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Molecular identification of four Dunaliella strains from Ukraine via ITS2 marker
K. Fursova, M. Horpynchenko, O. Utevska, V. Komarysta

Species of the genus Dunaliella are model organisms in algal physiology and widely used in phycotechnologies for
commercial production of bioactive compounds, particularly carotenoids (mainly B-carotene). Reliable species
identification is challenging due to low morphological variability and the absence of distinct species-specific traits in
Dunaliella. Common traits such as cell size, shape, and pigmentation are strongly influenced by environmental factors,
often leading to misidentification in culture collections and complicating comparative and applied research. Molecular
approaches have thus become essential for accurate species identification. However, molecular data on Dunaliella
from Ukraine remain scarce. The internal transcribed spacer 2 (ITS2) region is particularly informative, combining
conserved secondary structures with rapidly evolving primary sequences. This study performed molecular identification
of four Dunaliella strains from the Cherniaev Herbarium MicroAlgae Culture Collection (CWU-MACC), V.N. Karazin
Kharkiv National University, using the ITS2 marker. Species identification was performed based on sequence similarity
and phylogenetic analysis. Among the four Ukrainian strains, only CWU-MACC-15 corresponded to D. salina, while the
others, including CWU-MACC-16, previously identified as D. salina, were assigned to D. viridis. The ITS2 sequences
of CWU-MACC-16 and CWU-MACC-20 were identical, whereas the Henichesk Lake isolate showed a minor ITS2
variation within D. viridis. These results provide a molecular basis for the taxonomy of Dunaliella strains from Ukraine
and highlight the need for expanded sampling and additional molecular markers to further resolve species diversity and
phylogenetic relationships.
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Introduction

Representatives of the algal genus Dunaliella Teodoresco (Chlorophyta, Chlorophyceae,
Volvocales, Dunaliellaceae) are widely used as model organisms to study algal physiology, including
cellular tolerance to abiotic stresses, adaptation to hypersaline environments, low pH tolerance, and
photosynthesis (Ben-Amotz, Avron, 1992; Gordillo et al., 2021; Ramachandran et al., 2023; Arora et al.,
2025). Dunaliella cultures are also extensively used in phycotechnologies for the commercial production of
bioactive compounds; the principal commercially valuable products are carotenoids (primarily B-carotene),
lipids, glycerol, vitamins, and protein (Barbosa et al., 2023).

The genus Dunaliella comprises species with a simple, nearly uniform biflagellate morphology; cells
lack a thick cell wall and other prominent qualitative species-specific traits (Oren, 2005). Morphological and
morphometric characteristics, such as cell size, shape, and pigmentation, vary substantially with salinity,
light intensity, temperature and other environmental conditions (Leung et al., 2022). This phenotypic
plasticity often produces overlapping quantitative trait ranges among species (Preetha et al., 2012).
Although Dunaliella species differ in ecological preferences (particularly with respect to salinity and light
intensity), their niches frequently overlap as well (Oren, 2014). The combination of morphological similarity
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and shared ecological preferences can lead to species misidentification and culture cross-contamination,
which in turn may cause misinterpretation of experimental data or reduced yields in industrial cultures.

Given the limitations of morphology-based identification, molecular methods provide a reliable
alternative for validating or revising taxonomic assignments. Commonly applied molecular barcodes for
Dunaliella include plastid genes (rbcL, tufA) and ribosomal markers (ITS1, 5.8S rRNA, ITS2, LSU, and SSU
rRNA) (Highfield et al., 2021). The internal transcribed spacer 2 (ITS2) is particularly informative because
its conserved secondary structure provides phylogenetic information complementary to primary nucleotide
sequence variation (Buchheim et al., 2011).

Although Dunaliella has been frequently reported from hypersaline environments in Ukraine (Massjuk
& Lilitska, 2011), these records are based almost exclusively on morphological identification. Modern
molecular phylogenetic studies of the genus have highlighted limited geographic sampling and the need for
broader strain coverage (Assungéo et al., 2012), and notably do not include isolates from Ukraine, leaving
the taxonomic identity of Ukrainian Dunaliella largely unverified at the molecular level. Furthermore, species
names assigned to Dunaliella strains in culture collections are often uncertain (Borowitzka, Siva, 2007).

The objective of this study was to assess the species attribution of Dunaliella strains originating from
Ukraine and maintained in a culture collection, using ITS2 sequence analysis.

Objects and methods of research

Strains

Four Dunaliella strains of Ukrainian origin were selected for this study, that are maintained in the
Cherniaev Herbarium MicroAlgae Culture Collection (CWU-MACC), V.N. Karazin Kharkiv National
University, registered in the World Data Centre for Microorganisms as WDCM 886 collection. The studied
material included three subcultures originally obtained from other culture collections several decades ago,
as well as one strain of Dunaliella sp. isolated from Henichesk Salt Lake (Table 1). The cultures were grown
in the Artari nutrient medium modified by Massjuk (Massjuk, 1973) in a light cabinet equipped with neutral-
light LED lamps, at 2 klx, with a 16-h light and 8-h dark photoperiod. The temperature was maintained within
the range of 20-28 °C.

DNA extraction, ITS2 amplification, and sequencing

DNA was extracted from the pelletized by centrifugation algal biomass using the NeoPrep DNA Plant
kit (Neogene, Ukraine) in accordance with the manufacturer’s instructions. For amplification of the ITS2
region, a pair of universal primers was used: ITS2-2F (5-ATGCGATACTTGGTGTGAAT-3') and ITS2-3R
(5-GACGCTTCTCCAGACTACAAT-3') (Sun, Chen, 2013; Yu et al., 2017). The expected amplicon size
(~488-492 bp) was estimated based on primer binding positions identified by BLAST primer analysis of
published Dunaliella rDNA sequences. PCR of the ITS2 region was performed with an initial denaturation
at 94 °C for 5 min, followed by 35 cycles of 94 °C for 30 s, 56 °C for 30 s, and 72 °C for 45 s, and a final
extension at 72 °C for 10 min. Bidirectional Sanger sequencing of the resulting amplicons (457-459 bp)
was performed by Macrogen Inc. (South Korea) using an Applied Biosystems 3730XL DNA Analyzer.

Bioinformatic pipelines

Raw sequence reads were processed in BioEdit (Hall, 1999): low-quality caps trimmed, and forward
and reverse strands were assembled using the CAP contig assembly module. Sequences were submitted
to GenBank (O'Leary et al., 2016) under accession numbers PX977794-PX977797.

All 420 ITS2-containing rDNA sequences of Dunaliella retrieved from GenBank were combined with
the newly generated sequences into a single dataset. The phylogenetically informative ITS2 region was
delimited from the highly conserved flanking 5.8S and 28S motifs using the ITS2 Database annotation tool
(Keller et al., 2009). This tool employs hidden Markov models (HMMs) to identify the 25 bp motif of the ITS2
proximal stem. For annotation, the “Viridiplantae” model was selected, with an E-value threshold < 0.01
and a minimum ITS2 length of 150 nucleotides. Secondary structure models of ITS2 and its proximal stem
were predicted using the ITS2 Database prediction tool based on minimum free energy folding constrained
by ITS2 profile HMMs (Schuliz et al., 2005). Cropping the flanking motifs and the proximal stem yielded the
dataset of strict ITS2 region sequences; only 225 of the initial 420 GenBank sequences contained complete
ITS2 regions and were retained for further analysis.

Non-redundant sequences were extracted from the strict ITS2 dataset by clustering with CD-HIT (Li,
Godzik, 2006) (Galaxy Version 4.8.1+galaxy0) on the public European Galaxy server (Jalili et al., 2020).
Clustering parameters were set as follows: sequence identity threshold of 100% (1.0), local sequence
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identity mode, and a minimum alignment coverage fraction for the shorter sequence (-aS) of 1.0, while all
other settings were kept at their default values. Extracted non-redundant ITS2 sequences were aligned
using LocARNA (Will et al., 2007), which incorporates RNA secondary structure information into multiple
sequence alignment. Phylogenetic relationships were inferred using the Maximum Likelihood (ML) method
implemented in IQ-TREE (Nguyen et al., 2015). The best-fitting nucleotide substitution model (SYM+|+R3)
was selected automatically based on the Bayesian Information Criterion (BIC). Branch support was
assessed using 1000 ultrafast bootstrap replicates (Hoang et al., 2018).

Species identification was performed based on a combination of sequence similarity searches against
GenBank and phylogenetic analysis. ITS2 sequences of the studied strains were compared with reference
sequences in GenBank, and assignment to a species was made when 100% sequence identity with a named
reference was observed and supported by phylogenetic clustering with the corresponding taxa.

Results and discussion

The dataset of 227 complete ITS2 sequences collapsed into 97 unique sequence types. Of these,
28 represented clusters of identical sequences, each containing between 2 and 50 entries, while the
remaining 69 sequences were unique and ungrouped. The four newly sequenced Ukrainian strains
exhibited 100% ITS2 sequence similarity with GenBank entries annotated at the species level (Table 1),

and their taxonomic assignment was further supported by phylogenetic analysis (Fig. 1).

Table 1. Representative ITS2 sequence clusters identified by CD-HIT at 100% sequence identity,
containing the studied Dunaliella strains

GenBank Accession GenBank species ID Strain Country of isolation
Number
Cluster of Dunaliella salina
PX977795 D. salina CWU-MACC-15 Ukraine (this study)
MW471055 Dunaliella sp. CCAP 19/15 Israel
DQ116740 D. salina OuUC 38 China
DQ116741 D. salina OucC 66 China
DQ116742 D. salina “Inner-mongolia” (hd 5) China
DQ116743 D. salina “Israel” (hd 6) Israel
SK-2019 isolate

MN628171 Dunaliella sp. Bazangan_Lake3 Iran
JQ080301 Dunaliella sp. ABRIINW-UB Iran
KF573420 D. salina RR102 India
GQ337903 D. salina MSI-1 Iran
JX014241 D. salina MSI-2 Iran
KX870020 Dunaliella sp. ABRIINW-B1 Iran
KC477401 D. salina MSI-3 Iran
KJ756826 D. salina CCAP 19/12 Israel-
MH880103 Dunaliella sp. ABRIINW-I1 Iran
FJ164063 Dunaliella sp. ABRIINW U1/1 Iran
JX134754 Dunaliella sp. ABRIINW-G4 Iran
KJ094621 Dunaliella sp. CCAP 19/15 Israel
AY512973 D. salina DCCBC2 South Korea
KF229733 D. salina ATCC 30861 Israel
0Q418484 D. minutissima TAU-MAC 1220 Greece

Cluster 1 of Dunaliella viridis
PX977796 D. viridis CWU-MACC-16 Ukraine (this study)
PX977794 D. viridis CWU-MACC-20 Ukraine (this study)
HQ864830 D. viridis MSV-1 Iran
JN587238 Dunaliella sp. ABRIINW-S1.5 Iran
JN383918 Dunaliella sp. ABRIINW-Sh1.2 Iran

Cluster 2 of Dunaliella viridis
PX977797 D. viridis CWU-MACC-17 Ukraine (this study)
MH399207 D. viridis DU3 Iran
AY828228 D. viridis SAG 44.89 Ukraine
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LCT97943.1 Haematocaccus rubicundus CCALA
AF313445 1 Dunaliella lateralis

PP578397 1 Dunaliella sp QY 2024a strain FACHB 3521
AF313427.1 Dunaliella salina strain CONC 007
KJ094622 .1 Dunaliclla salina strain GCAP 19/25
AYB7E702.1 Dunaliella salina

MG952578.1 Dunaliclla sp. GSLE/4

KY271089. 1 Dunaliella salina isolate JG

KF054058.1 Dunaliella sp. SAS11133

JQ003897 1 Dunaliella sp. CCAP18/34

AY549441 1 Dunalislla salina strain AC144

HM0B0645 1 Dunaliella acidophila strain CCAP19/35
MG852561.1 Dunaliclla sp. GSL22A3

KF225549.1 Duhaliella salina strain KU1

MF360000.1 Dunaliella salina strain NUAG20
0Q418474 1 Dunaliella granulata strain TAU MAC 0220
HQ823664.1 Dunaliella sp. ABRIINW-G 111
HQ823665.1 Dunaliella sp. ABRINW-G2/1

0Q418477 1 Dunaliella terricola strain TAU MAC 0520
00418476 1 Dunaliella minuta strain TAU MAG 0420
MG952950.1 Dunaliella sp. GSL11B1

MG852953 1 Dunaliella sp. GSL12A1

MG952955.1 Dunaliella sp. GSL12A4

KYD13620.1 Dunaliella sp. strain M1

JQ003896.1 Dunalislla sp. CCAP19/21

JN034031.1 Dunaliella salina strain BuriRam KUO1
MF360001.1 Dunaliella salina strain NUAC21
JINQ52204.1 Dunaliella bardawil strain UdanThani
AF313419.1 Dunaliella viridis strain CONC 002
AF313441.1 Dunaliella parva strain UTEX 1983
KT355035.1 Dunaliella parva

PVEB37355 1 Dunaliella sp isalate IBRC 50069
AYB2ZB227 .1 Dunaliella viridis strain DCCBC3
PXOT7797.1 Dunaliella viridis CWU-MAGC-17 (this study)
MH399207.1 Dunalielia viridis isolate DUS

MG952972 1 Dunaliella sp. GSL3C2

MG352959 1 Dunaliella sp. GSL2/3A

AY686685.1 Dunaliella viridis strain DCCBCA
JQ003890.1 Dunaliella viridis strain TC5121
Ha882840.1 Dunaliella viridis strain MSV-2

JQ003884 1 Dunaliella viridis strain TC5109
MN537807 1 Dunaliclla sp. isclate 15-1a

KC117487.1 Dunaliella viridis VNBD1

JNT97799.1 Dunaliclla sp. MBTD-GMFRI-S122
PX877796.1 Dunaliella viridis CWU-MACC-16 (this study)
HQ864830.1 Dunaliella viridis strain MSV-1

FJ164064.1 Dunaliella sp. ABRIINW U211

KG137975.1 Dunaliella sp. I0ACE99S

JN797805.1 Dunaliella sp. MBTD-CMFRI-S086
AF313421.1 Dunaliella pseudosalina strain CONG 010
0Q418473 1 Dunaliella parva strain TAU MAC 0120
EUg27374.1 Dunaliella sp. ABRIINW M1/1

K.J094623 1 Dunaliells sp. CCAP 19119

00418481 1 Dunalialla viridis strain TAU MAC 0920
0Q418486 1 Dunaliella granulata strain TAU MAC 1420
0Q418487 1 Dunaliella polymorpha strain TAU MAG 1520
AF313423.1 Dunaliella salina strain UTEX 200
JQ003883.1 Dunaliella viridis strain TC5108
AYSTTT66.1 Dunaliella salina sirain SAG 184.80
PXB06294.1 Dunaliella parva isolate IBSS 182
MH3G8503.1 Dunaliella parva isolale DU2

MW471059.1 Dunaliella peircei strain CCAP 19/2
MNZ218239.1 Dunaliella sp. strain ST13.1

AF313425.1 Dunaliella salina strain CONG 006
MF350998 1 Dunaliella salina strain NUAG13
MF359998.1 Dunaliella salina strain NUACOS
EF473746.1 Dunaliella salina strain CCAP 19118
KX280495.1 Dunaliella saling strain CCMA-UFSCar 711
KF573419.1 Dunalislla salina strain RR101

AY549442 1 Dunaliella salina strain DCCBC1
JN787804.1 Dunalislla salina

MW471054.1 Dunaliella salina strain CCAP 19/18
PX877795.1 Dunaliella salina CWU-MACG-15 (this study)
DQ116738.1 Dunalielia salina strain OUGC38
MW471085.1 Dunaliella sp. CCAP18/15 strain CCAP 1815
AF313431.1 Dunaliella bardawil strain ATCC 30861
DQ116738.1 Dunaliella salina strain OUC21

00418482 1 Dunaliella viridis strain TAU MAG 1020
00418478 1 Dunalialla bioculata strain TAU MAG 0720
0Q418480 1 Dunaliella asymmetrica sirain TAU MAC 0820
JQ003852.1 Dunaliella sp. ITC5124

00418478 1 Dunaliella asymmetrica strain TAU MAC 0620
JO003886.1 Dunalislla sp. ITC5113

KF913933 1 Dunaliella sp. AKS-21

MH880127 1 Dunalialla sp. isclate ABRIINW-R1
KUE41615.1 Dunaliella pseudesalina isclate MAH
HM243579.1 Dunaliella tertiolecta strain CCAP19/68
MV/471056.1 Dunaliella tertilecta strain CCAP 19/7C
L6956 D. tertiolesta

AF313439 1 Dunaliella parva strain CCAP 18/9
AF313435.1 Dunaliella tertiolecta strain UTEX 999
10003898 1 Duhaliella tertiolecta strain TC5111
HG590542.1 Dunaliella sp. ABRIINW-G3

AYBE6684. 1 Dunaliella tertiolecta strain DCCBCS
MZ079583.1 Dunaliella salina strain SBU-MD
MZ072597.1 Dunalizliz salina strain SBU-NgL.
MZ079592.1 Dunaliella salina strain SBU-MhL

3, FJ360758.1 Dunaliella salina isolale Ds1853
4 (BA N MNO44895.1 Dunaliella salina isolate KSA-HS022

8\, , F1360757.1 Dunaliella salina isolate Ds1882

97\MT378213.1 Dunaliella terticlecta isolate M

Fig. 1. Maximum Likelihood phylogenetic tree of Dunaliella based on ITS2 sequences (LocARNA
alignment; SYM+I+R3 model). Numbers at the nodes indicate ultrafast bootstrap support values (1000
replicates). Identical ITS2 sequences belonging to the same CD-HIT cluster (Table 1) were represented
in the phylogenetic tree by the first sequence of each cluster
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Molecular identification of four Dunaliella strains from Ukraine via ITS2 marker

The strain CWU-MACC-15 showed 100% ITS2 sequence identity with multiple GenBank entries
annotated as Dunaliella salina (Table 1), all originated from southern Europe and Asia (Greece, Israel, Iran,
China, South Korea), and fell within the corresponding clade together with well-characterized culture
collection strains such as CCAP 19/18 (Dunaliella Salina. (n.d.)., Phytozome._(n.d.).) (Fig. 1), supporting its
identification. For D. salina, no universally accepted authentic molecular reference strain appears to exist,
and current species identification therefore relies on comparison with well-characterized culture collection
strains. The CD-HIT clusters included strains from geographically diverse regions, suggesting a broad
distribution of the identified ITS2 sequence type. At the same time, the presence of sequences annotated as
Dunaliella sp. or other taxa within the same cluster reflects inconsistencies in public database annotations
or the known taxonomic complexity of D. salina (Borowitzka & Siva, 2007; Assungao et al., 2012).

The other three strains, including CWU-MACC-16 (previously classified as D. salina, Table 2), were assigned
to D. viridis. The ITS2 sequences of CWU-MACC-16 and CWU-MACC-20 were identical, indicating that they
represent the same ITS2 haplotype. The isolate from Henichesk Salt Lake, CWU-MACC-17, displayed
minor ITS2 sequence variation relative to CWU-MACC-16 and CWU-MACC-20 strains, comprising eight
SNPs at positions 16, 29, 38, 39, 78, 87, 223, and 224. The ITS2 region folds into a conserved RNA
secondary structure consisting of a proximal stem followed by four helices (Zhang et al., 2015). The
structure is stabilized by compensatory base changes (CBCs) in paired regions and variable loops in the
distal parts (Coleman, 2009) (Fig. 2). All substitutions in CWU-MACC-17 were located in loop or distal stem
regions and did not affect the conserved species-specific secondary structure (Fig. 2). All three strains fell
into CD-HIT D. viridis clusters together with isolates from Iran. Henichesk Salt Lake isolate CWU-MACC-
17 also appeared to have 100% ITS2 sequence identity with one of a few sequenced Dunaliella strains of
Ukrainian origin, an authentic strain (SAG 44.89 Dunaliella viridis, n.d.) (Table 1). Furthermore, all three

Table 2. Molecular identification of Ukrainian Dunaliella strains based on ITS2 sequences

CWU- Original Original Source / Origin ITS2 Accession Closest % Final
MACC ID strain ID Identification Sequence number GenBank Identity Identification
Length Match
(bp)
CWU- IBSS-1 D. salina  Syvash bay, Crimea,
MACC-15 2001, obtained from
A.O. Kovalevsky D. salina
Institute of Biology of ATCC ,
the Southern Se%i, 237 PX977795  oor 100%  D.salina
National Academy of KF229733

Sciences of Ukraine,
Sevastopol, 2005

CWU- IBASU-A D. salina  Heroiske salt works

MACC-16 D-11 (Prohnoi), Kherson
oblast, 1962,
obtained from D. viridis
M. G. Kholodny 232 PX977796 MSV-1 100% D. viridis
Institute of Botany, HQ864830

National Academy of
Sciences of Ukraine,

Kyiv, 1995
CWU- IBASU-A D. viridis ~ Sasyk-Syvash salt
MACC-20 D-29 works, Crimea, 1965,

obtained from M.G.

Kholodny Institute of D. viridis L
. 232 PX977794 MSV-1 100% D. viridis
Botany, National HQ864830
Academy of
Sciences of Ukraine,
Kyiv, 1989
CWU-  Henichesk Dunaliella sp. Henichesk Salt Lake, D. viridis

MACC-17 Salt Lake Kherson Oblast, 232 PX977797 SAG44.89 100% D. viridis

2020, original isolate AY828228

Note: CWU-MACC accession numbers are given according to (Komarysta, 2021)
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Fig. 2. Secondary structure models for ITS2: Dunaliella viridis CWU-MACC-16 and CWU-MACC-20 (A),
D. viridis Henichesk Salt Lake isolate CWU-MACC-17 (B). The structures are shown using DNA notation
(T instead of U), as provided by the ITS2 Database. Arrows indicate single nucleotide polymorphisms

putative D. viridis strains belonged to a common phylogenetic clade with another D. viridis reference strain
ITC5109 (Assungéo et al., 2013) (Fig. 1). As in the case of D. salina, the presence of sequences annotated
as Dunaliella sp. within these clusters reflects inconsistencies in GenBank annotations and warrants
cautious interpretation.

The previous identification of D. salina CWU-MACC-15, derived from strain IBSS-1, by morphological
(cell size and shape) and biochemical (ability to turn brick-orange due to accumulation of B-carotene) traits
was confirmed (Table 2). On the other hand, the results of phylogenetic analysis suggest that strain CWU-
MACC-16, originated from IBASU-A D-11, appears to have been previously misidentified as D. salina or
affected by cross-contamination prior to the present study. This conclusion is supported by the earlier
observation that this strain lacks the ability to change cell color, which is a typical trait of D. salina due to 3-
carotene accumulation (Pasiuga et al., 2013).

Despite the presence of many habitats suitable for Dunaliella in Ukraine, especially in the near-Black
Sea region, and the extensive work of N. P. Massjuk (1973), the internationally recognized monographer
of the genus Dunaliella (Oren, 2005), molecular data on Ukrainian Dunaliella strains remain scarce and
sometimes ambiguous. Overall, this study provides a molecular insight into the diversity of Dunaliella in
Ukraine, supporting future research on species distribution and the genetic basis of important physiological

traits and highlighting the importance of molecular confirmation of morphologically identified strains in
culture collections used for experimental studies.
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Molecular identification of four Dunaliella strains from Ukraine via ITS2 marker

Conclusions

Among four Ukrainian Dunaliella strains from the CWU-MACC collection, two species were identified
based on ITS2 sequence analysis: D. salina (one strain, CWU-MACC-15) and D. viridis (three strains,
CWU-MACC-16, CWU-MACC-20, and the isolate from Henichesk Salt Lake, CWU-MACC-17). The strain
CWU-MACC-16, previously identified as D. salina, was re-identified as D. viridis.

While this study provides initial molecular insights into Ukrainian Dunaliella, its main limitations
include the small number of strains analyzed and the use of a single marker (ITS2). Future studies should
expand both strain sampling and the set of molecular markers to improve taxonomic resolution.
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MonekynsipHa ineHTuUdikauia yotupbox wramiB Dunaliella 3 YKkpaiHu 3a

Aonomoror mapkepa ITS2
K. ®ypcoBa, M. NlopnuHyeHko, O. YTeBcbka, B. Komapucra

Buou poay Dunaliella € mopgenbHuMyM o6’ekTamm y  qoisionorii BOAOPOCTEN i LUMPOKO BUKOPUCTOBYHTHLCS Y
hiKOTEXHOMNOrISX ANS MPOMMUCIIOBOro BUpOBHMLTBA GioNOrivYHO akTMBHUX CMONYK, 30Kpema KapoTuHOIAIB (Mepeaycim B-
KapoTuHy). Hagiiha BugoBa ineHTUdikauis ycknagHeHa yepes HU3bkKy MopdornorivyHy BapiabenbHiCTb i BiACyTHICTb
YiTKMX BugocneundivyHux os3Hak y Dunaliella. Taki 03Haku, ik po3Mmip KNiTWH, hopMa Ta nirMeHTaLis, 3Ha4HOK Mipoto
3anexaTtb BiJ YMOB cepeaoBuLla, WO 4YacTo Mpu3BOAUTbL OO0 MOMWIKOBOI iAeHTudikauil B Konekuiax KynbTyp i

Cepisi «Bionorisi», Bun. 46, 2026
Series Biology, issue 46, 2026 ISSN 2075-5457 (print), ISSN 2220-9697 (online)



m MonekynspHa ideHmucbikayis yomupbox wmamie Dunaliella 3 YxpaiHu 3a dorromoeoro mapkepa ITS2

Molecular identification of four Dunaliella strains from Ukraine via ITS2 marker

YCKMagHIE MNOPIBHANBHI Ta NpuKNagHi JocnimpkeHHA. ToMy MOMneKynspHi nigxogyn ctany HeobxXigHMMK Anst TOYHOI
BUOOBOI igeHTUdikauii. BogHovac monekynapHi gadi wopo Dunaliella 3 Teputopii YkpaiHu 3anuwaroTbes
obmexeHnmun. [lingHka BHYTpPIWHLOro TpaHckpmnbosaHoro cnevicepa 2 (ITS2) € ocobnmeo iHHPOPMAaTUBHOI, OCKINbKN
NnoedHye KOHCepBaTMBHI  €NeMeHTW BTOPWMHHOI  CTPYKTYpU 3 LUBMAKO  €BOMIOLIOHYOYMMU  NEPBUHHUMU
nocnifoBHOCTAMU. Y LibOMY AOCHI[KEHHI NPOBEAEHO MONEKYNAPHY iaeHTudiKauilo YoTupbox wTamis Dunaliella 3
Konekuii MikpoBogopocTten repbapito YepHsesa (Cherniaev Herbarium MicroAlgae Culture Collection, CWU-MACC)
XapKiBCbKOro HaLioHanbHOro yHiBepcuTeTy iMmeHi B.H. KapasiHa 3 BukopuctaHHam mapkepa ITS2. BuaHaveHHs
BWZOBOI HANEXHOCTI 3AiiCHIOBanNy Ha OCHOBI NoAiGHOCTI NocnigoBHOCTEN | hinoreHeTUYHOro aHanisy. Cepea YHoTMPbLOX
ykpaiHcbkux wramiB nuwe CWU-MACC-15 Bignosigas D. salina, Togi sik pewrTa, BkmtoyHo 3 CWU-MACC-16, skui
paHiwe 6yB ineHTUdikoBaHun sk D. salina, 6ynu BigHeceHi o D. viridis. MNocnigosHocTi ITS2 wramie CWU-MACC-16
i CWU-MACC-20 6ynu igeHTUYHMMMK, Todi SK i30nAT 3 [eHiyecbkoro COMOHOro o3epa OEeMOHCTPYBaB HE3HauHy
Bapiauijto ITS2 y mexax D. viridis. OTpuMaHi pe3ynbtaTt CTBOPIOIOTL MOMEKYNSAPHY OCHOBY ANS TAKCOHOMIi LWTamiB
Dunaliella 3 YkpaiHnn Ta nigkpecniolTb HEeobXiQHICTb po3LMpeHHsA BUOBIPKM LITaMiB i BUKOPUCTAHHSA [0OATKOBUX
MOIEKYNAPHUX MapKepiB AN KPaLLoro po3KpUTTA BUOOBOIO Pi3HOMaHITTA Ta inoreHeTUYHNX 3B’sA3KIB.

KniouoBi cnoBa: Chlorophyta, Dunaliella, ITS2, JHK-6apkoduHe, ginozeHemuyHuUl aHari3
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MNMepwa 3Haxigka Mordellistena multicicatrix Kangas, 1986 (Coleoptera,

Mordellidae) B YkpaiHi: mopconoriyHui Ta eKonoriyHumn aHanis
H.MN. Bysanbcbka

Mordellistena multicicatrix Kangas, 1986, BnepLue BkasyeTbcs Ans dayHu YkpaiHu. HuHi B YkpaiHi 3HangeHo 4 Buay Xykis-
ropbatok 3 rpynu pentas (3anponoHoaHoi K. Epmiwem y 1956 poui): M. secreta Horak, 1983, M. pentas Mulsant,
1856, M. dalmatica Ermisch, 1956 ta M. multicicatrix. Naneuka M. multicicatrix 6yna 3HangeHa y cepueBuHi cTebna
3nNuHKN ogHopiyHoT (Erigeron annuus (L.) Desf.) y m. YepHiri y 2018 poui. CameLb, L0 BUALLOB 3 HEl, yTPUMYyBaBCS B
nabopaTtopHux ymoBax, Ae BiH xapdyBaBca nunkom kKynb6abw nikapcekoi (Taraxacum officinale F.H. Wigg.).
[MpoBeneHoO KOMMNNEKCHMI aHani3 oTpumaHux gaHux. MNMpoaHanizoBaHo MopdonoriyHi o3Haku imaro M. multicicatrix, a
TaKoX BUSIBNEHO Aesiki ocobnueocTi ekonorii uporo Buay. o Lboro yacy getaneHa Mopdonoris imaro M. multicicatrix
Oyna Bigoma nuvwe 3a onucom Buay, Wo O6yB BUKOHaHWIA 3a OOHMM camuem (ronoTun). Takmm YMHOM, pesynbTaTu
nposefeHoro MopadororiYyHOro aHanisy Ao3BoNsATb BpaxoByBaTU MiHNMBICTb M. multicicatrix wWoao uboro BUAY XyKiB-
ropbaTtok. Y cTaTTi HaBe4eHO pe3ynbTaTu BUMIPIOBaHHA Hanbinbw BapiabenbHUx MopdonoriyHMx o3Hak
M. multicicatrix. Bnepwe HaBoaaTbcsa coTorpadii noro rabitycy Ta napamep. lNokasaHo, Lo BiAHOLWEHHS AOBXUHU 5—
10 uneHwukKiB BYCKKIB [0 iX LUMPUHM HE MOXe BYTU BUKOPUCTaHE siK 03HakKa, fka go3sonuna 6 HaginHo Bigpi3HATU caMuiB
M. multicicatrix Ta M. secreta. BigCyTHICTb 30BHILLHIX O3HaK MPUrHIYEHHS POCMWHW, B Ski Byna BusBReHa nanedyka,
MOXe OyTu MosicCHeHa TWM, WO Mig Yac po3BUTKY NuuunHkn M. multicicatrix npoBigHi nyykn y ctebni 3anuwatoTbes
HenoLuKomKeHMMU. Ha nigcTtasi aHaniay JOBXWHW NIMYNHKOBOIO X04y, KM OyB 3pobrneHunii BUSBMEHNM EK3EMMIISPOM
Ha cTagii NMYuHKK, NokasaHo, Lo BiaknagaHHa seub M. multicicatrix Moxe 3piicHIOBaTUCS y BEPXHI TPETUHI ctebna.
[oBxvHa Ta AiamMeTp nNpoaHarnisoBaHOro fMYMHKOBOIO XO4Y BKa3ylTb Ha HEMOXIMBICTb PO3BUTKY ABOX i Oinblue
nununHok M. multicicatrix B ogHoMy cTebni. BpaxoBykoun knimMatuyHi ymoBu Ha TepuTopii YepHiriBcbkoi obnacri,
BUABMEHHSA naneykn M. multicicatrix HanpyKiHUi KBITHA CBIAYMTb MPO Te, IO PO3BUTOK NNYMHKM, WO nepeaysana iw,
po3sno4vaBcs y yepBHi 2017 poky. Ha moyatok 3MMOBOI Aianay3u nuuMHKa OOCArna OCTAHHLOrO JNIMYMHKOBOTO BiKY.
BusHauyeHo nmoBipHi hakTopu 3arpoaun M. multicicatrix.

Knto4oBi cnoBa: 6ionoziyHa pisHomaHimHicms, Xyku-2opbamku, ¢hayHa YkpaiHu, Mopghorsoais, diaeHoCmUuYHi 03HaKU,
eKorioeis, hakmopu 3a2po3u
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BecTtyn

XKykun-ropbatkn y cBiTOBiM dhayHi HanidyoTe noHag 2300 sugis (Selnekovi€, Ruzzier, 2019). BoHu
TPanmsaTLCS Ha BCIX KOHTMHEHTAX 3a BUHATKOM AHTapkTMaM. HeqocTaTHbO BUBYEHUMM 3amMLLIAIOTBCS XKYKU-
ropbaTku OpieHTanbHOi Ta HeoTponiyHoi 3ooreorpacpiyHux obnactei (Liu et al., 2018). 3 ornsgy Ha Le MoxHa
O4iKyBaTN 3HAYHOTO 30iNbLUEHHS KiNMbKOCTI iX Bigomux BuAiB. Y XX ctoniTTi 6arato BuaiB xykiB-ropdbaTtok Oynu
onucaHi itanincbknm eHtomornorom M. ®paHuickono Ta Himeubkum eHTomonorom K. Epmiwem. HuHi HoBi BUAn
onucytoTbes HevacTo. OgHUM 3 HepasHix Npuknaais € Mordellistena platypoda Selnekovi€, Goffova & Kodada,
2023, skuin ByB BUSBREHW Ha iTanincekomy ocTpoBi Ickis (Selnekovi€ et al., 2023).

Ekonoria  xykiB-ropbatok noTpeOye MofanbLIOro BMBYEHHsI.  Y3aranbHeHa  eKororidyHa
XapakTepucTuka NpeacTaBHUKIB POOVHU TPaaMLUINHO BKITHOYAE 3radky Npo Te, wo 6arato BuAiB XykiB-
ropbaTok Ha cTaii imaro XunBnATbCA NMUIIKOM NOKPUTOHACIHHUX POCIIMH, @ PO3BUTOK iX NIMYMHOK Han4acTie
BigOyBaeTbCs B cTebnax TpasB'aHUCTUX POCiMH abo MEePTBOI AEePEBMHM, sika PO3KNagaeTbCa nig BMiMBOM
rpmbiB. JIMumMHKM Oesknx BUAIB pO3BMBaOTLCH y kaprnodpopax TpyToBukiB. [lig Yac BiaBigyBaHHS KBITOK,
Xyku-ropbatku 6epyTb akTUBHY y4acTb B 3anuneHHi pocnuH (Traylor et al., 2023). Bugw xykiB-ropbaTok,
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PO3BMTOK JIMMMHOK SIKMX 3AINCHIOETLCS B MEPTBIN AepeBUHi, MPUCKOPIOKOTL Npoueck 6ionorivyHoi AecTpyKuii
B NiCOBUX eKocuctemax, 3abesnevyoum TMM caMnm ixHe ctabinbHe dyHKuioHyBaHHS (Liu et al., 2018).

Cepen npepnctaBHUKiB poamHu Mordellidae Bigomi MOOAMHOKI LWKIAHWKK CinbCbKOrOCNoAapChkux
KynbTyp. Hanpuknag, B YkpaiHi 4O HUX BiQHOCUTbLCS NiBOEHHA COHSLLHUKOBA LumMnoHocka (Mordellistena
parvuliformis Stchegoleva-Barovska, 1930), nMYnHKU SKOT MOXYTb BUKIMKATWU CEPUO3HE MOLLUKOOXEHHS
cteben coHswHuka (Fedorenko, 2021).

Mpouecu rmobanisaLii npn3BoaAsATbL 4O HEHABMUCHOIO 3aBE3EHHS XYKiB-ropbaTok Ha TepuTopii, AKi
po3TalLOBaHi Aaneko 3a Mexamu iXHix NpupoaHux apeanis. Tak, 3a octaHHi poku B CLUA 6yno BuasneHo
YyXKopigHi Ans kpaiHn BUAM XykiB-ropbaTok, siki paHiwe 3ycTpidanucsa nuwe B Mexax [laneapkTtukm, a
came Pseudomordellina hattorii (Tokeji, 1953) Ta Tomoxia bucephala Costa, 1854 (Mapes et al., 2025;
Naczi et al., 2022).

KnimaTuyHi 3MiHM TakoX BNNMBalOTb Ha MOLUMPEHHS XXYyKiB-ropbaTok. Hanpuknag, 3a 4oMOMOrow
KOMMN'HOTEPHOro MogentoBaHHs nokasaHo, Wwo o 2070 poky nnowa Micub NpOXMBaHHSA, sika npuaaTtHa and
XyKiB-rop6aTtok 3 pogy Glipa, moxe 36inbwumntmca mamxke Ha 54% (Su et al., 2025).

MopsA 3 iHWKMMK pognHamm iHBEHTapm3aLlis TakCOHOMIYHOIO CKIagy »KyKiB-ropbaTok — Baxnveumm eTan
ans 36epexeHHs BionoriyHoi pisHOMaHITHOCTI. [lpoTe BM3HA4YeHHS X BMAOBOI NPUHANEXHOCTI Hepiako
ycknagHeHo. Hacamnepeq ue noB'a3aHo 3 MOPONorivyHO NogibHicTIo BaraTboX BMAIB XYKiB-ropbaTok, a
TaKOX 3 BMCOKMM CTyneHeMm iXHbOi MIHNMBOCTI. lNepeBaxHa BinbLUiCTb iICHYHOYMX KMOYIB AMNs BUSHAYEHHS
XyKiB-ropbaTok po3pobneHa BUKITHOYHO MO caMusiX | He J03BONSAE NPOBOANTU ifeHTUdIKaLLI0 camuLb.

OCHOBHMI BHECOK Y BUBYEHHS XYKiB-ropbaTok dpayHu YkpaiHu 3pobus B. K. OgHocym. PesynbtaTom
noro 6aratopivHoi po6oTn cTaB Buxig y 2010 poui okpeMoro TOMy HaykoBOro BuaaHHs «PayHa YKpaiHny.
Hapasi BMB4YeHHs1 XykiB-ropbaTok B YkpaiHi npopoBxyeTbcsi. OcTaHHi AOOCNiAXEeHHs [O03BONMIv
nigTBEPANTM 3HAXOKEHHs1 y cknadi dayHn YKpaiHu xykiB-ropbaTok Mordellistena episternalis Mulsant,
1856 Ta M. secreta Horak, 1983, a TakoX BUSABMTM HOBI NIOKaniTeTU Ta OXapaKTepusyBaTh €KOSOoriyHi
0co6nMBOCTI ANst Aeskux iHWwux Bugis i3 poguHn Mordellidae (Bysanbcbka, 2024).

MeTta poboTn — Ha nigcTaBi AaHMX, OTPUMAHUX Nig Yac eHTOMOSOrYHNX AOCNiAXEHb HA TepuTopii
M. YepHiris, npoaHanisyBatn MOPAOnOriyHi O3HAKN Ta eKOorito HOBOro Ans dayHun YKpaiHu Buay Xyka-
ropbaTkn Mordellistena multicicatrix Kangas, 1986.

MaTepian Ta MeToAU AOCHIOXKEHHA

B ocHoBy po60oTu noknageHo pesynbTaTtv BUBYEHHS Mopdbonorii imaro Ta ekornorii M. multicicatrix.
MaTtepianom gnsa poboTu cnyryeas 1 ek3eMnnsap LbOro Buay, kM 6yB BUBEAEHWU 3 NANEYKN, BUABIEHOI
Ha TepuTopii M. YepHiris:

YKpaiHa, M. YepHiriB, cyxogdinbHa nyka, y ctedni 3nnHkM ogHopiyvHoi (Erigeron annuus (L.) Desf.),
30.04.2018, 1 eka. (nsneyka, &, Buxig imaro — 08.05.2018) (BUBeAeHe 3 NsANeYky imaro nokasaHo Ha puc. 1).

lMpoBegeHO BMBYEHHS MOro nMYMHKOBOrOo xody. Kpim Toro, npoaHanizoBaHo CTEGNO 3MUHKKM
O[HOpPIYHOI, B ssKOMY BigbyBaBcs 1oro po3suTok. OTpuMMaHi faHi Oyno BUKOPUCTAHO AN BCTAHOBIEHHS
ocobnmnBoCTeEl eKoNorii Ta aHanidy AiarHoCTUYHUX 03HaKk M. multicicatrix.

Naneuka 6yna BusiBNeHa B cyxomy ctebni. BoHa Gyna nowmiweHa B KapTOHHUIA KOHTeWHep, Ae
Tpumanacs B nabopaTopHux yMoBax 3a Temnepatypu 22—-24 °C o suBefeHHs imaro. Imaro xapyysanocs
B nabopaTopHux ymoBax nNumnkom Kynobabwu nikapcbkoi ( Taraxacum officinale F. H. Wigg.).

[oBxunHa Ta giameTp NMYNHKOBOIO XO4y BUSIBMEHOro ek3emnnapa Oynu BMBYEHi Ha NO340BXHLOMY
3pisi ctebna. [Ana BU3Ha4YeHHsS POCIMHHUX TKaHWH, Y SIKUX MPOXOAMB NMUYUHKOBUI Xig, Byno nigrotoBneHo
cepito nonepeyvHmx 3pisiB ctebna. 3pisn pobunucsa Bpy4Hy 3a JOMOMOrok fesa. 3 ofepxaHux 3paskiB
BUrOTOBNANM TUMYacoBi Mikponpenapatu. PapbyBaHHsl He MPOBOAMITOCS.

