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Life forms and shoot structure of the invasive species Geranium sibiricum |.

(Geraniaceae) in two local populations in Ukraine
M.S. Kalista, O.A. Kovalenko

It was found out that the life form of the alien invasive plant species Geranium sibiricum is interpreted ambiguously in
various literature sources, and in the description of underground organs (shoot and root systems), the statements of
different authors are often even contradictory. Eighty individuals of G. sibiricum collected in 2019-2021 during field
research in two local populations: in Pyriatyn town (Poltava Oblast) and Kyiv City (Kyiv Oblast) were revised by varying
the type of growth form and shoot structures using the deep concept of the caudexes diversity and their differences
from other structural formations. The basic life form and model of shoot formation of G. sibiricum, which is a biennial
conode taproot monocarpic with monopodial branching type, were clarified. In the connection with the pronounced
polyvariety of the species life form two more types of it were described in G. sibiricum individuals: caudex taproot
oligocarpic and basiphys fibrousroot oligocarpic with sympodial type of branching. The structure of elementary
inflorescences of G. sibiricum was analysed, the structure of its above-ground and underground shoot system, as well
as the root system, was investigated. It was identified that G. sibiricum individuals in Pyriatyn town and Kyiv City
populations differ in the length of the flowering shoot, the length of the internodes, and the level of branching, and they
have different types of generative shoots according to their location in space. It was found that the diversity of the
architectural structure of individuals of this invasive species, associated with different growth conditions, could probably
be an adaptation to the specific environmental conditions of their populations and could be valuable for studying the
introduction of invasive species and determining the developmental stages at which the management of their
populations will be most effective.
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Introduction

Plant life and growth forms represent key functional strategies plants in relation to their environment
and provide important insights into the ecological constraints acting on the distribution of biodiversity (Taylor
et al., 2023). Studies on life forms and a more thorough insight into the plant structure which has enabled
a better understanding of the growth strategy of each plant species (Perreta, Vegetti, 2005). This dynamical
morphological approach is a comprehensive tool to clarify the various adaptations that occur in species
concerning space occupation, competition and resistance to disturbing factors (Fournier, 1982; Barthélémy,
Caraglio, 2007; Deellaferrera et al., 2014).

Growth form is considered the complex of genetically constant vegetative and reproductive
characters, which vary only within a specific range of phenotypic plasticity. The study of the forms of growth
is comparative and is linked to the analysis of the interactions with the habitat. It takes into account the
successive stages that lead to the construction of the plant body from germination, and also analyses the
different phenological phases through which it goes through during the year, mainly with regard to
exomorphology, although it can be complemented with anatomical studies of the different organs. In other
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words, it reflects the local and temporal adaptation of the plant to abiotic factors (Meusel, 1952, 1970;
Meusel et al., 1977; Montenegro, Ginocchio 1992; Deellaferrera et al., 2014).

The knowledge about life forms is successfully applied in vegetation and floristic studies, to develop
programs for the conservation of certain species, in ontogenetic research, and during the analysis of plant
populations (Malynovskyi, 1998; Malynovsky, Bilonoha, 2003; Kyyak, 2012; Kalista et al., 2015). The same
approach can be used for investigation of invasive species. Whereas both phenotypic plasticity and locally
adapted ecotypes may contribute to the success of invasive species in a wide range of habitats (Sakai et
al., 2003; Geng et al., 2007; Aniszewski, 2012), the study of the structural features of life forms at different
ontogenetic stages could help to determine the strategies of rapid adaptation of invasive species to new
habitats, their success and consolidation in habitats. All this information may be valuable for examining the
introduction of invasive species and identifying life history stages where management will be most effective
(Sakai et al., 2003).

Geranium sibiricum L. is a kenophyte of Asian origin (Protopopova, 1992; Drescher et al., 2012). By
the middle of the twentieth century, it was a rare species in Ukraine (Dobrochaieva, 1955). However, in
recent decades its localities have been recorded in many biogeographical zones of Ukraine (Kovtun, 2004;
Lukash, 2008; Leshchenko, Bengus, 2016) (fig. 1). G. sibiricum is naturalized not only in ruderal habitats,
but also occupies semi-natural and natural plant communities (Khlystun, 2006; Kovalenko, 2010).
Phytocenotic activity of this species on steppe meadows increases under conditions of high anthropogenic
pressure (Tishchenko, 2009).

