studies [12].

Subsequent observations during the spring period
revealed a significant increase in the complexity of the
species composition and spatial-temporal structure of
the avian assemblage, which will be addressed in a sep-
arate analysis. A comparison of the winter—spring transi-
tion and spring periods indicates a consistent transforma-
tion of the avian assemblage from a resident—wintering
to a migratory—spring type, manifested by increased spe-
cies diversity, greater spatial-temporal complexity, and
changes in the functional role of background species.

Conclusions. During the winter—spring transition
period, the avian assemblage of the studied area is char-
acterized by a mosaic spatial-temporal organization
formed through the interaction of local activity of resi-
dent and nomadic species and intensive transit migratory
flows. The dominance of Buteo buteo Linnaeus, 1758 as
a background species is combined with short-term mass
records of migratory wetland birds, primarily within
transit areas.

The identified morning peak in abundance and spe-
cies richness (08:00-10:00) confirms the key role of
this time interval for recording migratory activity. The
integration of spatial and temporal data, supplemented
by flight line parameterization, forms a basis for fur-
ther analysis of the vertical structure of migrations and
the assessment of potential risks to birds in the context
of spatial planning and the placement of wind energy
facilities.
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