Y Mexax BMSIBIIEHOro Micus npoxuBaHHA M. multicicatrix nogaTkoBo NpoBOAUBCA aHani3 pocriuH
3MIMHKM OLHOPIYHOI, AKi He Bynu 3aceneHi NnYnHkammn komax. MeToto noro npoBeaeHHs 6yNo NOPIBHAHHSA
MOpPOMETPUYHMX MOKA3HUKIB cTeben pocnuH (BUcoTa Ta AiaMeTp), Y SSKUX NPUPOSHUM YMHOM hOPMYETLCSA
NMOpoOXHMHA B CepLEeBWHi, Ta cTebna, B sakoMmy Oyna BusBneHa nuumHka M. multicicatrix. Ycboro 6yno
obcTexeHo cyxi ctebna 54 pocnvH 3nNUHKW OJHOPIYHOI Y NunHi Ta cepnHi 2018 poky.

[na BMBYeHHS mopdonorii BUBEAEHOrO iMaro, oTpumaHHs doTorpadin, Ta aHanidy 3pisiB ctebna
BMKOpucToBYyBanucs 6ionorivni mikpockonn OPTO-EDU A23.1501-T1, AM 9x1200, ULAB XSP-139B LED.
doTorpadii 3pobneHi 3a gonomoroto otokamepu Sony ZV-E10. O6'egHaHHA dooTorpadpin ons oTpuMaHHS
006'eMHOro 300paxeHHs 3giricHoBanocs nporpamoto Helicon Focus.
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Mapamepu M. secreta, doTorpadii aknMx HaBedeHi y CTaTTi, HanexaTb ek3emMnnsapy, 3ibpaHomy Ha
okonuusax M. YepHiroea y 2016 poui. Binblw noBHi BigoOMOCTi NMpo HbOro Oynu onybnikoBaHi paHiwe
(Bysinbcbka, 2024).

Pe3synbTatn Ta 06roBopeHHs

Mordellistena multicicatrix — wmanoBuByYeHun BuA. 3rigHO 3 [laneapkTUYHUM  KaTanorom
TBEPAOKPUMMX BiH TpMBanuim Yac 6yB BkadaHui Tinbkn ana PiHnangii (Horak, 2020). MNpuyomy BiH ByB
BiJOMMI BUKMIOYHO 3a ogHMM camueM (ronoTun), 3ibpaHum B 1984 Ha ocTposi Ekkepe (Kangas, 1986).
Taka cuTyauist Mmorna cknacTmucs yepes Te, Lo NOro AiarHOCTUYHI O3HAKM HE MOXHAa BiJHECTU A0 SICKpaBo
BUpaxeHux. IMoBipHO, TBepaokpunvx, siki Hanexatb M. multicicatrix, nig yac dayHiICTUYHNX JOCRIMKEeHb
MOIfM BiQHOCUTU 40 iHWKNX BUAIB XYyKiB-ropbaTok, Hanpuknag, Ao Mordellistena pumila (Gyllenhal, 1810)
abo M. secreta.

M. multicicatrix BxoguTb OO rpynu pentas, BUOW SKOI XapakTepuayloTbCA MNEBHUM KOMMSEKCOM
MOPONOriYHNX 03HaK, cepen SKMX OOHIEI0 3i 3HAYYLLUX € HAsIBHICTb TPbOX HACIHYOK Ha APYroMy YreHuKy
3agHix nanok (puc. 2A). Buagw 3 uiei rpynu BiGHOCHO CKNagHi y BU3HaYeHHI.

B YkpaiHi oo TenepiwHboro 4acy 6yno BusBneHo Tpw ixHi Buau, a came Mordellistena pentas
Mulsant, 1856, M. dalmatica Ermisch, 1956 Ta M. secreta. 3rigHo 3 onucom, 3pobneHum E. KaHracowm, Big
nepworo Buay M. multicicatrix Bigpi3HAETLCA HASABHICTIO Oinbll AOBIMX LETMHOK B OCHOBHIM TPETUHI
nepeaHix rominok, Big Apyroro — crnabo BUTArHyTMMn 5—10 YneHnkamm BYCUKIB, JOBXUHA KOXHOIO 3 SIKUX
Tinbkn B 1,2 pasu nepesuLlye ix wupuHy (Kangas, 1986).

1 mm

Puc. 1. Ma6ityc camusa Mordellistena multicicatrix Kangas, 1986. A — Bug 3Bepxy. B — Bug 360ky
Fig. 1. Habitus of the male of Mordellistena multicicatrix Kangas, 1986. A — Dorsal view. B — Lateral view

3asHaueHa BigMmiHHiICTL M. multicicatrix Big M. secreta QeMOHCTPyE OOWH i3 HaWMOLIMPEHIWNX

BMNaAKiB, KON pe3ynbTaTu BUMIPIOBaHb MPOMOPLIA OKPpEMUX CTPYKTYP XYKiB-ropbaToK po3rnsgalTbes
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ONsl BCTAHOBIMNEHHS KIMTHOYOBUX AiarHOCTUYHUX 03HaK. OgHaK iX BUKOPUCTAHHA y BU3HAYHMKaX 3@ HasiBHOCTI
nvie OOHOro eK3eMnnsipa He BPaxoBYE MIHNUBICTb BUAIB, SKa, Sk Oyno ckasaHo BuLLe, Y XyKiB-ropbaTok
OOCUTb BMCOKA.

Cnig we pas HaronocuTu, Wo getanbHa mopdonoria imaro M. multicicatrix potenep 6yna Bigoma 3
pob6otn E. KaHraca, skomy 6yB AOCTYMNHWIA ANsi ONWUCY Nulle OAMH caMelb. Y 3B'dA3Ky 3 UMM JOUinbHO
HaBeCcTM pes3ynbTaTu aHanisy Hambinblw BapiabenbHUX AiarHOCTUYHMX O3HaK BUBEAEHOro B XOAi
pocnimpkeHb imaro M. multicicatrix i nOpiBHATK X 3 AaHUMu, ski HaBoguTtb E. KaHrac (tabn. 1).

HasegeHi B Tabnuui aaHi NokasyloTb, WO BigHOLIEHHS OOBXUHU 5—10 4yneHukiB BYCUKIiB 40 iXHbOI
WwupuHK, ske BukopucToByBaB E. KaHrac, He € HaginHOW o03Hakow pAna Toro, wob BigpisHATM
M. multicicatrix Bin M. secreta. 3HadeHHA Uiel AgiarHOCTWMYHOI O3HakuM Ana M. secreta cTaHOBUTHL
1,4-1,6 (Horak, 1983).

B sakocTi giarHocTMyHOi o3Hakm E. KaHrac BukopucTOByBaB Takox dopmy napamep. OpgHak
napamepu M. multicicatrix BiH nopiBHAB Tinbkn 3 napamepamun Mordellistena berbera Horak, 1983 — Buay,
AKMMA OO CbOrOAHI BiAOMUI nule 3 AIKMpy 3a ABOMAa ek3eMnnspamMmm — caMmueM Ta camuueto (ronotun ta
anotun). Moro Bubip Ans nopisHaHHSA 6yB 06rpyHTOBaHMIA TUM, WO Ana M. berbera Takox 6yno 3a3HauyeHo,
o AosxuHa 5—10 yneHukiB BycukiB y 1,2 pasn nepeBuLLye IXHIO LUMPUHY. Y TOW camuil Yac, BiAMIHHOCTI
3a chopmoto napamep Mk M. multicicatrix Ta M. secreta [OCUTb BUPA3Hi. IXHi pUCYHKM HABOAATLCS B onucax
unx sugie (Kangas, 1986; Horak, 1983). OTxe, came cdopmy napamep HeobXiaHO BMKOPUCTOBYBaTK AN
Toro, wob BigpisHaTK camuiB M. multicicatrix Ta M. secreta.

Ta6bnuua 1. Pe3synbTtatu BUMipy HaubGinbw MiHnuBuUX Mopdonoriynnx o3Hak Mordellistena
multicicatrix Kangas, 1986
Table 1. Measurement results of the most variable morphological features of Mordellistena
multicicatrix Kangas, 1986

PesynbTatu Bumipy /
Measurement results
Ne/ o . Eksemnr.m.p 3
No. MopdonoriuHi o3Hakn / Morphological features Fonotun | M. Llep.n-unBl
Holotype Speclme|:1
from the city
of Chernihiv
1 JosxunHa Tina (Mm) 4,5 59
2 BigHoweHHs oBXUHU 5—10 YneHukKiB BYCUKIB A0 IXHbOT LMPUHU 1,2 1,5-1,7
3 BigHOLWEHHS AOBXWUHW HAAKPWA A0 IXHbOT LUMPUHK 2,6 2,6
4 BigHOLWEHHS AOBXWHU Nirigis 40 OOBXWUHM aHanbHOro CTEPHITY 2,5 2,7
5 KinbkicTb Hacivyok Ha 3agHix rominkax (KpiMm anikanbHoT) 5 4
6 KinbKicTb HaciHOK Ha NepLLIOMY YreHUKY 3a4Hix Nnanok 4 5

Tabnuusa ansa BU3HaAYEHHS caMUiB XyKiB ropbaTtok rpynu pentas cayHu Ykpainum /
The key to the males of the tumbling flower beetles of the pentas species group of the fauna of Ukraine
1 lMepeaHi roMinKM B OCHOBHIN TPETKHI 3 BinbLU JOBrMMU LLETUHKAMWU Ha NepeaHbO-BHYTPILLHIN

1] =T=T o) q T PP
- MepeaHi rominku HecyTb OAHAKOBI NO AOBXMHI LLLETUHKN MO BCii NOBEPXHI
2 Hop3anbHa rinka npaeoi napamepu 6nunsbka 4o NpsAMOKYTHOI. MeaianbHa rinka nisoi

napamepw raqykonofioHo BUTHYTA (PUC. 2B)......couiviriiiiiiiiiiiieeee e, M. multicicatrix
- Hop3anbHa rinka npaeoi napamepu okpyrna. MegianbHa rinka nisoi napamepwu gyronogioHo

BUFHYTA (PUC. 2C ). ettt e et ettt e e e e M. secreta
3 L@ T 0) o)V (o o] = F= a1 T M. pentas
- L@ LS Y o 1 M. dalmatica
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Kpim BmBYeHHst mopdbonorii M. multicicatrix, npoBeAeHWn aHani3 3i0paHuX OaHWX O03BONMB 3
NeBHNM CTyMeHEM WMOBIPHOCTI PEKOHCTPYOBATW AesiKi acCneKTu pPO3BUTKY BMSIBNIEHOIO eK3emnnspa Ta
BUSIBUTU Ha TX OCHOBI HM3KY €KOmnoriyHMx ocobnuBocTeln Buay B UinomMy. Tak, ekcTpanonsauis gaHux, siki
Oynu oTpuMMaHi Npu BMBYEHHI NUYMHKOBOrO XOAY, A03BONuMa 3pobuTn BUCHOBOK MPO Te, LU0 NUYUHKM
M. multicicatrix po3BuBalOTbCA B CepLEBMHI cTebna 3a paxyHOK NapeHXiMHUX KMNiTUH 6e3 YLUKOKEeHHS
npoBiagHMx TkaHuH (puc. 3). loaaTkoBuin aHani3 3nNMHKU OAHOPIYHOI, SIKi He Bynu 3aceneHi nuinHkamm 6yab-
AKNX KOMaX, JO3BOMMB BCTAHOBUTY, LLO Nif Yac BereTauiiHoro nepiogy YactuHa KniTuH CepLieBMHU paHo
noynHae BigmupaTtn. Mpn UbOMY YTBOPEHHSI MOPOXHUHU BCEPEAUHI CEPLIEBMHU OYEBMAHO HE BNMMBAaE Ha
MOKa3HUKM XUTTEBOCTI pocnuH. OTXKe, pOCMMHK, Yy SKNX PO3BMBalOTbCA nudnHkn M. multicicatrix, matoTb
MOXIMBICTb HOpManbHOi BereTauji. Ctebno, B sikomy byna BusiBneHa nanedka M. multicicatrix, 6yno
cepeaHboi ans uboro Buay Bucotn (6nmsbko 600 mm) Ta giameTpa (6rM3bKO 4 MM Yy OCHOBI), LLO TakoX
BKa3ye Ha BiACYTHICTb BUAMMMX O3HAK MPUTHIYEHHST POCITUHMN.

LF

B C

Puc. 2. letani 6yaoBu Mordellistena multicicatrix Kangas, 1986 Tta M. secreta Horak, 1983. A —
3agHsa rominka Ta nanka M. multicicatrix. B — MNapamepu M. multicicatrix. C — Napamepu M. secreta. LF —
Jliea napamepa, RP — NpaBa napamepa, MB — MegianbHa rinka nisoi napamepu, DB — [lop3anbHa rinka
npaeBoi napamepu

Fig. 2. Details of the structure of Mordellistena multicicatrix Kangas, 1986 and M. secreta Horak,
1983. A — Hind tibia and tarsus of M. multicicatrix. B — Parameres of M. multicicatrix. C — Parameres of
M. secreta. LF — Left paramere, RP — Right paramere, MB — Medial branch of left paramere, DB — Dorsal
branch of right paramere

JInunHkoBun xig BusBneHoro eksemnnsapa M. multicicatrix npocTexyBaBca Ha OGinbLUin YacTuHI
cTebna, BUKMIoYaloun 30Hy poaTallyBaHHs reHepaTUBHIX NaroHis. loro noyaTtok, poaTalloBaHui Ha BUCOTI
npn6nmaHo 430 MM Big ocHOBM cTebna, Bkadye Ha MicLe BigknagaHHs anus, 3 SKOro BUALLOB 3HAWAEHWUI
eksemnnsp. lMicna BUNynneHHs i NPOHMKHEHHST B CEpLUEBUHY cTebrna NMYnMHKa NOCTYNOBO cryckanacsa Ao
MOro OCHOBMU, Ha LLO BKa3ye AiaMeTp JIMYMHKOBOIO X0AY, Lo 36inblyeTbea JOHM3Y.

Buxig imaro B nabopaTopHux ymoBax HacTaB 4yepe3 8 OHIB nicns BusABMeHHs nanedvkn. OgHak
KONMMBaHHSA AEHHUX Ta HIYHUX TeMnepaTyp y NPpUPOAHMX YMOBaX O4EBUAHO 3yMOBOKTL OiNnbLu TpuBanun
nepiog metamopdo3y uporo sugy. Omke, MOXHa NPUMYCTUTK, WO Y NPUPOSHOMY CEPEAOBULLI iMaro Mano
6 3'aBuTrca NpubNU3HO HanpwkiHui gpyroi Aekaau TpaBHs. Cnpasgi, Ha TepuTopii YepHiriBcbkoi obnacTi
Len Nepioa xapakTepusyeTbCa NoYaTkoM MacoBOl NosiBK iMaro npeActaBHUKIB poauHn Mordellidae, siki
PO3BUBAKOTLCS Yy CTeBNax TpaB'sHUCTUX POCNWH (Hanpuknag, Mordellistena koelleri Ermisch, 1956).
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BuaBneHHa naneyvkn HanpukiHLi KBITHS BKa3ye Ha Te, WO 3HanaeHun eksemnnap M. multicicatrix nig
Yyac 3MMOBOI gianay3n 3Hax04MBCSA B OCTAHHbOMY NTUYMHKOBOMY Billi. [epeTBOPEHHS IMYMHKN Ha NIANEYKY,
Takum 4YnHOM, Bigbynocs nicnsa aumieni. NepeHeceHHs 3MMOBOro nepiogy Ha cTagil NIMYNHKK, O4EBUAHO, €
3aranbHUM NpaBuMMOM Ana XyKiB-ropbaTok B ymoBax NOMIpHOro knimaty. CnocTepexeHHs, npoBeaeHi
paHille 3a AeaKMMM XXykaMmu dhayHu YKpaiHu, niaTeepaxyoTe ue npunyweHHs (bysanbscebka, 2024). 3 uboro
BUMMMBAE, LLO PO3BMTOK BUSIBIIEHOIO €K3eMnnsdpa Ha NMUYUHKOBIN CTafii noyaBca npubnusHo B nepLuin
MOMOBMWHI YepBHA NonepeHbLOro poky. B iHWoMy Bunagky nuumMHka He 3morna © A0CArTM OCTaHHbOro
NMYUHKOBOTO BiKY 4O 3MMOBOI Aianayau.

[oBrui nuumnHkoBUA Xig BUsiBNeHoro eksemnnapa M. multicicatrix Bkadye Ha Te, O MOXIMBICTb
3acerfieHHs1 OAHOro i Toro X crebna Ginbl HiK OAHIE NNYMHKOK LbOro BMAY BUKIOYAETbCA. Takui
BMCHOBOK MOXHa 3p00MTK BUXOASAYM 3 TOro hakTy, WO JIMYMHKOBUIA Xig OXOMNJIHOE NPAKTUYHO BCH JOBXUHY
cTebna i He 3anuwae Micusa ns po3BUTKY APYroi NMMYuHKA. CnpaBai, iHWKX IMYMHOK YM O3HAK iX PO3BUTKY
y gocrnigkeHomy cTebni 3NIMHKM OAHOPIYHOT BUSIBNIEHO He Oyro.

#x 8 $

Ly ar S »
Puc. 3. Ctebno 3nuHku oaHopivHoi (Erigeron annuus (L.) Desf.) 3 nuunHkoBum xopom Mordellistena
multicicatrix Kangas, 1986. A — Mo300BXHin 3pi3 cTebna (NMMYNMHKOBMI Xig BKka3aHunM cTpinkamu). B —
Monepe4yHun 3pi3 cTebna (NMMYMHKOBUI Xig BiOMEXOBaHWIA NYHKTUPHOLIO NiHIEID)

Fig. 3. Stem of annual fleabane (Erigeron annuus (L.) Desf.) with the larval tunnel of Mordellistena
multicicatrix Kangas, 1986. A — Longitudinal section of the stem (larval tunnel is indicated by arrows). B

— Cross-section of the stem (the larval tunnel is delimited by a dotted line)

Mig 4yac po3BuTKy y cTebnax 3nuMHKM OLHOPIYHOT Ha M. multicicatrix MOXyTb BNNMBATU pPi3Hi
cakTopu 3arposun. [lo HMX, Hacamneped, MOXHa BiQHECTU CIHOKOCIHHA Ta nomnboBi noxexi. Kpim Toro,
3MUHKa OAHOPIYHA € YyXKOpiaHUM BuUOOM B YKpaiHi. |i Takox BigHOCATL [0 iHBasiiHKUX pocnvH (PeaeHko,
2024). Y ubomy Bunagky 6opoTbba 3 iHBasinHMMK BMAAMW MOXE pO3rnsgaTucsa sk we oauH dakTtop
3arpo3u ana M. multicicatrix.
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BucHoBku

Y xodi npoBedeHUX OOCHIMKEHb BUSIBNEHO HOBMI Ans dayHu YkpaiHu BuA Kyka-ropbatkum —
M. multicicatrix. ®oTtorpadii rabityca M. multicicatrix Ta noro napamep HaBOAATLCS BepLLE.

OaHi 3 mopdonorii BUABNEHOro ek3emnnspa A03BOMAKTb PO3LUMPUTA MOXIUBOCTI BpaxyBaHHSA
MiHnmBocTi M. multicicatrix nig Yac dayHiCTU4HUX gocnigkeHb. BcTaHoBNEHo, Wo BigHOCHO KOpoTKi 5—10
YNEeHMKM BYCUKIB, 3a3HaYeHMX B ONWCI BUAY, € OOHMM i3 OKpemMux Bvnagkis. Ha uin nigctasi nokasaHo, Wwo
iX nponopuii He MOXyTb OyTW BMKOPUCTaHi SIK AiarHOCTMYHA O3Haka, sika gos3sonuna © BigpisHATM
M. multicicatrix Big M. secreta.

BcTaHoBneHO, L0 3N1HKa OAHOPIYHA € KOPMOBOK POCMAMHOK AN NUYnHOK BUAY M. multicicatrix, a
MNOro iMaro MOXyTb XapdyBaTucst NUIkom Kynbbabwu nikapcbkoi (T. officinale).

lMpoBeaeHui aHani3 4O3BOMNMB PEKOHCTPYOBATN OCOBNMBOCTI PO3BUTKY BUSIBIIEHOIO eK3eMnisipa Ha
npeimariHanbHMX CTagisix, Wo 3 ypaxyBaHHAM €KCTpanonsuii OTpUMaHux SaHuX LO3BOSMIMIIO BU3HAYUTU
Aesiki o0cobnuBOCTi eKkonorii BUay: Micue Ta MOXITMBUIA Yac BigknageHHs sieub Ha cTebni, TepMiH po3BUTKY
Ha NUYMHKOBIN cTagii, 30Hy cTebna, B AkOMy BigOyBaeTbCA XapyyBaHHS JIMYUHOK, IMOBIPHO HENTPanbHUNA
abo 6rM3bKknii O HBOMO BMIIMB JIMYMHOK Ha KOPMOBY POCIMHY, BUKITIOYEHHS MOXIMBOCTI PO3BUTKY OBOX i
BinbLUe NMYMHOK B OgHOMY CTEbN.

MokasaHo, Wwo M. multicicatrix Hacamnepen MoXxe CTUKaTUCSA 3 TUMOBUMM AN XOPTOBIOHTHUX BUAIB
TBEPOOKPUINX aHTPOMOreHHO 00YMOBNEHMMN hakTopamMu 3arpo3n SK-OT CIHOKOCIHHSA Ta MOMbOBI MOXEXi.
OpHak, Kpim 3a3HayeHux, Takum hakTopoM Moxe BucTynatn 6opotbba 3 iHBa3inHMMK BUAaMMW POCIIUNH.
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First record of Mordellistena multicicatrix Kangas, 1986 (Coleoptera, Mordellidae)

in Ukraine: morphological and ecological analysis
N.P. Buialska

Mordellistena multicicatrix Kangas, 1986 is recorded for the fauna of Ukraine for the first time. Therefore, currently in
Ukraine there are 4 species of tumbling flower beetles from the pentas species group (proposed by K. Ermisch in 1956):
M. secreta Horak, 1983, M. pentas Mulsant, 1856, M. dalmatica Ermisch, 1956 and M. multicicatrix. The pupa of
M. multicicatrix was found in the pith of the stem of annual fleabane (Erigeron annuus (L.) Desf.) in Chernihiv in 2018.
The hatched male was kept in laboratory conditions were it fed on pollen of the common dandelion (Taraxacum
officinale F.H.Wigg.). A comprehensive analysis of the obtained data was carried out. The morphological
characteristics of M. multicicatrix adults were analyzed and certain ecological characteristics of this species were
identified. Until now, the detailed morphology of the M. multicicatrix adult was known only from the species description,
which was based on a single male (holotype). Thus, the results of the morphological analysis can be used to take into
account the variability of M. multicicatrix when identifying this species of tumbling flower beetles. The article presents
the measurement results of the most variable morphological features of M. multicicatrix. Photographs of its habitus and
parameres are provided for the first time. It is shown that the ratio of the length of antennomeres 5-10 to their width
cannot be used as a feature that would reliably distinguish males of M. multicicatrix from M. secreta. The absence of
external signs of suppression of the plant in which the pupa was found can be explained by the fact that during the
development of the M. multicicatrix larva, the vascular bundles in the stem remain intact. Based on the analysis of the
length of the larval tunnel, which was made by the found specimen when it was at the larval stage, it is shown that
M. multicicatrix can lay eggs in the upper third of a stem. The length and diameter of the analyzed larval tunnel indicate
the impossibility of the development of two or more M. multicicatrix larvae in one stem. Given the climatic conditions in
the Chernihiv region, the find of the M. multicicatrix pupa at the end of April indicates that the development of the larva
that preceded it began in June 2017. By the beginning of winter diapause, the larva had reached the last larval instar.
Potential threats to M. multicicatrix were identified.

Key words: biological diversity, tumbling flower beetles, fauna of Ukraine, morphology, diagnostic features, ecology,
threats
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This article describes a simulation model developed through a collaborative effort between Master’'s students, PhD
students, and lecturers within the course “Simulation Modelling of Stability and Evolution of Supraorganismal
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parameter); and, finally, the mechanism of demographic transition (Notestein parameter). The paper discusses the
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Introduction

The analysis of biological population growth is a classic problem in mathematical modelling, tracing
back to the early 13th-century “Liber Abaci” — the magnum opus of Fibonacci (Leonardo of Pisa). Since the
revolutionary work of Thomas Malthus (Malthus, 1798), modelling the growth of human populations and
humanity as a whole has acquired profound significance. While the population dynamics of most species
are simulated using exponential and logistic models, a major breakthrough of the 20th century was the
realisation that humanity grows in a fundamentally different way from other species: hyperbolically (von
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Foerster et al., 1960). In light of this, it is natural that this problem is one of the central topics in simulation
modelling courses taught at the Faculty of Biology of V. N. Karazin Kharkiv National University (particularly,
"Simulation Modelling of Stability and Evolution of Supraorganismal Biosystems").

We are confident in the high potential of using simulation modelling in education (Kravchenko et al.,
2024). Engaging students in the independent or collaborative design of models successfully bridges the
gap between classroom instruction and authentic empirical research. A significant advantage of simulation
models is the possibility of their step-by-step complication: adding new conditions and feedback loops layer
by layer. Under controlled conditions, students have the opportunity to develop initially simple and
subsequently increasingly complex systems, making their underlying mechanisms perfectly clear. This
approach relies on creative activity, which fosters emotional engagement in the process. Collaborative
model building also enables a "brainstorming" style of interaction among participants — developing new
models is inherently more motivating than merely replicating predefined templates.

In this article, we outline the logic and structure of the "Humanity Growth" model, which was
developed through a collaborative effort involving Master's students, PhD students, and lecturers. This
model falls into the category of what can be termed "mechanism-sufficiency models" (models that test
whether a proposed mechanism is sufficient to reproduce observed dynamics). Such models determine
whether a specific set of assumptions and mechanisms is sufficient to explain the emergence of a particular
property of interest within the modelled system. According to the classification we employ (Shabanov et al.,
2025), Type | models run a single simulation and describe a specific trajectory of the modelled system in
phase space. When these dynamics are indeterminate, Type Il models become meaningful, establishing
the probability distribution of specific outcomes under identical initial conditions. Type Il models involve the
step-by-step alteration of one or two initial parameters, constructing a probability distribution of outcomes
for each variant to determine how the changing parameters affect the process dynamics. Finally, Type IV
models evaluate all possible combinations of initial parameters to determine under which conditions a
targeted outcome can or cannot be achieved.

In our view, the "Humanity Growth" model we developed helped students master a range of
approaches applicable to simulation modelling, while simultaneously carrying distinct research value. An
interesting feature that could be applied in other similar contexts is its incremental complication structure.
Within a single script written in the R programming language (R Core Team, 2023), a switch allows the user
to choose one of five steps of model complexity. At each step, new conditions or feedback loops are
introduced. The output of the model (currently implemented only as a Type | model) describes the trajectory
of the system and generates a visualised dashboard that compiles the input parameters alongside an
integrated representation of the resulting global population dynamics.

Evolution of Paradigms for Describing Human Population Growth

The uniqueness of human population dynamics

The analysis of human demographic development confronts researchers with the challenge of finding
a balance between universal biological laws affecting our species and specific non-linear mechanisms of
socio-economic progress. The uniqueness of human populations lies in culture, the coordination of
collective actions across different parts of the world, and social institutions, all of which enable society to
actively transform its own ecological niche (Cohen, 1998). Yet, humanity remains bound by the planet's
material constraints: spatial limits, the regenerative capacity of ecosystems, and the temporal lags of
biological reproduction. Humanity cannot entirely eliminate ecosystem inertia, which under certain
conditions creates risks of deep ecological overshoot (Meadows et al., 2004). However, society radically
reshapes these limits, as humanity has now replaced classic external regulators, such as food scarcity or
predation, with endogenous social forces (von Foerster et al., 1960). One of the primary differences
between humans and other biological species is that our reproductive behaviour and mortality (at least for
the vast majority of society) are mediated by technological advancement, the capital intensity of production,
and conscious choices regarding family structure (Galor & Weil, 2000).

At the same time, this progress does not mean a complete release from natural limits: empirical data
show that economic scaling and population expansion actually intensify modern civilisation's total reliance
on ecosystem services and biodiversity conservation (Guo et al., 2010). Furthermore, today human
civilisation faces a series of existential threats stemming from a combination of five global and
anthropogenic challenges: climate change, resource depletion, environmental degradation, overpopulation,
and rising social inequality (Quinlan, 2020).

A historical perspective clearly demonstrates that the carrying capacity of the human environment is
a variable rather than a constant. Economic development has continuously transformed rigid natural
feedbacks, as technological revolutions allowed population size to expand without an immediate decline in
per capita living standards. Moreover, increasing societal density only fostered the spread of innovations,
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generating a sustained positive feedback loop between population size and knowledge generation (Kremer,
1993). In the final stages of modernisation, this progress leads to a unique phenomenon — the breaking of
the direct link between environmental wealth and fertility, triggering a conscious limitation of family size to
facilitate education and human capital accumulation (Notestein, 1945; Lee, 2003).

To systematically describe this complex interaction between biological limits and socio-economic
breakthroughs, scientific thought has undergone a long evolutionary journey. The unfolding of theoretical
approaches occurred through a step-by-step increase in complexity, moving from the depiction of abstract,
unconstrained reproduction to non-linear models of the demographic transition. The classical perspective
of Thomas Malthus became the first foundational element along this path.

The Malthusian Model of Exponential Growth

From a long-term historical perspective, human population dynamics show a complex and non-linear
character. Following the end of the last ice age, the global population stood at only about 2-4 million people.
Over the next twelve millennia, humanity achieved remarkable evolutionary success; as a result, the global
population reached its first billion by 1800 and crossed the 7-billion mark in November 2011 (Sojecka &
Drozd-Rzoska, 2025).

The first systematic attempt to conceptualize, mathematically describe, and predict the economic
impact of this massive demographic expansion was proposed by Thomas R. Malthus in his seminal 1798
work, An Essay on the Principle of Population. The core of Malthusian theory rests on a sharp, non-linear
gap between human reproductive potential and the physical limits of the planet. Malthus argued that,
without restraining factors, human populations tend to grow at a geometric (exponential) rate, doubling
every 25 years, while food production can only increase arithmetically (Unat, 2020).

The Malthusian model relies on two fundamental assumptions:

1. Fixed production factors, primarily a limited amount of agricultural land, meaning that per capita

food supply tends to decline as the population grows.

2. Adirect link between resources and reproduction, where any rise in living standards and material well-

being automatically triggers a positive response in population growth rates (Galor & Weil, 2000).

Following this logic, without technological change or land expansion, a population is doomed to fall
into a state of harsh, subsistence-level equilibrium. Even if innovations or the settlement of new territories
temporarily boost living standards, population growth completely erases this surplus in the long run. The
ultimate outcome is a larger but equally impoverished population, balancing on the brink of physical survival
(Abramitzky & Braggion, 2003).

In summary, the baseline Malthusian model established the foundational idea that a population's
reproductive potential (r) drives exponential growth. However, this growth inevitably collides with the hard
limits of Earth's fixed resources, making permanent, infinite expansion biologically and economically
impossible (Meadows et al., 2004; Lidicker Jr, 2020). Yet, Malthus's assumption of an instantaneous
collision with these limits — without considering the specific parameters of the environment itself —
highlighted the need to revise the model's mathematical framework.

The Classic Verhulst Logistic Model

Despite its long historical success in describing the pre-industrial era, the exponential model failed
to capture the dynamics of systems approaching physical and resource limits. Malthus's work was extended
mathematically by the Belgian mathematician P. F. Verhulst (1838), who explicitly introduced the carrying
capacity parameter (K) into population dynamics. Biologically, K represents the maximum population size
that a specific environment can sustainably support in the long term.

By replacing the constant Malthusian growth factor with a relative growth rate that declines linearly
with population density, Verhulst’s equation describes a clear bimodal behaviour (Sojecka & Drozd-Rzoska,
2025). When the population is small compared to the carrying capacity (N«K), the system behaves like a
Malthusian model with near-exponential growth. As density increases and resources are depleted, a
negative feedback loop activates. This guides the system toward an S-shaped plateau — a stationary
stabilization phase at level of K (Pelagalli et al., 2025).

This classic sigmoidal trajectory is typical for stable systems with renewable resources, where the
ecosystem's regeneration rate fully offsets population consumption. However, the nature and duration of
this logistic plateau depend heavily on the type of limiting resources. While the stationary phase can last
indefinitely in renewable systems, the picture changes completely for isolated systems relying on non-
renewable resources. In such scenarios, the stationary phase is extremely brief. It is inevitably followed by
a sharp population decline due to complete resource exhaustion (Sojecka & Drozd-Rzoska, 2025).

Thus, the integration of Verhulst’'s parameter (K) marked a shift from modelling abstract, unlimited
growth to describing real ecological boundaries, where carrying capacity acts as a strict brake on
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reproductive potential. Nevertheless, Verhulst's logistic plateau remained mathematically stable only under
the strict assumption that the population responds to resource scarcity instantly — a condition that
fundamentally violates the principles of biological inertia.

The Time-Delayed Logistic Model

The classic Verhulst model relies on a strict simplification: it assumes that population regulation
through resource deficits or intraspecific competition occurs instantly. Conversely, in real ecosystems there
is a time lag — a delay between the moment a population reaches critical density and the moment this
directly affects birth or death rates.

G. E. Hutchinson first proposed the mathematical framework for this phenomenon by introducing a
discrete time lag 1 into the logistic differential equation (Hutchinson, 1948). Similarly, through analysing
insect population dynamics, A. Nicholson demonstrated that reproductive lag and resource-consumption
inertia inhibit a system's capacity for timely stabilization as it converges upon the carrying capacity threshold
K (Nicholson, 1954).

Research in system dynamics and ecology shows that adding even a minor temporal delay changes
the model's behaviour completely. Instead of a smooth transition to Verhulst's stable plateau, the system
initiates oscillatory behaviours (May, 1976; Turchin, 2013). Depending on the size of the lag and the
population's reproductive potential, simulations identify three primary dynamic regimes:

1. Damped oscillations around K.

2. Stable limit cycles characterized by persistent periodic waves.

3. Chaotic fluctuations, where the population plunges into a deep ecological overshoot. This
significantly exceeds the ecosystem's capacity and sets the stage for a subsequent demographic
crisis (Berryman, 1999).

Consequently, the introduction of a delay parameter transforms the static logistic model into a
dynamic, oscillatory system. The population size responds not to the current ecological state of the
environment, but to the state of the system several years or decades ago. This provides a more realistic
reflection of biological and demographic inertia. This regime of inevitable ecological overshoot and
subsequent collapse became key to understanding the decline of real isolated systems, where a delayed
population response to resource depletion physically destroys the habitat itself.

Ecological Overshoot and Carrying Capacity Degradation: The Easter Island Framework

Another fundamental limitation of classic approaches is the assumption that environmental
parameters are static and unchanging. In real systems, the carrying capacity of an ecological niche (K) is
a dynamic variable. If demographic pressure causes a severe overshoot, the underlying resource base
undergoes severe degradation. This turns a smooth growth slowdown into a catastrophic systemic collapse
(Rees, 2002; Brandt & Merico, 2015).

The fate of Easter Island (Rapa Nui), an isolated piece of land in the Pacific Ocean, serves as the
primary historical model for studying these non-linear human-nature interactions on a global scale.
Palaeobotanical analyses of palynological profiles from marsh sediments, coupled with radiocarbon dating
of charcoal remnants, establish that during the initial settlement by Polynesian colonists circa 450-500 CE
according to some estimates, the island was a densely forested ecosystem with a massive subtropical palm
forest. Meeting basic food needs was relatively easy, which stimulated rapid demographic growth.
Estimates of peak population range from 7,000 to 15,000-20,000 individuals between the 14th and 16th
centuries. However, the unregulated exploitation of this open-access renewable resource led to the
complete disappearance of palm trees by around 1400 (Brander & Taylor, 1998). One explanation for the
subsequent demographic crisis is the ecocide scenario. Deforestation triggered a series of resource crises.
This caused a swift demographic crash to approximately 2,000 people by 1722, accompanied by tribal
warfare and cannibalism (Diamond, 2005).

System dynamics modelling conducted by J. Brander and S. Taylor (1998) demonstrates that the
emergence of this boom-and-bust cycle was a direct consequence of a specific ecological parameter: the
extremely low intrinsic regeneration rate of the native palm trees (Brander & Taylor, 1998). The core issue
of overshoot is the uncontrolled depletion of common-pool resources for private gain. As the population
grows, individual increases in extraction temporarily mask environmental degradation and delay early
warning signals of a crisis. Consequently, by the time society finally notices the ecosystem's collapse, the
resource base is already destroyed, leaving no time to establish conservation rules (Anderies, 2000).

The Easter Island model demonstrates that ignoring non-linear feedback and leaving renewable
resources unregulated under Malthusian pressure leads to the inevitable destruction of carrying capacity
(K). This creates cyclical "feast and famine" processes that directly cause severe systemic conflicts.
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However, while Rapa Nui's fragile island biosphere was vulnerable to human pressure, global humanity
found a way to counter crises by completely restructuring the production system itself.

Endogenous Technological Progress and Population Expansion: The von Foerster Framework

The next step in the evolution of population growth ideas overcomes the strict ecological limits of
Malthus and Verhulst by introducing a mechanism of endogenous technological progress. In a society with
high levels of communication and information exchange, humanity breaks its linear dependence on natural
resources. The anthropogenic habitat becomes increasingly mediated by endogenous technological
vectors (von Foerster et al.,, 1960). This enables the system to actively expand the parameters of its
environmental carrying capacity rather than passively adjusting to a static limit.

The fundamental manifestation of this pattern is the hyperbolic growth effect (von Foerster et al.,
1960). The authors demonstrated that if the growth dynamics of the past two millennia continued, the
accelerating gap between birth and death rates would cause the population curve mathematically to
approach infinity on a specific critical date: Friday, November 13, 2026. This anomalous acceleration is the
result of the population growth rate becoming proportional not simply to the current population size, but to
its square. This relationship reflects intensifying social interactions and bypasses the immediate
intervention of exogenous resource scarcity.

Michael Kremer (1993) provided an economic and evolutionary justification for this phenomenon. He
built an integrated model linking the Malthusian assumption of resource-limited population to the concept
of endogenous innovation. This approach partly echoes Esther Boserup’s theory, which argued that
demographic pressure forces societies to develop new technologies when the old resource base can no
longer sustain them (Boserup, 1965).

Integrating the technological factor into the model shows that a larger population produces more
knowledge, which in turn expands carrying capacity and drives further accelerated growth. However,
Kremer's model includes an important caveat: as per capita income rises alongside technological progress,
it eventually triggers a reverse reaction — a decline in fertility rates at high wealth levels. This shifts the
system toward the final demographic transition, ultimately enabling the global system to break the
Malthusian trap, shifting from quantitative expansion to internal qualitative stabilization.

The Demographic Transition in a Closed Ecosystem: The Notestein Framework

The final step in system complexity describes a turning point in global societal development. This
stage marks the breaking of the centuries-old Malthusian constant and the transition of the eco-economic
system into a regime of modern sustainable growth. The mathematical and theoretical foundation of this
process rests on the classic demographic transition theory, which was pioneered by W. Thompson (1929)
and later fully formalized by F. Notestein (1945).

He was the first to systematically link declining fertility with industrialization. The model of
endogenous development reflects this historical evolution of population, technology, and production
through three sequential regimes (Galor & Weil, 2000):

The Malthusian regime: where short- term income gains are quickly erased by population growth,
returning society to the subsistence level.

2. The Post-Malthusian regime: where innovation outpaces resource degradation for the first time,
allowing both population and living standards to grow simultaneously.

3. The Modern Growth regime: which marks the final demographic transition.

The main driver of this transition was a shift in parental choice, prioritizing child survival and success over
offspring quantity. Rapid technological progress devalued the basic agricultural knowledge of previous
generations. This created a high demand for quality education. This triggered a new feedback loop: investments
in human capital accelerated innovation, which made education even more valuable and drove down fertility
rates. Beginning in Europe around 1800, this global transition radically altered demographic structures. Within
the population studied by Lee (2003) birth rates fell, aging intensified, and the share of a woman's adult life spent
raising infants dropped from 70% to 14%, freeing up time for other socio-economic activities.

In conclusion, integrating the demographic transition parameter completes the logic of historical
development. The system overcomes the threat of a non-linear Malthusian catastrophe or ecological overshoot
not through infinite physical expansion, but through an internal, qualitative transformation: human capital
accumulation and the endogenous stabilization of population size within the biosphere's carrying capacity.

Materials and Methods

The methodological structure of this study is built on the principle of step-by-step expansion and
scaling of simulation models. For ease of reading, the mathematical description and algorithmic schemes
for each step of the author's model are presented directly in the "Results and Discussion" section. This

Cepisi «Bionorisi», Bun. 46, 2026
Series Biology, issue 46, 2026 ISSN 2075-5457 (print), ISSN 2220-9697 (online)



m Bid nacmku Mansmyca do demoepachiyHoz2o riepexody: oc8imHi ma HayKoei acrieKmu yHI8epcumemcbKo20 Kypcy 3 MOOETHo8aHHS

From Malthusian trap to demographic transition: educational and research aspects of a university simulation course

allows for a synchronous comparison of specific architectural changes in the model with their corresponding
graphs and simulation results.

Simulation modelling serves as the primary research tool, as it enables the analysis of non-linear
processes across multi-millennial timescales, which is impossible through direct empirical observation. This
work utilises a system dynamics approach rather than agent-based modelling. While the agent-based
approach focuses on the discrete actions of individuals and micro-level behavioural rules, system dynamics
prioritises aggregated population states (stocks) and macro-level rates of change between them (flows).
This approach aligns with the systemic principles outlined by Meadows (2008), according to which the
internal structure of a system, defined by a combination of positive and negative feedback loops, time lags,
and resource constraints, is the primary determinant of its long-term dynamic behaviour.

Algorithmic execution, progressive model complication, and graphical data visualisation were fully
implemented within the R programming environment. The baseline demographic structure relies on dividing
the population into age classes (cohorts), each characterised by specific birth and death rates. This matrix
serves as the foundation for the subsequent implementation of five consecutive non-linear modifications.