@® -KW,KWHU,and KWM
herbaria data (see Material

and Methods);

@ -literature data and open
databases UkrBin and
iNaturalist

Fig. 1. Distribution map of Geranium sibiricum in Ukraine

Biomorphological features and population biology of G. sibiricum are poorly studied. Moreover, the
life form of this species in the literature sources is interpreted ambiguously, so the statements of different
authors sometimes are opposite. And there is no unambiguous definition in the description of its
underground organs: as indistinct rhizome or short rhizome with a system of additional roots and even
taproot system that is not combined with rhizome at all as with the biennial type of life form monocarpic life
cycle. Besides in the literature sources shoot formation model of this plant is given as a semi-rosette
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sympodial or monopodial (Kalista, Kovalenko, 2021a). Therefore, morphological features of G. sibiricum
life form: shoots (particularly underground) and roots are a poorly or ambiguously studied and there is no
common opinion on this, consequently, this study on the structure of G. sibiricum growth forms is a valuable
and important task for understanding the biology of the species and its adaptive capabilities.

Materials and methods

Fresh plant materials and herbarium specimens of G. sibiricum collected in 2019-2021 during field
surveys in its local populations. Also, KW (National Herbarium of Ukraine), KWHU (Herbarium of Academic
O.V. Fomin Botanical Garden of Taras Shevchenko National University of Kyiv) and KWM (Herbarium of
National Museum of Natural History of NAS of Ukraine) herbaria, two open databases UkrBin
(https:/imwww.ukrbin.com) and iNaturalist (https://www.inaturalist.org), and literature data used in this paper
were revised and applied for species distribution map building. Eighty individuals from each population were
analysed for studying their growth form type and structure of shoots according to Harper (1977) approaches.

Population investigations were conducted in two localities within Ukraine: | — roadside in Pyriatyn
town (Poltava Oblast) (50.242825, 32.524750) and Il — meadows on the territory of Sviatoshyn ponds
(pound Ne14) in Kyiv city (Kyiv Oblast) (50.462757, 30.328101) (fig. 1). Population biology of plants was
studied according to Harper (1977) with some changes (Crawley, 1997; Lehmann et al., 1999).

The dynamical morphological approach in this work are based on the study of life forms and plant
structure (Meusel, 1952, 1970; Meusel et al., 1977; Montenegro, Ginocchio 1992; Deellaferrera et al.,
2014).and a comprehensive analysis based on the ways of their joining in the body of plants (Hallé,
Oldeman, 1970; Hallé et al., 1978; Barthélémy, Caraglio, 2007). The organization of the shoot is defined
according to the position of its structural and functional differentiation proposed by Troll (1964).

The concept of the variety of caudexes and their difference from other different structural formations,
as well as theirs parts — “residues” (consist of the shortened bases of the shoots after the death of their
upper, usually elongated, parts and belong to annual, semi-annual, and over annual (oligocyclic)
monocarpic shoots) was used according to Nukhimovskiy (1969a; 1969b), who deeply developed this issue
and brought into plant morphology some specific terms that absolutely fits the G. sibiricum underground
organs is reasonably aligned with current investigation (Kalista, Kovalenko, 2021a):

1) “conode” (from the Latin “co” — together, “nodus” — node) is a basal stem part with close nodes in
monocarpic plants, which provides stem branching. Monocarpic plants with conode are perennial, biennial
and annual. Conode of such plants can have different structural significance: it either whole participates in
the stem branching, or only the axillary cones of growth of one or two of its upper nodes form lateral shoots,
or does not participate in branching at all;

2)“pbasiphys” (from the Greek “basis” — base, “physis” — to grow, form) is a perennial stem part, which
consists, commonly, of 1-2 (3) minimoresidues, of herbaceous perennials with a sympodial type of
branching and a fibrous root system, instead of the caudex.

Results

It was found out that in the floristic publications G. sibiricum is characterised as annual or biannual
herbaceous taproot monocarpics (Bezdelev, Bezdeleva, 2006), pauciennial (obsolete term for annual and
biennial plants with high plasticity of the life cycle and ontogenetic polyvariety) (Bobrov, 1949; Kalista et al.,
2015) and perennial (Dobrochaieva, 1955) plant with indistinct rhizome (Webb and Ferguson, 1968) or short
rhizome with system of additional roots following Volkova and Osmanova (2012). G. sibiricum has one (rarely
two or three) strongly branched prostrate or ascending shoot (Dobrochaieva, 1955) or semi-rosette creeping
shoot with monopodial (Bezdelev, Bezdeleva, 2006) or sympodial (Tsyrenova, 2007) growth. Therefore, there
is no common point of view about life form and growth form of this species. It is typical for many species of
Geranium L. genus e.g., for Geranium robertianum L. that has been referred to as a biennial, but also as an
annual, a winter annual, and a monocarpic or polycarpic perennial (Bertin, 2001).

As a result of our field studies of G. sibiricum in two local populations, it was found that its individuals
collected in populations | and Il differ in the length of the flowering shoot, they have different types of
generative shoots in space, the length of the internodes and the level of branching (fig. 2). Such differences
in plant structure are due to different conditions of their habitat. Thus, developed, tall, prostrate and
recumbent generative shoots are characteristic of individuals that grow in conditions of sufficiently high
humidity, partial shading by shrubs and with a fairly dense and tall grass are represented completely in
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population Il. Smaller plants with ascending shoots tend to grow in more open areas with less grass density
and predominate in population I.