Results and Discussion

General structure of the "Humanity Growth" model

The "Humanity Growth" model describes the dynamics of a population consisting of several age
classes(n_classes), where individuals spend age_step years per class. In the model program code text
provided in Appendix 1, a configuration with 9 age classes of 7 years each is selected, meaning the
maximum lifespan is 9x7=63 years. This model focuses only on the female population; the total population
size can be assumed to be approximately twice as large. Each class is characterised by b[i] — fertility,
defined as the expected number of newborn females per woman of class i per year and d[i], representing
the annual probability of death for an individual in class i.

At the beginning of the simulation, the initial number of females (No) is evenly distributed among all
age classes. The number of individuals in the first age class may be smaller to ensure that the total
population matches No and each class contains an integer number of individuals.

The conceptual baseline logic of the model is shown in Fig. 1, utilising the notation standard for stock-
and-flow diagrams (Meadows, 2008). Step 0 is the conceptual baseline representing exponential growth
with age structure; it is not selectable via the step switch but is implicitly contained in all higher steps.

aging flows (probability 1/age_step per year)

N[1] Lo N[2] Lo N[3] L N[4] LO> N[5] L N[6] L N[7] L N[8] Lo N[9]

0-6 7-13 14-20 21-27 28-34 35-41 42-48 49-55 56-62

df 1}$ dﬁ'}i df: 3Ji df: ‘Ui d: 5f$ df ﬁj’i dﬁ}i df E'Ji df: Bli

deaths (rate d[i] per year) - leave the system
Legend (Meadows convention):

bf3 b[4,
I:l Stock (accumulator) — N[i] females in age class i

‘:l Reproductive stock (classes 36, with b[i] > 0)

—C’ Flow with valve (rate of change controlled by parameter)
Birth flow: newborns = N[If - bli for i € {3,45,6} _:) Information links, marked with "+" or "-" to denote link
—=) polarity (in the following figs)

Fig 1. Step 0. A model of exponential population growth that separately accounts for birth and death
rates in different age groups. Conventions according to the stock-and-flow diagram (Meadows,
2008). No feedback loops yet:

* b[i] and d[i] are constants (do not depend on N);

* Population grows or declines purely exponentially;

* The Malthusian parameter r = b — d emerges from the structure.

An important element of the model is the step switch, which can take integer values from 1 to 5. It
determines which set of regulatory assumptions for population dynamics applied during a given simulation
run. Each subsequent level incorporates all the mechanisms of the previous level along with a new feature.
A specific block of parameters is assigned to each step to govern its unique regulatory pathways.

The script then describes the creation of objects used for calculations and user-defined functions.
These include functions for updating the carrying capacity K (for steps 3, 4, and 5), checking for sustained
growth and decline of K (for step 5), and the full operating cycle of the model, which conventionally
corresponds to one year of the population's life (for all steps).
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The main operating loop of the model repeats as many times as specified by the cycles parameter
(the simulation duration in years), unless the simulated population falls to zero. During every iteration, the
size of all age classes and the values of other key variables are recorded in the Results matrix.

The output of each simulation consists of the Results matrix and a dashboard containing windows
that report the conditions of the model experiment, the overall population dynamics throughout the
simulation, and age structures at designated time intervals. At step 5, an additional window is added to
reflect the dynamics of the demographic transition.

Step 1: Verhulst parameter (environmental carrying capacity)
The first step in constructing the simulation model involves transitioning to a logistic dependence.
Fig. 2 indicates the new features implemented during this initial step.

K_max
natural +)
K density
regulation
free space
coefficient
One loop now interact: births
Step 1: B1, density regulation
+
births -
Z N[i] - b_effi]

N

total females

I N

9 age classes inside

deaths
deaths — Z N[i] - d_eff[i]

Fig 2. Step 1. Incorporating the effects of environmental carrying capacity (specified by the Verhulst
parameter) on birth and death rates. New in Step 1 (vs. Step 0):

* Population N is now shown as a single aggregated stock (its internal age structure remains as in Step 0);

* New parameter K (carrying capacity) and auxiliary free = (K-N)/K;

* First feedback loop: as N grows, free shrinks, which reduces births and increases deaths — population
stabilizes near K.

The results of modelling human dynamics for this particular phase are omitted here. The simulated
population size stabilises at a level below Kmax. This outcome occurs because every age class utilizes
environmental resources (decreasing the free variable), yet only specific cohorts contribute to reproduction.
If the carrying capacity of the environment supports not only fertility but also mortality, the population size
will stabilise at a lower threshold.

Fig. 3 displays the modifications introduced in step 2. A delay in the population's response to
environmental constraints can lead to an overpopulation crisis and subsequent collapse (Fig. 4).
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Step 2: “Nicholson parameter” (delay in the population's response)

K_max
natural -I-)

K density.
regulanon

free space
coefficient
One loop (with delay) births F
now interact: / elay
Step 1: B1, density regulation |_
Step 2: delayed density regulation ag years
births -
Z N[i] - b_efffi]

total females

0 o
9 age classes inside deaths . = N[i] - d_eff[i]

Fig 3. Step 2. Incorporating the delay in the global population's response to environmental capacity
constraints (as determined by the “Nicholson parameter”). New in Step 2 (vs. Step 1):

* Environment still reacts to current N instantly: free = (K — N) / K is computed from the current N,;

* But population reacts to environment with a delay (Lag years);

» Today's reproducers were born ~Lag years ago in response to free space available back then.

The construction of Fig. 4 uses a practical opportunity for model experimentation. To evaluate model
behaviour under specific input parameters, the set.seed() function allows users to define the initial state of
the pseudorandom number generator. This ensures that the simulated system follows the exact same
trajectory during repeated runs. By analysing the Results matrix, which describes this trajectory, it is
possible to select specific moments in the history of the global population for closer inspection. These
selected moments (which are added to the time_points_custom vector) are highlighted with coloured
markers on the "Population dynamics" chart, and their corresponding age class distribution curves are
displayed on the "Age structure" plot.
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Step 2: Logistic regulation + lag effect
K_max=5000, crowd_d=0.1, N0O=100, cycles=200, seed=123
Lag=55
b: 0-6=0 7-13=0 14-20=0.9 21-27=0.7 28-34=0.5 35-41=0.4 42-48=0 49-55=0 56-62=0
d: 0-6=0.2 7-13=0.1 14-20=0.05 21-27=0.04 28-34=0.06 35-41=0.1 42-48=0.2 49-55=0.3 56-62=1
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Fig. 4. Temporal delay in the simulated population's reaction to environmental limits (the Lag
parameter) leads to its collapse

Even with a shorter response delay, the population can experience sharp fluctuations in size with a
randomly varying amplitude. Eventually, this can drive the model population to a complete crash (Fig. 5).

Step 2: Logistic regulation + lag effect
K_max=5000, crowd_d=0.1, NO=100, cycles=4000, seed=123
Lag=50
b: 0-6=0 7-13=0 14-20=0.9 21-27=0.7 28-34=0.5 35-41=0.4 42-48=0 49-55=0 56-62=0
d: 0-6=0.2 7-13=0.1 14-20=0.05 21-27=0.04 28-34=0.06 35-41=0.1 42-48=0.2 49-55=0.3 56-62=1
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Fig. 5. A delay in the population's response to constraints led to its collapse after a series of oscillations

Step 3: “Easter Island parameter” (environment degrades in the event of an overpopulation crisis)
The next step considers the principle that a population exceeding its carrying capacity causes
environmental degradation. Step 3 also takes into account the opposite scenario — the gradual recovery of
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the environment, if its exploitation is not excessive. However, the typical case is likely one where recovery
is @ much slower process than the depletion that occurs during a Malthusian crisis. The modifications to

the model at this step are illustrated in Fig. 6.

Recov:(K_max - K)
recovery

+ -

K

carrying capacity

&4

density
regulation
births

births —
% N[i] - b_efffi]

free space
coefficient

+ delay
i A Lag years

exhaustion

if N > K: K - Exh:(N-K)/K
exhaustion > recovery

N

total females

|

|

Two loops now interact:
Step 1: B1, density regulation

deaths

9 age classes inside deaths — £ N[i] - d_eff[i]

Step 2: delayed density regulation
Step 3: B2, environmental exhaustion (slow recovery)

Fig 6. Step 3. Incorporating the environment degrades in the event of an overpopulation crisis (as
determined by the “Easter Island parameter”). New in Step 3 (vs. Step 2):

* K'is no longer a fixed parameter — it becomes a dynamic stock;

» Two new flows: recovery (K_max — K) - Recov and exhaustion;

« If N exceeds K, the environment degrades (Easter Island effect);

* Recovery is slow (Recov « Exh): damage outpaces healing.

Under such conditions, even relatively small overpopulation crises can significantly reduce population

resilience and cause its collapse (Fig. 7).
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Step 3: Logistic regulation + lag + environmental exhaustion
K_max=5000, crowd_d=0.02, N0=500, cycles=3700, seed=123456
Lag=39 Exh=0.3, Recov=0.003
b: 0-6=0 7-13=0 14-20=0.9 21-27=0.7 28-34=0.5 35-41=0.4 42-48=0 49-55=0 56-62=0
d: 0-6=0.2 7-13=0.1 14-20=0.05 21-27=0.04 28-34=0.06 35-41=0.1 42-48=0.2 49-55=0.3 56-62=1
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Fig. 7. The population recovered after the first two overpopulation crises but collapsed after the third

Step 4: “von Foerster parameter” (increase in environmental carrying capacity)

The hyperbolic human population growth, discovered by Heinz von Foerster (von Foerster et al., 1960), results
from lifestyle changes driven by cultural evolution. Conventionally, the rate of this process can be considered
proportional to the population size, as implemented in the fourth step of model complexity (Fig. 8).
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exhaustion > recovery

Three loops now interact:
Step 1: B1, density regulation
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N N |
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Step 2: delayed density regulation
Step 3: B2, environmental exhaustion (slow recovery)
Step 4: R3, cultural evolution (reinforcing, gives hyperbolic growth)

Fig 8. Step 4. Incorporating the increase in environmental carrying capacity resulting from cultural
evolution, which optimizes the way of life (as determined by the “von Foerster parameter”). New in Step

4 (vs. Step 3):
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* Population itself enriches K through cultural evolution;

* Rise flow adds Rise - N to K each cycle: more people — more "inventors" — faster cultural growth;
* This generates the first reinforcing (positive) feedback loop;

* Hyperbolic growth of N becomes possible (von Foerster effect).

As shown in Fig. 9, even with a continuous increase in carrying capacity, a delay in the population's
response to constraints can lead to a Malthusian crisis, resource depletion, and population collapse.

Step 4: Logistic regulation + lag + exhaustion + cultural evolution
K_max=5000, crowd_d=0.02, NO=500, cycles=550, seed=1
Lag=40 Exh=0.3, Recov=0.003 Rise=0.001
b: 0-6=0 7-13=0 14-20=0.9 21-27=0.7 28-34=0.5 35-41=0.4 42-48=0 49-55=0 56-62=0
d: 0-6=0.2 7-13=0.1 14-20=0.05 21-27=0.04 28-34=0.06 35-41=0.1 42-48=0.2 49-55=0.3 56-62=1
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Fig. 9. Even under conditions of growing carrying capacity driven by human cultural evolution, a
delay in the global population's response to external constraints can lead to the collapse of the
simulated system

Step 5: “Notestein effect” (demographic transition)
The long-term sustainability of the global population depends on the demographic transition, a
feature introduced in the fifth stage of refining our "Humanity Growth" model (Fig. 10).
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Fig 10. Step 5. Incorporating the demographic transition (“the Notestein effect”): sustained growth
in environmental carrying capacity leads to a decline in mortality, followed by a decline in fertility.

New in Step 5 (vs. Step 4):

+ Sustained growth of K (over Stable_dyn years) triggers social progress: humanity adapts its

reproductive behaviour;

+ Stage 1: mortality declines (progress_d grows toward 1);
« Stage 2 (after Trans_lag): fertility declines (progress_b grows);
* Reversible only during crisis (sustained K decline).

During the fifth stage of simulation, the model population is most vulnerable precisely at the onset of

the demographic transition, when mortality begins to decline while birth rates remain high.

Step 5: Logistic regulation + lag + exhaustion + cultural evolution + demegraphic transition
K_max=5000, crowd_d=0.02, N0=500, cycles=1200, seed=12345
Lag=35 Exh=0.3, Recov=0.003 Rise=0.001 Decl_d=0.2, Decl_b=0.55, Decl_speed=0.02, Trans_lag=50
Baseline b: 0-6=0 7-13=0 14-20=0.9 21-27=0.7 28-34=0.5 35-41=0.4 42-48=0 49-55=0 56-62=0
Baseline d: 0-6=0.2 7-13=0.1 14-20=0.05 21-27=0.04 28-34=0.06 35-41=0.1 42-48=0.2 49-55=0.3 56-62=1
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Fig. 11. The result of the demographic transition is the long-term existence of the population at a

relatively stable size
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Alternative approaches to model design and refinement

The model was developed step by step through interactive discussions during student classes.
Throughout this process, we identified several alternative developmental paths, some of which laid the
groundwork for parallel model versions separate from the one focused on here. The points below
summarize these potential directions for model adjustment.

Firstly, time lags could be introduced not only into how the global population reacts to environmental
shifts but also into how the environment responds to population changes.

Furthermore, the global population could be split into two or more subpopulations with differing lag
periods. One segment might respond much faster than the rest, with a dynamic ratio between these groups.
This concept demonstrates the idea of societal heterogeneity: its different components adapt to new
conditions in distinct ways.

The method for evaluating technological progress was a subject of debate. In our current
implementation, progress is represented as a sustained increase in carrying capacity. However, it could
also be assessed based on the state of the global population (for instance, its long-term, gradual growth
without fluctuations in size).

Another open question is the unrestricted growth of carrying capacity due to culturally evolved
lifestyle shifts, which characterises the current model version. An upper limit on carrying capacity could be
introduced (representing the absolute ceiling of human population the planet can sustain under any
lifestyle). This constraint should not act instantaneously, though the exact mechanism requires further
definition. Alternatively, a Stability parameter could be introduced to pull the carrying capacity back toward
its baseline value Ko.

We believe it would be highly productive to account for the Jevons paradox (Jevons, 1866), which
posits that improvements in resource efficiency actually accelerate total consumption.

It should be noted that even at step 5, the simulated population dynamics deviate substantially from
actual historical trends of global humanity. The most crucial difference is that real-world demographic shifts
occur at a much slower pace, preventing the population from entering periodic oscillation cycles. However,
further application of the chosen approach and the addition of new regulatory mechanisms could likely
make the model population dynamics more adequate for studying human history. Is such a model valuable
when its highly simplified regulatory feedback loops lead to less-than-perfect predictive accuracy? We
argue that it is. The primary value of this model lies in its ability to isolate and determine the effects of each
applied mechanism.

One way to overcome this limitation is to divide the global population into a certain number of
subpopulations, each with its own dynamics. This concept can be expanded by incorporating population
redistribution across groups (migration) and resource reallocation (transferring parts of unused carrying
capacity, factoring in a certain efficiency loss).

Segmenting the global population into distinct subpopulations opens up the possibility of modelling
varied developmental stages, each yielding an incremental boost to carrying capacity. For instance, several
"phase transitions" can be identified in this process. Beginning with a baseline state (an opportunistic
hunter-gatherer), a series of technological revolutions can be introduced, such as "Prometheus" (the use
of fire), "Gaia" (the agrarian transition), "Hephaestus" (iron tools), "Hermes" (roads, logistics, trade),
"Aeolus" (the steam engine), and "Zeus" (electrification).

Conclusions

The "Humanity Growth" model evolved as a hands-on pedagogical experiment, co-developed alongside
Master's and PhD students within a simulation modelling course at V. N. Karazin Kharkiv National University.
Our primary goal was not to deliver a forecasting tool, but rather to design an intuitive, modular framework that
allows users to clearly trace how demographic and ecological factors drive complex system behaviour.

The step-by-step complication of the model architecture — progressing from basic Malthus
exponential growth to integrating the Verhulst, Nicholson, and Notestein parameters — enabled us to
evaluate each feedback loop in isolation. Our findings confirm that even against a background of culturally
driven capacity expansion, response delays remain a critical vulnerability that can plunge the system into
overshoot and crisis. The model also shows that the beginning of the demographic transition (when death
rates drop but birth rates stay high) can be a highly unstable phase on the way to long-term stability.

Due to the intentional simplification of our baseline algorithms, the simulated population dynamics
depart from the much smoother history of real humanity. However, this very simplicity removed distracting
noise and made the underlying feedback loops easy to see. The current model framework serves as an
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open platform for future refinement, such as introducing subpopulations, migration dynamics, or Jevons'
paradox. Finally, designing, critiquing, and testing this model together with Master's and PhD students
proves that this interactive format is an exceptionally productive pedagogical tool within biosystem
simulation modelling curricula.
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Appendix 1
# HUMAN POPULATION DYNAMICS (TYPE | MODEL).
# The model covers five steps of increasing complexity in the regulation of human population. Only females are modelled.
The step is chosen by a single parameter step (from 1 to 5). Each subsequent step includes all mechanisms of the previous ones.
# STEP 1: LOGISTIC REGULATION — resource limitation through K (carrying capacity). Population approaches K and stabilizes
there.
# STEP 2: + LAG EFFECT — population responds to its own size with a delay of Lag years, which generates oscillations
and possible overshoots of K.
# STEP 3: + ENVIRONMENTAL EXHAUSTION — when N exceeds K, K itself degrades ("Easter Island effect"). It recovers
slowly when N <= K.
# STEP 4: + CULTURAL EVOLUTION — K grows each cycle by an amount proportional to the population size, producing
hyperbolic growth due to lifestyle optimization.
# STEP 5: + DEMOGRAPHIC TRANSITION — sustained growth of K first reduces mortality, then (after a delay) fertility.
# INITIAL SCRIPT COMMANDS:
rm(list = Is()) # Clear the environment of previous variables
seed_value <- 12345 # NA for a random run, or an initial value of the random number generator for reproducibility
if (lis.na(seed_value)) set.seed(seed_value)
# STEP SELECTION (from 1 to 5):
step<-5
if (Istep %in% 1:5) stop("step must be an integer from 1 to 5") # Validity check
use_lag <- step >= 2 ; use_exhaustion <- step >= 3; use_culture <- step >= 4; use_demographic <- step >= 5 # Derived logical
flags...
# MAIN PARAMETERS:
n_classes <- 9 # number of age classes in the model
age_step <- 7 # duration of one age class in years; all classes have equal duration
b <- ¢(0.00, 0.00, 0.90, 0.70, 0.50, 0.40, 0.00, 0.00, 0.00) # Baseline fertility b[i] — expected number of newborn females per
female of class i per year
d <-¢(0.2, 0.1, 0.05, 0.04, 0.06, 0.1, 0.2, 0.3, 1.00) # Baseline mortality d[i] — probability of death of an individual of class i
per year
NO <- 500 # Initial number of females in the population
# EXPERIMENTAL CONDITIONS:
cycles <- 1200 # Simulation length in years
# time_points_custom <- ¢(0, 300, 329, 400, 430) # Optionally uncomment and specify 3 to 7 cycle numbers to be displayed
on the Age structure diagram; if commented out, 4 default points are used (0%, 25%, 50%, 100% of cycles)
if (lexists("time_points_custom")) time_points_custom <- NULL
# PARAMETERS USED IN CERTAIN STEPS
# Logistic regulation parameters (step 1, always active regardless of step):
K_max <- 5000 # Verhulst parameter: initial carrying capacity; the number of females that the environment can sustain
without degradation. In steps 1-3 it is a constant; in steps 4—5 K can grow due to cultural evolution
K_min <- K_max * 0.1 # Absolute lower bound for K (1% of K_max); guards against unbounded decline
crowd_d <- 0.02 # Intensity of crowding effect on mortality; as N approaches K, mortality increases by (1-d)*crowd_d; if
crowd_d=0, regulation occurs only through fertility limitation
# Lag parameter (step 2 and above; ignored if step < 2):
Lag <- 35 # Conventional name: Nicholson's parameter; the number of years by which the population's response to its own
size is delayed
# Exhaustion parameters (step 3 and above; ignored if step < 3):
Exh <- 0.3 # Conventional name: Easter Island parameter; intensity of environmental exhaustion when N exceeds K, according to
K_new = K*(1 - Exh*(N-K)/K); larger Exh means faster environmental degradation during overpopulation crises
Recov <- 0.003 # Rate of slow recovery of K toward K_max when N <= K; must be significantly smaller than Exh, as
exhaustion is faster than recovery
# Cultural evolution parameters (step 4 and above; ignored if step < 4):
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Rise <- 0.001 # Conventional name: von Foerster's parameter; intensity of cultural evolution that depends on the number of
"inventors"; K grows by Rise*N per cycle, producing hyperbolic growth of humanity: the more people, the faster cultural
evolution proceeds

# Notestein parameters, demographic transition (step 5; ignored if step < 5):

Stable_dyn <- 200 # Window length (cycles) for detecting sustained dynamics of K, filtering out short-term fluctuations
min_dyn <- 0.05 # Threshold of relative change in K over Stable_dyn; if K grew by min_dyn — sustained demographic
progress; if K fell by min_dyn — demographic crisis

Trans_lag <- 50 # Delay (cycles) between the start of stage 1 (mortality decline) and stage 2 (fertility decline)

Decl_d <- 0.2 # Maximum relative decline of mortality at full demographic transition (0.7 means d may fall to 30% of baseline)
Decl_b <- 0.55 # Maximum relative decline of fertility at full demographic transition

Decl_speed <- 0.02 # Speed of demographic transition per cycle (at 0.01 a full transition takes about 100 cycles)

#W_ O RKSPACE

# GENERAL OBJECTS CREATION:

N <- round(rep(NO / n_classes, n_classes))

N[1] <- NO - sum(N[-1]) # Initial uniform distribution of NO individuals across age classes

K <- K_max # current carrying capacity; starts from K_max

progress_d <- 0 # current progress of mortality decline due to demographic transition

progress_b <- 0 # current progress of fertility decline due to demographic transition

stage1_t <- NA # cycle at which the progress trigger (stage 1) was first activated

collapsed <- FALSE; collapse_t <- NA # Population collapse flags

Results <- matrix(NA, nrow = cycles + 1, ncol = n_classes + 4, dimnames = list(0:cycles, c(paste0("class_", 1:n_classes),
"N_total", "K", "progress_d", "progress_b"))) # Matrix to store the full state of the system at every cycle

Results[1, ] <- ¢(N, sum(N), K, progress_d, progress_b) # Fill the first row of Results

# USERS FUNCTION CREATION:

update_K <- function(K, N_total, K_max, K_min, Exh, Recov, Rise, step) { # Update K for one cycle
switch(as.character(step),

"1" =K, # For step 1 K is constant

"2" =K, # For step 2 K is constant

"3" = { # Step 3: exhaustion or slow recovery

if (N_total > K) { K_new <- K* (1 - Exh * (N_total - K) / K) # Relative exhaustion: scales with current K

}else { K_new <- K + Recov * (K_max - K) } # Slow return to K_max

max(K_min, K_new) }, # Lower bound for K

"4" = | # Step 4 uses the same logic as step 5 (switch syntax: an empty branch passes control to the next one)

"5" = { # Steps 4 and 5: exhaustion/recovery + cultural evolution

if (N_total > K) { K_new <- K* (1 - Exh * (N_total - K) / K) + Rise * N_total # When N > K: exhaustion is proportional to
relative overshoot, cultural growth is proportional to the number of inventors

} else if (K < K_max) { K_new <- K + Recov * (K_max - K) + Rise * N_total # When N <= K and K < K_max: natural recovery
toward K_max + cultural growth proportional to N

}else { K_new <- K + Rise * N_total } # When N <= K and K >= K_max: only cultural growth, determined by the population size
max(K_min, K_new) } ) }

check_progress_trigger <- function(K_history, t, Stable_dyn, min_dyn) { # Check for sustained growth of K (to start the
demographic transition)

if (t <= Stable_dyn) return(FALSE) # Until enough history has accumulated, the trigger cannot fire

K_now <- K_history[t + 1] # Current K (at cycle t)

K_past <- K_history[t + 1 - Stable_dyn] # K Stable_dyn cycles ago

if (is.na(K_now) || is.na(K_past) || K_past <= 0) return(FALSE) # Guard against NA and zero values

return(K_now > K_past * (1 + min_dyn)) } # Progress condition: K grew by the required percentage

check_crisis_trigger <- function(K_history, t, Stable_dyn, min_dyn) { # Check for sustained decline of K (a crisis that
reverses the demographic transition)

if (t <= Stable_dyn) return(FALSE)

K_now <- K_history[t + 1]

K_past <- K_history[t + 1 - Stable_dyn]

if (is.na(K_now) || is.na(K_past) || K_past <= 0) return(FALSE)

return(K_now < K_past * (1 - min_dyn)) } # Crisis condition: K fell by the required percentage

full_cycle <- function(N, b_dem, d_dem, n_classes, age_step, K, crowd_d, N_lag) { # One full cycle of the model (1 year of
population life)

N_new <- numeric(n_classes) # Final N vector

N_surv <- numeric(n_classes) # Survivors

N_staying <- numeric(n_classes) # Those who stayed in their class

N_aging <- numeric(n_classes) # Those who moved to the next class

free <- (K- N_lag) / K# Fraction of free environmental capacity; negative when N_lag > K (overpopulation crisis)

b_eff <- pmin(b_dem, pmax(0, d_dem + (b_dem - d_dem) * free)) # Effective fertility: linear interpolation between d_dem (at
N_lag=K) and b_dem (at N_lag=0)

d_eff <- pmin(1, pmax(d_dem, d_dem + (1 - d_dem) * (1 - free) * crowd_d)) # Effective mortality: rises as N_lag -> K
through crowd_d, even more when N_lag > K

for (i in 1:n_classes) {N_surv][i] <- rbinom(1, size = N[i], prob = 1 - d_eff[i]) } # Binomially stochastic mortality: each individual
of class i survives independently with probability (1 - d_eff[i])

for (i in 1:n_classes) { # Binomially stochastic aging. Each living individual moves to the next class with probability 1/age_step
N_aging[i] <- rbinom(1, size = N_surv][i], prob = 1/ age_step)

N_staying[i] <- N_surv[i] - N_aging[i] }
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newborns <- sum(sapply(1:n_classes, function(i) rpois(1, lambda = N_surv[i] * b_eff[i]))) # Poisson-distributed births (sum of
random newborn counts across classes)

N_new[1] <- newborns + N_staying[1]

for (i in 2:n_classes) { N_new][i] <- N_staying[i] + N_aging][i - 1] } # Assemble the final vector (class 1 = newborns + those who
stayed in class 1; classes 2..last = those who stayed in their class + those who moved up from the previous class; individuals
leaving the last class are lost)

return(N_new) }

#W_ O RKFLOW

# MAIN WORK CYCLE:

for (tin 1:cycles) {

if (use_lag) { # The N value to which the population "responds" in this cycle; if use_lag=TRUE from history, otherwise
current

lag_row <-t - Lag

if (lag_row < 1) { N_lag <- NO # Until enough history has accumulated — initial N value

} else { N_lag <- Results[lag_row, "N_total"] } # N_total from cycle t-Lag

} else { N_lag <- sum(N) } # Without lag: current N

if (Icollapsed) { # K dynamics stop together with the population: without people there is no cultural evolution and no environmental
impact

K <- update_K(K, sum(N), K_max, K_min, Exh, Recov, Rise, step) }

Results[t + 1, "K"] <- K# Store K in any case (for correct plots — a frozen line after collapse)

if (use_demographic) { # Demographic transition only in step 5

progress_trigger <- check_progress_trigger(Results[, "K"], t, Stable_dyn, min_dyn) # Check the triggers based on K history
crisis_trigger <- check_crisis_trigger(Results[, "K"], t, Stable_dyn, min_dyn)

if (progress_trigger) { # Mortality changes (grows during sustained progress, falls during sustained crisis)

if (is.na(stage1_t)) stage1_t <- t # Record the start of changes

progress_d <- min(1, progress_d + Decl_speed)

} else if (crisis_trigger) { progress_d <- max(0, progress_d - Decl_speed)

if (progress_d == 0) stage1_t <- NA } # Reset the marker when changes stop

stage2_active <- progress_trigger && lis.na(stage1_t) && (t - stage1_t >= Trans_lag) # Fertility changes (if mortality
changes have lasted Trans_lag cycles)

if (stage2_active) { progress_b <- min(1, progress_b + Decl_speed)

} else if (crisis_trigger) { progress_b <- max(0, progress_b - Decl_speed) }

d_dem <-d * (1 - Decl_d * progress_d) # Demographic correction of mortality

b_dem <-b * (1 - Decl_b * progress_b) # Demographic correction of fertility

} else {d_dem <-d; b_dem <- b } # Without demographic transition

if (Icollapsed) { # Life cycle of the population, if it has not collapsed

N <- full_cycle(N, b_dem, d_dem, n_classes, age_step, K, crowd_d, N_lag)

if (sum(N) < 1) { message("Population collapsed at cycle ", t)

collapsed <- TRUE; collapse_t <-t

N <- rep(0, n_classes) } } # If the population has collapsed, N remains zero and K is frozen at the last value

Results[t + 1, ] <- ¢(N, sum(N), K, progress_d, progress_b) } # Store the full system state in Results
#F_I_N_I_LS H_I_N G
# RESULTS VISUALIZATION:
step_label <- switch(as.character(step), # Step name for the plot title

"1" ="1: Logistic regulation",

"2" = "2: Logistic regulation + lag effect",

"3" = "3: Logistic regulation + lag + environmental exhaustion",

"4" = "4: Logistic regulation + lag + exhaustion + cultural evolution”,

"5" = "5: Logistic regulation + lag + exhaustion + cultural evolution + demographic transition" )

age_labels <- paste0O(seq(0, (n_classes - 1) * age_step, by = age_step), "-",

seq(age_step - 1, n_classes * age_step - 1, by = age_step)) # Age class labels for the X axis of the age structure plot
params_line1 <- paste0("K_max=", K_max, ", crowd_d=", crowd_d, ", NO=", NO, ", cycles=", cycles,

if (lis.na(seed_value)) paste0(", seed=", seed_value) else "") # Title line 1: general parameters

params_line2 <- "" # Title line 2: parameters of the mechanisms active at the current step

if (step >= 2) params_line2 <- pasteO(params_line2, "Lag=", Lag, " ")

if (step >= 3) params_line2 <- pasteO(params_line2, "Exh=", Exh, ", Recov=", Recov, " ")

if (step >= 4) params_line2 <- pasteO(params_line2, "Rise=", Rise, " ")

if (step >= 5) params_line2 <- pasteO(params_line2, "Decl_d=", Decl_d, ", Decl_b=", Decl_b, ", Decl_speed=", Decl_speed,
", Trans_lag=", Trans_lag)

b_label <- if (step == 5) "Baseline b" else "b" # Title lines 3-4: b and d vectors across age classes; for step 5 these are
baseline values

d_label <- if (step == 5) "Baseline d" else "d"
params_line3 <- paste0(b_label, ": ", paste(pasteO(age_labels, "=", b), collapse =" "))
params_line4 <- paste0(d_label, ": ", paste(pasteO(age_labels, "=", d), collapse =" "))

title_text <- paste0("Step ", step_label, "\n", # Single title with line breaks

params_line1,

if (nchar(params_line2) > 0) paste0("\n", params_line2) else "',

"\n", params_line3, "\n", params_line4)

if (use_demographic) { # Window layout: top row — title, below — plots (three for step 5, two for steps 1-4)
layout(matrix(c(1, 1, 1, 2, 3, 4), nrow = 2, byrow = TRUE), heights = ¢(0.18, 1))
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} else { layout(matrix(c(1, 1, 2, 3), nrow = 2, byrow = TRUE), heights = ¢(0.18, 1)) }

par(mar = c¢(0, 0, 0, 0)) # Panel 1: title with all parameters and b, d vectors

plot.new()

text(0.5, 0.5, title_text, cex = 1, font = 1, adj = ¢(0.5, 0.5))

par(mar = c(4, 4, 2, 1)) # Panel 2: population dynamics and K dynamics

y_max <- max(max(Results[, "N_total"], na.rm = TRUE), max(Results[, "K"], na.rm = TRUE)) * 1.05

plot(O:cycles, Results[, "N_total"],type = "I", lwd = 2, col = "darkblue", ylim = c(0, y_max), xlab = "Time (years)", ylab = "Total
females / K", main = "Population dynamics")

lines(0:cycles, Results[, "K"], lwd = 2, Ity = 2, col = "red") # Dynamic K — dashed red line

if (lis.na(collapse_t)) abline(v = collapse_t, Ity = 3, col = "grey40") # Mark the moment of collapse, if any

legend("topleft", legend = c("N total", "K (dynamic)"),col = c("darkblue", "red"), Ity = c¢(1, 2), lwd = 2, cex = 0.85)

if (is.null(time_points_custom)) { # If custom time points are not specified — default 4 points

time_points_marks <- round(c(1, cycles / 4, cycles / 2, cycles), 0)

} else { time_points_marks <- time_points_custom + 1 } # Custom moments + 1 (since row 1 of the matrix corresponds to t=0)
time_points_marks <- time_points_marks[time_points_marks >= 1 & time_points_marks <= cycles + 1] # Guard against out-
of-range values

if (length(time_points_marks) < 3 || length(time_points_marks) > 7) stop("time_points_custom must contain 3 to 7 values
within [0, cycles]") # Check count

colors_palette <- ¢("blue", "green3", "orange", "red", "purple", "brown", "magenta") # Up to 7 colors

colors_marks <- colors_palette[seq_along(time_points_marks)]

points(time_points_marks - 1, rep(y_max * 0.94, length(time_points_marks)), pch = 25, bg =
colors_marks[seq_along(time_points_marks)], col = colors_marks[seq_along(time_points_marks)], cex = 1.5)

grid()

if (use_demographic) { # Panel 3 (if use_demographic=TRUE)

par(mar = c(4, 4, 2, 1))

plot(0:cycles, Results|[, "progress_d"], type ="I", Iwd = 2, col = "purple", ylim = ¢(0, 1.05), xlab = "Time (years)", ylab =
"Progress (0..1)", main = "Demographic transition")

lines(0:cycles, Results[, "progress_b"], lwd = 2, Ity = 2, col = "darkgreen")

legend("topleft", legend = c("progress_d (mortality)", "progress_b (fertility)"), col = c("purple”, "darkgreen"), Ity = ¢(1, 2), lwd = 2, cex
=0.85)

grid() }

par(mar = c(5, 4, 2, 1)) # Final panel: age structure at the chosen time points

matplot(1:n_classes, t(Results[time_points_marks, 1:n_classes]), type = "b", pch = 16, lwd = 2, col =
colors_marks[seq_along(time_points_marks)], xaxt = "n", xlab = "Age class", ylab = "Number of females", main = "Age
structure")

axis(1, at = 1:n_classes, labels = age_labels, las = 2, cex.axis = 0.7)

legend("topright", legend = paste0("t=", time_points_marks - 1), col = colors_marks, Ity = seq_along(time_points_marks),
pch =16, cex = 0.8)

grid()

layout(1) # Return to the default graphical layout

Bia nactkm ManbTyca ao aemorpacpiyHoro nepexoay: OCBiTHi Ta HAYKOBi aCNeKTU

YHiBEpPCUTETCBLKOIro Kypcy 3 MmoAesitoBaHHSA
K.O. HectepeHko, [1.0. N'onoBHs, M.O. KpaB4ueHko, E.A. LLlopoxoBa,
M.A. CupopoBa, O.C. Cypwma, [.A. LLlabaHoB

Y cTaTTi onucaHo imMiTauiiHy Mogernb, Lo cTana pe3ynbTaToM ChiflbHoi po6oTY MaricTpaHTiB, acnipaHTiB Ta BUKNagadis y
pamMkax Kypcy «IMmiTauiiHe MOAEentoBaHHSA CTIMKOCTI Ta €BONMIOLLT HaOopraHiaMoBMx BiocncTem». Y XO4i HU3KM akageMidHUX
3aHATb y cepepoBuLli R 6yno po3pobneHo imiTauiiHy Moaenb «3poCcTaHHs NACTBAY, Ska XapakTepuayeTbCa noeTanHum
30iNnbLUEHHSIM CUCTEMHOI CKMaaHocTi. Lia Modenb HanexuTb 00 KaTeropii «Moaenen nepesipki 4OCTAaTHOCTI MeXaHiamiBy
(Mogenewn, WO nepesipsAloTb, YM € 3anpOroHOBaHI MEXaHi3MW AOCTaTHIMK ANS BiGTBOPEHHS CMOCTEPEXYBaHOI ANHAMIKK).
BasoBa apxiTekTypa cKknagaeTbCa 3 MoAeri eKCNoHeHLUianbHOro 3poCTaHHA HaceneHHs 3 Kinbkoma BiKOBUMMW Kriacamu,
KOXEH 3 SKUX XapaKTepu3yeTbCHA BIIACHNMM NMOKa3HMKaMM HAapOLKyBaHOCTi Ta CMEPTHOCTI. Ha HacTynHMx eTanax mogenb
MOCNIAOBHO iHTErpye: norictTniHe obMexXeHHst EMHOCTI cepefoBuLLa (NapameTp PepxionbeTa); nar-edpekT edekT y peakuji
HaceneHHs Ha pJediumT pecypciB (mapameTp HikoncoHa); 3MEHLIEeHHsT €MHOCTI cepefdoBuMLLia BHACMAOK Kpu3
nepeHaceneHHs (napametp OctpoBa [Macxu); 3pocTaHHS EMHOCTI cepeoBuLLA, 3yMOBIEHE KyIIbTYPHOIO €BOJIOLIELD, L0
onTumidye cnocib xuTTa (napametp ¢oH Pepcrepa); i, HapewTi, MexaHiaM aemorpadivyHoro nepexogy (napametp
HoycTtelnHa). Po3rnsHyTo CTpyKTYpY MoAeni, pesynbTaT MOAEMOBaHHA Ta anbTepHaTUBHI anropUTMIYHI piLLEHHS, Ski Oynu
3anporoHOBaHi y XOAi ChifbHOI PO3pO0KM. ABTOPU BBAXKAKTb TaKUM MOKPOKOBWUMA MiAXid 4O MOAENOBAHHSA YCMILLHWM i
NPOMOHYIOTb CBi JOCBIA AN NOAANbLLIOro PO3BUTKY Ta 3aCTOCYBaHHS.

KnrouoBi cnoBa: iMimauitiHe MmoderntosaHHs, ducernbHicmb odcmea, OuHaMika YUucerlbHOCMI, CMiliKicmb, €MHICMb
cepedosulua, naz-egpekm, airnepboriyHe 3pocmarHs, demoepaghiyHuLl nepexid, Modesb rnepesipku ocmamHOCMi MexaHi3mie
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Effect of aqueous extracts from natural sweetener-producing plants on the
growth and antagonistic and phytotoxic activity of soil microorganisms
O.l. Vinnikova

This study assessed the effect of aqueous extracts from natural sweetener-producing plants — Stevia rebaudiana
(stevia) leaves, Glycyrrhiza glabra (licorice) roots/rhizomes, and Helianthus tuberosus (Jerusalem artichoke) tubers —
on the growth, antagonistic, and phytotoxic activities of soil microorganisms, including several bacterial species,
micromycetes, and the green alga Tetracystis sp. The addition of aqueous extracts to the nutrient medium stimulated
colony growth in all tested micromycetes and the bacterium Azotobacter chroococcum. The highest stimulatory effect
was observed for extracts from stevia leaves and Jerusalem artichoke tubers. The antagonistic activity of the
micromycete Trichoderma viride against potentially phytopathogenic fungi was enhanced during co-cultivation with
aqueous extracts from all studied plants. The strongest phytotoxic effect was exerted by Aspergillus niger when grown
on a medium supplemented with licorice root extract. Conversely, the lowest level of phytotoxicity was observed for
Fusarium oxysporum cultivated with the addition of Jerusalem artichoke tuber extract. These findings indicate the
selective and species-specific influence of aqueous extracts of the studied plants on the functional activity of the soil
microbiome. This effect could be leveraged to develop biological agents aimed at optimizing cultivation conditions for
natural sweetener-producing crops.
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Introduction

In recent years, there has been a growing interest in plants that produce natural sweeteners. This is
driven by the increasing prevalence of metabolic diseases, particularly diabetes mellitus, necessitating the
search for safe sugar substitutes. The use of natural plant-derived sweeteners is especially relevant in the
production of dietary food for individuals with impaired carbohydrate metabolism, as such products are
characterized by low caloric value and do not cause a significant increase in blood glucose levels (Peteliuk
et al., 2021; Mufioz-Labrador et al., 2024; Patel & Navale, 2024). The most widely cultivated plants for
obtaining sugar substitutes comprise various species of Glycyrrhiza L., Stevia rebaudiana Bertoni, and
Helianthus tuberosus L. Cultivation technologies for these plants usually do not include regular crop
rotations, with particularly long periods of cultivation in the same location in case of G. glabra — up to 6 or
more years. In continuous cropping systems, active plant compounds can enter the soil environment
through volatilization, root exudation, decomposition, and leaching throughout the plant growth period. The
accumulation of such substances can lead to soil depletion, reduced soil fertility, and also significantly affect
the soil microbiome (Yadav et al., 2011; Ren et al., 2017; Zhou et al., 2018; Xu et al., 2022; Xu et al., 2024;
Wang et al., 2025; Madeo et al., 2026).

The overall chemical profile of the roots and the entire plant is, to some extent, reflected by the
composition of root exudates. It is well known that root exudates are a mixture of primary metabolites —
sugars, amino acids, organic acids, and secondary metabolites — flavonoids, terpenoids, phenolic
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compounds, etc. According to published reports, during the cultivation of licorice, secondary metabolites
such as glycyrrhizin, liquiritin, flavonoids, and triterpene saponins may accumulate in the soil. These
compounds can enter the soil through root exudation and plant residues (Chen et al., 2022). Stevia plant
material contains stevioside (steviol glycosides), rebaudiosides, phenolic compounds, and flavonoids,
which may also be components of root exudates and plant residues (Peteliuk et al., 2021). A number of
flavonoids as well as phenolic compounds have been identified in Jerusalem artichoke tubers, including
chlorogenic acid, caffeoylquinic acid and its derivatives, and ethers of caffeic and quinic acids (Showkat et
al., 2019). These particular biologically active compounds comprise one of the factors which cause changes
in the structure of the rhizosphere microbiome and contribute to the development of monoculture effects.

In the plant—microorganism system, plants provide the formation of habitats for microorganisms and
nutrient supply to the associated microbiome. In turn, plant growth and productivity are determined by the
integrated activity of soil microorganisms. Specialized studies have demonstrated that metabolites present
in the root exudates of medicinal and sweetener plants shape the rhizosphere microbiome (Liu et al., 2022;
Qu et al., 2024). It has also been established that in the rhizosphere of perennial monocultures, the
abundance of microorganisms either remains unchanged or may even increase compared to soil not
cultivated with these plants. However, conversely, the species diversity and activity of the microbiome may
decline and undergo substantial shifts. The microorganisms typically present in a given soil may be replaced
by phytopathogens or species capable of producing compounds with phytotoxic or antibiotic effects (Zhou
et al., 2017; Zhou et al., 2018; Yue et al., 2020; Liu et al., 2022; Xu et al.,2022). Disruptions to the soil
microbial community structure may also lead to adverse environmental consequences, including an
increased proportion of toxigenic, opportunistic pathogenic, or allergenic species able to contaminate plant
raw materials. Therefore, the relevance of our study is determined by the expanding cultivation of plants
that produce natural sweeteners and their widespread use in the food and pharmaceutical industries. At
the same time, the specific effects of the biologically active compounds of these plants on the soil
microbiome remain insufficiently understood, particularly in regard of microbial growth responses,
antagonistic interactions, and phytotoxic properties.

This issue is important for assessing the ecological consequences of cultivating such plants and for
the development of stable agroecosystems. In view of the above, the aim of this study was to determine
the effects of aqueous extracts of natural sweetener-producing plants on the growth, antagonistic activity,
and phytotoxic properties of selected soil microorganisms.

Materials and Methods

Biological material. Commercially available dried plant material of Glycyrrhiza glabra L. (dried roots
and rhizomes) and of Stevia rebaudiana Bertoni. (dried leaves) was purchased from a local pharmacy and
used for further analysis. Commercially available tubers of Helianthus tuberosus L. were purchased from a
local market. Before using the Jerusalem artichoke tubers for the preparation of aqueous plant extracts,
they were washed under running water, rinsed with sterile distilled water, chopped, and dried at +45°C until
constant weight was achieved. In the subsequent work, aqueous extracts of the plant material were used.
For this purpose, a weighed portion of the ground plant material (10 g) was extracted with 100 mL of distilled
water at 80°C and shaken on a shaker for 60 minutes. The resulting aqueous extract was first filtered
through paper filters and then sterilized using Millipore syringe filters with a pore diameter 0.22 um. For the
phytotoxicity study, commercial seeds of garden cress (Lepidium sativum L.) were used as the test culture.

Isolates of soil microorganisms used in the study were obtained from the collection of the Department
of Plant and Microorganism Physiology and Biochemistry of V.N. Karazin Kharkiv National University.
These included micromycetes (Mucor hiemalis Wehmer, Alternaria alternata (Fr.) Keissl., Penicillium
chrysogenum Thom, Trichoderma viride Pers., Aspergillus niger Tiegh., and Fusarium oxysporum Schiltdl.);
bacteria (Azotobacter chroococcum, Bacillus subtilis, Pseudomonas putida), and the microscopic alga
Tetracystis sp. All microorganisms were isolated from soils of agrocenoses located within the Kharkiv
district. Micromycetes were cultivated on liquid or agarized nutrient medium based on unhopped wort with
a reduced sugar concentration of 2.5% (experimental variant) and 5% sugar according to Balling (control).
B. subtilis and P. putida were cultivated on meat-peptone agar, A. chroococcum — on Ashby’s medium,
and Tetracystis sp. — on solid Bold’s medium (Bischoff &Bold, 1963; Atlas, 2010). Fungi were grown in a
thermostat at 22+1°C, azotobacter — at 28°C, other bacteria — at 36°C, algae — in a vegetation chamber
at 23+2°C under natural illumination.
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Study design. To explore the effect of aqueous extracts of plants producing natural sweeteners on
the growth and antagonistic properties of individual representatives of soil microorganisms, the obtained
aqueous extract from the plant material was cooled to 40°C and 1 ml was added to sterile Petri dishes. In
the control variant, the extracts were replaced with an equal volume of sterile distilled water. Then, 20 ml
of molten nutrient media were poured into the Petri dishes.

Microscopic fungi were inoculated into Petri dishes using the stab method, while in experiments with
bacteria and algae, cell suspensions at concentration about 106 CFU/ml were prepared. Bacteria and algae
were inoculated onto agar plates using a Drigalski spatula. The inoculated Petri dishes were placed in
thermostats or a vegetation chamber.

Observations of microorganism development were carried out over 2—10 days, with recording of the
number of colonies during 2-3 days (bacteria) and 2-3-8 days (algae). The diameter of micromycete
colonies was also measured over 10 days, starting from the day of growth initiation, and the day of
sporulation onset was noted.

The linear growth rate of micromycete colonies was calculated using the formula:

Rt— R
K-r — t 0 ,
t—t,
where R; — colony radius at time £, Ro— colony radius at time .

The study of the antagonistic activity of micromycetes was carried out using the double agar plate
method, with the following pairs of micromycetes: T. viride and A. alternata; T. viride and A. niger; T. viride
and F. oxysporum. The Petri dishes were incubated in a thermostat at 22+1°C for 4 days. The assessment
of culture reactions of fungal interactions was performed visually using the Jackson and Carl scale
(Flanagan, 1978).

The study of the phytotoxicity of potentially phytopathogenic isolates of micromycetes A. niger, A.
alternata, and F. oxysporum was conducted using the bioassay method with L. sativum seeds (Modern
methods in allelopathic research, 2021). For this purpose, the micromycetes were cultivated on liquid
nutrient medium supplemented with aqueous plant extracts in 10% of the medium volume. The phytotoxic
effect was determined using the formula:

F, = % x 100 %,

where L — length of the control plant seedling, Lx — length of the seedling of the tested plant.

Statistical analysis. The parameters were measured in three parallel replicates of each series; the
results were combined and averaged. The entire experiment was repeated twice. The means obtained in
two experiments were pooled, and their overall mean and its standard error (SE) were calculated using the
built-in option of the Microsoft Excel™ software package. Mean values were compared between
experimental series using the Tukey test, considering the difference to be significant at p<0,05.

Results and Discussion

Today, natural sweeteners are widely used in dietary nutrition and medicine. Their sources are
metabolites with a sweet taste that accumulate in various parts of plants. In terms of chemical composition,
these metabolites include either sugar-rich primary metabolites other than glucose or, more commonly,
secondary metabolites such as glycosides. These compounds may be released as exometabolites and
accumulate in the soil in the form of «rhizodeposits».

The use of monoculture practices and the incorporation of post—harvest residues during the
cultivation of such plants lead to the accumulation of substantial amounts of sugar-rich metabolites in the
soil. Under these conditions, significant changes may occur in the composition of the soil microbiome,
accompanied by a decline in plant productivity. Numerous studies have demonstrated the effects of
sweetener plant monocultures on soil microorganisms, as well as the role of microorganisms in enhancing
plant tolerance to stress (Chen et al., 2022; Sun et al., 2022; Shao et al., 2025; Ullah et al., 2025).
Investigating the effects of sweetener plant metabolites on the components of biogeocenoses is also
important, since plants and their microbiome form an interconnected system with reciprocal interactions.
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Moreover, the interactions bentween plants, microbiome and soil, being mediated through plant
rhizodeposits, constitute the basis for the restoration of soil structure and maintening of soil fertility.
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Fig. 1. The effect of aqueous extracts of sweetener-producing plants on the abundance of soil
bacteria and algae: A — Azotobacter chroococcum, B — Bacillus subtilis, C — Pseudomonas putida,
D — Tetracystis sp.

In the framework of current study, the effect of aqueous extracts from the aboveground (herb) or
underground parts of sweetener-producing plants on the growth, antagonistic, and phytotoxic properties of
common representatives of biogeocenoses — namely, microorganisms of the auto- and heterotrophic blocks
— was investigated. The effects of aqueous extracts from plant raw materials on the population dynamics of
bacteria and algae grown on the corresponding nutrient media supplemented with aqueous extracts of
sweetener plants are presented in Fig. 1A—1D. The addition of aqueous extracts from stevia and licorice plant
material to the nutrient medium stimulated the development of the nitrogen-fixing bacterium A. chroococcum
only on the second day of observation. Subsequently, this effect was not sustained, and the bacterial counts
in the experimental variants were slightly, but not significantly, higher than in the control (Fig. 1A).

In the experiment with the spore-forming bacterium B. subtilis, no stimulation effect was observed
after the addition of aqueous extracts from any of three plant species to the nutrient medium. Instead, a
significant decrease in the number of CFU/ml was recorded on the second day in the variant with the licorice
extract (Fig. 1B).

A different effect occurred in the experiment with the non-spore-forming soil bacterium P. putida. The
addition of aqueous extracts from stevia herb and licorice rhizomes caused a significant decrease in the
number of CFU/ml compared to the control. However, no such effect was observed when the Jerusalem
artichoke tuber extract was added (Fig. 1C).

Regarding the influence of metabolites from sweetener plants on the development of the autotrophic
representative of the soil microbiome — the green alga Tetracystis sp. — a significant decrease in CFU/mi
compared to the control took place throughout the entire observation period in the variants with stevia and
licorice extracts. A less pronounced, but still noticeable, decrease in the number of colonies was caused
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by the Jerusalem artichoke extract (Fig. 1D). However, it was noted that the algae colonies grown on
nutrient media supplemented with aqueous extracts had a larger diameter compared to the control. This
suggests that there may have been an increase in biomass rather than in the number of cells.

Thus, a certain antibacterial effect from the addition of aqueous extracts of sweetener—producing
plants was observed when using stevia herb and licorice rhizomes in the variants with B. subtilis, P. putida,
and the green alga Tetracystis sp. The antibacterial effect of extracts from stevia herb, licorice roots, and
rhizomes has also been demonstrated by other authors (Wahab et al., 2021; Chakma et al., 2023; Chen et
al., 2024). The antifungal and antibacterial efficacy of the active components of Jerusalem artichoke tubers
has also been noted (Showkat et al., 2019; Tapera et al., 2024). However, no such effect was observed in
our study. This may be explained by the fact that the antibiotic and antifungal activity depends on the
concentration of active compounds in the tubers. In turn, the content and concentration of these substances
are influenced by the cultivar, agronomic cultivation conditions, soil chemical composition, microbiome
activity, and storage conditions of the plant material itself.

The A. chroococcum isolate used in this study proved to be insensitive to the antibiotic effects of the
active components present in aqueous extracts of sweetener-producing plants (Fig. 1A). The resistance of
Azotobacter species to various environmental factors, including plant-derived antibiotic compounds, has
also been reported in other studies. The insensitivity of these bacteria to plant-derived antibacterial
substances (phytoncides and phenolic compounds) may be associated with a combination of evolutionary
defense mechanisms, specific metabolic features, and their adaptive capacity within the rhizosphere. These
mechanisms include cyst formation, high metabolic activity, synthesis of antioxidants and enzymes, and
siderophore production (Nongthombam et al., 2021; Shahid & Khan, 2022).

Thus, diverse microbial responses to the addition of aqueous extracts of sweetener-producing plants
to the cultivation medium were observed. Such effects may be associated both with the physiological
characteristics of representatives of the heterotrophic (bacteria) and autotrophic (algae) components of the
soil microbiome, as well as with differences in the metabolite composition of aqueous extracts obtained
from different plant species. Indeed, apart from their “sugar” component, metabolites of sweetener-
producing plants may also contain a variety of other biologically active compounds.

Another type of response to the added sugar in the culture medium was expected in experiments
with soil micromycetes. It is well known that the availability of accessible sugars in sufficient amounts is a
factor that significantly affects both the growth rate and the qualitative composition of micromycetes in the
environment (Reischke et al., 2014). The dynamics of the growth rate of micromycete colonies under the
influence of plant extracts added to the nutrient medium are presented in Fig. 2A-2F.

Compared to the control, a significant decrease in the growth rate of micromycetes under the
influence of plant extracts was observed in the following experimental variants: with A. niger on the 4th day,
if any extract was added (Fig. 2C), M. hiemalis on the 7th day, in the presence of stevia and licorice extracts
(Fig. 2D), and T. viride on the 4th day, when stevia extract was added (Fig. 2F). The expected increase in
the growth rate of micromycete colonies in the presence of aqueous extracts of plant material was observed
in all series of the experiment. Moreover, the growth rate of the fungi increased mainly on days 2—4, while
on day 7 the stimulation effect slightly decreased. This can be explained by the depletion of the added
sugars contained in the plant extracts. However, in case of potentially phytopathogenic micromycete
species (A. alternata, A. niger, and F. oxysporum), the growth rate in the presence of plant extracts
remained significantly higher than in the control even on the 7th day (Fig. 2B, 2C, 2E). In contrast, the
micromycete T. viride, which is a known antagonist of phytopathogens, showed a decrease in growth rate
to the control level by the 7th day of cultivation in presence of plant extracts.

The representative of fast-growing sugar-utilizing zygomycetes, M. hiemalis, demonstrated a
significant increase in colony growth rate on the 4th day of cultivation compared to the control in the
presence of stevia and licorice extracts. The addition of the aqueous extract from Jerusalem artichoke
tubers had no significant effect on the development of colonies of this micromycete throughout the entire
observation period (Fig. 2D).

Thus, the results of the study showed that the addition of aqueous extracts of sweetener-producing
plants to the nutrient medium predominantly stimulated the growth of micromycete colonies, but at different
times and to varying degrees. The decrease in growth rate observed in some cases may be associated
with the presence of phenolic compounds in the plant extracts, which can have antimicrobial properties. In
contrast to other reports (Showkat et al., 2019), no antimycotic effect of the Jerusalem artichoke extract
was observed in our study. A possible explanation for these results is presented above.
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Fig. 2. The growth rate of micromycete colonies under the influence of extracts from sweetener-
producing plants: A — Penicillium chrysogenum, B — Alternaria alternata, C — Aspergillus niger, D —

Mucor hiemalis, E — Fusarium oxysporum, F — Trichoderma viride.

At the next stage, the extracts obtained from sweetener-producing plants were tested against the

phytotoxicity of potentially phytopathogenic micromycetes — A. alternata, A. niger, and F. oxysporum. The
effects of the culture liquid from these micromycetes grown in media supplemented with aforementioned
extracts on the germination and seedling length of the test plant are presented in Figs. 3 and 4. The addition
of sweetener plant extracts to the cultivation medium enhanced the phytotoxic properties of A. niger and A.
alternata, while no effect on the phytotoxicity of F. oxysporum was observed.

By the garden cress seed germination test, the most pronounced phytotoxic effect was exerted by

the culture liquid of A. niger cultivated in the presence of stevia leaves extract, with a 1.3—fold difference
compared to the control. The phytotoxicity of A. alternata was also enhanced under the influence of licorice
and Jerusalem artichoke extracts, likewise by 1.3—fold (Fig. 3).
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Fig. 3. The effect of extracts from sweetener-producing plants on the phytotoxicity of Alternaria
alternata, Aspergillus niger and Fusarium oxysporum by the garden cress seeds germination test.
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Fig. 4. The influence of extracts from sweetener-producing plants on the phytotoxicity of Alternaria
alternata, Aspergillus niger and Fusarium oxysporum by the garden cress seedlings length test

Measurements of the length of garden cress seedlings exposed to the culture liquids of micromycetes
cultivated with the addition of sweetener plant extracts revealed no phytotoxic effect in the F. oxysporum
treatment. In experiments involving other micromycetes, the average seedling length of the test plants was
lower in nearly all experimental series compared with the control variants in which the fungi were cultivated
without the addition of extracts (Fig. 4). Notably, the addition of licorice extract to the cultivation medium
resulted in the strongest phytotoxic effect for all three micromycetes tested, as evidenced by the shortest
mean length of seedlings. Thus, licorice metabolites may enhance the phytotoxic properties of the
potentially phytopathogenic micromycetes. Accordingly, the accumulation of such metabolites in the soll
may increase the activity of phytopathogens, thereby negatively affecting plant growth and development.

The use of fungi of the genus Trichoderma as biocontrol agents against phytopathogens in
agrocenoses is a widespread practice worldwide (Guzman-Guzman et al., 2023). Biopreparations based
on monocultures of various strains are used, or they are applied as part of complex preparations. When
this micromycete is introduced into the soil, it enters a complex multicomponent environment. This
environment contains a large variety of organic substances (products of plant, soil animal, and
microorganism metabolism), and diverse interactions occurs between the participants of the biogeocenosis.
Therefore, the activity of a particular strain can be modified by environmental factors.

In this regard, studying the beneficial properties of microorganisms under conditions simulating
various forms of interaction between participants of biogeocenosis has certain practical value. Table 1
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presents the results of the assessment of the antagonistic activity of the T. viride isolate against potentially
phytopathogenic fungi under co-cultivation of colonies on media supplemented with extracts of sweetener-
producing plants. A certain effect of the added sugars and other metabolites from aqueous plant extracts
on the antagonistic properties of these micromycete isolates is apparent.

Table 1. Antagonistic properties of micromycetes when cultivated on media supplemented with
extracts of sweetener-producing plant material: scores according to the Jackson and Carl scale*

Name of micromycetes Source of the extract
Control (no extract in Stevia Glycyrrhiza | Helianthus
nutrient medium) rebaudiana glabra tuberosus
Trichoderma viride 4-5 5 4.5 4.5
Fusarium oxysporum 2 4 3 3
Aspergillus niger 3 2.5 1.5 3.5
Alternaria alternata 2.5 1 1 1

Note: *— 1 point is the minimum value, 5 points is the maximum

In general, the addition of extract from any of the plants to the culture medium enhanced the activity
of Trichoderma against A. alternata. In the experiment with F. oxysporum, the opposite effect was observed,
particularly if stevia extract was added. The isolate of A. niger demonstrated the most diverse antagonistic
activity: its activity increased in presence of Jerusalem artichoke extract, but decreased under the influence
of the licorice extract.

Among micromicetes used in the study, A. alternata cosistentlly showed the slowest growth. Such a
growth strategy explains the most significant decrease in the antagonistic activity of Alternaria compared
to the fast-growing T. viride. The addition of readily available sugars to the medium stimulated the growth
of Trichoderma, thereby creating conditions of readily available carbon deficiency for the other species.
This assumption may also be valid for another potential phytopathogen — F. oxysporum, since this species,
like T. viride, is fast-growing.

Table 2. Phytotoxic effect of micromycetes (potential phytopathogens) under cultivation on medium
supplemented with extracts of sweetener-producing plants, %

Name of micromycetes Source of the extract
Control (no extract Stevia Glycyrrhiza Helianthus
in nutrient medium) | rebaudiana glabra tuberosus
Fusarium oxysporum 47 27 40 13
Asperqgillus niger 67 73 87 67
Alternaria alternata 47 60 73 60

Therefore, the different effects of plant extracts observed in the study may be associated both with
the physiological and biochemical characteristics of the particular micromycete species, as well as with the
varying content of sugars, phenolic compounds, and flavonoids in the extracts.

The estimates of the phytotoxic effect of micromycetes cultivated on media supplemented with
extracts of sweetener plant material is presented in Table 2. The isolate A. niger appeared to be the most
phytotoxic, especially when cultivated with the addition of licorice extract. Meanwhile, the F. oxysporum
isolate demonstrated the lowest phytotoxic properties, particularly when cultivated on medium
supplemented with Jerusalem artichoke tuber extract.

Conclusions

Aqueous extracts from the raw materials of three sweetener-producing plant species — stevia,
licorice, and Jerusalem artichoke — exhibited variable, object-specific effects on the growth of soil bacteria,
algae, and micromycetes.

In bacterial cultures, the most pronounced effect was the modification of A. chroococcum abundance,
which was initially stimulated by licorice and stevia extracts. Conversely, none of the extracts stimulated B.
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subtilis or P. putida; instead, licorice extract significantly suppressed B. subtilis growth, and both stevia and
licorice extracts inhibited P. putida.

For the green alga Tetracystis sp., the extracts suppressed overall colony counts but induced an increase
in individual colony diameter, suggesting a shift toward biomass accumulation rather than cell division.

Micromycetes colony growth rates were predominantly accelerated by Jerusalem artichoke and
stevia extracts during the initial stages (days 2—4), whereas licorice extract inhibited the growth of A. niger
and P. chrysogenum. The dynamics of T. viride growth on all sweeteners showed the highest increase in
colonies already on the third day, whereas in the control (without sweeteners) this occurred only on the
fourth day of cultivation.

In bioassays, the culture liquid of A. niger grown with licorice extract displayed the highest phytotoxicity
(reducing garden cress seedling length), while the lowest phytotoxicity was observed for F. oxysporum
cultivated with Jerusalem artichoke extract. Furthermore, the addition of plant extracts enhanced the
antagonistic potential of T. viride against A. alternata but reduced its efficacy against F. oxysporum.

Therefore, the growing demand for natural sweeteners highlights the importance of studying
interactions between these plants and soil microorganisms. Investigating the effects of their aqueous
extracts on bacteria and micromycetes allows assessment of their potential role in shaping microbial
communities, regulating soil microbiological activity, and influencing the phytosanitary condition of
agroecosystems. Consequently, the selective modulation of soil microbial activity by compounds from
sweetener-producing plants should be taken into account when designing continuous cropping systems
and developing targeted bioformulations to optimize crop performance.
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Bnnue BOAHUX eKCTPaKTiB POCNMH-NPOAYLEHTIB HaTypanbHMUX NiaconomxXysadiB
Ha piCT, aHTaroHiCTU4YHy Ta (PiTOTOKCUYHY aKTUBHICTb 'PYHTOBUX
MiKpoopraHi3miB
O.l. BiHHikoBa

JocnigkeHo BNnuB BOOHMX EKCTPaKTiB POCNUH-NPOAYLEHTIB HaTypanbHWUX nigconomxysadiB — Stevia rebaudiana
(cteBis), Glycyrrhiza glabra (conopgka) Ta Helianthus tuberosus (ToniHambyp) Ha piCT, aHTaroHICTUYHY i (PITOTOKCUYHY
aKTMBHICTb I'PYHTOBMX MIiKpOOpPraHiamiB (oKpemMux npeacTaBHWKIB GakTepill, MiKpOMILETIB Ta 3eneHoi BOAOPOCTi
Tetracystis sp.). BctaHoBNeHo, WO BHECEHHA BOOHMX €KCTPAKTIB Y NOXMBHE cepefoBULLe CTUMYIOBANO PiCT KOMOHIN
ycix pocnigxyBaHux MikpomiueTiB Ta 6aktepii Azofobacter chroococcum. HamBuwmn CTUMyNOOYMN  edekT
crocTepiraBca 3a [odaBaHHSA eKCTpakTiB 3 NUCTKIB cTeBii Ta 6ynbb TonmiHambBypy. AHTAroHIiCTUYHa aKkTUBHICTb
MikpomiueTa Trichoderma viride wWoAo nOTEHUIMHO dhiTonaTtoreHHUX rpubiB Oyna Ginbll BMpaXKEHOK 3a YMOBU
KynbTVBYBaHHA 3 BOAHVMMMW €eKCTpakTamy BCiX [OCAiAXKYyBaHWX POCNUH. HaWCUNbHIWMN DITOTOKCUYHUIA  edbekT
nposenas Aspergillus niger 3a KynbTUBYBaHHSA Ha CEPeOBULLI 3 EKCTPAKTOM NIUCTA conoakn. BogHoyac HalHMmx4mn
piBeHb (QITOTOKCMYHOCTI 3adhikcoBaHO y Fusarium oxysporum 3a BUPOLLYBaHHS i3 AOo4aBaHHAM eKcTpakTy Oynbb
ToniHam6ypy. OTpumaHi pe3ynbTaTi CBigYaTb NPO CENEKTUBHWI i BMOocneundiyHUii XxapakTep BMMMBY BOOHMUX
€KCTpaKTiB A0CniAXyBaHWX POCNMH Ha YHKUiOHaNbHY akTMBHICTb T'PYHTOBOrO MikpobioMy, WO Moxe OyTu
BMKOpPUCTAHO Ans po3pobkn bGionoriyHux 3acobiB, Ski MoKpawaTe YMOBW BWPOLLYBAHHS POCMMH-NPOAYLIEHTIB
HaTypanbHUX NigCONoaXKyBaYiB.

KnrouoBi cnoBa: pocnuHu-npodyueHmu nidconodxysadig, rpyHmosi MikpoopaaHiamu, WeudKicmb pocmy KOJIOHIU,
aHmaeoHi3M, himomoKcu4YHiCmMb
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PeHomeH Onera CniBakoBa — TakcuaepmicTa, XyAoXXHUKa, My3enHUKa
K. Ipininr-repa, I. 3aropoaHiok

Oner Bopucosuny CniBakoB — OAWH i3 HAWBU3HAYHILLMX YKPATHCLKUX TakeuaepMmicTiB KiHusg XX — noyatky XXI ctonitTs,
XYOOXHUK Ta My3enHuK. Ha ocHoBi BiorpadidHnx gaHnx Ta aHanisy My3enHUX KOMekLin BUCBITIEHO hOPMYyBaHHS Oro
YHIKanbHOro aBTOPCHKOrO CTUIMIO, L0 MOEOHYE HAayKOBY TOYHICTb i3 BUCOKOK XYAOXHBOK MaWCTepHICTIO. BunyckHmk
TaBpinicbkoro yHiBepcutety, Oner BopucoBWMY MPUCBATUB CBOE XWUTTS PO3BUTKY MPUPOLAHMYMX My3eiB: cnoyaTky
BiOHOBMNEHHIO My3eto icTopii Ta npupoan Kapapary Ha Kapapasbkin GioctaHuii 3 1982 no 2008 pik, a 3arogom — y
3oonoriyHomy My3ei KuiBcbkoro HauioHanbHoro yHiBepcuteTy imeHi Tapaca LesueHka (2009—2021). MaricTtep BipTyo3HO
BOIOAIB TEXHIKAMU BWUIOTOBMIEHHS TaKCUAEPMIYHMX CKyMbNTyp Pi3HOMAHITHUX CUCTEMaTUYHUX rpyn — Big pub i
3€MHOBOJHMX [0 MTaxiB Ta CCaBLiB, @ MOro poboTy HUHI NPUKpaLLaloTb AepXXaBHi Ta NpMBaTHI KOMEKLi, KiNbKiCTb AKX
HesrniyeHHa. [leTanbHO NpoaHani3oBaHO «KpUMCbKUIA nepioa» AisnbHocTi Onera Bopucosuya, KMOYOBUM OOCSATHEHHAM
AIKOro CTano BiApOOXeHHA My3eto icTopii Ta npupoan Kapagary. (PaktmiHoO ue Oyno CTBOPEHHS «3 Hynsi», OCKiNbKW
€KCMOoHarTiB 3i CTapoi ekcnosuuii He 3anuwmnoch B3arani). OnncaHo HOBaATOPCLKUI Niaoxia A0 NoOyaoBM ekcrnosuuii 3a
6ioTONMHMM NpuHUMNOM, Ae aBTopoM Oyno cTtBopeHo noHag 400 ekcnoHartiB, WO oxonmolTb 6nussko 200 Buais
xpebeTHux TBapuH. Okpim Toro, Oner CniBakoB BHIC BaroMuin BHECOK Y BMBYEHHS dayHu Kpumy, 3okpema peectpauii
pigKicHMX BUAIB NTaxiB Ta ccaBLiB, siKi yBINLWNM A0 HaykoBoro obiry. OcobnvBy yBary NpuaineHo «KUiBCbKOMY nepiogy»,
LLIO BiA3HAYMBCS CTBOPEHHAM TakCUAEPMIYHUX CKYnbNTyp pub, amaibivi Ta ccaBuiB. Takox, oXxapakTepnsoBaHoO MOro ponb
y pecTaBpaLiii cTapux KonekuiiHux ekcnoHatiB B ekcrnoauuii SMKY. Teopunin gopobok Onera CniakoBa y Takcugepmii €
3HaYHMM BHECKOM Y BiTYM3HSHY My3€OmOrito, 30Kpema B YaCTuHi popMyBaHHS Ta BiAHOBMEHHS 300MO0MYHNX €KCNOo3nLiin.
Voro cnapiumHa He 06MexyeTbecs nuLLe My3eiHMMM 3anamu: poboTi MaiicTpa cknaaatoTb BaroMy YacTUHY YMCTIEHHUX
NPUBAaTHMX KOMEKLN, Ae BOHWU LiHYIOTLCS AK YHikanbHi 3pa3ku mucTeuTsa. Npaui manctpa Big3HavaloTbCa Haa3BUYanHo
BUCOKUM XYOOXHiM piBHEM, LLO (hakTUYHO Hagae iM cTaTycy TBOpiB MUCTELTBA.
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BeTtyn

CBiT cnoBHeHWI kpacy, i ocobnmee micle B il 30epexeHHi Hanexntb mMy3esm. [NpupogHudi mysei
BigirpaloTb BaXMBY POSfib Yy PO3BUTKY OCOOUCTOCTI, NMieKkawyn BignoBiganbHe CTaBMEHHs 4O LOBKINMA
(Wwnpgnosckkni, 2012) Ta cnpusitoum popMyBaHHIO eKOMOrYHOI CBIZOMOCTI. AgXe came yepes BisdyarnbHe
CMPUNHATTSA peanicTMYHnX ob’eKTiB y AiTen Ta Monogi 3aknagatoTbCsi OCHOBM N0OOBI 4O BCbOro XXUBOTO
(MucaHeub, 2009). CTBOpeHHs cknagHux BioTonHMX rpyn Ta Aiopam A03BONsE rnagadesi nobaynTtu
TBapuHy B ii MPUPOAHOMY OTOYEHHI, WO hOpMye edEKT NMPUCYTHOCTI Ta 3HAYHO MOCUIIOE OCBITHIN i
BMXOBHMI NoTeHuian ekcno3udii (Quinn, 2006).

MpupoaHuyi My3ei MaloTb MNOTYXXHWUIA eMOLINHWIA Ta iHTeneKkTyanbHU BNANB, CTAHOBNSAYM YHIKaNbHY
KaTeropito yCTaHOB: TYT EKCMOHATU YacTO He NPOCTO HAKOMUYYIOTLCS, a CTBOPIOTLCA 6e3nocepeaHLo B
My3enHMXx naboparopisx cneuianbHo Ana ManbyTHix Buctaeok (LUnagnoseeknii, 2012). Taki TakcnaepMiyHi
TBOPU € iIMAHEHTHOI YacCTMHOK MY3EeMHOro MNpPoOCTOpYy, MOro HEMOBTOPHOK LiHHICTIO Ta CMUCIOBUM
ocepasiM. BoHU He nuile HanoBHIOKTL 3amnu, a U OpraHiyHO POPMYIOTb IHTEP'EP, CTalun HeBig eMHUM
enemMeHTOM 3aranbHoi komno3auuii (Esctady’es, 2024).
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CyyacHa Takcugepmis OaBHO BWWLIMA 3@ MEXi peMiCHWUTBA, MEepeTBOPMBLUMCL HAa CKMagHy
MiXXOMCUMNNIHApHY ranysb, A€ HayKoBa TOYHICTb aHAaTOMIYHOIO BiATBOPEHHS MOEOHYETLCH 3 BMCOKUM
XYOOXHiM HaTxHeHHsM (Space..., 2015). Ller npouec BMMarae Big MancTpa He nuiwie rmmbokux 3HaHb
300/110ra, a 1 BipTYO3HOCTi CKyNbNTOpa, WO AO03BOMSE BANXHYTU XUTTS Y CTaTUYHUIN OB’EKT, NepEeTBOPIOHOYM
MNOro Ha peanicTuyHe «BiKHO B OUKY NPUPOAY».

OkpiM eCTeTMYHOro acnekTy, TakCcuaepMiyHi Konekuii 3anvwarTbea yHOaMEeHTOM AN HayKOBUX
pocnigkeHb. BoHu cnyryioTe 6e3UiHHMM apxiBOM AaHUMX MPO MOLUMPEHHS BUAIB, IXHIO MOpAonoriio Ta
iICTOPI0 XXMTTSA Ha 3emni, Lo € KPUTUYHO BaXNMBUM 4115 pO3p06KM CyHacHUX NPUPOSO0OXOPOHHUX CTpaTerin
Ta BMBYEHHS eBonioLuiiHMx npouecis (Kabir, 2017). BoHu dikcytoTb CTaH dhayHW B KOHKPETHI iCTOPUYHI
NPOMDKKW, Hagawumn 0e3UiHHUA MaTepian Ansi BUBYEHHS PigKICHMX Ta 3HMKaro4umx Buais (beckapaBaiHuimi
TaiH., 2001). My3eliHa ekcnoauisi, CTBOPEHa Ha OCHOBI pETENbHUX NONbOBUX AOCTiAKEHb, CTAE BaXITMBUM
niTonncom nNpupoan okpemux perioHis (CniakoB Ta iH., 2005).

Llen Hapuc — npo HenepeBepLUEHOro My3elHuka i Takcngepmicta Onera CniBakoBa, TBOPU SIKOTO
npuKpawawTb AeKiflbka NPUpoaHNYnX My3eiB, nepeaycim 300n0ridHnin mysen KniBcbKoro HauioHanbHoro
yHiBepcuTeTy imeHi Tapaca LLlesyeHka Ta Mysen ictopii Ta npupoan Kapagary Ha Kapagasbkin 6ioctaHuii

HAH YkpaiHu.
MuTteub no4vaB cBi wnsx Ha Kapapasi — TBopuin konucui 6aratboX BigOMUX MPUPOOHUYHMKIB
(MuxaneHok, 2023, 2024) — i npogoBxmB B My3esx Kuesa, BiJOMUX CBOEK [ABHbLOI iCTOPIEID i

npekpacHMMK TpaguuigMmn, 30kpema W B rany3i npupogHudoi my3seonorii  (binawiscekunn, 2012;
3aropogHiok, 2022). Ller wnax cynpoBOAXyBaBCs i HENEPEPBHUM 3pOCTAHHAM, i HE3MIHHMM BU3HAHHAM
cepep Koner-my3enHuKIB Ta YUCNEHHUX LaHyBasibHUKIB MOro TanaHTIB, K TakCUAepMIYHNX, TaK i XyOOXHIX.

Heski BXUTi y TekcTi ckopoueHHsi: 3MKY — 3oonoriyHun mysent KniBCcbKoro HauioHanbHOro
yHiBepcuTeTy iMeHi Tapaca LWesueHka (KHY), KO3SMIT — Kpumcbke gepkaBHe 3anoBigHO-MUCIIMBCBKE
rocnogapcTeo (3rogom  KpuMmcbkuii  npupogHui  3anoigHuk), HHIMM — HauioHaneHun HaykoBo-
npupogHnymnin mysenn HAH Ykpainu.

BiorpadiuHuin Hapuc

Oner bopucosuy CnisakoB Hapoamecsa 10 TpasHA 1965 p. y M. OpaxoHikigse, Kpum. e 3 camoro
antuHctBa Oner BopucoBud nposiBnsB iHTepec A0 BCbOro xwmsoro. Lle momitve moro 6atbko, Komm
mManeHbkui Oner roanHamu cnocTtepiras 3a ceiTom komax. o6 i Hagani po3BMBaTK 3auikaBneHiCTb CMHa,
OaTbko nogapyBae neplly KHUry 3 Gionorii — «Bawa Konekuia», Ae getanbHO po3noBiganock, sk pobutu
eHToMOnoriyHi 3pasku. MoTim Byno 6araTto iHwwux KHUr 3 Gionorii, a nepwmM NocibHMKOM 3 TakcuaepMii ctTaB
8-n Tom [Outauyoi EHumknonedii 1960-x pokiB, Ae Kinbka CTOPIHOK NPUCBSAYEHO BUIOTOBMEHHIO onyaan
ntaxie. Came Ui KHWKKK, NiaTpMMKa 6aTbKiB, BUBaXXEHICTb, 30CEpeaXeHICTb Ta OaxkaHHS TBOPUTYU i cTanu
OCHOBOIO NOAAnNbLIOrO PO3BUTKY MUTLIA.

MMicng 3akiH4yeHHs Wwkonu B 1982 p. mewka Ha Kapagasbkiv 6ionoriyHin ctaHuii y ®eogociicbkomy
pavioHi Ta npauioBaB y Kapagasbkomy npupogHOMY 3anoBigHUKy. CnovaTky pisHOpobouum, noTim
nabopaHToM, iHXeHepoMm, ane hakTUYHO BECb Yac BUKOHYyBaB OOOB’A3KM Takcugepmicta B My3el, Skuin, no
cyTi, i ctBoptoBaB 4o 2008 p. MNo4vaTtok poboTu Gyno nepepeaHo Ha ABa poku MOOini3auieto Ao BiNCbka 3
1984 pno 1986 pp.; cnyxby npoxoams Ha Janekomy Cxogi, B M. Yccypinicbk. Lle 6yB Henerkui nepiog
pagsHCbKOI AINCHOCTI, OOTsbkeHun «paigiswimHoto». Nonpu cknagHouwli, Oner Bce OOHO NPOOOBXYBaB
OOCNiaHNLBKY po0OTY, 30UpatoyM KOMEKLi0 HIYHUX | AEHHMX OANEeKOCXIOHUX MEeTENuKiB B Hagji, Wo nicns
Aemobinizauii npueese ii konesi-eHtomonory B Kpumy. Cniscnyx60BUi 3 nosBarowd AVBUNNCE Ha KOroO
3aXOnNIeHHs, iHoAi caMi NPUHOCUNU AKICb LikaBi 3Haxigku, i ganu Onery ipoHiYHNA NO3UBHUA «Ky3HEUUKY.
Ha >xanb, nepep KiHUeM cry0u B MPUMILLEHHI BINCbKOBOI YacTuHK, e 30epiranacs Konekuis, BUHMKNA
noxexa, i Bce 3ropino.

Micns noBepHeHHs 3i cnyxbu HaB4aBcA Ha OGionorivHomy dakynbTeTi Cimdepononbcekoro
yHiBepcuteTy (HWHI TaBpINCbKMI YHIBEPCUTET) Ha 3aoudHin copmi. OunnomHa poboTta npucesveHa
NprMbepeXHO-BOOHIN OpHiTOdayHi NiBOeHHO-CXiAHOT YacTuHN Kpumy.

B cepeguHi 1980-x GpaB y4actb y hopMyBaHHi ekcnosuii Peoocincbkoro Kpae3HaB4oro Myseto
(HWHI — My3€el CTapOXMTHOCTEN), KM € OQHWMM 3 HaWcTapiwnx my3eis €sponu.

HanpukiHyi 80-x pokiB npuixaB Ha Micaubp Ao MockoBcbkoro 6GionoriyHoro myseto im. K. A.
TumipaseBa ans nigBuLLeHHN kBanidikadii. Ane, sik BiH MOTiM 3i3HaBaBCs, HIYOro HOBOro Ans cede 3BiATH
He BUWHIC, a HaBMnaku, 3OUBYBaB i 3ax0ONMB TaMTeLLHiX paxiBuiB CBOIMM MeTOAMKaMW y BUrOTOBMEHHI
MYFsKiB 3€MHOBOAHMX Ta Nna3yHiB. PiBeHb BONOAIHHA METOAMNKOK BOYB HACTINbKU NPUroNOMLUIMBUNA, LLO
B 1993 p. no Onera BopucoBuya npuikgxana y BigpsKeHHs cniBpoGiTHUUSA TOro My3seto, 3 MeTOH
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The phenomenon of Oleg Spivakov — taxidermist, artist, and museologist

HaBYMTMCA MpenapyBaTh pakaHio Ta Bignuesatn Mynski. B 1990-x pokax, BigBigytoum mMysen ictopii Ta
npupoau Kapagary, Hawa konera, 3oosor J1. M. lNMpokonyyk, Tex 3BepHyria yBary Ha Liel eKCcroHar.

3 kiHuga 1990-x pokiB y aumosi nepiogn Oner bopucosny npuidkmpxae Ao Kneea Ha 3anpoLleHHst OgHIeT
npuBaTHOI pipMK, WO B NOLUyKax HOBMX chep KOMEpLIHOI AianbHOCTI Hamaranaca CTBOPUTU CTyAito
Takcugepmii. B uen nepioa, B nowykax cniBpobiTHukis, Oner Bneple BigBigaB 30050M4YHUN My3eWn
KuiBcbkoro HauioHanbHoro yHiBepcutety im. T. . LLleByeHka, a 3rogoM no3HaMoOMMBCS i 3 ManbyTHIM
koneroto — Muxannom [onoBywkiHuMm. CTBOpUTKU CTyAil0 ToAi He BAanocs, ane cnisnpautoroun 3 M.
[onoByLLKIHWUM, BiH Lie OOBri poOKM NPOOOBXYBaB CTBOPHOBATU €KCMO3WLI0 YHIBEPCUTETCBHKOrO MYy3€lO.
®aKkTU4HO BECb CBill YMOBHO BinbHMI Yac Oner bopucosny npoBoamB y cTygisx (puc. 1).

Puc. 1. Oner CniBakoB B npuBaTtHin ctyaii (2010 p.) Ta B mancrepHi 3a po6ototo (2008 p.). doTo 3
cimenHoro apxiBy (a) Ta ¢poto |. KocTioka (b).

Fig. 1. Oleg Spivakov in private studio (2010) and at work in the master's studio (2008). Photo from
the family archive (a) and photo by |. Kostjuk (b).

Y 2001 p. ynpoAaoBx Micauda npautoBas y NpuBaTHIn cTygii Takcugepmii Bonogmmupa Cyxapesa B
Cankr-lNeTepbypsi, Ae neperimas [OCBIA, METOAMKN Ta TEXHOIONIT Cy4acHOI CBITOBOI TakcMaepmii (Ha Ton
yac B. Cyxapes 6yB npoBigHumM daxiBLemM B TakCUAepMii, aKTUBHO CMifKyBaBCs 3 NpoBigHUMU haxiBuamum
CBIiTY, Ta 3poOUB CNpaBXHi NPOPUB y PO3BUTKY L€ rany3i MUCTeLTBa Ha TepeHax KoNUWHboro Cotoay).
Otpumanun Big B. CyxapeBa 0e3uiHHWMIA JOCBi4 Ha4aB BENMKOrO MOLUTOBXY Ta BMBIB Ha SIKICHO HOBWM
piBeHb poboTn Onera CniBakoBa, HagaBLUM iM Binblue AMHAMIKN.

Y cepnHi 2008 p. octato4Ho nepeixaB Ao Kueea, ge i npautoBaB TakCMOEPMICTOM 300510rMYHOro
myseto KHY im. T. . WleByeHka HacTynHi 13 pokiB, o BepecHs 2021 p. batbkn sanuwunucs B
cmT. OpoxoHikinse (ABToHOMHa Pecny6bnika Kpum), ans gornagy 3a sakumu npubnusHo B 2019 p. Oner
CniBakoB noBepHyBcd Ao Kpumy. Y TpasHi 2025 p. O. b. CniBakoB AOCAr NMEHCIAHOMO BiKy i MOKMHYB L0
CrpaBy 3a HU3KOK XXUTTEBUX OOCTaBUH.

My3eiHa poboTa: Takcuagepmisi i Konekuii

Po6ota B my3esix Kpumy Ta Kuesa cnpusina gpopMyBaHHI0 iHTEpPeCy [0 BCiX TBApPUWH, SKi noTpannanu
Ao mMoposunok. Oner BopucoBny manicTepHo npautoBaB 3 pidHMMK ob’ekTamu: Big ApibHMX xpebeTHux
(amapi6ii, nTaxu, OpibHi ccaBui) A0 Benukux NpeactaBHUKIB hayHu (Beamemi, adppuKkaHCcbki aHTunonu,
Towo). [ockoHano BOMoAilYM PI3HUMW MeTOAMKaMKM TakCcuaepMmil, BiH YCMilWHO npauloBaB $K 3
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«NyxHacTMMm» ob’ekTamu, Tak i 3 «ronNMMWU», BKpaW HenpocTUMmu Ans Takcuaepmii (pubun, amdibii),
OOCSrHYBLUM HENMOBIPHO peanicCTUYHOI MaWCTepPHOCTI Y BIATBOPEHHI (bopmKu, NpUPOOHUX MNO3 Ta
NPWXNTTEBOrO 3a6apBreHHs.

OcobnuBicTb Ta UiHHICTb pobiT Onera CniBakoBa nonsirae B TOMy, WO BiH BUKOPUCTOBYBAB fnLLE
3arnbnux TBapuH, To6To BOHM He Bynu 3006yTi cneuianbHo. Jlvwe Aekinbka 3paskiB 6yno cneujiansHO
pobyto B Kpumy, ampke, Hacamnepen, CTaAHOBUNM iHTEpeC AONs OPHITONMOrB B pamMKax AOCHISKEHHS
opHiTocdhayHu Kpumy. KoxxeH npenapoBaHui ek3eMnisip € Moro nepcoHansHMM HaabaHHsM, a Lie Bumarano
peTenbHOI npaui, ocobucToro 4acy Ta 3Ha4yHUX 3yCWib. 3aBASKU BUHSTKOBIN SKOCTI BMKOHAHHA BCi
€KCNOoHaTV MaloTb BUCOKY €KCMO3ULiIHY LiHHICTb, a He nuwe Anst oHO0BOro 36epiraHHS.

XynoxHin TanaHT Onera BoprcoBrya nposiBNsIBCA y BMiHHI JOBOAUTU CBOT TakCMAEPMIYHI TBOpY A0
[OBepLIEHOCTI 3a gonomoroto dapb. Xo4da B poboTi 3i ccaBUsIMM Take BUMaranocs Tinbkn Npy opOpMITEHHI
o4yen, ryd um d3uka, TO Npu BiOGHOBMEHHI NPWXUTTEBOro 3abapeneHHs pmub Ta amdibin ue Oyno HabaraTo
CKIagHiLlIVMM 3aBOaHHSIM.

1. Kpumcbkun nepioa. BigHoBneHHs my3ero icTopii Ta npupoau Kapapary

Hanbinbwow Ta HamBaxnusiwow poboTowo B xuTTi Onera bopucosuya, 3a MOro BAacHUMU
cnosamu, ctaB Mysen npupoam Kapagary, Hag sikuM BiH npautoBaB 26 pokiB. 3a 4BepTb CTONITTS Byno
3iBpaHO KOMeKuito 300MO0riYHMX EKCMOoHaTIB, OOCTaTHIO 3a YMCENbHICTI0O ANS CTBOPEHHS MOBHOLHHOT
ekcnoauuii. MNicns 4oro ToaiwHa gupekTopka Kapagasbkoro npupogHoro 3anosigHuka A. J1. Mopososa
BMpILUMNA BIATBOPUTW 3HULLEHUI HElo X B KiHUi 1960-x pokiB My3el, Lo OyB CTBOPEHWUI 3aCHOBHUKaMu
Kapagasbkoi HaykOBOI CTaHUji e Ha noyaTky XX CT., Ta NOBEPHYfa iCTopMYHe NpuMilleHHSA my3seto B 150
M2, B IKOMY A0 LbOro Heto Bynu 3pobneHi nabopatopii (Cnisakos Ta iH., 2005).

B 1990-Ti maneHbkuin mysein nnouleto 20 M2 3HaxXoAMBCH B KOMULLHIX KiMHaTax TMMYacoBOro
npoXunBaHHsA pobo4doro nepcoHany. Konekuis cknaganacs 3 npuénusHo 100 BuaiB HaseMHUX XpebeTHuX,
npnbnmaHo 180 Buais 6e3xpebeTHMX Ta Aekinbkox Mynsikis pub (Cnisakos Ta iH., 2005).

BinbLwicTb ekcnoHaTiB 9K My3elo, Tak i NnpMBaTHUX konekuin B Kpumy go 2008 p. ctBoptoBanucs He B
oKkpeMomy poboyomy npumiLLieHHi, a Baoma (puc. 2). Akmnck Yac B 1990-Ti pokun AMpeKList HayKOBOI CTaHuiji
Buginuna Onery CniBakoBy HeBenuke npumilleHHA. BoHo 6yno TemHe, xomnogHe Ta He HagaBano
MOXITMBOCTi HOPManbHO TBOPUTU. Y 3B’A3Ky 3 UMM, poboTM aBTOp CTBOpIOBaB Binst BENMKOro apoyHOro
BikHa y CBOIN KBapTUpi, ika 3Haxoamnacs B iCTOPWUYHIN Byaieni — KONMLWHLOMY NikyBanbHOMY 3aknagi T. I.
B’azemcbkoro, 3acHoBHUKa Kapagasbkoi 6ionoriyHoi cTaHuii. Lle He gogasano komdopTty B nobyTi, ane 3
PO3yMiHHSIM Ta TEePMiHHAM 3ycTpivanocs cim’eto.

¥y

Ho 2003 p.

Puc. 2. Micus po6oTtn Onera CniBakoBa B Kpumy: (@) B CBOill kKBapTMpi-MancTepHi, npnbnu
(doTo 3 cimenHoro apxiBy); (b) byanHok Ha Kapagasi, oe npoxueas Ta TBopmuB, 2008 p. (dboTo C. MacHikosa).
Fig. 2. Oleg Spivakov's places of work in Crimea: (&) in his studio apartment, ca. 2003 (photo from the
family archive); (b) the house in Karadag where he lived and worked, 2008 (photo by S. Gasnikov).

Ona Hosoi ekcnosuuil Oner Bopucosud CniBakoB CaMOTYXKM CMpPOEKTyBaB HOBITHI BiTPUHWU 3
NPOAYMaHUM OCBITIIEHHAM AONS 300510MYHMX, OOTaHIYHMX Ta reororiYHNX ekcrnoHaTiB i BnpogoBx 3—4
MiCALB 3 HaTXHEHHAM npautoBaB Haf TXHIM HanoBHeHHAM. [lpu UbOMY BiH HaBMWUCHO BIJiWLIOB BiA
TpaguuinHoi NnobyaoBm GionoriYHOT ekcno3uuii 3a cucTeMaTMYHMMM O3HaKamK, a BUpIlWMB GyayeaTwu i 3a
KoHuenuieto GioToniB, wo Oynu xapakTepHi ana Kapapgasbkoro 3anoBigHuka (nMpubepexHo-BOOHWUNA,
CTEenoBu, pPigKONICHWUIA, CKENbHUW Ta ripCbKo-NicoBMI). 3aranoM y 300M0riYHOMY po3Aini ekcnosuuii
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HanivyeTbca NpudnusHo 204 Buan, 3 HUX ABa BUAM pub, M'saTb BMAIB NnasyHiB, oguMH BUA 3€MHOBOOHMX,
178 BuaiB nTaxiB Ta 12 BuaiB ccasuiB (pa3om 6nmsbko 400 3paskiB) (CniBakoB Ta iH., 2005; CniBakos,
MoTaneHko, 2007). 3emMHOBOAHI Ta NnasyHu NiBaeHHO-cxigHoro Kpumy npeacrasneHi cepigmn dotorpadin
Ta, 4YacTkoBO, Mynsbkamu. ([eonoriyHa 4YacTMHa MiHeparnoriYHMX eKCrnoHaTiB odopMreHa AOKTOPOM
reonoriyHmx Hayk €. CnipigoHoBuM).

KopecnonaeHT «Kpum.Peanii» (iMm’'s, Ha Xanb, He BigOMe) 03HaNOMMBCSH 3 EKCMO3WLIEID MY3€l0 i
300pa3mB yce Ha oTO B penopTaxi «3acTurni MUTTEBOCTI 1 CTONITTS: Nnpupoga B my3ei Kapagasbkoro
3anosigHuka» (21.05.2019, URL) (pwuc. 3).

Y nepuin BiTPWHI NpeacTaBneHa npubepexHa nosoca: MOCTiMHI XUTeni — MapTUH >KOBTOHOIMN
(Larus cachinnans) Ta 6aknaH 4ybatun (Gulosus aristotelis); iHWi ekcnoHaTn — mirpadinHi abo 3umyodi
BMAM, Hanpuknaga, opnaH-6inoxeict (Haliaeetus albicilla). OpnaH — ue BMA, SiK1iA 3apa3 He CnocTepiraeTbes
Ha Kapapgasi, ane y 50-Ti poKM MMHYIOr0 CTOpIYYs THi3go Lboro Buay 0yno Ha 3omnoTmMx BopoTax, NpoTe
noro 3pynHyBanu pubanku (CnisakoB Ta iH., 2005; Mopo3osa, 2007).

Y apyrii Ta TpeTi BiTpMHaxX OEMOHCTPYIOTbCA €KCrOoHaTWM NTaxiB, siKi NPOXMBAKTb Ha MPICHMX
BOAONMAax Ta B OCHOBHOMY MIrpyloTb HaBeCHi i BOCeHM, abo 3ycTpidaloTbCs nig vac 3uMiBri: NO6epexHuK
manun (Calidris minuta), ranaras (Tadorna tadorna), nucka (Fulica atra), Towo.

Y HacTynHin BiTPUHI nokasaHo ocoina (Pernis apivorus), xoBpaxa manoro (Spermophilus pygmaeus),
TywkaHa Benukoro (Allactaga major), Towo. Okpacolo BITpUHM € komno3uuis, ae AcTpyb Benukun (Astur
gentilis) Hanapae Ha dasaHa (Phasianus colchicus) (CniBakos Ta iH., 2005; Mopo3osa, 2007).

Puc. 3. EkcnoHaTtu my3eto ictopii Ta npupoau Kapapary: (a) opnaH 6inoxsict (Haliaeetus albicilla);
(b) actpy6 Benukuin (Astur gentilis) Ta dasaH (Phasianus colchicus); (c) ranarasu (Tadorna tadorna);
(d) nucuuga pyna 3 nucenatamum (Vulpes vulpes), nopocsi cBuHi gukoi (Sus scrofa) (3a: Kpum. Peanii 2019).
Fig. 3. Exhibits of the Museum of History and Nature of Karadag: (a) White-tailed Eagle (Haliaeetus
albicilla); (b) Eurasian goshawk (Astur gentilis) and Common pheasant (Phasianus colchicus); (¢) Common
shelduck (Tadorna tadorna); (d) red fox with her cubs (Vulpes vulpes), wild boar piglet (Sus scrofa) (after:
Krym. Reality 2019).

Pigkonicca npegctaBneHO SK  Pi3HOMaHITHOW nepHaTow  «gpibototo»  (B'topok  (Fringilla
montifringilla), kponus’siHka cipa (Curruca communis), BiByapuku (Phylloscopus collybita, P. trochilus,
P. sibilatrix), Towo), TaK i BenMKMMU Xwkakamu: nucuua 3suydanHa (Vulpes vulpes), cancaH (Falco
peregrinus) i horo Hanénwx4mMn poamd 6anabaHx (Falco cherrug), Ta HaWBINbLWWIA 3 NEepHATUX NaganbHUKIB
YkpaiHn — rpudd YopHui (Aegypius monachus) (Cnisakos Ta iH., 2005; Mopo3sosa, 2007).
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B ocTaHHii BiTpWHI po3milleHo MellkaHUiB niciB Kapagasbkoro npnpogHoro 3anoBigHMKY: ropnvus
3BuyamnHa (Streptopelia turtur), 3onotomyLuka xoBTodyba (Regulus regulus), coBka (Otus scops), nyrav
(Bubo bubo), 6opcyk (Meles meles), kyHnusi kam’sitHa (Martes foina), Towo. Mynspkamn 3 rincy abo
€noKCUAHOI CMOoNKU NpeacTaBneHo nonosa xxostoyepesoro (Dolichophis caspius), nono3a neonapaoBoro
(Zamenis situla), ponyxy 3eneHny (Pseudepidalea viridis), awipky kpumcbKy (Podarcis tauricus) Ta ALipKy
ckenbHy (Darevskia saxicola) (CnisakoB Ta iH., 2005).

Ha uvectb 90-piuHoro toBineto Kapapgasbkoi 6GionoriyHoi cTaHuii Ta 25-pivusa Kapapgasbkoro
npupoaHoro 3anoeigHuka BniTky 2004 p. mysen 6yno BigkpuTo. lMicns uboro BigHocMHu Onera CniBakoBa
i agMiHicTpauii 3anoBigHuka B 0cobi A. Mopo30BOi novanu NocTynoBo noripwysaTncs. Bukopuctoyroum
Pi3Hi cnocobu TUCKY, Oro hakTUYHO 3MYCMUITMN 3BINIbHUTUCSA Ta 3a5MLLIMTMI FONOBHY CMpaBy XUTTS.

3apas 3pobneHnn HUM My3er PYHKLIOHYE SIK YCMILUHUA KOMepUinHUiA 3aknag. Mloro KoXXHOro poky
BiABIOYIOTb TUCAYI TYPUCTIB, LLIO HE3MIHHO 3axonnioTbCsa nobavyeHum piBHeM pobit. MpoTe, BHacnigok aiv
OKynauinHol Bfagu Ta HekBanigikoBaHOro nepcoHany, Wo 3apas npautoe B My3el, ekcnoauuisa nocTtynoso
NPUXOANTb HULLIUTBCS.

2. KniBcbkuit nepiog. 3oonoriuHnm mysen KHY im. T. I'. LLleBYeHka

Mpautotoun B 3oonorivHomy Mysei KniBcbkoro HauioHanoHoro yHiBepcutety iMm. T. I. LeByeHka,
Oner CniBakoB CTBOPMB BENMKY KifTbKiCTb €KCMOHATIB, AOMOBHUBLLN EKCMO3WLL0 MalKe COTHEH BNacHopyY
npenapoBaHux 3paskis. Ocobnuneo cniBpobIiTHNKM My3eto 3axonntoBanucs noro pubamu.

Ona ekcnosuuii myseto 3MKY Oner CniBakoB CTBOpMB OaraTo eKCnoHaTiB pisHUX BUAIB ixTiodayHu
CBITOBOro okeaHy (pwuc. 4).

Cepen Hux — pApibHi pubkm (OKyHb Mopcbkui eBponencbkun (Dicentrarhus labrax) 3 poguHu
MopoHoBi  (Moronidae), cnuHopir eBponencbkun (Balistes capriscus), 3emMnepun aTtnaHTUYHUIA
(Lithognathus mormyrus), Towo), npuee3seHi J1. M. lMpokonyyk 3 TypeyuuHwu, pigkicHi pubn engemikm 3
AnTapktnagn (BysbkoHic LWapko wykosBugHun (Parachaenichthys charcoti), HOTOTeHia MapmypoBa
(Notothenia rossii), HoToTeHia wupokonoba (Notothenia coriiceps), HOTOTeHiA-3ipkornag nuca
(Lindbergichthys nudifrons),6nykoBa HOTOTeHia 3eneHa (Gobionotothen gibberifrons), TpemaTtomyc
ctpokaTun (Trematomus bernacchii), Towo), wo 6ynu npmeeseHi koneroto M. FOMoBYLLKIHUM, Ta pnbku 3
Mepcbkoi 3aToku: puba-cepxaHT 3BudaniHum (Abudefduf vaigiensis), nyuiaH Epen6epra (Lutjanus
ehrenbergii), TepanoH Tpunonocun (Terapon jarbua), reppec ToHkuih (Gerres oblongus), sikmx Oner
Bopucosuny npuBiz ocobucTto.

Cepen pobiT BapTO BiA3HAYMTU YOPHOMOPCBKMX XUTeniB poaumHu Oudkosi (Gobiidae): 6uyok-
kpyrnaw (Gobius cobitis), Gudok-kpyrnsak (Neogobius melanostomus), 6u4ok xaboronosun (Mesogobius
batrachocaphalus); poanHy ckopneHoBi (Scorpaenidae), dka npeacTaBneHa CKOpPNeHoK YOPHOMOPCHKOO
(Scorpaena porcus); 3sipkornsg  atnaHTuyHun  (Uranoscopus scaber) 3 poAovHU  3ipKOrnsigoBi
(Uranoscopidae) Ta 3eneHywika nnamucta (Symphodus ocellatus) 3 poanHu rybaHesux (Labridae).

Okpim cTBOpeEHHS HOBMX ekcnoHaTis, Oner bopucosuy npoBoauns pecTaspadinHi poboTn ekcnosunuii
B 3MKY, niacdapboBytoum cTtapi ekcnoHaTn pund, agxe paHile Ui 3pasku 6ynu BKpUTi AKMMOCbH NTaKOM, Lo
3rogoMm MOTEMHIB, Ta HadaB UMM ekcnoHaTam ofHakoBoro 6yporo konbopy. Cepen HWX — pigkocTi 3
TPONIYHUX Ta TENnUX BOA CBITOBOrO OKeaHy, HaWsCKpaBilli NpefCcTaBHUKM AKMX € Mnpuyena 3BuyanHa
(Echaneis naucrates) 3 pogunHu npuyenosux (Echeneidae), poamHa cnuHoporosux (Balistidae), ska
CcKknagaeTbes 3i cnvMHopiry koponiscbkoro (B. vetula), cnuHopiry nnamuctoro (B. punctatus) Ta poauHa
weTnHko3ybi (Chaetodontidae) npegcrtaBneHa puboto-meTenuMkom KopudHeBoronoBuM (Chaetodon
modestus) Ta puboto-meTennkom TpboxcTpidkosum (C. robustus). 3 poguHn nococesux (Salmonidae) 6ys
pectaBpoBaHuii xapiyc amypckun (Thymallus arcticus grubei) 3 6acenHy pidkm Amyp, cxigHa Asig. Takox
A0 PyK MancTpa Ha pecTaBpauilo noTpanuna pigkicHa pnba-kabaH, abo, sk ii Wwe HasuBaoTb, puba-senp
(Capros aper), sika € eAUHUM NPeACTaBHUKOM CBOET poauHK kanposi (Caproidae).

Y xoBTHi 2022 p. My3en 3a3HaB pyWHyBaHb BHACMiOOK pakeTHOro o6cCTpiny pd. BiTpuHu 3
XPSILLOBUMU 1 KICTKOBMMM pubamu, nrasyHamym Ta 3eMHOBOAHVMMMW, WO cTosnu 6ina dacagHoi CTiHu
«YepBOHOro Koprnycy» i Hag skMMu Yimano npautoBaB Oner BopucoBud (puc. 5), Oynu 3HuweHi. 3a
nigTpuMkKn cnoHcopiB 3i Cninku BunyckHukis KHY Ta kowtom kepiBHuLUi My3eto XK. Posopu Ta ii koneru
M. l'onosyLukiHa | cunamm KONekTUBY My3er ekcrnosuuito 6yno BigHOBNEHO Ta BigkpuTo 17 TpasHs 2025 p.
Y HoBMX LWagpax 3HOBY NOCTanNu Ao 3aranbHOro cnorngaaHHs BLinini, pectaBpoBaHi Ta HasiBHI y POHO0BUX
KONnekKLiax 3pasku, cepep sknx € i pobotn Onera bopucosuya CniBakosa.

B ornsaai konekuin kotoBux y Mysedx Ykpainu wono 3MKY 3ragaHo Tpy BUCOKOLLIHHI €KCnoHaTh Noro
aBTOPCTBA, cepepn HUX — 3pasok puci (Lynx lynx), dirypy sikoi BUrOTOBIEHO CMifibHO 3 M. [0noByLUKIHUM
(3aropogHtok Ta iH., 2022).
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Puc. 4. Pu6un, BurotoBneHi Ta (a6o) posdap6oBaHi Onerom CniBakoBuM, B ekcno3uuii 3MKY: (a)
BY3bkoHic Lllapko wykoBugHwii (Parachaenichthys charcoti) Ta (b) HoTOTeHia wupokonoba (Notothenia
coriiceps) 3 AHTapkTuau; (c) BigpecTtaBpoBaHi bekacu Mmopcbki 3BuyanHi (Macroramphosus scolopax); (d)
BiapecTaBpoBaHMN cnuHopir nnamuctui (Balistes punctatus), (e) nucuuka sinoHcbka (Percis japonica).
®oT0 3 apxiBy aBTOpIB.

Fig. 4. Fish, crafted and/or painted by Oleg Spivakov, on display at ZMKU: (a) Charcot's dragonfish
(Parachaenichthys charcoti) and (b) black rockcod (Notothenia coriiceps) from Antarctica; (c) longspine
snipefish (Macroramphosus scolopax); (d) restored bluespotted triggerfish (Balistes punctatus), () dragon
poacher (Percis japonica). Photo from the personal authors archive.
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Puc. 5. Oner CniBakoB 3a po6oTtoto B 3oonoriuHomy My3ei KuiBcbkoro yHiBepcurteTy: (a) poboTa

TakcuaepMmivHoto dirypoto ceuHi gukoi (2009), (b) pectaBpauiiHi podoTu 3 akynamm (2010). doto I. KocTioka.
Fig 5. Oleg Spivakov at work in the Zoological Museum of Kyiv University: (a) working on a taxidermic
figure of a wild boar (2009), (b) restoration work on sharks (2010). Photo by I. Kostjuk.
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Ha nouatky 2010-x pokiB M. M. onoByLWwKiHUM Oynun npuBe3eHi LWKYpPKN adpuKaHCbKMX NTaxie, 3
sakux Oner CniBakoB BUroTOBMB eKCNoHaTh ans ekcnosaudii 3oonoriyHoro myseto KHY im. T. I'. LeBueHka:
anbuioH 6yporonoewui (Halcyon albiventris), 6aragaic 6inouyoun (Prionops plumatus), yenira 6ypokpuna
(Colius striatus) Ta iH. Y moHorpadii, npucesaYeHi 3oonoriyHnm mysesm Ykpainu (Lngnoscbkuin, 2012),
OKpEeMO BifiMi4EHO OWH i3 HAVNNPUMITHUX TBOPIB MancTpa — AMHaMIYHY KOMNo3uLito «[onoBaHHA 6epkyTa
Ha nucuuto» (Lien TBip NOMMUIKOBO BigHeceHn o ekcrno3uuii 3MKY).

Y 2010 p. B MibxxHapogHoMy BucTaBkoBOMY LieHTpi B Kuesi Binbynacs Hanbinblua ykpaiHcbka BUCTaBKa
npucesyeHa pubanbCTBY, MOMIOBaHHIO Ta Takcuaepmii — 18 mikHapogHa BucTaBka «/[lorogaHHs ma
pubornoernsa». Ha Hin Oner CniBakoBs cninbHo 3 Muxainom NonoByLUKIHUM NpeACcTaBUB BUCTAaBKOBUIN CTEHA, i3
BNacHMUMW NpausamMu, SK1i MaB NOMITHUIA yCnix, Mpo WO 3ragytoTs i noro konern (XK. Posopa), i oro gitn. Ha
BMCTaBUi Oyno npeactaBneHo ek3emnnsapu 3 3MKY: kyay senwmkun (Tragelaphus strepsiceros), imnana
(Aepyceros melampus), cBuHs avka (Sus scrofa), komnosuuis «lMontoBaHHA 6epKyTa Ha NMCULo» Ta ronoBa
3ebpu (Equus quagga), aBTopom sikmnx € Oner CniBakoB cninbHo 3 M. MonoByLwkiHUM (puc. 6).
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Puc. 6. fesiki po6oTn Onera CniBakoBa B 3MKY: (a) anbuioH 6yporonosuii (Halcyon albiventris), doTo
3 apxiBy (npubnuaHo 2011 pik); (b) 6aragaic 6inouyoui (Prionops plumatus), ¢oTo 3 apxiBy (NpUGIIM3HO
2011 p.); (c) mycnoH (Ovis musimon), doTo 3 apxiBy aBTopiB (2018); (d) kyay Benukun (Tragelaphus
strepsiceros), doto 3 apxisy (2018); (e) imnana (Aepyceros melampus), doto 3 apxisy (2018); (f) kiT
nicoeun (Felis silvestris), doTto 3 apxiBy (2015 p.).

Fig. 6. Some works by Oleh Spivakov at the ZMKU: (a) Brown-hooded Kingfisher (Halcyon albiventris),
photo from the archive (approx. 2011); (b) White-crested Helmetshrike (Prionops plumatus), photo from the
archive (approx. 2011); (c) mouflon (Ovis musimon), photo from the family archive (2018); (d) greater kudu
(Tragelaphus strepsiceros), photo from the archive (2018); (e) impala (Aepyceros melampus), photo from
the archive (2018); (f) European wildcat (Felis silvestris), photo from the archive (2015).
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3. MpuBaTHi Konekuii

Okpim po6oTu y npupogHuyumx mysesx, Oner CniBakoB akTMBHO MpauioBaB y MPUBaATHUX CTYAisX
Takcugepmii. MNicnsa nepeisny go Kuesa, npautotoum B SMKY, Oner Bopucosud nparHys po3wmnputiu cepy
JisNbHOCTI Ta npodeciiHo po3BuBaTucA. BiH mos3Hanomuscs i cniBnpautoBaB i3 Kiflbkoma Koreramu-
KNsHAMK, SIKi TAKOX 3aMManucsl CTBOPEHHSIM TakCUAEPMIYHUX CTYAIN.

Ynpogosx ABox pokiB Oner niaTpumMyBaB 3B’s130K 3i CTyaieto «30n0Tuii ManucTep», Ae BiH CTBOPUB
MOBHOPO3MIPHiI TakCUAEPMIiYHi CKYNbNTYypu AUKOro kabaHa, adhpuKaHCbKOiI aHTUMONK FHY, TPUMETPOBOro
HINMbCLKOro KpOKOoAMMa Ta YMMano ApibHMX TBapuUH — NpUBaTHUX MUCIIMBCbKMX TpodpeiB. Y uen nepios
3aMOBHMKamMKM poObiT Han4acTilwe cTaBann BUCOKONOCaa0BLi.

3rogom Orner No3HanoMmBCSA 3 Le OOHUM KMiBCbKUM MancTpoMm, BeTepMHapoOM 3a haxom E€BreHomM
HaropHum, skuin 3acHyBaB npuBaTHY TakcuaepMiuHy ctygito «CtpeneT». Matoum Garato cninbHoro B
nornsgax Ha >uTta Ta npodecito, Oner bopucoBu4 TiCHO cniBNpauloBaB i3 HMM YNpOAOBX Malxke
pecatunitta. Came B Ui CTyaii, Y APYXHi Ta TBOpYi atmocdepi, BiH CTBOPMB CBOi Hambinbw Baani,
OVHaMiYHi Ta XyJOXHbO [OBeplueHi pobotu. TyT Komerm CMinMBO BWragyBanu, OMaHOBYBanu Ta
BMpOBaKyBanun HOBi METOAMKIN 1 TEXHOMOTIT, LLIO AaBano 3MOry 3Ha4yHo NigBULLYBaTU pPiBEHb MAaNCTEPHOCTI
Ta KOHKypyBaTW 3 iHWWUMMK NpMBAaTHUMKU CTyAisMW. 3aranom came uen CTONMYHUIN nepiog ctaB HanbinbLu
nnigHUM i 6araTMm Ha pi3HOMaHITTS 300510ri4YHMX 06’ eKTIB (pUC. 7).

Ha »anb, noripweHHs eKOHOMIYHOro CTaHy B KpaiHi, NoB’a3aHe 3 ApaMaTtU4HUMKU nogiamu y
BHYTPILLUHI MNOMiTMUi, @ 3rogom i MOBHOMAacwTabHMM BTOPrHEHHSIM 30BHILHBLOIO BOPOra, NOCTYMNOBO
npu3Beno A0 3aHenagy YKpaiHCbkoi Takcuaepmii. [o uboro goganuca npobnemu 3i 300poB’sAM MiTHIX
6aTtbkiB Onera bopucoBuya Ta YCBIAOMITEHHS TOro, WO WMOro BIacHUM BiK OOMeXye MepcrnekTnBu
noganbLIOro TBOPYOro po3BUTKY. Yce Le CpUYMHUIO 3aBepPLLUEHHS CTYAIMHOMO nepiogy Ta TakCuaepMiYHOT
pianbHocTi Onera CnisakoBa.

My6nikauii Ta KonekuinHi 36opwm

Monpun Te, wo aBTOpcbkmin gopobok Ornera CniBakoBa Hanivye HebaraTo nyoGnikaujn, “oro Haykosa
AIANbHICTb LUMPOKO BigobpaxkeHa B npausx gocnigHukis Kpumy. Baromuin BHECOK MiATBEPIKYETLCA YACTIEHHUMM
MOCWIaHHAMM Ha NOro 3Haxigkun B poboTax Korer, 30Kpema B OPHITOMNOrYHMX hayHICTUMHUX 3aMiTKax.

Byaoyun ydHem pges’sitoro knacy, B xo0BTHi 1980 p., Oner 3HalWwoB MiXX pamMaMu BikHa KaxaHa 3
nepenomom kpuna. KaxaH 6yB igeHTudikoBaHui Sk HeTonup cepeasemHomopcekun (Pipistrellus kuhlii), Ha
TOW Yac BKpan pigkicHuiA ansa Ykpaiiu sug. 13 3arnbnoi srogom tBapuHkm Oner 3pobus TakcmaepmidHUmn
eKcnoHaTt Ta nepegas Moro B gapyHok ®eofociicbkomMy KpaesHaByomy My3seto. 3rogom, konu Orner ctas
cniBpobiTHUKOM Kapapgasbkoro 3anoBigHuKa, BiH MOBIAOMMB L0 iCTOPil0 300M0ry 3anoBigHuKa
M. BeckapaBaiiHomy, i Ton nonpocue Onera 3abpaTy 3 Kpae3HaB4YOro My3eto Lieli eK3eMMAsP, HA OCHOBI
AIKOro migroTyBaB BignoBigHy nybnikadito (beckapaBanHuii, 1985). Tywka 3 yepenom Ne 2485 36epiranacs
B konekuii KO3MI™ (HuHi Kpumcbkuin npypoaHuii 3anoBigHuk) (beckapasanHuii, 1985; Oynuubkunin, 2004) i
3rooM LI0 3HaxigKy 3ragaHo i y kHu3i «3ipi Kpumy» (Oynuubknia, 2001). Ak 6aunmo, WwkinbHa 3Haxigka
Onera Mana 3Ha4yHy HayKkoBy LiiHHiCTb. Okpim Toro, y dooHaax HHIMM e 3pasok usoro Buay Ne 10964 (J) 3
eTukeTkoro «Cypaubkuii p-H, c. KypoptHe, 13.11.1986, wk.+4p., leg. KyaHeuos, Cnisakos». Llen 3pa3ok 3
HM3KOIO iHLWINX KaxkaHiB (651. 15 eks.) y rpyaHi 2002 p. oTpumaHo ogHUM 3 aBTopiB Uboro Hapucy (1.3.) Big
M. BeckapasanHoro i nepegaHo go HHIMM.

Takox y doHgax HHIM 36epiraioTbcs TyLku nTaweHsaT kpsdvka binowokoro (Chlidonias hybrida),
wo 6ys Bnepwe 3HangeHunt Onerom CnisakoBMM Ha rHi3gyBaHHi Ha TepuTopii Kpumcekoro nisoctpoBy 6ins
®eopocii y 1989 p. (Mekno, 1997).

Byno we 6arato HOBUX 3Haxigok, Wo onucaHi arogoM M. BbeckapaBanHuM. 3okpema, 40 Konekuii
GiocTaHuii (BeckapaBanHomMy) B6yno nepegaHo gekinbka KONeKUinHMX TyLWOK NTaxiB Ta ccasuiB, HOBUX Ha
TOW Yac Ans kapagasbkoro perioHy (a gesiki n ans Kpumy). Lle matepianu, 3ibpaHi 1 npenapoBaHi camum
Onerom CniBakoBuM: cuHuUsi BycaTa (Panurus biarmicus), kpsdok 6Ginowokun (Chlidonias hybrida),
conoBewKko 3axigHui (Luscinia megarhynchos), 3onoTomyLuka YepBoHouvyba (Regulus ignicapilla), BiBcsHka
6inoronosa (Emberiza leucocephalos), xom'suok cipun (Cricetulus migratorius) Ta 6araTto iHWunXx.
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Puc. 7. Po6oTtn Onera CniBakoBa 3 npuBaTHUX cTyain: (a) BoB4yok cipun (Glis glis) (2012); (b) nucuus
pyaa (Vulpes vulpes) cninmana dasaHa (Phasianus colchicus) (2013); (¢) pucbk eBpasinicbka (Lynx lynx)
(2011); (d) nonmtoBaHHs puci (Lynx lynx) Ha capHy (Capreolus capreolus), (2018); (e) eHOT yccypincbkui
(Nyctereutes procyonoides) (2012); (f) actpyb manui (Accipiter nisus) xxeHeTbcsi 3a nepeninkoto (Coturnix
coturnix) (2013); (g) oneHb 6riaropogHun (Cervus elaphus) (2009). ®oTo 3 apxiBy aBTOpIB.

Fig. 7. Some works by Oleh Spivakov from private studios: (a) edible dormouse (Glis glis) (2012); (b) red
fox (Vulpes vulpes) with a Common Pheasant (Phasianus colchicus) prey (2013); (c) Eurasian lynx (Lynx
lynx) (2011); (d) Eurasian lynx (Lynx lynx) hunting a roe deer (Capreolus capreolus) (2018); (e) Ussuri raccoon
dog (Nyctereutes procyonoides) (2012); (f) Eurasian Sparrowhawk (Accipiter nisus) hunts Common Quail
(Coturnix coturnix) (2013); (g) red deer (Cervus elaphus) (2009). Photos from the authors archive.
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The phenomenon of Oleg Spivakov — taxidermist, artist, and museologist

B opHitonorivnin konekuii HHIMM (C. TarkoBa, ocob. nogia.). € Taki 3pa3ku nTaxis, 3ibpaHi Onerom
CniBakoBum (Bci B okon. Kapaga3sbkoi 6iocTaHuii):

* Calidris canutus (nobepexHuk icnanacbkuin) — Ne 40803/6 (f) 06.01.1993, Kapapgasbkuii 3anoBigHuk, GiocTaHLuis;
* Chlidonias hybridus (xpsiqok Binowokuin) — Ne 40759/30 (pull), 02.07.1989, p-H M. ®eopocisi, okon. cMT [pUMOpPCLKUIA; * Te
came, Ne 40760/31 (pull), 22.07.1989, Tam camo, * Panurus biarmicus (cuHnua sycata) — Ne 40054/59 (m), Ne 40055/60 (f),
28.03.1984, Kapapasbkuin 3anoBigHuk, bioctaHuisi;  Motacilla citreola (IMnucka »osToronosa) — 40092/49 (m), 21.04.1988,
Kapapa3sbkuin 3anoBigHuk, 6ioctaHuist; « Regulus ignicapillus (3onotomyLuka YepBoHouyba) — Ne 40862/29 (m), 25.04.1990,
Kapagasbkuin 3anoBigHuk, biocTtaHuis.

>KuBydi Ha npupogi Ta Oyay4um yBaxkHum cnoctepiradem, Oner CniBakoB peecTpyBaB pi3Hi pigKiCHI
BMAN Ta [AiNMBCA CBOIMUW CMOCTEPEXEHHAMW 3 Koreramy HaykoBusmu. Cepen npuknagis, siki € B
ny6nikauisix koner, MoXHa BULINUTY Taki:

21.04.1988 6ins Kapagary nobyTo eksemnnsp camus nnucku xosToronosoi (Motacilla citreola) (Kinda et al. 2003).

07.10.1989 Ha minkoBOAHOMY MPICHOMY AKMOHaNCbKOMY O3epi aHTPOMOreHHOro MOoXoMXkeHHs B cenuuli Npumopcebkvn

deopocincbkoro pavioHy Oner CniBakoB cnocTepiraB ogHy ocobuHy kocaps (Platalea leucorodia) 3 poanHu ibicoBux, Skun

3aHeceHuin 0o YepBoHoi kHurv Ykpainm (beckapasantui, 1996, 2001); 3apeecTpyBaB oaHy 3 HaWbiNbLmMX 3rpai (79 ocobuH)

Xypasns ciporo (Grus grus) Ha CTeNoBUX AiNsHKax BOAOWM; BiAMITMB napy nicodHnka mopcbkoro (Anarhynchus alexandrinus);

cnoctepiraB 3rpato 3 15 ocobuH gepuxsocTta nyyHoro (Glareola pratincola) (BeckapaBanHuii, 2001); 3apeecTpyBaB 3rpato

cuHbowmnok (Luscinia svecica), HapaxysasLwum 18 ocobuH (KiHaa Ta iH., 2003).

25.04.1990 B napky biocTaHuji Kapagasbkoro 3anoBigHuka AOOyTUIA ek3eMnnsip 30M0TOMYLUKM 4YepBOHoYyboi (Regulus

ignicapilla), o cnaHTennynno HaykoBLiB. PaHile nepebyBaHHsi BUAy B LIbOMY palioHi He crnocTepiranu, agxe Ha rHisgyBaHHi

B Kpnmy BiH nowumpeHuin ayxe cnopagnyHo i BIGHOCHO CTabinbHO 3yCTpivaeTbCs nuile y ABOX MiCUsX: y panoHi YepBoHoro

KameHs! Ta B napkoBin 30oHi Antu (KiHaa Ta iH., 2003).

08.02.1991 3HariaeHO Monodoro nTaxa MapTuHa kacnincekoro (Ichthyaetus ichthyaetus), wo 3aruHyB 6inst cMT OpaxoHikiase.

3a3Buyan Ui nTaxu 3’aBnATbCs 6ing MOpCbkux Beperis y APYTii NONOBWHI 3MW Ha KOPOTKMIA Yac NPy 3HaYHNX MOXONOAAHHSAX

(BeckapaBanHun, 1996).

16.08.1992 O. b. CniBakoB 3HaWLLIOB MicLie rHi3ayBaHHsi NipHNKO3K YopHoLuuiioi (Podiceps nigricollis) B okonuusix M. ®eogocis

cenvwa lMpumopcbkuii (beckapasanHuii Ta iH., 1993).

06.01.1993 3006y nobepexHuka icnanacekoro (Calidris canutus) Ha mopcbkomy 6epesi 6ins Kapagary. 3a3suyan uen Bua

perynsipHo 3umye B TyHici Ta Ha Cvuwmnii, Ta iHKonn 3MMyBaB Ha YOPHOMOPCLKOMY Npubepexcki Ta o3epax bonrapii. B YkpaiHi

ue ayxe pigkicHui 3anitHun Bug (Kinga ta iH., 2006).

23.03.1997 6yB nobyTun cameLp BiBCAHKM Binoronosoi (Emberiza leucocephalos) Job6yTi ek3emnnspu 6ynu npenapoBaHi Ta

36epiraloTbcs B eKCNo3uLii My3eto icTopii Ta npupoau Kapagary (BeckapaBanHuii Ta iH., 2001)

20.05.2000 cnoctepiraB Asi napu kam’sHkm nonensctoi (Oenanthe isabellina), cxigHiwe cmT OpaxoHikia3e B AOMNMWHI

NBoskiprin (KiHaa Ta iH., 2003).

Y ciyni 2002 p. Oner bopucosuy cnocTepiras gecsaTb rpudie, cmna Ta BOX MOMUMBHUKIB B PaNOHi
Kapagasbkoro 3anoBigHuka: Ui pigkicHi nTaxy «BeHkeTyBanuy» Ha BUKWMHYTIM Tywi TBapuHUW 3
TakcugepMiyHoi nabopaTtopii (LiBenux Ta iH., 2018). 3a cnoragamu K. 'piHiHr-I'epu, BukMHyTi 3 nabopaTtopii
Bigxoan Oynu yacTuHamMu Tywi KpoKoAuna, Hag eKkcnoHaTtoMm skoro npauioBaB Oner CniBakoB 3a
NPUBaTHNM 3aMOBMNEHHAM.

Oner Bopucosud nepepycim 6yB NpakTMKOM i3 XygoXHIM cBiTocnpuiHATTAM. Moro ny6nikauinHa
aKTUBHICTb 6yna 30cepekeHa Ha onuci AeAKnx TOHKOU.I,iB TaKCl/ID,epMiHHI/IX MeToauk y MaTepianax
My3eonoriyHux KoHdepeHuin (Cnisakos, KasapsH, 2007).

Takox BiH OyB aBTOpoM po3ainy npo My3en ictopii Ta npupoan Kapapary B KONEKTMBHIN
MoHorpadii «[IyTiBHMK 3anosigHnn Kapapar. Hapuc-nyTiBHUK» (poc.) 2007 p. sunycky (Mopososa,
2007); cniBaBTOpOM Yy CcTaTTsIX Npo my3en (CnisakoB Ta iH., 2005) Ta obnagHaHHO BiTpuH (CniBakos,
MotaneHko 2007), B AkuX AeTanbHO ONMCaHO NPUHLMM, CTPYKTYPYBaHHS eKCno3uuii Ta Hagas AeTanbHuim
cucTeMaTUYHUIN Nepenik 3paskKis.

Xueonuc

Okpim CTBOpeHHA TakcuaepmidHux ekcnoHartis, Oner CniBakoB 3ariMaBCcs XnBoONncom. Yac Big vacy,
Taka 3MiHa fisnbHOCTI Gyna noTpidHa Ans BigHOBMNEHHS TBOpYMX cwun. BiH Hikonn He BBaxaB cebe
XUBOMNUCLIEM, MantoBaHHA Oyno Anst HbOro BiAOYLUMHOK Ta €MOLiNHOK po3psaakoto. CloxxeTamu ctaBanu
Mope, HidHi KpaeBuam Ta nTaxu (puc. 8).

Y 1990-T1i poku, konu GpakyBano matepianis, Oner bopucoBu4 ManoBaB Ha KPUMCbKi ranbLi,
opraniti Ta akBapennto Ha nanepi. B kiHui 90-x pokiB Oner CniBakoB BigKaB XXMBOMNUC Ta 30cepeamBca Ha
TakcuaepMii. BTiM, neH3ns He NokuHyB — BiH ByB noTpibeH ans diHanbHOro ohopMIEHHS eKCNoHaTIB i
HaJaHHS TM JOBEepLUEHOro Burnsaay.

3 2010 poky Oner BopucoBu4 3HOBY NOBEPHYBCS 40 MantoBaHHSA. Maroun WwmnpLli MOXIMBOCTI, BiH
noyae BMKOPUCTOBYBATU MOMIOTHO Ta SICKpaBily naniTpy Konbopis. Came B uen vac noyanu 3’aBnsitucst
aHimanicTuyHi kapTuHu. MpoTe, y TBopax BiAYYBaETLCA CUNbHA Tyra 3a PigHUM KpaeM, AKWUW, Ha Xanb,
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poBenocs NokMHyTU. CHoXXeTn KapTUH He3MiHHI — ue pigHun Kpum, B skomy Oner CniBakoB MpoOXuB CBOI
POKMN CTAHOBIMEHHS.

o % . s |
Puc. 8. XKueonuc Onera CniBakoBa: (a) Ckens IBaH Po3b6inHuk BHoui. Onisi, Mopcbka ranbka (1993); (b)
Kapa Oar. AkBapenb, nanip (1996); (c) Ckens JleBiHcoHa-JlecciHra. Onis, opranit (1997); (d) Atw-[dar
HaBecHi. Onig, nonoTHo (2020); (e) CuHboWwwMitka Ha ovepeTi. Onis, nonotHo (2023).
Fig. 8. Painting by Oleg Spivakov: (a) Ivan Rozbiynyk Rock at night. Oil on sea pebbles (1993); (b) Kara
Dag. Watercolour on paper (1996); (c¢) Levinson-Lessing Rock. Oil on hardboard (1997); (d) Ayu-Dag in
spring. Oil on canvas (2020); (e) Bluethroat on the reeds. Oil on canvas (2023).

He maroum xyaoxHboi ociTv, Oner CniBakoB He nparHyB BU3HaHHSA B Xusonuci. Ane, npatorum
TakcuaepmictoM, BiH ManioBaB Ans gyuwi. Oyuwli, sika 3akoxaHa B cBiT npupogu. Okpemi noro TBopwu
npuKpaLlaTb OCHOBHY poboyy KiMHaTy cniBpobiTHMKIB 3oonoriuHoro myseto KHY.

XapaktepuctuyHe

Y 1980-Ti Ta 90-Ti pokun xuUTTa Ha biocTaHuii, Ak i B camomy Kpumy, 6yno gyxxe BaXKKMM: NOCTINHi
BiAKMIOYEHHS CBIiTNa, BiACYTHICTb BOAOMNOCTa4YaHHS, TenedoHy Ta HagBHICTb fvwe niYHoro onaneHHs. [o
HaWbnwk4oro pavoHHoro ueHTpy (M. Peopocis) Tpeba Oyno ixatM roguHy ripcbkuMy goporamu Ha
po3BaneHin MapLupyTLi, Ska YOTMPU pasu Ha AeHb 3abkmpkana Ha biocTtaHuito (B3uMKy Tinbku Agidi). Lle
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Oyno micue 3 HEMMOBIPHO KpacuBOIO NPUPOLOID, ane 1 3 HEMOMIPHO BaXXKumu nobyToBuMKM ymMoBamu, ge
BaraTo MicLleBMX MeLUKaHLiB He BUTPMMYBanu Taknx BunpobyBaHb i 3Haxoaunu po3pagy B ankoroni. Oner
BopncoBmy 06paB iHWKUIA WINSX — LUASX TBOPYOro 3anoko. TaMm, Ha ropi, B Hboro 6yna make NoBHa ackesa,
€0HaHHSA 3 NPMPOOOID Ta BMacHMMW AyMKamMu B CynpoOBOAI TBOPIB KNacU4HOIT My3uKku. lannis nepioguyHo
nepepvBanacb Ha OyaeHHi cnpaBu: NPUHECTU BOAW, APOB, 6anoH 3 ra3oM i CXoanTU B MarasuH, skun O0yB
y 6 KM Big gomy.

BpaxoBytoun BigganeHicTb Big umMBinisadii, y manctpa Oy NOCTiNHWIA TBOPUNIA ronof: NUTaHHA 6e3
Bignosigen, 60 He 6yno aHi cnevianicTiB, SKi NOSICHATL, aHi ManCcTep-KnaciB, aHi Xy4OXHIX CTyAin Ta iHLWOoro.
IHCTpyMeHTn, papbu, nitepatypa, BUTpaTHI MaTepianu npneo3unn 3 Benukux mict: Cimdpeponons, Kuesa
Ta CaHkT-lNeTepbypra. HaBiTb nowyk 3BuyaiHoro MactuxiHy 6yB 3agayeto niaBULLIEHOT BaXKOCTI.

He matoun HopmanbHUX Ta rigHUX YMOB AN XUTTs, poboTn, pO3BUTKY, 3aBOSKM CBOIN 3aB3ATOCTI Ta
gincHo wwmpin nobosi 1 BigaaHocTi cnpasi, Oner CniBakoB 3pobuB cebe camoTyxku. CamocTiiHO
CTBOpPIOBaB esiKi METOAMKMK, eKCnepuMeHTyBaB 3 MaTtepianamu i T.4. Kutta Ha bioctaHuii nokasano, wo
noavHa MoXe po3paxoByBaTu nuvlie Ha cebe Ta cBoi cunu. barato TakcugepmicTis, Makun gocTtyn Ao
Onar uuMBini3adii, He MalTb HaBiTb APIOHOI MOXNMBOCTI KOHKYpyBaTu 3 Onerom CniBakoBUM, MOANHOLO,
sika cnyctunacs 3 KpyMcbKux rip i nokasana cnpaBXHIO MauCTEpPHICTb.

Koneru sragytotb Onera CniBakoBa sik NoAWHY Hag3BMYaAMHO BMBAXEHY, akypaTHy Ta iHTENIreHTHy.
Y pob6oTi BiH 3aBxan OyB MOBHICTIO 3aHYPEHMM Y MPOLIEC CTBOPEHHS CBOIX TBOPIB. TakoX, BMPi3HABCS
CTPUMaHICTI0O Ta HebaraTocniBHICTIO; BiH OXo4ye MiATpUMyBaB MPOMECINHI PO3MOBKU, NPOTE HIKOMM He
BMHOCMB Ha nybrniky ocobucTi unm cimeliHi Temn. | B cTiHax mancTepHi i no3a HuMK BiH ByB Hanpouyq
CKPOMHUM Ta HEBMOArnMBUM, afpke rofioBHUM 4115 HbOro 3aBXAW 3anuwanmcst 06’ eKTn TBOPYOCTi.

3a cnoragamu ampektopkn 3MKY XK. Po3opu — «BUHATKOBWUIA, TAKTOBHWUIA, TanaHOBUTUA. XyO0XHUK
Bin 6ora. He TananT, a TanauTuue. | BeplimHa TakTy». Moro konera no myseto J1. Mpokonuyk: «HeaamiHHui
i TanaHoBuTU. ManoBae, 6araTo, ogHa 3 MOro KapTMH BUCUTb Yy 3aKyTKy, Ae BCi MoTb Yan. KapTuHu
pOo3KiLHi. AkBu BUPILLMB NOBEPHYTMUCS, 1 61 nepLuoto 3BinbHUNAacs, wobu byna ans Hboro nocaga. Ane BiH
He MOBEepHYBCAY.

Ha Kapapgasi noxexi 6ynu nocTinHum siBuwiem, ocobnmeo BRiTKy, KOMM BCHA TpasBa Buropana.
BpaxoBytoun Te, WO XOOHa MOXEXHO-PATyBafbHa OpraHisauis He Mana CNpPOMOXHOCTI gictatuca Ao
BMCOKOFPHUX MiCLUb 3aropsiHHs, B Hapogi AiSno HernacHe npaBuIio: MOXEXY racumo BCi pa3om. Bigrak,
Oner bopucoBu4 6yB NOCTIMHMM Y4aCHMUKOM MNoXexoraciHHs. Tomy, konu novanacst Pesontouis MNgHocTi B
2013-2014 pokax BiH, SIK FTI0OWHA YECTi Ta CYMIiHHS, TAKOX He 3Mir 3anuwaTncs OCTOPOHb Ta 6paB akTUBHY
y4acTb Y NPOTUCTOSAHHSAX.

Oner gyxe 6nu3bKo MPUNHAB pPeBOMOUINHI MoAii, Yyepe3 wWo W He GaumB cebe B TUM4YacoBoO
okynosaHoMy Kpumy. lNpoTe konu OaTbku nocTapinu i Tato nomep, OyB 3MylleHWA BMWiXaTu OO
M. OpaXoHikig3e gornagaTtu 3a Mamoto, Lo ctanocs 6mm3bko 2019-2022 pp. Ak nosigomuna rMoro goyka
(KatepuHa [piHiHr-I'epa), «TaTo Mae Ayxe YyTnNuBY HATypy i HiKHUIA BHYTPILHIN cBiT. Konu nouanocs
noBHOMacLTabHe BTOPrHEHHS, BiH A3BOHMB OO MEHe i S yyna Lo BiH Nnakas, ane CTpMMyBaBCs. TOMy
Aymato, Lo icTopis 3 BTpaTol PiAHMX CUMBbHO Ha HbOrO BNIIMHYyNax». [icna noxopoHy TaTa BiH i 3BiNbHUBCS
i3 3MKY. Konu x He cTano n mamu, BiH BUixaB 3 Kpumy.

3 vacom ycsa poavHa Onera bopucosuya nepeixana oo Kueea. Y ctonuui MeLlkae Ta npautoe horo
6par, a Takox Aitn — cuH Bnagncnas (1995 p. H.), Akoro 6aTbko 3abpas i3 TMMYacoBo okynoBaHoro Kpumy
y 2014 p., Ta goHbka KaTtepuHa (1994 p. H.). lMicna 3aBepweHHs pobotn B 3MKY gisneHictb Onera
CniBakoBa [OBIMMI Yac 3anuwianacsa nosa nonem 3opy koner. ig yac pobotn Hag uieto nybnikauieto (3a
cnpusHHa [. MuxaneHka) pigHi Onera bopucoBuya BigrykHynucs i 3a3Haunnu, wo «BiH nokuHyB Ut
crnpaBy. 3apa3 3aiiMaeTbCs 30BCiM iHLIMM, ane Y Hboro 3aexau 6ynu 30noTi pyku, i 3Hato, Lo He nponaje.
BiH i yygoBun TexHap 6yB Ao peudi... BiH 3apa3 B 6e3neui i noyyBaeTbca gobpe. Ha 30BCiM HOBOMY MicLi».
[nsa daxosoi cninbHOTK Oner CniBakoB 3anuaeTbCs NPUKNagoM BUHATKOBOI MaNCTEPHOCTI, Y4 BHECOK
y po3BuTok Takcugepmii B SMKY Baxkko nepeouiHnTu.

PilLeHHs1 TOKMHYTK TakcuaepMito Oyno 3yMOBMEHE HE NULLIE XXUTTEBMMM OOCTaBMHaMMU, @ N IMUOOKUM
BHYTPILLHIM BiguyTTsM npodecinHoi Mexi. Oner BopucoBndy ycBigoOMMOBaB, WO BiKOBi 3MiHW NOYMHAIOTb
BMAMBaTU Ha dinirpaHHicTb MOro poboTu, i, Ik CnpaBXHin NepdeKLioHICT, He Mir JONYCTUTU 3HUKEHHS
AKOCTi CBOIX TBOpIB. BiH nosicHioBaB Ue npocTo: «Bxe He Ta YyTnuBICTb pyK Ta He Tou 3ip». [lo Toro X,
MOMNUT Ha TakCMOEpMIlD 3racae B KpaiHax, A€ MOYMHATLCA EKOHOMIYHI npobnemu. 3anuwmBluM CBIT
mMucTeuTBa, 3 2023 p. HecnogiBaHO 3HaKLWoB cebe B y HaABaXKIUBIN B HALL Yac MifiTapHin cgepi.

Hesaxatoun Ha Te, wo Oner CniBakoB BidiNWOB Big akTUBHOI TakcuaepMidYHOT AiANbHOCTI, noro
ManCTepHO BUKOHaHi TBOPW 3anualTbCHA HEBIA'€EMHOI YACTUHOK Ta OKPaCoK EKCMO3WUUiA KiNbKOX
BiJOMMX My3€eiB.
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MicnamoBa

Kutteun i TBopumn winax Onera CniBakoBa — Le He NnuLle sickpaBa CTOpPiHKa B iCTOpIi cyydacHol
YKpaiHCbKOI Takcugepmii, a 1 rmuboka inocTpadis Toro, sik po3BMBAETLCS MUCTELTBO B MeXax My3enHUX
iHCTUTYUIn. Lla icTopis Hagmxae cBOiMM ycnixamy Ta BOQHO4YAC 3acTepirae yYepes Bpa3nuvBIiCTb TBOPYOIL
0coBUCTOCTi Mepes BMKIMKaMU 4acy.

Hocsig Onera bopucoBuya OEMOHCTPYE OMBOBWXHY 3AaTHICTb MancTpa po3bygoByBaTu cnpasy
¢aKkTMYHO 3 HyNHA, PO3BMBalOYM TBOPMICTb HaBiTb 3a BIACYTHOCTI HanexHux ymoB. BoHa nigkpecnioe,
HaCKINbKN KPUTUYHO BaXMBMM ONS MUTUS € nowyk ogHogymuis. Came 3ycTpid i3 (haxoBo Ta TaKTOBHO
CMiNbHOTOHO (O 0COOMBO SICKPABO MPOSIBMITOCS B KMIBCbKUI Mepioa) 403BOMMIa NOMY BMBINTbHATU Yac Anis
YNCTOro MUCTELTBA, HE PO3MOPOLLIYOYM CUNM Ha NOBYTOBI YN pecypCHi TPYAHOLLI. YMOBM, B SIKMX NpauioBas
MancTep, A03BONUIN NOMY He 3BYXXKyBaTyK CreLianizalito, a peanisyBaTi BECb CNEKTP CBOIX 064apyBaHb —
Bi MOMbOBUX 300M0MYHNX CNOCTEPEXKEHDb A0 CKITAQHOr0 eKCMO3WLLINHOIo AN3arnHy Ta XXMBOMUCY.

BoaHouvac us icTopist MICTUTb CeprOo3HE 3acTepeXeHHs. TBOPUICTb Y XXOPCTKNX pearniax CbOrofgeHHs,
3a YMOB CoOUjianbHWX KaTakniaMiB Ta BilHW, CTae BKpal PU3MKOBAHON CrpaBoly. beamexHo TanaHoBUTI
noan 4acto BUSABMAKTLCA HaWbinbll He3axulweHMMU neped  30BHIWHIMU  NOTPACIHHAMKM, BonicHO
nepexuBatroum byab-aki obmexeHHs cBOOOAM CaMOBUPAaXKeHHsl. TUMOBOK, Ha Xanb, 3aNUWAETLCS |
npobnema agMmiHiCTpaTMBHOrO TUCKY: dpopmaniaMm i rpybicTb kepiBHMUTBaA 4acTo CTalTb Ha 3aBagi
nacioHapisim, WO B My3€lHin NpakTuLi NoAeKyan A0Ci CNPUAMAETbCA 9K «k HOpMay.

Ha wacrts, 3HayHa YacTuHa «KapagasbKoro» Ta hakTMYHO BECh «KMIBCbKMI» eTan gisnbHocTi Onera
BopucoBurya nponwnm B atMocdepi NOBHOI NiATPMMKM 3 OOKy Koner i kepiBHUKIB. Y 3oomoriyHoMy My3ei
KuiBcbkoro HauioHanbHOro yHiBepcuteTy iMeHi Tapaca LLleByeHka BiH 3HaWLWOB NPOCTip, A€ 3Mir OpraHiyHoO
noeagHaTu CBOK MPUPOAHY 3aMKHEHICTb i3 NpodeciiHoto 3aTpebyBaHicTio. Konern 6e3 BUHATKY LiiHyBanu
MOro SK yHikanbHOro axisus i CbOroAHi LWMPO LWKOAYKTb NPO MOro 30BCIM HEOYiKyBaHWUI NS HUX BUXig
MarncTpa 3 My3enHoi cdepu. HuHi Oner CniBakoB NOBHICTO NPUCBATUB cebe iHWNM HanpsiMaMm AisSfnbHOCTI,
MOBHOIO MiPOIO peaniaytodum CBOK rPOMaAsHCbKy NO3uLi0 B yMOBax TpMBatYyoi BiiHW. Konuce ctaHe Bigomo
Oinbwe. Llen xxe Hapuc akTUYHO OXOMSIOE BECH TBOPYWUIA LUMSIX Koreru, sikuid obipeana BiiHa, npoTte
pesynbTaTM SKOro 3anuLIMINCA B EKCMo3uuisx My3eiB i mpuBaTHWX 3ibpaHHsX, npukpawlawym ix i
30epiratoun gobpy nam’saTb NPO HEMMOBIPHO TanaHOBUTOrO MUTLIS.

Moasku

[akyemo cBoim koneram-myseriHukam J1. Mpokonyyk Ta XK. Po30pi 3a yTOYHEHHHA HU3KM OeTanen
wopao po6oTtn O. Cnieakoa B 3MKY Ta [1. MnxaneHKky 3a CNpUsiHHSA B NMOLLYKY KOHTaKTIB 3 MOro pigHUMMU.
Oskyemo [. JlazapeBy 3a cnpusiHHA y JOCTyni 40 AaHMX i3 BaXkogocTynHux canTiB Ta C. Tankosin 3a
BUBIPKY HayKOBMX Ta YKpalHCbKMX Ha3B nTaxiB. Hawa nogska astopam goto |. KocTioky, C. acHikoBy Ta
kopecnoHaeHTy «Kpum.Peanii». Okpema Agska peueH3eHTaM Ta pefakrtopam 3a KOPWUCHI 3ayBadKeHHS i
BaXXNUBI NpaBKnN TEKCTY.
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The phenomenon of Oleg Spivakov — taxidermist, artist, and museologist
K. Hrininh-Hera, I. Zagorodniuk

Oleg Spivakov is one of the most notable Ukrainian taxidermists of the late 20th and early 21st centuries, an artist, and
a museum professional. Based on biographical data and an analysis of museum collections, this text highlights the
formation of his unique signature style, which combines scientific accuracy with high artistic craftsmanship. A graduate
of Taurida University, Oleg dedicated his life to the development of natural history museums: first, to the restoration the
Museum of Nature and History of Karadag at the Karadag biostation (1982—2008), and later, to Zoological Museum of
Taras Shevchenko National University in Kyiv (2009-2021). The master was virtuoso in the techniques of creating
taxidermy sculptures across diverse taxonomic groups—from fish and amphibians to birds and mammals—and his
works now grace countless state and private collections. The "Crimean period" of Oleg Spivakov’s career is analysed
in detail, the key achievement of which was the revival of the Museum of Nature and History of Karadag. (In fact, it was
a creation "from scratch," as no exhibits from the old collection remained). The article describes his innovative approach
to building the exhibition according to the biotopic principle, where the author created over 400 specimens covering
about 200 species of vertebrates. Furthermore, Oleg Spivakov made a significant contribution to the study of the
Crimean fauna, particularly through the records of rare bird and mammal species that have entered scientific circulation.
Special attention is paid to the ‘Kyiv period’, marked by the creation of taxidermy sculptures of fish, amphibians, and
mammals. His role in the restoration of old collection specimens in the exhibition of the Zoological Museum of Kyiv
University (ZMKU) is also characterised. Oleg Spivakov’s creative heritage in taxidermy represents a significant
contribution to national museology, particularly in the formation and restoration of zoological exhibitions. His legacy is
not limited to museum halls: the master’s works constitute a significant part of numerous private collections, where they
are valued as unique pieces of art. The master’s works are distinguished by an exceptionally high artistic level, which
effectively grants them the status of works of art.
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Ornithological collections from the time of the First and Second World Wars at the

National Museum of Natural History, National Academy of Sciences of Ukraine
S. Tajkova

This study investigates the formation, preservation, and transformation of the ornithological collection of the National
Museum of Natural History of the National Academy of Sciences of Ukraine (NMNH) during the First (1914-1918) and
Second (1939-1945) World Wars. Based on the analysis of historical sources, inventory books, collection catalogues,
and specimen labels, the pathways of accession were reconstructed, the specific features of scientific activity under
conditions of social upheaval were identified, and the scientific, cultural, and conservation value of the materials was
assessed. The object of the study was the ornithological collection of the NMNH, which comprises more than 40 000
storage units, including study-skins, egg clutches, and exhibited skin-mounts. More than 700 specimens collected
during wartime were examined, with detailed breakdowns by year, region, collector, and taxonomic composition.
Particular attention was paid to Kyiv Oblast—the only region represented in the collections by a sufficient number of
specimens from both wartime periods. In 1919-1933, despite the absence of the museum as an institution, the
collections were enriched mainly through donations of private collections and materials from other institutions; more
than 89% of specimens originated from Kyiv Oblast and the Crimea. Specimens of 15 species currently listed in the
Red Data Book of Ukraine were identified: Anarhynchus alexandrinus (3), Falco naumanni (2), Milvus migrans (2), Grus
virgo (1), Asio flammeus (1), Bubo bubo (1), Circus macrourus (1), Glareola nordmanni (1), Haematopus ostralegus
(1), Lanius excubitor (1), Podiceps grisegena (1), Recurvirostra avosetta (1), Pastor roseus (1), Tetrao urogallus (1),
and Tetrastes bonasia (1). During the Second World War, museum activity was uneven: the peak of collections
occurred in 1939-1940, followed by a sharp decline. In total, the collections were enriched with 364 specimens, of
which 257 originated from Ukraine, mainly from Kyiv Oblast. Among these gatherings, specimens of 17 species listed
in the Red Data Book of Ukraine were identified: Numenius arquata (3), Picus viridis (3), Circus cyaneus (2), Grus virgo
(1), Clanga clanga (1), Bucephala clangula (1), Alaudala rufescens (1), Dendrocopos leucotos (1), Haematopus
ostralegus (1), Limosa limosa (1), Milvus migrans (1), Netta rufina (1), Recurvirostra avosetta (1), Branta ruficollis (1),
Sternula albifrons (1), Strix uralensis (1), and Tringa stagnatilis (1).
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Introduction

When working with archival records, card catalogues, and specimens of the ornithological collection of
the National Museum of Natural History, NAS of Ukraine (NMNH), questions inevitably arise about the
researcher who worked on the assembly of the collection. What were the conditions, the motivation, the inner
state of these people? Behind each specimen lies not only a piece of biological information, but a personal
history—routes, choices, risks, and sometimes silence in which a scientific answer was born. Particularly
revealing is the fact that a large part of the specimens was collected in periods of large-scale wars, when the
very possibility of scientific work was under tremendous threat. Nonetheless, researchers continued to collect,
to describe, and to preserve (Ulyanovsky, 2014; Zagorodniuk, 2022 a; Tajkova, Klochko, 2025). Among them
were P. K. Vereshchak, G. S. Kochubey, M. L. Shcherbyna, M. P. Rozanov, E. L. Sviderskyi, V. G. Averin, S.
Ya. Paramonov, M. V. Charlemagne, P. P. Orvol, V. A. Antonovych, and Kryvkovych (Karavaev, 1926;
Zagorodniuk, 2022 b—c, 2023; Mikhalenok, 2023; Shevchenko, Zagorodniuk, 2025).

The world wars in 1914-1918 and 1939-1945 deeply affected the scientific, cultural, and natural
history heritage of not only Kyiv and Kyiv Oblast, but all regions of Ukraine. Yet at the beginning of the First
World War, the territories of the modern Lviv, Ivano-Frankivsk, Ternopil, Chernivtsi, Rivhe, and Volyn
oblasts, as well as part of central Ukraine became active combat zones, which greatly complicated the
functioning of scientific institutions and museums. In particular, the Ternopil Museum of Local Lore was
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closed and part of its collections were either lost or stolen. The departments and laboratories of the
Chernivtsi University also suffered significant losses. At the same time, the scientific collections of the
Zoological Museum of Taras Shevchenko National University of Kyiv had been timely evacuated, which
prevented their destruction or looting, although active hostilities were not taking place directly in Kyiv at that
time (Shydlovsky, 2012; Botushanskyi, 2017).

The Second World War, encompassing all of modern Ukraine, caused even more serious
destruction: resources were lost, infrastructure was destroyed, and museum collections suffered significant
losses. The exhibition of the Zoological Museum of Ivan Franko National University of Lviv was treated
barbarically, which led to losses of specimens and a large number of labels. The Zoological Museum of
Taras Shevchenko National University of Kyiv had not been evacuated this time and in 1943 was seriously
damaged by fire that occurred in its main building. The zoological collections of the Chernivtsi University
were transported to Romania, whereas most specimens in the Nizhyn State Pedagogical University were
lost. In 1942, all universities, institutes, and museums were closed. The ornithological collections, similarly
to other natural history collections, were robbed or evacuated, and part of the unique materials were either
destroyed or lost (Shydlovsky, 2012; Klymyshyn, Shydlovsky, 2014; Zagorodniuk, 2022).

Today, under conditions of another war, the museums of Ukraine are facing the threat of losing their
collections again. The war has already caused large-scale destruction, evacuation, looting, and devastation
of Ukraine’s cultural heritage. The situation calls for a study the past—to preserve heritage, to reconsider
historical lessons, and to develop action strategies in the current reality.

The inventory of museum collections allows not only analysing specimens, but also reading old labels
as ‘encrypted’ messages from the past—about collecting conditions, routes, research priorities, and personal
histories. It is not only a technical process, but an act of interpretation and restoration of cultural memory.

The aim of this study was to trace the history of formation, preservation, and transformation of the
ornithological collection of the National Museum of Natural History, NAS of Ukraine during the events of
the two world wars, as well as to identify the scientific and cultural value of specimens that were collected,
transferred, or lost in the times of historical upheavals.

The paper is a continuation of a cycle of publications (Tajkova, Klochko, 2025; Tajkova, 2025; Tajkova,
Gauvris, 2025) and conference materials devoted to the scientific ornithological collection of the museum and
its researchers and curators, particularly M. V. Charlemagne, V. O. Karavaev, O. B. Kistyakivskyi, and
O. O. Brauner, who made a significant contribution to its formation and preservation.

Materials and Methods

The study was initiated in the process of revising M. V. Charlemagne’s ornithological collection of
the National Museum of Natural History, NAS of Ukraine (NMNH) (Tajkova, Klochko, 2025). A deeper
interest of the issue appeared, particularly of how war impacts science and how museum collections,
despite historical upheavals, continue to be preserved and telling their secrets.

The analysis covers specimens collected during the First (1914-1948) and the Second (1939-1945)
World Wars. Materials from Kyiv Oblast were selected for comparison, which are the most representative
and most comparable for both periods. Specimens from other regions, which make up a sample insufficient
for comparisons, were also included in the discussion.

The list of specimens of species included in the Red Data Book of Ukraine is presented with full label
data, including date, record locality, collector's name, and inventory number. The term ‘protected species’
is used in a national context, i.e. concerns only species that are officially listed in the state registry of rare
and endangered animals that require protection in the territory of Ukraine.

Species lists were compiled using Latin names according to the latest ornithological systematics (Gill et al.,
2021). The terms ‘storage unit’ (s.u.), ‘collection specimen’ and ‘specimen’ (spec.) are used synonymously.

Results

The ornithological collection of the NMNH has been forming since the museum’s establishment and
currently is the largest by the number of storage units and taxonomic scope among similar museums of
Ukraine. The total number of specimens exceeds 40 000 s.u. and comprises study-skins (36 528 s.u.), egg
clutches (2998 s.u.), and exhibited skin-mounts (1449 s.u). Specimens of over 950 species are present
ensuring a significant taxonomic representativeness of the collection (Barabanova et al., 2019).

Due to its volume, structural diversity, and scientific value, the ornithological collection of the NMNH is a
unique data source for research—historical, museological, and zoological, as well as for updating knowledge
about biodiversity in the context of long-term monitoring and retrospective analysis of the fauna of Ukraine.
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Ornithological collections of the period of the First World War (1914—1918)

Despite the difficult socio-political circumstances caused by the First World War, ornithologists
continued working in the field and collecting research materials. Although the NMNH had not been officially
established yet, we analysed how the ornithological collections it houses were formed in this period and
traced the routes of specimens to the future museum collections.

When the museum started to function, many scientists donated their own collections that were
amassed yet in the 19th and in the early 20th centuries. Among those donors were O. A. Shummer, V. Yu.
Gerhner, P. K. Vereshchak, G. S. Kochubey, M. V. Charlemagne and other researchers whose contribution
became the basis of the ornithological collection. Materials were also donated by hunters, enthusiasts,
various museums, societies, and biological rooms. In 1921, the museum received 921 study-skins
previously housed in the ‘Proletarian Museum’, which until 1917 operated as the ‘Pedagogical Museum’
(Tajkova, Klochko, 2019). Now this building is known as the ‘Teacher’s House’ (Volodymyrska Street, Kyiv).

The Pedagogical Museum had natural history rooms housing lots of specimens of plants, animals,
and minerals (Zagorodniuk, 2016). In 1926, the large collection of the K. Kessler Ornithological Society
comprising 5236 study-skins was transferred to the NMNH (Tajkova, Klochko, 2019].

According to the collection journals, in subsequent years the NMNH received materials collected
during the war in territories that are now parts of different countries. These specimens originate from
Ukraine (333 s.u.), Russia (249), Azerbaijan (22), Moldova (4), Georgia (1), as well as from beyond Eurasia,
particularly Canada (2), Iceland (1), and Ethiopia (1). This geographic scope indicates that Ukrainian
ornithologists actively participated in international scientific cooperation even during the war.

Special attention must be paid to specimens collected in the territory of modern Ukraine in 1914—
1918. Their total number is 331 s.u., which allows tracing the dynamics of ornithological activities under
wartime conditions. Most specimens come from 1914, and their number decreased in following years (fig.
1). This tendency likely reflects the gradual complication of conditions for field research due to the military
events in the country.
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Fig. 1. The enrichment of the ornithological collection with specimens from Ukraine during the First World
War (1914-1918)

The geographic scope of the collection covers several regions of modern Ukraine. Most specimens
came from Kyiv Oblast (59.2%) and the Crimea (30.0%), together accounting for 89.2% of the materials.
Less represented are other regions, such as Volyn (2.7%), Kherson (2.4%), Zhytomyr (1.8%), Poltava
(1.5%), Kharkiv (0.9%), Odesa (0.3%), Chernihiv (0.3%), and Chernivtsi (0.3%) oblasts. More detailed
information is presented in table 1. The geographic distribution of collecting may reflect both the
accessibility of territories for field research and the presence of active collectors in particular regions.
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Table 1. Regional distribution of specimen collected in the territory of Ukraine during the First (1914-1918)
and Second (1939-1945) World Wars

Oblast [ 1914 [ 1915 [ 1916 [ 1917 [ 1918 | 5 [ 1939 [ 1940 [ 1941 [ 19431945 S | 5
Volyn 9 9 9
Dnipropetrovsk 2 2 2
Donetsk 1 1 1
Zhytomyr 6 6 1 1 7
Zaporizhzhia 91 19 110 110
Ivano-Frankivsk 14 14 14
Kyiv 141 16 38 2 197 56 26 11 12 1 106 303
Crimea 35 27 18 20 100 100
Lviv 16 16 16
Mykolaiv 1 1 1
Odesa 1 1 1
Poltava 4 1 5 5
Kharkiv 3 3 3
Kherson 2 1 5 8 6 6 14
Chernivtsi 1 1 1
Chernihiv 1 1 1
> 192 44 63 27 5 331 154 76 11 12 4 257 588

Among the most active collectors of this period were P. K. Vereshchak (118 s.u.), G. S. Kochubey
(40), M. L. Shcherbyna (38), M. P. Rozanov (10), and E. L. Sviderskyi (8). Additionally, the names of the
collectors of 23 specimens remain unknown, likely due to the incompleteness of archival records. It is rather
common when specimen labels or accompanying documents contain only general notes such as ‘I'll provide
detailed information later’, which, unfortunately, were not fulfilled. An even more frequent case is when the
label contains only a working ID number given by the collector, while information on date, locality, and the
collector’s identity was recorded in the field diaries, which were not handed over along with the specimens.
Such cases complicate the attribution of materials and require additional archival searches or comparisons
with other sources. Similar situations characterise collecting in the field in difficult historical times, when the
systematisation of materials gave way to more urgent circumstances.

Of the analysed specimens collected during the First World War, representatives of 15 species that
are listed in the Red Data Book of Ukraine were discovered (fig. 2). Their presence in the museum collection
indicates that rare species have historically been present in the territory of Ukraine and allows conducting
a comparative analysis of changes in faunal distributions. A detailed list of species in presented in table 2,
while full label data of these materials are given at the end of this section. The presence of these specimens
in the museum collection allows for a retrospective analysis to be conducted concerning the state of
populations, changes in species ranges, and general biodiversity dynamics. It is especially relevant in the
context of modern ecological challenges, when historical data become an important source to estimate the
effectiveness of conservation measures.

12879/2, Tetrao urogallus, ¥, 31.03.1916, Olevsk, Zhytomyr Oblast, M. L. Shcherbyna
10511/4, Tetrastes bonasia, &, 01.04.1916, Olevsk, Zhytomyr Oblast, M. L. Shcherbyna
12813/32, Milvus migrans, &, 30.04.1916, Muromets Island, Kyiv Oblast, M. L. Shcherbyna
12818/37, Milvus migrans, ¢, 08.05.1916, Pushcha-Vodytsia, Kyiv Oblast, M. L. Shcherbyna
6909/18, Haematopus ostralegus, juv, 23.07.1915, Kobeliaky Raion, Poltava Oblast, P. |. Bauman
18348/61, Lanius excubitor, 9, 22.03.1917, Askania-Nova Reserve, Kherson Oblast, leg. ?
19050/17, Podiceps grisegena, 08.1914, Simferopol, Crimea, Sushkin

18948/69, Circus macrourus, 16.05.1915, nearby to Sabla, Crimea, leg. ?

18914/22, Falco naumanni, &, 18.05.1914, Perekop, Crimea, leg. ?

18915/23, Falco naumanni, ?, 28.05.1915, Yevpatoria, Crimea, leg. ?

26552/7, Grus virgo, &, 22.05.1915, Kambar, Crimea, leg. ?

19328/41, Anarhynchus alexandrinus, 18.05.1914, Syvash Bay, Crimea, leg. ?

19329/42, Anarhynchus alexandrinus, 28.05.1915, sandbar at Saky, Crimea, leg. ?

19330/43, Anarhynchus alexandrinus, 28.05.1915, sandbar at Saky, Crimea, leg. ?

19253/25, Recurvirostra avosetta, 28.05.1915, sandbar at Saky and Yevpatoria, Crimea, leg. ?
19281/31, Glareola nordmanni, 30.05.1914, Syvash Bay, Crimea, leg. ?

18871/5, Bubo bubo, pull, 30. 04. 1916, nearby to Yany-Sarabuz, Crimea, B. M. Strongin
18878/76, Asio flammeus, 20.09.1914, nearby to Simferopol, Crimea, leg. ?
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Fig. 2. Collection specimens of Haematopus ostralegus collected in the years 1915 and 1939, and
their original labels

Ornithological collections of the period of the Second World War (1939-1945)

In the territory of modern Ukraine, the Second World War began in 1939, which marks the starting
point of our analysis of ornithological materials collected during this period. Despite the extremely hard
circumstances, museum collections continued to be enriched with new acquisitions indicating that research
activity went on even during this global military conflict.

In 1939-1945, a total of 364 bird specimens were included in the NMNH collection. Most of them came
from the territory of Ukraine—257 s.u., which make up over 70% of its total scope. Also, many specimens
came from Russia (71 s.u.) and Uzbekistan (28), and a lesser amount from Bulgaria (2), Turkmenistan (2),
Belarus (1), Kazakhstan (1), Poland (1), and the USA (1). This geographic diversity suggests broad scientific
connections and the mobility of particular researchers, even in the period of global unrest.

An analysis of the accession dynamics during the Second World War revealed that most specimens
were collected in 1939, which is likely due to the active pre-war expeditions. Beginning from 1941, the
number of specimens notably decreased and in 1944 no specimens were collected. The latest recorded
acquisitions are dated to June 1941, particularly the specimen No. 16160/190, Coloeus monedula, &,
collected on 02.06.1941 in Kyiv, on Trukhaniv Island of the Dnipro River by V. A. Antonovych (fig. 3).
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Fig. 3. The enrichment of the ornithological collection with specimens from Ukraine during the
Second World War (1939-1945)
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The total number of ornithological materials collected during the Second World War (1939-1945) in
the territory of modern Ukraine is 255 s.u. The geographic distribution of the specimens demonstrates that
collecting mainly took place in two regions, in Zaporizhzhia (43.1%) and Kyiv oblasts (41.6%), which
together make up 84.7% of the materials acquired in this period. Less represented are Lviv (6.3%), lvano-
Frankivsk (5.5%), Kherson (2.4%), Dnipropetrovsk (0.4%), Donetsk (0.4%), Zhytomyr (0.4%), and Mykolaiv
(0.4%) oblasts. Detailed information on the annual acquisition dynamics between 1939 and 1945 is
presented in table 1. Chronological analysis showed that most specimens were collected before 1941, i.e.
in pre-war and early-war times. Some specimens were collected during occupation and were preserved
thanks to the work of the museum staff during Kyiv’'s de-occupation. These materials have particular
historical value for they reflect not only biological diversity, but the conditions under which scientific
institutions operated in the difficult times of war.

Most specimens in 1939-1945 were collected by V. F. Nikolaev (80 spec.), V. A. Antonovych (45),
B. M. Popov (41), S. D. Lubkin (15), Kryvkovych (11), M. V. Charlemagne (8), P. V. Olshanskyi (6), I.
Bozhovych (5), V. Kozhevnikov (4), and L. A. Przhebylskyi (4). Additionally, 21 specimens were collected
by people whose identity remains unknown.

Of these wartime specimens, 28 have scientific and historical value; they were collected by P. P. Orlov
in Uzbekistan in 1942—-1944, when he was working in a unit battling Pseudococcus comstocki (Orlov, 1948;
Gauvryliuk, 1995). Thanks to him, the collections were enriched with specimens of Parus major bokharensis,
Emberiza bruniceps, Alauda gulgula, Lanius isabellinus, Lanius schach, Tichodroma muraria and other
species. In 1944, he returned to Ukraine (Gavryliuk, 1995) and collected materials in Dnipropetrovsk Oblast
(Merops apiaster, Aegithalos caudatus). In the same year, specimens collected by Ye. A. Moshkov and
G. V. Modin also appeared, indicating that museum work resumed following the cease of hostilities.

Of the analysed specimens collected during the Second World War, there are those that belong
to 17 species listed in the Red Data Book of Ukraine (table 2). Their full label data are presented at the
end of this section.

Table 2. Specimens of bird species listed in the Red Data Book of Ukraine collected during the First (1914—
1918) and Second (1939-1945) World Wars and housed in the NMNH collections

Species | 1914-1918 | 1939-1945 | S [ Species | 1914-1918 [ 1939-1945 | ¥
Alaudala rufescens - 1 1 Lanius excubitor 1 - 1
Anarhynohus 3 - 3 | Limosa limosa - 1 1
Asio flammeus 1 - 1 Milvus migrans 2 1 3
Branta ruficollis - 1 1 Netta rufina - 1 1
Bubo bubo 1 - 1 Numenius arquata - 3 3
Bucephala clangula - 1 1 Pastor roseus 1 - 1
Circus cyaneus - 2 2 Picus viridis - 3 3
Circus macrourus 1 - 1 Podiceps grisegena 1 - 1
Clanga clanga - 1 1 Recurvirostra avosetta 1 1 2
Dendrocopos leucotos - 1 1 Sternula albifrons - 1 1
Falco naumanni 2 - 2 Strix uralensis - 1 1
Glareola nordmanni 1 - 1 Tetrao urogallus 1 - 1
Grus virgo 1 1 2 Tetrastes bonasia 1 - 1
Haematopus ostralegus 1 1 2 Tringa stagnatilis - 1 1

15919/5, Strix uralensis, ¢, 14.10.1940, llemnia, lvano-Frankivsk Oblast, B. M. Popov

16157/8, Limosa limosa, &, 30.05.1941, Trukhaniv Island, Kyiv, Kyiv Oblast, V. A. Antonovych
15794/42, Sternula albifrons, &, 06.05.1939, Kyiv, Kyiv Oblast, S. D. Lubkin

Ekcnosuuis, Picus viridis, &', 30.04.1939, Spartak station, Kyiv Oblast, leg. ?

15853/33, Picus viridis, &, juv, 08.1939, forestry, Nyzhcha Dubechnia, Kyiv Oblast, B. M. Popov
15896/35, Picus viridis, &, juv, 17.08.1940, Nyzhcha Dubechnia, Kyiv Oblast, B. M. Popov
15819/58, Dendrocopos leucotos, ¢, 05.08.1939, Svamoria, Kyiv Oblast, B. M. Popov

15802/51, Milvus migrans, &, 09.06.1939, mouth of the Irpin River, Kyiv Oblast, V. A. Antonovych
15762/23, Circus cyaneus, &, 06.04.1939, forest, Brovary, Kyiv Oblast, S. D. Lubkin

15937/2, Branta ruficollis, 3, 16.10.1939, nearby to Berdiansk, Zaporizhzhia Oblast, V. F. Nikolaev
15938/7, Netta rufina, &, 20.10.1939, Obtichna Spit, Zaporizhzhia Oblast, V. F. Nikolaev

15922/25, Bucephala clangula, 3, 13.08.1939, Solodkyi Estuary, Zaporizhzhia Oblast, |. Bozhovych
15944/20, Circus cyaneus, &, 15.01.1940, nearby to Berdiansk, Zaporizhzhia Oblast, V. F. Nikolaev
15920/16, Clanga clanga, &, 06.10.1939, Berdiansk, Zaporizhzhia Oblast, P. V. Olshanskyi
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38856/2, Grus virgo, 9, 25.04.1939, Berdiansk, Zaporizhzhia Oblast, V. F. Nikolaev

15932/32, Haematopus ostralegus, juv, 20.08.1939, Solodkyi Estuary, Zaporizhzhia Oblast, I. Bozhovych
15960/26, Tringa stagnatilis , ¢, 23.08.1939, Berdiansk, Zaporizhzhia Oblast, V. F. Nikolaev
15939/29, Numenius arquata, Q, 25.04.1939, Berdiansk, Zaporizhzhia Oblast, V. F. Nikolaev
15940/30, Numenius arquata, &, 25.04.1939, Berdiansk, Zaporizhzhia Oblast, V. F. Nikolaev
15941/33, Numenius arquata, 9, 02.09.1939, Berdiansk, Zaporizhzhia Oblast, |. Bozhovych
16126/3, Alaudala rufescens, &, 24.11.1939, Berdiansk, Zaporizhzhia Oblast, V. F. Nikolaev
15856/34, Recurvirostra avosetta, 10.07.1939, Syvash Bay, Kherson Oblast, B. M. Popov

Discussion

Scientific activity during wartime has always been accompanied with an ambiguous perception by
society. At different historical moments, scientists could be perceived as enemies, especially when their
work took place in occupied territories or during political instability. At the same time, these same
researchers often became examples of perseverance, professional dedication, and a deep belief in the
value of scientific knowledge. Their work—often quiet and devoid of recognition—ensured the preservation
of heritage, formed the foundations for future research, and allowed science to survive when everything
else was collapsing.

A thorough study of collection materials allows not only to reconstruct the history of the collections,
but also to trace how scientific activity and museum heritage were formed together, how collections are
inextricably linked to the personal paths of the researchers. The materials collected during the wars reflect
not only the state of the bird fauna of those times, but also the level of organisation of research work, the
accessibility of territories, and the mobility of scientists.

Analysing the impact of the First and Second World Wars on the formation of the ornithological
collection of the NMNH is difficult given the various ways of acquisition. In 1914-1918, the museum had
not yet existed as an institution, and the specimens collected in that period were transferred to the museum
later, in 1919-1933 (Tajkova, Klochko, 2019). It means that we deal with a restrospective material that was
collected under different circumstances. At the same time, these specimens are an important data source
in reconstructions of ornithological research that was conducted during the wars.

When comparing the quality of collections from the periods of the two world wars, notable differences
were found. Most specimens collected during the First World War have detailed labels with measurements,
live weight, and subspecies indicated. As the museum staff notes, ‘these are old school’, meaning that the
specimens demonstrate a high level of preparation and attention to detail. In contrast, materials collected
during the Second World War often come with minimum label information, occasionally with only a number
written on a piece of paper of low-quality. Additional data are preserved only in card catalogues or field
diaries, which complicates access to the full information.

These general observations are especially notable when analysing regional collections, particularly
from Kyiv Oblast, which during both wars was characterised by a high research activity and a significant
number of acquisitions. During the First World War, Kyiv Oblast remained beyond the zone of military
operations, which allowed systematic studies to be carried out without restrictions. In 1914-1915, 157
specimens were collected, whereas in 1916 and 1948 another 40, mainly by P. K. Vereshchak, G. S.
Kochubey, M. L. Shcherbyna, and S. D. Lubkin. Their collections represent over 60 bird species, with
carefully documented record localities, dates, and morphometric parameters.

During the Second World War, despite the occupation of Kyiv and difficult circumstances, research
activity did not cease fully. In 1939-1940, 360 specimens were collected, of which 83 in Kyiv Oblast. In
1941, collecting continued until June and resumed only in 1943, particularly thanks to M. V. Charlemagne
and another researcher by the surname Kryvkovych. These data demonstrate a scientific resilience and
the desire to preserve biological heritage even during occupation.

It should also be considered that the territory of Kyiv Oblast was not directly involved in hostilities
during the First World War, which allowed scientific activities to continue without direct obstacles. However,
during the Second World War, Kyiv was under occupation, and museum staff were under pressure, which
is covered in detail in the memoirs and publications dedicated to M. V. Charlemagne and E. G. Reshetnyk
(Ulyanovsky, 2014; Korobchenko, 2016; Tajkova, Klochko, 2025).

This complicates the assessment of the impact of military events on regional collections, but at the
same time allows tracing the ways of museum acquisitions under relatively stable conditions. This approach
cannot be generalised for the whole of Ukraine, but it allows identifying individual trends in the preservation
of scientific heritage during periods of crisis.

As already noted above, the fighting of the First World War practically did not affect the territory of
Kyiv Oblast region, which created favourable conditions for regular field research without significant
obstacles. In 1914-1915, 157 bird specimens were collected, and monthly activity was recorded. The main
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collectors of this period were P. K. Vereshchak (118 spec.) and G. S. Kochubey (35 spec.); some
specimens were received without indicating the name of the collector (table 3).

Most specimens were collected by P. K. Vereshchak in the village of Danylivka, Fastiv Raion, as well
as in Pushcha-Vodytsia and Zhornivka. G. S. Kochubey, a physician by profession, collected mainly in
Pushcha-Vodytsia and in the outskirts of Kyiv, recording representatives of 15 species (see table 3).

In 1916 and 1918, the collection received another 40 specimens coming from Kyiv Oblast. Most of
them were donated by M. L. Shcherbyna—35 specimens representing 18 species. In total, his contribution
includes a personal ornithological collection donated to the museum in 1921 (350 study-skins) (Tajkova,
Klochko, 2019). In addition, he actively collaborated with the Kyiv Ornithological Society, whose collection
was later also integrated into the NMNH (Karavaev, 1926; Zagorodniuk, 2023) (see table 3).

Other researchers who contributed to the ornithological collection were S. D. Lubkin (nearby to Kyiv)
and P. K. Vereshchak (on the Irpin River, in the village of Shevelivka). In 1917, no specimens were collected
in Kyiv Oblast, which is probably due to political instability and a general decline in field activity (see table 3).

The materials collected during the Second World War (1939-1945) entered the NMNH collection
unevenly, which reflects the difficult political and military situation in the territory of Ukraine. In 1939-1940,
field collections were carried out in accordance with the usual annual plan of museum work: throughout
1939 (January—December) and from January to November in 1940. During this period, the collection was
enriched with 360 specimens of 160 bird species. The most numerous are specimens of Alauda arvensis
(12 spec.), Emberiza schoeniclus (11), Passer montanus (11), Nucifraga caryocatactes (10), Sturnus
vulgaris (9), Dendrocopos major (8), and Garrulus glandarius (6). In Kyiv Oblast, 83 specimens of 49
species were collected during these two years.

After the outbreak of hostilities on 22 June 1941, field research was effectively suspended. In 1941,
only 11 specimens were collected, the last of which on the 2nd of June on Trukhaniv Island in Kyiv—
symbolically marking the completion of the pre-war phase of collections before the occupation of the city.

In 1943, after the partial resumption of scientific activity in occupied Kyiv, another 12 specimens were
collected, one of them by M. V. Charlemagne (Tajkova, Klochko, 2025) and the rest by an unknown collector
by the surname Kryvkovych. Despite the lack of biographical data on the latter, these specimens belong to
a number of species and come from Kyiv and its surroundings, from March to July (table 4).

In the context of enriching the museum collection during the wars, one should not forget the difficult
conditions under which scientists worked. It is known that during periods of famine and lack of resources,
the meat of animals that later became museum specimens often served as a means of survival. Although
there is little direct documentary evidence of this, according to senior museum staff who worked in the post-
war decades, the use of meat from collection objects as a means of survival was a common practice. In
this context, it cannot be ruled out that individual specimens collected in 1943 could have been obtained
not only for scientific purposes, but also as a source of food.

Table 3. Ornithological collections from Kyiv Oblast (1914-1918): species composition, quantity, and collectors
Collector

Species VerZérTc;hak G. S. Kochubey | S. D. Lubkin Shc,\rﬁlék).yna Unknown 2
Linaria cannabina 2 1 3
Acanthis flammea 2 1 3
Aegithalos caudatus 3 1 4
Alauda arvensis 4 1 5
Spatula querquedula 2 2
Anthus pratensis 1 1
Anthus trivialis 1 1
Carduelis carduelis 1 1
Certhia familiaris 2 4 6
Charadrius dubius 2 2
Chlidonias niger 6 6
Chiloris chloris 1 1
Coccothraustes

2 2
coccothraustes
Corvus cornix 1 1 2
Corvus frugilegus 1 1 2
Cuculus canorus 1 1
Dendrocopos major 3 1 4
Emberiza calandra 3 3
Emberiza citrinella 18 1 19
Emberiza schoeniclus 1 13 14
Falco subbuteo 1 1
Galerida cristata 5 5
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Collector
Species VerZér:i‘:hak G. S. Kochubey | S. D. Lubkin Shc,\r/mlérLb.yna Unknown 2
Garrulus glandarius 2 2
Lanius collurio 1 1 2
Chroicocephalus ridibundus 1 1
Lullula arborea 2 2
Lymnocryptes minimus 1 1
Milvus migrans 2 2
Motacilla alba 3 3
Motacilla flava 1 1
Oriolus oriolus 2 2
Periparus ater 2 2
Cyanistes caeruleus 5 1 6
Lophophanes cristatus 2 3 5
Parus major 11 1 12
Poecile montanus 1 1
Poecile palustris 2 1 3
Passer domesticus 17 1 18
Passer montanus 8 1 9
Calidris pugnax 6 6
Prunella modularis 2 2
Pyrrhula pyrrhula 1 1
Perdix perdix 1 1
Regulus regulus 6 2 8
Saxicola rubetra 2 2
Sitta europaea 4 3 7
Spinus spinus 2 2
Tringa totanus 2 2
Troglodytes troglodytes 1 1
Turdus merula 1 1
Turdus philomelos 1 1 1 3
Turdus viscivorus 1 1
> 118 35 1 35 8 197

Table 4. Ornithological collections from Kyiv Oblast (1939-1945): species composition, quantity, and collectors

Collector

Species

V. A. Antonovych
B. I. Bilskyi
Kryvkovych
S. D. Lubkin
G. V. Modin
B. M. Popov

V. Yu. Gerhner
L. A. Przhebylskyi

—=| M. V. Charlemagne
Shakov
Unknown

Actitis hypoleucos
Aegithalos caudatus
Alauda arvensis
Anas acuta

Anas crecca

Anser albifrons 1

Apus apus 1

Athene noctua 1

Aythya ferina 1

Calidris pugnax 3 1 2

Carduelis carduelis 1

Charadrius dubius

Chlidonias leucopterus 1 1

Chlidonias niger 2 1

Chiloris chloris 1
Chroicocephalus ridibundus 1

Circus cyaneus 1

Coloeus monedula 1

Corvus corax 1

Corvus cornix 2

Corvus corone 1
Corvus frugilegus 1

Crex crex 3

Cuculus canorus 1
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-
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Dendrocopos leucotos 1 1
Dendrocopos major 2 1 3
Dendrocopos medius 1 1
Dendrocopos minor 2 1 4
Lanius collurio 1 1 2
Lanius minor 1 1 2
Limosa limosa 1 1
Lophophanes cristatus 1 1
Lullula arborea 1 1
Lymnocryptes minimus 1 1
Milvus migrans 1 1
Motacilla alba 1 1
Motacilla flava 2 1 3
Oenanthe oenanthe 1 1
Parus major 1 1 2
Passer montanus 2 3 6 11
Picus canus 1 1
Picus viridis 2 1 3
Prunella modularis 1 1
Rallus aquaticus 1 1
Remiz pendulinus 2 2
Sitta europaea 1 1
Spatula querquedula 2 1 3
Sterna hirundo 1 1
Sternula albifrons 1 1
Sturnus vulgaris 2 1 1 4
Tringa nebularia 1 1
Tringa ochropus 1 1
Tringa totanus 3 1 4
Turdus iliacus 1 1
Turdus merula 1 1
Turdus philomelos 1 1
Turdus pilaris 2 2
Turdus viscivorus 1 1
Vanellus vanellus 2 2
> 43 2 1 11 15 1 9 4 8 1 11 106

Thus, Kyiv Oblast acts as a key region for the comparative analysis of ornithological collections
during the First and Second World Wars. The relative stability during the First World War allowed for
systematic collecting with a detailed documentation, which ensured the scientific completeness and
geographical representativeness of the materials. However, during the Second World War, despite the
occupation, restrictions, and the threat of loss of institutional support, scientific activity did not stop
completely—individual specimens of important historical and scientific significance were preserved.

Conclusions

Ornithological collections formed during the First and Second World Wars are not only a source of
biological information, but also evidence of scientific resilience, cultural memory, and personal dedication
of researchers. Analysis of materials collected during these difficult historical periods allows reconstructing
the conditions of scientific work, tracing the dynamics of collections, assessing the level of documentation,
and identifying regional features of the formation of museum collections.

A comparison of the two war periods showed that the specimens from the time of the First World
War have more complete label information, which indicates a high level of training of the collectors and
stable working conditions. In contrast, the materials from the Second World War, although less documented
in detail, demonstrate the preservation of scientific activity even under conditions of occupation and limited
access to resources. Kyiv Oblasts acts as a key region for comparative analysis, ensuring the
representativeness of the data and the stability of the collections in both periods.
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Ormnithological collections from the time of the First and Second World Wars at the National Museum of Natural History ...

The discovery of specimens of species listed in the Red Data Book of Ukraine emphasises the
conservation value of the museum collection and opens up opportunities for retrospective monitoring of
biodiversity. Historical data recorded in museum collections acquire special importance under conditions of
the currently ongoing war, when the preservation of scientific heritage is again under threat.

Thus, the ornithological materials of the NMNH collected during the two world wars are not only a
scientific resource, but also a cultural artifact, testifying to the ability of science to survive, adapt, and
preserve values even in the most difficult times. The experience of the past should become the basis for
developing strategies for protecting museum collections, supporting scientific activities, and rethinking the
role of collections in preserving national memory.
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OpHiTonoriyHi konekuii 4aciB lNepwoi Ta [lpyroi cBiToBMX BO€EH y HauioHanbHOMy
HayKoBoO-npupoaHu4domy my3sei HaulioHanbHoOI akageMmil Hayk YKpaiHu
C. TankoBa

Lis po6oTa nprcBsiveHa [ocnigkeHHo npouecy hopmyBaHHs, 36epexeHHs Ta TpaHcgopmaLlii OpHITONOriYHOT KoneKLi
HauioHanbHoro HaykoBo-npupogHudoro myaeto HAH YkpaiHu y koHTekcTi nogin Mepoi (1914—-1918) ta dpyroi (1939—
1945) cBiToBMX BOEH. Ha OCHOBI aHani3y iCTOpUYHUX OKepen, iHBEHTapHUX KHUI, (DOHAOBOI KAPTOTEKN Ta E€TUKETOK
30iACHEHO PEKOHCTPYKLHO LUNAXIB HAAXOMKEHHS eK3eMNIsipiB, BUSBNEHO 0COBNMBOCTI HAyKOBOI OiSiNbHOCTI B yMOBaXx
coujanbHUX NOTPSACIHb, @ TaKOX OLIHEHO HAyKOBY, KyNbTypHY W NMPMPOLOOXOPOHHY LiHHICTE maTepianiB. O6’ekTom
JocnigXeHHs € opHiTonoriyHa konekuis HHIM, ska Hanivye noHazg 40 000 oguHuupb 36epiraHHs, BKIOYaK4YU My3€enHi
TYLUKW, KNaJKu sieLb Ta eKCNO3ULiiHi 3pasku. Y Mexax poboTu onpauboBaHo noHaz 700 ek3., 3ibpaHux y poku BOEH, i3
AeTanisalieto 3a pokamu, perioHamu, KorekTopamu Ta TakCoHoMiYHUM cknagom. Ocobnusy yBary npuaineHo Kuiscbkin
obnacTti — eaMHOMy perioHy, npeAcTaBreHoMy Yy ooHAaX 3 4OCTATHLOK KiNbKICTIO ek3eMNNsApiB 3@ 060Ma BOEHHUMU
nepiogamun. Y 1919-1933 pp., nonpu BiACYTHICTb My3eto AK iIHCTUTYLT, POHAM NONOBHIOBANNCA NepeBaXHO 3a paxyHoOK
0cobUCTMX KONEKLiN Ta maTepianiB iHWKWX ycTaHoB; noHan 89% ek3eMnnspis noxoasTb 3 Kuiscbkoi obnacti Ta Kpumy.
BusiBneHo 15 Bugis, HWHI 3aHeceHnx 4o YepBoHOi kHurn Ykpainn: Anarhynchus alexandrinus (3), Falco naumanni (2),
Milvus migrans (2), Grus virgo (1), Asio flammeus (1), Bubo bubo (1), Circus macrourus (1), Glareola nordmanni (1),
Haematopus ostralegus (1), Lanius excubitor (1), Podiceps grisegena (1), Recurvirostra avosetta (1), Pastor roseus
(1), Tetrao urogallus (1), Tetrastes bonasia (1). Y poku [pyroi CBIiTOBOI BillH/ My3eiHa AianbHICTb Oyra HepiBHOMIPHOHO:
nik 36opis npunas Ha 1939-1940 pp., nicna 4oro BiAOyBcA piskvi cnag. 3aranom ¢oHAM nonoBHWUNMCA 364
eksemnnapamu, 3 akux 257 noxoaaTb 3 YKpaiHu; KMoYOBUM perioHoM 3HOBY BucTynae KniswmHa. BuseneHo 17 suais,
3aHeceHux g0 YepBoHoi kHurn Ykpainu: Numenius arquata (3), Picus viridis (3), Circus cyaneus (2), Grus virgo (1),
Clanga clanga (1), Bucephala clangula (1), Alaudala rufescens (1), Dendrocopos leucotos (1), Haematopus ostralegus
(1), Limosa limosa (1), Milvus migrans (1), Netta rufina (1), Recurvirostra avosetta (1), Branta ruficollis(1), Sternula
albifrons(1), Strix uralensis (1), Tringa stagnatilis (1).

KntoyoBi cnoBa: opHimonoziyHi Konekuii, ceimosi eilHu, nmaxu YepeoHoi kHuau, HauioHanbHUlU HayKo8o-
npupodHuyul mysel
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The effectiveness of artificial pollination in various representatives

of the genus Pisum L.
A.O. Vasylenko, N.O. Vus, L.M. Shevchenko, O.M. Bezuhla,
A.V. Hlyantsev, V.0. Skydan, Yu.O. Zimohlyad

Wild relatives of cultivated pea (Pisum sativum L.) represent an important reservoir of alleles associated with resistance
to biotic and abiotic stressors; however, their use in breeding programs is constrained by limited knowledge of their
diversity and by difficulties in obtaining hybrids under field conditions. In this study, we evaluated the efficiency of
interspecific hybridization among P. sativum, P. elatius and P. fulvum under field conditions, focusing on the effects of
flower emasculation timing, parental genotype, and direction of the cross. Morphological characteristics of the parental
accessions were used to facilitate hybrid identification based on seed-coat coloration in direct and reciprocal crosses.
Two pollination approaches were compared: immediate pollination following flower emasculation and delayed
pollination conducted 24 hours after emasculation.

Across combinations involving P. sativum, hybrid seed set (S/F index) was consistently higher when pollination was
performed immediately after emasculation. Delayed pollination resulted in a marked reduction of hybrid seed
production, likely reflecting both physiological constraints and high temperature stress during flowering. Reciprocal
crosses revealed low and relatively uniform hybridization efficiency in combinations with P. fulvum, whereas crosses
involving P. elatius produced substantially higher seed set, consistent with its close genetic affinity to P. sativum. The
stability of hybridization efficiency across years (2020 — 2021) was confirmed for several cross combinations. Evaluation
of the F, and F, seed lots demonstrated the successful production of true interspecific hybrids, with diagnostic
segregation observed in combinations where the wild species served as the maternal parent.

These results confirm that viable hybrids among representatives of the genus Pisum can be reliably obtained under field
conditions and highlight that immediate post- emasculation pollination is the most effective strategy for maximizing hybrid
seed production. The findings support the broader use of wild Pisum germplasm in pre-breeding and genetic research
and provide practical recommendations for improving interspecific hybridization success in breeding programs.
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Introduction

The use of genetic diversity of crops, including wild species, in breeding work is hampered by limited
knowledge of their diversity and by difficulties in processing hybrid material. Yet, in the context of climate
change, individual populations may contain important adaptive traits (Smykal et al., 2018). Wild
representatives of the genus Pisum L. may serve as promising germplasm sources for breeding for
resistance to diseases and pests (Nami-Feil et al., 2017; Warkentin et al., 2024). These accessions also
show high resistance to various abiotic stressors, such as drought and extreme temperatures (Nami-Feil et
al., 2017). Several traits in which they differ from the field pea Pisum sativum subsp. sativum (hereafter
P. sativum) include quality parameters and agronomic properties (branching pattern, winter hardiness,
rapid root growth and rooting depth, etc.). Hybrids obtained between P. sativum and Pisum fulvum L. exhibit
a significantly shorter growing season compared to each parent, which may enable them to “escape”
drought and thereby increase drought tolerance (Sari et al., 2021).

P. fulvum is reported to be resistant to pea weevil (Bruchus pisorum L.) (Yan, 2023; Byrne et al.,
2008), powdery mildew (full resistance) (Fondevilla et al., 2007), rust (Barilli et al., 2010), and Ascochyta
blight (Jha et al., 2016; Jha et al., 2017). Pods of Pisum sativum subsp. elatius (hereafter P. elatius), as
well as most landraces originating from the Balkans and Western Asia, respond to pea weevil oviposition
by callus-like epidermal growth, which sometimes causes beetle eggs to detach (Fernandez et al., 2018).
Unlike P. elatius, P. fulvum does not show this response and its resistance is based on different
mechanisms. P. elatius is also resistant to the nematode Heterodera goettingiana Liebscher (Vito et al.,
1978; Valderrama et al., 2004), to the broomrape Orobanche crenata Forsk. (Valderrama et al., 2004), to
powdery mildew (Devi, 2022), to fusarium and Ascochyta blight, and to white mould caused by Sclerotinia
sclerotiorum (Lib.) de Bary (Chen et al., 2024). Some representatives P. abyssinicum A. Braun shows
resistance to the nematode H. goettingiana (Vito et al., 1978) and to stem rot caused by Pseudomonas
syringae (Martin-Sanz et al., 2012).

Thus, various authors have used P. fulvum and other wild Pisum representatives as sources of alleles
for important breeding traits, including resistance to fungal diseases (Barilli et al., 2010; Fondevilla et al.,
2011; Jha et al., 2012) and to Bruchus pisorum L. (Clement et al., 2009; Tayeh et al., 2015).

Although pea is a predominantly self-pollinating crop, heterogeneity has been observed within crop
populations, including in self-fertilising species (Leimu et al., 2006). This highlights the importance of
appropriate sampling strategies for germplasm collections (Hoban et al., 2015) to ensure the preservation
of genetic diversity. Currently, wild pea accessions preserved ex situ originate from a limited number of
individuals (Smykal et al., 2015) and are therefore prone to genetic erosion (Kilian et al., 2012).

Some researchers have reported difficulties in obtaining hybrid seeds from crosses between P. sativum
and P. fulvum or P. elatius. However, according to modern nomenclature, P. elatius is confirmed to belong to
the species P. sativum, and no barriers to hybrid seed formation have been detected (Smykal et al., 2012;
Sari et al., 2023; Ellis et al., 2024). This discrepancy is explained by Yang et al. (2022), who showed that
P. elatius exhibits a high level of introgression, suggesting that it may be of hybrid origin between cultivated
and wild peas. This hybrid origin has also been supported by recent analyses of admixture among wild
P. sativum groups, including northern Pisum humile Boiss. & Nog, southern P. humile and P. elatius.

Therefore, the aim of our study was to demonstrate the feasibility of obtaining hybrids under field
conditions and to assess the effectiveness of pollination methods for representatives of the genus Pisum L.

Objects and methods of research. The taxonomic description of representatives of the genus
Pisum L. was provided according to the GRIN Taxonomy database (USDA, accessed 30.06.2025). Detailed
passport data for all genotypes are available via their catalogue numbers (noted in parentheses) at the
National Center for Plant Genetic Resources of Ukraine or through the international Plant Genetic
Resources for Food and Agriculture (PGRFA) information platform, Genesys-PGR (Genesys-PGR, 2025).

The components selected for crossing represented a range of agronomic characteristics. All
P. sativum accessions used in the study have white corolla coloration. The breeding line DTR 94-120 is
characterized by determinate growth (the shoot apex terminates in a double peduncle) and multifloration.
The variety Kharkivskyi yantarnyi (UD0101296) has orange cotyledons, while Tsarevich (UD0102105)
exhibits a leafless phenotype and seeds with resistance to lodging. The varieties Oplot (UD0102351) and
Haiduk (UD0102726), like Tsarevich, are leafless, but lack the lodging-resistant phenotype while showing
high productivity potential. The Oplot variety is used as a resistance standard for leafless varieties against
scochyta blight (Vasylenko et al., 2021).

P. fulvum L. (UD0101508) displays typical wild-type characteristics: thin stems, high branching
tendency, small leaves and seeds, yellow-brown corolla color and brown-green seeds with dark mottling.

P. elatius L. (UD0101506), in contrast to P. fulvum, has a thicker medium-length stem, a large leaf
petiole with well-developed leaflets, and flowers of medium size. Its corolla is light purple with darker
venation. Seed coloration is similar to P. fulvum, although seeds are larger.
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Thus, in the crossing variants where P. sativum acts as the maternal component and P. elatius or
P. fulvum act as the paternal component, if pollination occurs, the F; hybrid seeds will exhibit the seed-coat
coloration of the paternal component, and there is no doubt that the resulting seeds are hybrid. In the
reciprocal variant (P. elatius or P. fulvum as the maternal component x P. sativum), doubts may arise
regarding the hybridity of the F; seeds, and in this case it is necessary to obtain the second generation of
seeds (F) to confirm the authenticity of the hybrids.

Plant placemented for crossing according to the author’s patented scheme (Chekrygin at al., 2008).),
which ensures gradual flowering of plants (due to different sowing dates): 4 blocks were sown every 4 days;
The first block was sown at the optimal time, subsequent blocks were sown every 4 days. Each block
consists of 3 plots with three rows. The length of the row is 1 m, row spacing — 0.15 m, the distance between
three-row plots is 0,3 m. Ten seeds were planted in each row, the distance between them was 0.10 m.
Sowing was carried out using manual planters.

In 2020, to determine the efficiency of hybridization procedures in obtaining hybrids among
P. fulvum L., P. elatius L. and P. sativum, the following experiment was conducted. In the first treatment,
pollination was performed 15 minutes after emasculation; in the second treatment, pollination was
performed 24 hours after emasculation (“waiting”). Emasculation was performed by cutting the keel along
its sagittal suture and removing the anthers. The flower was then pollinated with pollen from the paternal
component and tagged with colored threads.

To ensure hybrid formation, emasculation of flowers was carried out prior to pollination. This procedure
typically lasted from 5:00 a.m. to 4:00 p.m, but it is most convenient to carry out this procedure before 1 p.m.

Statistical analysis and data visualization

To assess the efficiency of the crosses, we calculated ratio the number of seeds obtained per
emasculated (artificially pollinated) flower (S/F). All statistical analyses and data visualization were
performed using R software version 4.2.2 (R Core Team, 2023). Data preprocessing and basic statistical
calculations were conducted using the ‘openxisx’ (Schauberger & Walker, 2022), ‘tidyverse’, and ‘rlang’
packages (Henry & Wickham, 2023). Graphical visualization was carried out using ‘ggplot2’ (Wickham,
2016), with figure composition supported by ‘patchwork’ (Pedersen, 2024) and label optimization by
‘ggrepel’ (Slowikowski, 2024).

Statistical support for was assessed using non-parametric bootstrap (5000 resamples) (Davison &
Hinkley, 1997) using ‘boot’ (Canty & Ripley, 2024) and ‘purrr’ (Wickham & Henry, 2023) packages.
Differences were considered significant when 95% confidence intervals of percentage differences did not
overlap zero.

Results and Discussion

In 2020, the crossing was carried out from June 17 to June 21, and in 2021 from June 14 to June
23. Usually, this period is characterized by sufficient rainfall and optimal temperature conditions. However,
the conditions of the 2020 growing season turned out to be hotter with a long period of no precipitation
(Table 1).

Table 1. Weather conditions of the growing season of peas from 20.05. to 04.07. in 2020—2021

Year Temperature, °C > of precipitation, \’/\lvigoduatys Ic\i/luar):trir(l)lrj\r_n gl)t{[:ztr)r?é hgajt days of
Mean [Max |Min mm precipitation g;:ir:)edramless >25°C |>28°C|>30°C
2020 |21.18 |33 5 131.6 35 12 27 15 6
2021 |20.66 |33 5 94.1 27 7 17 11 7
mean |20.28 [32.06 |6.19 |97.49 30 9.78 224 11.13 | 6.06

If in 2021 the maximum period without precipitation was 7 days, then in 2020 it was 12. There were
also a greater number of days with extreme temperatures in 2020. It should be noted that the rainless
period in 2020 fell just before the pea flowering and crossing. Thus, just from the middle of the first decade
of June 2020, when pea plants were entering a state of active formation and growth of generative organs,
a significant increase in temperature began and for 12 days there was no precipitation of any kind (Fig. 1).

Cepisi «Bionorisi», Bun. 46, 2026
Series “Biology”, issue 46, 2026 ISSN 2075-5457 (print), ISSN 2220-9697 (online)



A. O. Bacunerko, H. O. Byc, J1. M. lLeBueHko, O. M. beayrna, A. B. MisHues, B. O. CkuagaH, tO. O. Sumornsag m
A. O. Vasylenko, N. O. Vus, L. M. Shevchenko, O. M. Bezuhla, A. V. Hlyantsev, V. O. Skydan, Yu. O. Zimohlyad

30-

=20

O 20-
e o
@ =
3 )
g S
[} =N
2 =
o
5 E
= 3
x
s E
\ 10
10-
0 0

2020 === 2021

Fig. 1. Daily maximum of temperature and sum of precipitation. Main lines — years of research, dashed
line — multi-year average. Shaded area - crossing period for each year

An increase in temperature from 24 to 36°C during the pollination period of pea has a significant
negative effect on pollen germination, ovary formation, seed formation in the pod, and pod development,
and is also genotype-dependent (Jiang et al., 2015). Our studies allowed us to assess the possibility of
obtaining productive hybrid seeds under extreme field conditions.

Given that in pea the gynoecium matures earlier than the androecium, some researchers do not
perform emasculation but pollinate the flowers directly. In cultivated varieties, self-pollination occurs in
flower buds at a more advanced developmental stage (stage 4), whereas in wild plants pollination may
occur already in buds at stages 2—-3 (Knott, 2008)

Additional insect-mediated pollination cannot be excluded, and ovaries that lag behind in development
may also become pollinated during the open-flower stage, because the stigma remains receptive for 8—10
days, although the highest pollination rate occurs during the first three days after emasculation.

The process of emasculation in the field, in our opinion, the most convenient is the manual method
with complete removal of anthers. For different crops, the process itself and its effectiveness for obtaining
hybrids are very specific. In the study by Sekiguchi et al. (2023), male sterility was effectively induced in
cowpea and two dicotyledonous model species (Arabidopsis thaliana (L.) Heynh. and Nicotiana
benthamiana Domin) using trifluoromethanesulfonamide (TFMSA). Pollen-viability assays using Alexander
staining showed that 30 ml of 1000 mg/L TFMSA, applied twice at a one-week interval at the early stage of
the reproductive phase under field or greenhouse conditions, induced 99% pollen sterility in cowpea.
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Guerra et al. (2008) identified flower emasculation as the cause of premature ovule degeneration and its
implications for subsequent fruit set. There is no consensus regarding the time of emasculation and
pollination. Thus, Saha (2021) suggests carrying out emasculation on the eve of pollination at 4-6 am.

The results of assessing hybridization efficiency depending on the time between emasculation and
pollination with bootstrap analysis showed a significant difference in both the crossing probability
(percentage of productive pods per pollinated flower) and pollination efficiency (number of seeds formed
per pollinated flower) of immediate pollination after emasculation versus delayed pollination regardless of
the type of maternal component (Table 2).

Differences in crossing probability and pollination efficiency between immediate and delayed
pollination were assessed using bootstrap resampling (5000 iterations), with hybrid combinations treated
as independent experimental units. Immediate pollination increased pod set by 0.28 - 0.70 (absolute
proportion units) compared to delayed pollination. Seed production per pollinated flower was significantly
higher under immediate pollination (A = 1.12 seeds per flower, 95% CI: 0.74—1.56).

Table 2. Effect of pollination timing on hybridization success in Pisum (bootstrap analysis), 2020
Response variable Time after Mean |A(0Oh-24h) |95% ClI
emasculation, h

Crossing probability (Pod per flower) 0 0.61 0.43 0.28 - 0.70*
24 0.18

Pollination efficiency (Seeds per flower) | 0 1.44 1.11 0.74 - 1.56*
24 0.33

Values represent means across maternal genotypes.
A = difference between immediate and delayed pollination.
* Significant difference inferred from bootstrap 95% confidence interval (does not include zero)

Although the numbers of emasculated flowers differed between the immediate-pollination variant and
the “waiting” (24-hour delay) variant, this did not influence the overall interpretation of pollination efficiency.
For example, in the combination Kharkivskyi yantarnyi x P. fulvum, the numbers of emasculated flowers
were nearly identical in both treatments, yet the pollination efficiency after one day was extremely low, as
it was in the combination Tsarevich x P. fulvum. In the combination DTR 94-120 x P. fulvum, the number
of emasculated flowers in the immediate-pollination variant was twice lower than in the 24-hour variant, but
both treatments produced the same number of pods. At the same time, the number of seeds in the first
variant was considerably higher: the S/F index reached 1.63, compared with only 0.60 in the “waiting”
treatment. In our experience, combinations in which both parental components belong to P. sativum usually
show a high ratio of seeds per emasculated flower — typically two or more seeds per flower, depending on
the conditions of the year (Fig. 2).

Although pea is considered a predominantly self-pollinating species, cross-pollination occurs in both
wild and cultivated forms (Dostalova et al., 2005; Olowick et al., 2002; Loenning et al., 1984). Suso et al.
(2016) demonstrated that most legumes, including pea, possess floral structures enabling outcrossing. A
study by Saboor et al. (2016) in Pakistan identified seven Diptera species, two Hymenoptera species, two
Lepidoptera species, and one Coleoptera species acting as pollinators of cultivated pea. Field experiments
have shown that pea pollen can disperse over several hundred meters (Dostalova et al., 2005; Olowick et
al., 2002). For comparison, outcrossing rates in wild cowpea (Vigna unguiculata (L.) Walp.) populations in
West Africa range from 1% to 9.5% (Kouam et al., 2012), classifying cowpea as a predominantly self-
pollinating species. In Medicago truncatula, the outcrossing rate is 3-5% (Bonnin et al., 2001). However,
some outcrossing events may remain undetected in highly genetically homogeneous populations because
offspring may not show visible heterozygosity. In this context, we plan further research to determine
outcrossing levels under field conditions in pea.

Self-pollination in wild pea populations was not necessarily advantageous during domestication but
is part of a mixed mating system. This trait remains valuable for breeders working under decreasing
pollinator abundance. Insect-mediated outcrossing can exploit heterosis in crop species, while in the
absence of pollinators, self-pollination ensures minimal but sufficient seed set. This provides reproductive
assurance while allowing high outcrossing rates when pollinators are available (Suso et al., 2016).

Thus, we conclude that pollination efficiency in our crossing combinations was substantially higher when
performed immediately after emasculation, although the influence of parental genotype cannot be excluded.
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Fig. 2. Pea hybridisation efficiency, 2020 depending on time after emasculations: immediately after
emasculation or the next day (24-hour delay). Paternal component — Pisum fulvum

Combining different options for combining the paternal and maternal components allowed us to assess

the pollination efficiency and the possibility of including the wild component in the hybrid material (Table 3).

Table 3. Effect of year condition on hybridization success in Pisum, 2020-2021

Maternal component | Paternal component | Year N of flowers | N of seeds SFind
DTR 94-120 P. fulvum 2020 62 70 1.13
DTR 94-120 P. fulvum 2021 20 0 0.00
P. fulvum DTR 94-120 2020 30 18 0.60
P. fulvum DTR 94-120 2021 13 6 0.46
P. elatius Hayduk 2020 30 56 1.87
P. elatius Hayduk 2021 35 55 1.57
P. elatius DTR 94-120 2020 21 43 2.05
P. elatius DTR 94-120 2021 35 1 0.03
P. elatius Kharkivskyi yantarnyi | 2020 20 25 1.25
P. elatius Kharkivskyi yantarnyi | 2021 15 21 1.40

Differences between years were assessed using bootstrap resampling of crossing combinations
present in both years. Bootstrap analysis confirmed significant differences between years of experiment in
seed production efficiency (A = 1.1, 95% CI: 0.06 to 1.16). A significant negative effect of P. fulvum on seed
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production efficiency was observed compared to P. elatius. Crosses involving P. fulvum showed significantly
lower seed production efficiency compared to P. elatius. Bootstrap analysis confirmed a negative effect (A =
—-0.68, 95% CI: —1.24 to —-0.12), which was consistent with the quasi-Poisson model (rate ratio = 0.57, p =
0.034). Bootstrap analysis revealed significant variation among Pisum sativum genotypes, indicating that
genotype identity plays an important role in cross success (A = 0.92, 95% CI: 0.04—0.96). This result highlights
the importance of selecting appropriate genotypes for interspecific hybridization.

The evaluation of reciprocal crosses proved a significant difference between pollination efficiency
and direction of crossing and confirmed a strong dependence on the conditions of the year (Fig. 3). Thus,
if for hybrid combinations involving P. elatius two combinations out of three had a significant advantage in
pollination efficiency when the wild component was used as the maternal form (direct crossing), and only
one —reverse. For combinations with P. fulvum, using the wild component as the parent was more effective
and had a significant difference when crossing with Tsarevich and Kharkivskyy Yantarnyy. In the
combination of P. fulvum — DTR 94-120, the difference between direct and reciprocal crossing was
significant only in the conditions of one year, 2020.

The higher cross-breeding efficiency in combinations involving P. elatius and P. sativum, compared
to combinations where P. fulvum acted as one of the parents, may be explained by the fact that P. elatius
is a member of the species Pisum sativum (Yang et al., 2022). Although some authors have reported cases
of nuclear — cytoplasmic incompatibility between P. elatius accessions and cultivated pea, most
representatives of the genus Pisum — wild P. fulvum, P. elatius, P. humile and the cultivated taxon P.
abyssinicum — can be crossed with P. sativum, particularly when cultivated pea is used as the female
parent (Ben-Ze’ev and Zohary, 1973; Ochatt et al., 2004). Our results indicate that the number of hybrid
seeds obtained in P. sativum x P. elatius combinations may vary depending on the genotype of the
P. sativum parent.

In 2023, seeds obtained in 2021 were grown in the hybrid nursery. Based on the seed-coat coloration
in the combinations Haiduk, Tsarevich and Oplot with P. elatius, true hybrids were obtained (Table 4).

For combinations where P. elatius served as the maternal parent, the next generation is required to
observe segregation for anthocyanin pigmentation (flowers, leaf petioles, stem) or white corolla coloration.
Thus, interspecific hybrids have already been obtained, and work will continue in subsequent years.

P_fulvum_Tsarevich

P_fulvum_Tsarevich

P_fulvum_Khark_yant

P_fulvum_DTR_894 120 ns

P_fulvum_Khark_yant

P_elatius_Tsarevich

P_clatius_Oplot

P_fulvum_DTR_94_120

P_elatius_Hayduk

. direct reciprocal . direct reciprocal

Fig. 3. Pollination efficiency of direct and reciprocal crosses. Asterisks indicate statistically supported
differences between direct and reciprocal crosses based on 95% bootstrap confidence. A - all
combinations, B - for P. fulvum 2020 only.
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Table 4. Color of hybrid seeds F2

Accessions Seeds sown (2021 Plants obtained | Seed color, F2
harvest, pcs.) (2023)

? ?

P. elatius Haiduk 55 27 brown-green
Haiduk P. elatius 26 24 brown-green
Tsarevich P. elatius 40 37 brown-green
Oplot P. elatius 78 76 brown-green
P. elatius DTR 94-120 1 1 brown-green
P. elatius Kharkivskyi yantarnyi 21 19 brown-green

Conclusions

Considering the obtained results, we can state that in field conditions, to increase the efficiency of
crossing for Pisum L. and successfully obtain hybrid seeds, both for interspecific and intraspecific crossing
combinations, it is necessary to carry out pollination with the parental component immediately after
emasculation. While delayed pollination for 24 hours leads to a decrease in the number of hybrid seeds.

Our results demonstrate the possibility of obtaining true hybrids between representatives of
P. sativum x P. fulvum precisely in field conditions. It has been confirmed that both in field conditions (as
well as in controlled conditions) for combinations of P. sativum x P. fulvum the probability of obtaining hybrid
seeds increases significantly when P. fulvum is used as a pollinator. When obtaining hybrid offspring
between P. sativum and P. elatius, a tendency for the influence of the parental component was noted.
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EcekTUBHICTb LUTYYHOroO 3anusieHHs y npeacTaBHUKIB poay Pisum L.
A.O. BacuneHko, H.O. Byc, J1.M. LLleBuyeHko, O.M. Be3syrna,
A.B. NnsHues, B.O. CkuaaH, H0.0. 3umornsg

Ovki poawndi KynbTypHOro ropoxy (Pisum sativum L.) € BaxnvMBMM pe3epByapoM arnenis, MOB'A3aHMX 3i CTIMKICTIO OO
BiOTMYHMX Ta abioTMYHMX CTPECOPIB; OAHAK iIX BUKOPUCTaHHS B CEMEKLINHNX Mporpamax obmeskeHe iHdhopmauieto npo ixXHo
pi3HOMaHITHICTb Ta Tpy4HOLlaMu B OTPUMaHHI rbpuaiB y nonboBMX ymoBax. Y LpOMY AochigkeHHi Oyrno ouiHeHo
edekTVBHICTb MiXXBMAOBOI ribpuaunsadii mixx P. sativum, P. elatius Ta P. fulvum y nonboBrx yMOBaXx, 30CEPELKYOYMCh Ha
BNMMBI Yacy 3anumneHHst Micnsi kacTpauii KBiTOK, 6aTbKIBCbKOrO reHOTMMY Ta HanpsiMy cxpeluyBaHHs. MopdonoriyHi
XapaKTepucTukn BaTbKIBCbKMX 3pa3kiB BMKOPUCTOBYBaNWUCS [Ans MonerweHHs igeHtudikauii ribpmaie Ha OCHOBI
3abapBneHHs HaciHHEBOI OOOMOHKM NpW MPSMOMY Ta PEeLMNpPOKHOMY CXpeLlyBaHHi. lMopiBHOBanu Aga nigxoan A0
3anuIeHHsI: HeramHe 3anuieHHst Micnsa KacTpaLii KBITOK Ta BigKnageHe 3anuneHHs, npoBedeHe Yepes 24 roanHu nicns Hei.
Y Bcix KoMbiHauiax 3a yvacTio P. sativum /| P. fulvum Habip ribpmgHoro HaciHHs (iHaekc S/F) 6yB ctabinbHO BULLMM,
KOMW 3anureHHs MPOBOAMIIOCA oAapasy nicnst kactpauii. 3aTpuMKa 3anuneHHs npussena A0 MOMITHOIO 3HWXKEHHS
edeKkTMBHOCTI ribpmausadii, Wwo, WMoBipHO, Bigobpaxae sk disionoriyHi 0OMexXeHHs, Tak i BUCOKMI TemnepaTypHUI
CTpec nia Yac UBIiTIHHA. PeuunpokHi cxpeLLlyBaHHsI BUSIBANW HU3bKY Ta BiAHOCHO PiBHOMIpHY eheKTUBHICTb ribpuansauii
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m EgpekmueHicmb wimy4yHo20 3anuneHHs y npedcmasHukie pody Pisum L.

The effectiveness of artificial pollination in various representatives of the genus Pisum L.

B kOMOiHauigx 3 P. fulvum, Tofi sIK cxpellyBaHHA 3a ydacTio P. elatius pann 3HayHO BULWWMIA Habip HaCiHHA, WO
Y3rogXXyeTbCs 3 Moro 6nmM3bKoK reHeTUYHOK cnopigHeHicTio 3 P. sativum. CtabinbHicTb edekTuBHoCTi ribpuansauii
npotdarom pokis (2020 — 2021) 6yna niaTBepxeHa Ans Kinbkox kombiHauin cxpelyyBaHHs. OuiHka napTin HaciHHS F4
Ta F2 npogemoHcTpyBana ycnilHe OTpUMaHHsS CNpaBXHiX MKBUOOBWX ribpuais, Npy LbOMYy AiarHOCTUYHA cerperauis
crnocTepiranacs B KOMGiHaUiaX, Ae AVKUIA BUL CITY>XUB MaTEPUHCBLKOIO TTiHIE0.

Lli pesynbTaTti NigTBEPAXYIOTh, LLO XUTTE3AATHI riGpnan cepep npeacTaBHUKIB pogy Pisum moxHa HafinHo oTpuMaTu
B MNOMbOBWX YMOBAX, i NiAKPECNIOTb, WO HeramHe 3anuneHHs nicns kactpauii € HanedeKTUBHILLIOKW cTpaTerielo Ans
Makcumisauii BUpobHMLUTBa ribpmaHoro HaciHHa. OTpumaHi pesdynbTaTy NiATBEPOKYIOTb LUMPLUE BUKOPUCTaHHA
3apoAKOBOI NMa3mMu QUKOPOCNUX NPeacTaBHUKIB Pisum y nepeacenekuinHnX Ta reHeTUMHUX AOCNIAXEHHSIX | HagalTb
NpaKkTUYHi pekoMeHaaLlii Woao NoKpaLLeHHs yCcniXy MiXXKBUAOBOI ribpuansauii B cenekuinHmx nporpamax.

KnrouoBi cnoBa: Pisum sativum L., Pisum elatius, Pisum fulvum, eibpudu3saujs

HumyeaHHs: Vasylenko A.O., Vus N.O., Shevchenko L.M., Bezuhla O.M., Hlyantsev A.V., Skydan V.O.,
Zimohlyad Yu.O. The effectiveness of artificial pollination in various representatives of the genus Pisum L. BicHuk
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CneKkTpanbHi XxapakTepMCTUKU KBITOK AeKopaTuBHOro Buay Ptelea trifoliata L.
B.C. ®eneHko

OpHuMm i3 HanpsaMiB agBeHTM3aLil hnopu BBaXaloTb NOLLMPEHHS HAaTYpani3oBaHMX Yy>KOpPiAHUX AeKOpaTUBHUX POCIWH
nosa mexamu TepuTopii iHTpoaykKuii B 6oTaHiyHnX cagax. MNpobnema Habyna ocobnvBOi akTyanbHOCTI B Cy4acHUX
yMOBaXx, OCKIMbKW KMiMaTU4Hi 3MiHM MOXYTb 3HM3UTWM Oap'epyu ANa HaTypanisauii Ons OesKkMX [AeKopaTUBHUX
YYXKOPIAHUX BUAIB. Y 3B’A3KY 3 LUM iAeHTUdiKaLia Taknx BUMAIB i AOCMIIKEHHS XHIX (YyHKLiOHaNbHUX 03HaK BaXnvBa
ANsi MporHo3yBaHHA ManbyTHix diToiHBasii. Cepep UMX BUAIB NpuBepTae yBary ntenes Tpunucta Ptelea trifoliata L.
(poouHa Rutaceae) — iHTpPOAYLEHT NiBHIMHOAMEPUKAHCBLKOTO MOXOMKEHHSA. PocnuHu uboro Buay — OeKOpaTWBHI
yarapHukm abo HeBemnuKi OepeBa, WO Big3HA4alTbCA BUCOKOK AEKOPATMBHICTIO, OpUriHanbHOW OyaoBOK KPOHW,
sickpaBMM 3abapBreHHsIM NINCTKIB Ta KBiTOK 3 yHiKanbH1UM apomMaToM. EKCTpakTy i3 pisHMX YacTWH POCNUHM BUSBNAOTH
6ionoriyHy aKkTUBHICTb, LIO NIATBEPAXYE NEPCneKkTMBY nodarnblunxX hapMakorHOCTUYMHMX AOCHIMKEHb LbOro BUAy.
OpHak, NiIrMeHTHWA Ccknag i CheKkTpanbHi MOKa3HUKM KBITOK AN igeHTMdikauii ntenei TpunucToi goTenep He
pocnigxysanucs. Bneplwe Bu3HadyeHo BiabvBanbHi Ta KOMOPUMETPWUYHI XapakTepucTukum nentoctok P. frifoliata.
MigTBepmKkeHa HaABHICTb hNaBOHOIAIB, KAPOTMHOIAIB | XNOPO®INIB in Vivo 3a NOMOXEHHAMMW aHaniTUYHUX MaKCUMYMIB
Ta CniBBiOHOLUEHHAMM iXHiX iIHTEHCMBHOCTEN y CNEKTPi BiAbMTTA. BukopucTtaHHs agndepeHuitoBaHHS NepLuIoro nopsaky
CMeKTparnbHOi KPMBOI NIABULLMMAO CTYMiHb PO34iNeHHA MakCUMyMIB CBITNOMOrMMHANbHMUX CMOMYK, NOKani3oBaHUX y
NMOBEPXHEBUX TKaHMHaX MENoCTOK. Y pesynbTaTi aHamnidy CrnekTpanbHOro posnodiny CBIiTNOBOrO MOTOKY, L0
BiAOMBaAETbCA Bi4 NIrMEHTOBAHOI MOBEPXHi, OTPUMAHO KonopumeTpuyHi napametpu. CykynHiCTb LMX napameTpis
BM3Ha4yaE KOMbOPOBMIM CTMMYI, WO 3yMOBIIOE BiAMNOBIAHE BiAYYTTS KONMbOPY AOCMIAXKEHWX KBiTOK y crocTepiraya.
OTpuMaHi pesynbTaTv MOXYTb OYTV BUKOPUCTaHI ANS iaeHTudiKaLii 03Haku 3abapBneHHs KBiTOK nTenei TpunucToi, a
TakoX ANS NigTBEPAXEHHS TOTOXHOCTI CUPOBUHM L€ POCMMHM NPY OTPUMaHHI Bi0ONOriYHO aKTUBHNX PEYOBUH.

KnriouyoBi cnoBa: nmenes mpunucma, KeimKu, KapomuHoidu, xmnopoginu, ¢pragoHoidu, eidbusarnbHi ma
KornopumMempuyHi napamempu

LumyeaHHsi: ®edeHko B.C. CnekmparibHi xapakmepucmuku Keimok dekopamueHozo sudy Ptelea trifoliata L. BicHuk
Xapkiecbko20 HauioHanbHo20 yHigepcumemy imeHi B.H. KapasiHa. Cepis «bionoeis», 2026, 46, c. 93-99.
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BecTtyn

OgHuMm i3 HanpsMiB afaBeHTM3aUil oropu BBaXalTb MOLIMPEHHSA HaTypanizoBaHUX YyXOpigHUX
AeKopaTUBHUX POCINH NMo3a MexaMu TepuTopii iIHTpoAykuii y 6oTaHiuHux cagax (Marco et al., 2010).
Mpobnema Habyna ocobnNmMBOT akTyanbHOCTI Y TENEPILLHINA Yac, OCKINbKM KMiMaTUYHi 3MiHU MOXYTb 3HU3UTH
bap'epn Ons HaTypanisauii Oesikux OeKOpaTUMBHUX YYXOPIOHWX BMAIB. Tak, npu obcTexeHHi ob’exTiB
npupoaHo-3anosigHoro coHay YkpaiHu BussneHo 100 iHBasinHUX BUAIB CYANUHHUX POCAWH, SiKi noTpanunu
Ha TepuTopii HaTypanizoBaHuMu i NepebyBatoTb y NPoUECi PO3LUMPEHHA BTOPUHHOIO apeany LUNSXom
CMOHTaHHOro nolumpeHHa (3as'anosa, 2017). Y 3B8’a3ky 3 UMM igeHTUdikauia Takux Buais i 4OCHIOKEHHS
IXHIX (DYHKUiOHaNbHMX O3HaK BaXnuBi ANs NPOrHo3yBaHHA ManbyTHix diToiHBasin (Haeuser et al., 2018;
Jones et al., 2024).

Cepen Takvx BuAIB NpuBepTae yeary ntenes tpunucta Ptelea trifoliata L. (pognHa Rutaceae)
iHTpoOyLEeHT niBHiYHOaMepuKaHcbkoro noxomxkeHHs (Talcott Stewart et al., 2022a). PocnvHu uboro Buay
— [EeKOopaTMBHI 4YarapHukm abo HeBenuki OepeBa, WO BiA3HAYalTbCsl BUCOKOK [AEKOPAaTUBHICTIO,
opuriHanbHo OyA0BOK KPOHW, SICKpaBMM 3abapBreHHSM JUCTKIB Ta KBIiTOK 3 YHiKallbHUM apomaToM
(Talcott, Graves, 2020). Ona P. trifoliata xapaktepHi ApibHi 3eneHyBaTo-6ini XiHovi Ta KpemMoBO-Oini
YOMOBIYi KBITKW, SIKi YTBOPKOKTbL OKpyrni cyusiTTa (Ambrose et al. 1985). KBiTkn maloTb BIHOYOK, SKuiA
CKragaeTbCs 3 M'ATW, 3nerka 3arocTpeHux nentoctok (Ambrose et al. 1985). Y npoueci 3anuneHHs KBiTKM
NpvBabnolTb Pi3HOMAHITHY CRINMbHOTY KOMax, WO BaXNMBO ANs NIATPMMKU MONyNAUin 3anunioBadis
(Talcott Stewart et al., 2022b). [ina nTenei TPUAMCTOI XapakTepHe PO3MNOBCIOMKEHHS LUNAXOM CamOoCiBy
HaciHHa (Ambrose et al., 1985).

Y pocnimKeHHsaxX nTenei TpunucToi cnig BUAINUTK Aekinbka Hanpsamis. [Nepwnii Hanpsam NoB’sa3aHun
i3 3’ACcyBaHHAM iHTPOAYKLUIMHOIO NoTeHuiany pocnuH Lboro Buay. P. trifoliata npeactaBneHa B Konekuisix
aeHapodnopu 6oTaHivHKX cafiB sik 00’eKTiB NpupoaHo-3anoBigHoro coHay Ykpainm (3anuesa, Honroea,
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Spectral characteristics of flowers of the ornamental species Ptelea trifoliata L.

2010; MapueHko Ta iH., 2022; MNapawyk, JleBoH, 2025), a Takox y Micbknx napkax (QyauH Ta iH., 2020).
Ona 36epexeHHs pi3HOMAaHITTA Konekuii 6oTaHiYHOro cagy 3anponoHoBaHa MeTOAMKa PO3MHOXEHHS
ntenei Tpunuctoi in vitro (Khazratov et al.,, 2025). B ymoBax iHTpogykuii B 60TaHi4HOMYy cagy
[HinpoBCcbKOro HauioHanbHOro yHisepcuteTy imeHi Oneca loHuapa (OHY) uer Bua Big3HavawTb SK
3MMOCTINKMIA Ta 3acyxocTinkui (3anuesa, Jonroa, 2010). Ak iHaAMkaTopn cTpecoBux peakuin P. trifoliata
y NOMipHOMY KniMaTi 3anponoHOBaHO BMICT aHTOLiaHiB Ta onaBoHoniB y nucTkax (Mapatyk, JleBoH, 2025).
3aBOsikM CTIMKOCTI OO eKCTpemarnbHUX YMOB, LUKIOHUKIB Ta XBopob ans pocnuH P. trifoliata xapakTtepHuia
iHTEHCUBHUI PO3BUTOK Ta 3HA4YHE MMOAOHOLWEHHS B ypbaHi3oBaHOMY cepedoBuLLi, WO [a€ NiacTaBu
po3rnsgatv uen Bua K NepCcrnekTUBHUM iHTPOAYLEHT 3 METOH PO3LUMPEHHS aCOPTUMEHTY AepeBHUX
pocnuH ansa nangwadTtHoro 6yaisHuuTea (Masena Ta iH., 2002; Talcott, Graves, 2020). Y 3B’A3Ky 3 LM
NPeAcCTaBnsTb iIHTEPEC OOCHIIKEHHS 03HAK AEKOPATUBHOCTI LbOro Buay. ApomMart KBiTOK 00yMOBNEHMI
NeTKMMU XiMiYHUMKN pevoBUHaMK (NEepEeBaXXHO MOHOTEpNeHamm, ceckBiTepneHamm Ta edipamu) (Talcott
Stewart et al., 2022a). Cepef iHLWIMX 03HaK AeKOpaTUBHOIO MOTEHLUjiany npuBepTae yBary cneumdiyHicTb
3abapBneHHst kBiTok P. trifoliata. BkaszaHy 0O3HaKy po3rnsigaloTb SK CKNagoBYy KOMMEKCHOI OLHKM
OEKOPaTUBHOCTI, @ TakoX Yy KOHTEKCTi aTpaKkTMBHOI poni nNpwv B3aEMOZii POCMVH i3 3anunioBayamu, Lo
BM3Ha4ae eqpeKTUBHICTb Npouecy NiogoHoLweHHS. OcKinbku 3adapBneHHs KBITOK 3yMOBIIEHE CENEKTUBHUM
NOrMMHaHHAM i BigOMTTAM CBiTNa NirMeHTamu, fiokanisaoBaHUMU B MOBEPXHEBUX TKAHMHAX, HA HaLLY OYMKY,
HanbinbL agekBaTHUMK METO4AMU OOCHIAXKEHHSA € CneKTpockonis BiabutTa Ta konopumeTpis (van der Kooi
et al., 2016). OgHak, NiIrMEeHTHUI CKNag i CnekTparbHi XapakTepuCTUKK, SKi BU3HA4aloTb 3abapBrieHHs
KBITOK NTenei TpUnuncToi, 4oTenep He AOCHioKEHI.

[HWWIA HanpaM AOUINbHO PO3rnsAaTh y KOHTEKCTI akTyanbHOCTI AOCHigXeHb aaBeHTuM3auii dpnopu
LWIMASXOM MOLUMPEHHS HaTyparnisoBaHUX YYXOPiAHMX [AeKopaTUMBHUX POCAWH Mo3a MexaMu TepuTopil
iHTpoaykuii (Marco et al., 2010). 3a gaHumu 3as'anosoi (2017) nTenesa TpunMcTa Mae 3HaAYHWUM BNNUB Ha
BMAOBOMY, LEHOTUYHOMY Ta EKOCUCTEMHOMY PIBHSIX, LLIO CTAHOBUTL 3arpo3y NpupoaHoMy BiopisHOMaHITTIO
3anoBigHux TepuTopin Ykpainu. P. trifoliata sk NOTEHUINHO iHBa3iNHWIA eprasiodiT i remiarpiodiT Bia3Ha4YeHo
cepeq YyXopigHux pocnuH ypbaHodnopu Ykpainm (Burda, Koniakin, 2019). Lien HaTypanisoBaHui BuA
3adpikcoBaHO y cknagi agBeHTUBHOI dpakLuii AepeBHUX pocnunH M. [Hinpo (IBaHbko Ta iH., 2024) Ta dnopwu
niBHiyHoro ctenosoro lMpuaHinpos'a (Baranovski et al., 2023). IHTEHCMBHE NOLIMPEHHSA NTenei TpUnMcToi
00yMOBNIOE  HEOOXigHICTb  OOCMIAXKEHHA  XapakKTepuUCTMK  LbOro  YyXXOpigHOro Bugy. Takumu
HeJoCniKEHNMN XapakTepUCTUKaMM MOXYTb CryryBaTu CrnekTpanbHi napameTpu KBIiTOK, O Hamu
AO0BeAeHO Ha NpuKnagi Aeskux iHBasinHux pocnuH (PegeHko, 2022, 2025).

Mopsag i3 NOWMWPEeHHsM agBEHTUBHUX POCIIUH CMOCTEPIraeTbCA iHTEHCUBHUI PO3BUTOK HaMpsiMKY
NPaKkTUYHOIO BUKOPUCTAHHSA IXHBOrO PeCYpPCHOro noTeHuiany 3a pisHnMu npusHadeHHsamm (Patil et al., 2026).
Y KOHTEKCTi UbOoro TpeHay y pesynbtaTi apMakorHoCTUYHUX JOCTiAXEeHb BCTAHOBMEHO (iTOXIMIYHMI cknag
edipHUX onin i3 pidHUX YacTuH pocnuH (Takaku, Setzer, 2007; Steinberg et al., 2017; Setzer, Satyal, 2019),
a TaKkoX BuSABNEHa aHTubakTepianbHa i yHriunaHa akTMBHICTb E€KCTPaKTiB NMCTKIB Ta naroHiB nrenei
Tpunuctoi (Zazharskyi et al., 2020). P. trifoliata BUKOPUCTOBYIOTb SK IHrpedieHT AeAKUX roMeonaTUYHNX
3acobiB Npuv pecnipaTopHKX Ta TpaBHMX po3rnagax, peBMaTnaMi Ta ronosHux bonsx (Kuhn et al., 2025). Ans
niagTBEPAXXEHHS AOLINbHOCTI BUKOPUCTaHHS Y AePMaTOMOrNYHUX | KOCMEeTUYHMX 3acobax JOCNigKEHO BMICT
Ta KOMMOHEHTHUN cKnag PeHONbHUX CMOSYK, LLO 3YMOBOTb aHTUOKCMAAHTHY, (PepMEHTOMOAYNI0BaNbHY
Ta pereHepaTuBHY akTMBHICTb eKCTPakTiB KBiTOK nTenei Tpunuctol (Kuhn et al., 2025). na po3wmpeHHs
CVPOBUWHHOT 6a3wn NikapCcbKMX POCIMH JOCTiMKeHa Nnokanisadis P. trifoliata y HaniBNpMpoaHMX 30Hax 3eneHol
iHdbpacTpykTypu (Lukash et al., 2024) Ta pisHOTUNHUX POCNMHHUX yrpynoBaHHAX (Lentok Ta iH., 2024). 3
Oornsdy Ha MNepCnekTUBHICTb 3aCTOCYBaHHS IHCTPYMEHTanbHMX MeTOohiB And igeHTudikauii nikapcbkoi
POCNMHHOI cMpoBuHK (PeneHko, 2024), HeobxigHO NPOBECTM AOCHIOKEHHS CMEKTPanbHUX XapakTepPUCTUK
KBITOK SIK papMaKOrHOCTUYHUX KPUTEPIIB ANS LbOro BUAY POCIUH.

MeTa poboT1 — BU3HAYNTK BiAOMBArbHI Ta KONIOPUMETPUYHI XapaKTEPUCTUKIN NENOCTOK NTenei TPUIMCTOI.

O06G’eKkTn Ta MeToAM AOCNigXEeHHA

O6G’ektom pocnigxeHHss Oynm 4Yonosivi KBiTKM nTenei Tpunuctoi (P. frifoliata), Bigbip Skux
3[iicHIOBanu Ha cTagii UBiTiHHA pocnuH y YyepBHi 2025 p. y 6oTaHivyHOMy cagy OHY.

Bu3aHayeHHsa cnekTpanbHUX XapakTepuUCTUK MENCTOK 3AiMcHIOBanM oapasy nicns Bigbopy
pocnuHHOro mMatepiany. [nsa nigrotoBku npenapaTty 418 BUMIpOBaHHSA BiaOUBaNbHMX i KONTOPUMETPUYHUX
napameTpiB BUKOPMUCTOBYBAmnu CTaHOAPTHUA TpyMMad TBEpPAMX 3paskiB Jo cnekrtpodotometpa Specord
M40 (HimeuyumHa) i3 NOBHUM NOKPUTTAM NOBEPXHI (diameTp 2 cm).

Cnektpun BigoutTa peectpyBanu B gdiana3oHi 350-800 HM 3a OOMOMOroK crnekTpodoTomeTpa
Specord M40, nogaTkoBo 00nagHaHOro NpUCTaBkol 3 POTOMETPUYHOK Kyneto (iHTerpyBanbHa cdepa),
sika 3bupae Bce CBITNO, WO BiAOMBaETbCSA B 3pas3ka i 4O3BONSE BpaxyBaTu He TiNbku A3epKanbHy, a 1
po3CisiHy (andy3Hy) cknagoBy BUNPOMIiHIOBaHHSA. [na audepeHLitoBaHHS | 3rnafiXyBaHHS CneKTpanbHUX
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KPMBWX i3 BUKITFOYEHHSM BUMaAKOBMX LUYMOBMX MiKiB AO CnekTpodoToMeTpa [04aTKOBO MPUESHYBamnu
kacety «Data Handling I» gna matematunyHoi obpobku pesynbTaTtiB BuMiptoBaHHA (PegeHko, 2022).
Kopekuito 100%-oi niHii npoBogunu 3a ctaHgapTom 6inoro koneopy (MgO), ONnTUYHOI HYNBOBOT TOYKKN — 3a
CTaHOAPTOM YOPHOro MOPOXHUCTOrO Tina. |HTEHCUBHICTb CMNEKTpiB BiAOUTTA HaBoAMAM B OAMHULNAX
abcopbuii. BigHeceHHss MaKCUMyMIB Yy CMeKTpi BigOMTTA NentoCTOK OO0 MNEBHOro Kracy nirMeHTiB
3[iMicHIOBanu1 BiANoOBIAHO A0 niTepaTypHUX OaHWX LWOAO CMEeKTPiB NOrfMHAHHSA iHAMBIOYaNbHUX CMONYK i
cnekTpiB BigbuTtTa pocnuHHmnx TkaHuH (Kuhn et al., 2025; Karg et al., 2025). Ak nopiBHANbHI NOKa3HUKK
BiJHOCHOrO BMICTY MirMEHTIB po3paxoByBanu CMIBBIAHOLUEHHS] IHTEHCUMBHOCTENW MakCMMyMIB BigHOCHO
ONTUYHOI NYCTUHW KOPOTKOXBUITbOBOrO MaKCUMyMY.

[na KonopnMeTpuyYHNX BUMIpIOBaHb BMKOPUCTOBYBanu cnekrtpodotometp Specord M40 3 iHwoto
KaceTow Onsi matemaTtudHoi 06pobkm «Color Measurement». KoopauHatu konbopy (X, Y, Z) Ta
KoOpAuHaTU KOnbopoBOCTi (X, y) Bu3Hadanu B cuctemi CIE XYZ. [JomiHyBanbHy OOBXWHY XBUNi Ag Ta
YMOBHY YMCTOTY KOMbOPOBOIrO TOHY P, BCTaHOBMNOBaNu rpadiyHMmM cnocobom 3a KoopanmHaTtamu 3paskiB y
konbopoBomy npoctopi (PemeHko, 2022). Y konopumeTpudHin cuctemi CIE L*a*b* BuM3Havanm
iHTerpanbHui KoedilieHT SCKpaBoCTi L* Ta KoNnopnumeTpuyHi koedilieHTn a* (CniBBiAHOLIEHHS 3eNeHoro Ta
YepPBOHOIO CKMNafHUKIB KONbopy) i b* (CNiBBIAHOLLEHHSI CUHBOTO Ta >XOBTOMO CKMafHWUKIB KOMbOpY).

Mpu npoBeneHHi gocnimpkeHb BUbipka cknagana 10 — 15 pocnvH, a B KOXXHOMY BapiaHTi gocnigy
Oyno He MeHLe 3-x NOBTOpPeHb. Pe3ynbTaTu HaBeaeHi ik cepeiHi BENUYMHU 3i CTaHOAPTHUM BiAXUNEHHSIM.

Pe3ynbTaTt Ta 06roBopeHHs

BctaHoBneHo BigbuBanbHi Ta KONMOPUMMETPUYHI XapaKTepuUCTWKKW, MOB’A3aHi i3 CenekTUBHUM
NOrfMHAHHAM MirMeHTaMm 3a JOBXUHOK XBWIi Ta PO3CitoBaHHAM CBiTna cTpykTypamu TkaHuH (De Paola et
al., 2026). Monpwu edeKTn PO3CitoBaHHS CBITNa, NPUCYTHICTb XapaKTePHNX MaKCUMYMIB Y CriekTpax BigbuTtTs
[03BOMSE iAeHTUIKyBaTh NirMeHTn B iHTakTHUX TkaHMHax (De Paola et al., 2026). Y cnekTpax BigouTTs
nencTok (puc. 1) cnocrepiranucb MakCUMyMM Pi3HUX CBITAONOMMHAaNbHMX cnonyk. KopoTkoXBnnboBun
mMakcumym npu 400 (A1) HM BigHeceHo oo Y®-nornnHanbHuX riaBoHOiAiB, cepes SkuX y KBiTkax P. trifoliata
ineHTndikoBaHi pyTuH (kBepueTuH-3-O-pyTuHoaug), rinepoang (kBepueTtnH-3-O-ranakrosma) i actparani
(kemndpepon-3-O-rntoko3na) (Kuhn et al, 2025). [HwWi Makcumymun y cnekTpi noB'A3aHi i3
POTOCUMHTETMYHMMM MirMEHTaMu: KapoTuHoigm i cmyra Cope xnopodinis — 440 (Az2) i 485 (As) HM, npoayKTH
kaTaboniamy xnopodinis — 590 (A4) i 620 (As) HM, Q-cmyra xnopodinis — 677 (As) HM (Karg et al., 2025).
CneuudpiyHa 0cobnmBiCTb CNEKTpy BIAOUTTA NenCTOK AOCHiAKEHOro Buay nigTBepakeHa po3paxyHKoM
CniBBiAHOLWEHb (HTEHCUBHOCTI BUSABMEHUX MakCMMyMiB. Taki MOpPIBHAMbHI NOKa3HWKKM BigobpaxatroTb
XapakTepHy iOEHTUYHICTb NEmMCTOK, MOB’A3aHy 3 BiAHOCHMM BMICTOM MirMEHTIB, FOKamni3oBaHUX Yy
NOBEPXHEBUX TKaHWHaXx, siki ©6eanocepefHbO B3aEMOZilOTb i3 BUNPOMIHIOBAHHAM BUAMMOrO [iana3soHy.
CniBBigHOWEHHSA iHTEHCUBHOCTEW pO3paxOBaHi BiAHOCHO OMNTWUYHOI TYCTUHU KOPOTKOXBWIbOBOMO
mMakcumymy A i npeactaeneHi y T1abn. 1. BenuuuHa cnissigHoweHHA Ag/A; (0,98) cBiguuTb npo
NOPIBHAMbHY IHTEHCUBHICTb MakKCUMYMIB A1 i Aé. IHTEHCUBHICTb MakCUMyMiB A2 i A3 BIGHOCHO MakcumMymy A+
Oyna Buwwoto Ha 9 i 6 % BiANOBIAHO, @ IHTEHCUMBHICTE MAKCUMYMIB A4, As — HXKYOO Ha 42 i 34 % BignosigHo,
Lo nigTBEpPAXEHO 3Ha4YeHHAMM A2/A1, As/A1, Ad/A1i As/As.

A dA /dx
1 - - 0,5
1
2
0.75 - -0
— —_—
0.5 - - -0.5
0.25 - .
0 . . ; . -1.5
300 400 500 600 700
A, HM

Puc. 1. CnekTp Big6uTTa (1) i nepwa noxigHa cnekTpy (2) nentoctok P. trifoliata
Fig. 1. Reflectance spectrum (1) and first derivative of the spectrum (2) of P. trifoliata petals
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Spectral characteristics of flowers of the ornamental species Ptelea trifoliata L.

Tabn. 1. XapaktepucTuka cnekTpy BigoutTs nentoctok P. trifoliata | Table 1. Characteristics of the
reflectance spectrum of P. trifoliata petals

[NonoXxeHHss MakCUMyMy, HM IHTEHCMBHICTb MakCMMyMy CniBBigHOLLEHHS
iHTEHCMBHOCTEN MaKCUMYMIB
A1400 A1 0,64 £ 0,03 -
A2440 A2 0,70 £ 0,03 A2/A1 1,09 £ 0,05
A3 485 A3 0,68 £ 0,02 As/A1 1,06 + 0,04
A4 590 A4 0,37 £ 0,01 A4/A1 0,58 + 0,03
As 620 As 0,42 £ 0,02 As/A1 0,66 + 0,03
A6 677 As 0,63 £ 0,03 As/A1 0,98 + 0,04

YpaxoByroun BaxXnuBicTb ineHTudikaLii 6ioakTnBHUX onaBoHOIAIB Y CUPOBUHI KBITOK AOCHIAXKEHOro
sBuay (Kuhn et al., 2025), ang nigsuiLeHHs iHHOOPMAaTUBHOCTI AiarHOCTUKM NpoBeAeHO AudepeHLitoBaHHSA
nepLUIoro NOPsAAKY CneKkTpanbHOT KpMBOI BiAOMTTS 3 METOH0 36iMbLUEHHSI CTYNEHSA PO34iNeHHS MakCUMyMiB.
Y nepwin noxigHin cnektpa nentoctok P. trifoliata MOXHa BiQOKPEMWUTU LWICTb CMYF, KOXHa 3 SKMX
cknaganacs i3 BignoBigHMX MakcMMyMy i MiHiMymy (puc. 1). NonoXeHHs uux eKCTPeMyMiB Ha CNeKTPanbHin
KpuBIlA HaBedeHo y Tabn. 2.

Tabn. 2. XapaktepucTvka CMyTr nepLioi NoXiaHOI cneKkTpy BiabuUTTA nentocTtok P. trifoliata | Table 2.
Characteristics of the bands of the first derivative of the reflectance spectrum of P. trifoliata petals

Cmyra Amakc, HM Awit, HM
I 382+0,9 400£1,2
Il 412+14 452 £ 1,6
[l 472 £ 11 507 £1,3
I\ 57313 598 £+ 1,7
V 612+1,6 626+1,4
i 666 + 1,5 690+1,8

Y pesynbTtaTi AudepeHUitoBaHHA CMnekTpanbHOi KpMBOiI BUSIBNEHO Oinbll BUPaXeHi CMyru, sKi
BigNoBigaloTb MakcMMyMaM y CNeKTpi. Y nepLui NoXigHin cnektpa HasgBHa KOpoTkoxBunboBa cMyra | (Avaxe
382 — Awiv 400 HM), 3ymoBneHa Y®-nornuHanbHMMK pnaBoHoigamn. Ak apryMeHT Ha NigTBEpMKEHHS
iHTepnpeTauii pe3ynbTaTiB cnif BiA3HAYNTW HasIBHICTb BrIM3bKOT 3a MONMOXEHHAM CMYTU (Amake 384 — Avin 438
HM) y MepLini NoxigHin cnekTpa BiabuTTS CyMmilli CTaHAapPTHOro PyTUHY 3 OKCUAOM antoMiHito (PedeHko,
2022). Cnig TakoX 3a3HaynTK, LLIO PYTMH € JOMIHAHTHO CMONYKOI0 Y cknaAi pnaBoHoIAiB KBITOK P. trifoliata
(Kuhn et al., 2025).

HasBHiCTb y cnekTpax BigOUTTS iHTEHCMBHUX MakCUMyMiB (POTOCMHTETUYHMX MIrMEHTIB BU3Ha4una
KONbOPOBWIA CTUMYI NENIOCTOK Y AianasoHi )XoBTO-3erieHoro konbopy cuctemu CIE XYZ (Aq = 573,6 HM, Pe =
37,5 %). Y konopumetpuyHin cuctemi CIE L*a*b* 3aranbHa 3gaTHICTb NirMEHTOBaHOI MOBEPXHi NENOCTOK A0
BiAOWTTA CBITNOBOro NOTOKY Y BUOUMOMY [iana3oHi CNeKTpa oxapakTepuaoBaHa iHTerpanbHUM KoedilieHToM
sackpaBocTi L™ (71,9). Big’eMHi 3Ha4eHHs konopumeTpuyHmx koediuieHTiB a” i b*(-18,7 i -20,5 BignosigHo)
TakoX NiATBEPANIIN KOOPAUHATM NENCTOK Y XOBTO-3eneHoMy AianasoHi konsoposoi mogeni CIE L*a*b*.

OTpumaHi pesynbTaTu cnig npoaHanidyBatu 3 ypaxyBaHHAM 3a3Ha4eHUX HanpsiMiB OOCHiOXeHb
P. trifoliata. Y KOHTEKCTi OeKOpaTMBHOCTI O3Haku 3abapBneHHs KBITOK NiATBEPAXEHO MepCneKTUBHICTb
CyyacHOro nigxogy 3 BUKOPUCTaHHAM CreKTpocKonii BigdbutTa Ta konopmumeTpii (van der Kooi et al., 2016).
Mo-nepwe, CyKkynHiCTb BigOUBaNbHMX XapaKTepPUCTUK (MOMOXEHHA  aHaniTU4HUX  MakCUMYMIB,
CniBBIOHOLLIEHHS IXHiX IHTEHCMBHOCTEN) NiIrMEHTIB MiATBEpAXY€E Npupoay 3abapBneHHs i MOXxe cnyrysaTtu
IHCTpYMEHTanbHO BU3HAYeHUM KpuTepieM AekopaTtuBHOCTI. [o-gpyre, aHarnia cnekrTpanbHOro posnoAiny
CBITNIOBOro MOTOKY, L0 BiAOWBAETLCS Bif NIrMEHTOBAHO! NOBEPXHi, NOSICHIOE (DOPMYBaHHSI KONTIbOPOBOTO
CTUMYIY, SIKMIA 3yMOBIIOE BiANOBIAHE 30pOBe BiAyyTTa AOCHIAKEHUX KBITOK Y cnocTepiraya.

Y KOHTEKCTi NOLUMPEHHS N03a MexXaMmn TepuTopii iIHTPOAYKLUIT OTPUMaHi CreKTparbHi XxapakTepucTukm
NencToK crig po3rnagatn Ak OAHY 3 (OYHKUIOHaNbHMX O3HAK LbOro HaTyparisoBaHOro Y4yXopigHoro
aekopaTtusHoro Buay (Haeuser et al., 2018; Jones et al., 2024).

BignosigHO OO HanpsiMy BUKOPWCTaHHS PECypCHOro noTteHuiany 4yxopigHux pocnuH (Patil et al.,
2026) cnekTparnbHi XapaKTepUCTUKN NENCTOK MOXYTb CIyryBatu KpuTepisMu igeHTudikauii cCMpoBrHM
nrenei TpunucToi. Mpy LbOMY BaXXNMBUM € 3aCTOCYBaHHS MOXiAHOI cnekTpodoToMeTpil AN NiABULLEHHS
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OOCTOBIPHOCTI ineHTUdikauii dnaBoHOIAIB Sk 6i0aKTMBHUX KOMMOHEHTIB MNif Yac BUKOPUCTAHHS CUPOBUHM
KBITOK 3 METOI0 OTPMMaHHSI AEPMAaTONOriYHNX Ta KocmeTu4Hmx 3acobiB (Kuhn et al., 2025).

BucHoBku

Bneplwe Bu3HayeHo BiabGUBanbHiI Ta KONMOPUMETPUYHI XapakTepucTuku nentoctok P. trifoliata, pns
SIKOr0 XapakTepHe MOLUMPEHHS K HAaTyparisoBaHOro Yy>OpigHOro OeKOopaTMBHOro BMAY No3a Mexamu
TepuTopIl iIHTPOAYKLLI.

MigTBepakeHa HasABHICTb (OfaBOHOIAIB, KAPOTWMHOIAIB i xnopodiniB in vivo 3a MOMNOXEHHSAMMU
aHaniTMYHNX MaKCUMYMIB Ta CMiBBIQHOLIEHHAMM TXHiX IHTEHCUBHOCTEN Y CNeKTpi BiabuTTAa. BukopucTaHHs
andbepeHLitoBaHHS NeEPLLOro NopsaakKy CnekTpanbHOi KPMBOT NIABULWLMAO CTYMiHb PO34iNeHHs MakCUMyMiB
CBITIIONOIMMHAaNbHNX CMOMYK, JTOKanisoBaHMX y NOBEPXHEBUX TKAHNHAX NEMNOCTOK.

Y pesynbTaTi aHarni3y CrnekTpanbHOro po3noginy CBIiTIIOBOro NOTOKY, L0 BiAOWBAETLCS Big NirMEHTOBaHOI
MOBEPXHi, OTPUMaHO KONopuMeTpuYHi napameTpu. CyKymnHICTb LMX NapaMeTpiB BU3HAYaE KONIbOPOBUIA CTUMYIT,
KU BUKITMKAE BiAnNoBigHE 30pOBe Bia4vyTTa KONbOPY AOCHiMKEHMX KBITOK Yy cnocTepiraya.

Pesynbratn moxyTb GyTn 3actocoBaHi gnsa igeHTudikauii o3Hakum 3abapBrneHHs KBITOK nTenei
TPUNUCTOI, a TakoX ANA NiATBEPAXEHHS TOTOXHOCTI CUPOBUMHM LET POCNNHM NMPU OTPUMMaHHI npenaparis
Biomean4HOro NpusHadYeHHs.
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Spectral characteristics of flowers of the ornamental species Ptelea trifoliata L.
V.S. Fedenko

One of the directions of flora adventitization is considered to be the spread of naturalized alien ornamental plants
outside the territory of introduction in botanical gardens. The problem has become particularly relevant in modern
conditions, since climate change may reduce the barriers to naturalization for some ornamental alien species. In this
regard, the identification of such species and the study of their functional characteristics are important for predicting
future phytoinvasions. Among these species, the common hoptree Ptelea trifoliata L. (family Rutaceae) - an introducer
of North American origin - attracts attention. Plants of this species are ornamental shrubs or small trees, characterized
by high decorativeness, original crown structure, bright color of leaves and flowers with a unique aroma. Extracts from
different parts of the plant exhibit biological activity, which confirms the prospect of further pharmacognostic studies of
this species. However, the pigment composition and spectral indicators of flowers for the identification of common
hoptree have not yet been studied. The reflective and colorimetric characteristics of P. trifoliata petals were determined
for the first time. The presence of flavonoids, carotenoids, and chlorophylls in vivo was confirmed by the position of
analytical maxima and the ratios of their intensities in the reflection spectrum. The use of first-order differentiation of
the spectral curve increased the degree of separation of the maxima of light-absorbing compounds localized in the
surface tissues of the petals. As a result of the analysis of the spectral distribution of the light flux reflected from the
pigmented surface, colorimetric parameters were obtained. The combination of these parameters determines the color
stimulus, which defines the corresponding perception of the color of the studied flowers by the observer. The results
obtained can be used to identify the color feature of common hoptree flowers, as well as to confirm the identity of the
raw materials of this plant when obtaining biologically active substances.

Key words: common hoptree, flowers, carotenoids, chlorophylls, flavonoids, reflectance and colorimetric parameters
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