In the studied places of growth, this plant dominates in the grass cover. The phytocenotic activity of
G. sibiricum increases with increased anthropogenic load on the flora of stepped meadows. The fruits of
G. sibiricum open scattering the seeds up to 1-2 m from a mother plant (fig. 3). Due to such autochoria,
the seeds are not spread over long distances; they are concentrated around the place of growth of mother
plants. In this way a community is formed, which in a few years becomes thicken and slowly increases in
size. This phenomenon ensures the dominance of this species in the grass cover in most areas. This is
also facilitated by no damage by insects and diseases.

A

A B C D

Figure 3. Generative organs of Geranium sibiricum: A — petal, B — sepal, C — fruit (fruitcase), D —
seeds (division = 1mm)

Cepis «Bionoria», Bun. 43, 2024
Series Biology, issue 43, 2024 ISSN 2075-5457 (print), ISSN 2220-9697 (online)



Life forms and shoot structure of the invasive species Geranium sibiricum I. (Geraniaceae) in two local populations in Ukraine

2Kummesi choopmu ma 6ydoesa razoHie iHgasiliHo2o eudy Geranium sibiricum |. (Geraniaceae) y 080x sioKkarbHUX roMynsAuisix 8 YkpaiHi

Troll (1964) characterized the inflorescences of the family Geraniaceae as cymose, monothelic,
closed, in which the main and lateral axes have limited growth and end in a flower on the top. Thus,
inflorescence of G. sibiricum is a monochasium, and the generative shoots have a sympodial type of
branching, because the main axis ends in the cymose inflorescence. Lateral shoots of the first level of
branching are formed from axillary buds of opposite leaves in the lower node, also end in apical monochasia
and form in the lower node shoots of the next level of branching from axillary buds of opposite leaves (fig. 4).
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Fig. 4. Morphological structure of Geranium sibiricum shoots

Before flowering period, individuals have a main rosette shoot that develops as a polycyclic
monocarpic shoot during 1(2) year of growth in seedlings, juvenile, immature and virginal plants. Mainly in
the second growing season, the plants begin to bloom and vegetative rosette shoot transforms into
monopodial semi-rosette generative shoot. In this shoot renovation, inhibition, and amplification zones are
identified for G. sibiricum individuals. It was noted that the apex of the main shoot of G. sibiricum ends in
two (rarely one) flowers on a flowering shoot with peduncles and two opposite underlying leaves with 1-2
(3) lateral shoots (Kalista, Kovalenko, 2021b). Based on our research, the apical bud of main shoot is never
developing into an inflorescence or singular flower. Lateral branching of individuals gradually changes to
sympodial and after regrowth in the next vegetative period the system of main sympodium is formed
(Sugorkina, 1995), thus a subsequent development of G. sibiricum shoot system follows the sympodial
semi-rosette model of shoot formation.

Probably due to the change in the type of branching during ontogenesis, different types of
branching for G. sibiricum and even axillary inflorescences are cited in different publications as
monopodial (Bezdelev, Bezdeleva, 2006) and sympodial (Tsyrenova, 2007). Although lateral shoots are
formed from leaf axils and inflorescences complete axes of all orders of branching of all generative
shoots. Since generative plants of G. sibiricum are characterized by a sympodial type of branching, we
consider it the main in the formation of life forms.

It was also found that in population | generative shoots of individuals are mostly ascending, have 3-5 (7)
levels of branching, while in population Il generative shoots are ramose and decumbent, order of branching
can reach 10-12, and these individuals had up to five times longer internodes and 6-7 times — the total height
of plants (up to 1.2-1.6 m), in contrast to plants from population I, in which the shoots are 20-30 cm long.
Elemental inflorescences of G. sibiricum are mostly monochasia, single-flowered (rarely two-flowered) (fig. 5).

According to our biomorphological studies, we identified that G. sibiricum growth forms is
characterized by polyvariety and is represented by one main and two additional types. The main one is
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mostly biennial conode taproot monocarpic with monopodial branching type. Occasionally, G. sibiricum
individuals have such types of life forms: 1) caudex taproot oligocarpic with sympodial type of branching
(for perennial plants that have connection of the perennial stem with the taproot); 2) basiphys fibrousroot
oligocarpic with sympodial type of branching (fig. 6).

F - apical monochasium flower;

? - lateral monochasium flower;

— % - bracts.

A B

Fig. 5. Principal inflorescence of Geranium sibiricum: A — single-flowered monochasium, B — two-
flowered monochasium
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Fig. 6. Shematic growth forms of Geranium sibiricum: A — conode taproot monocarpic, B — caudex
taproot oligocarpic, C — basiphys fibrousroot oligocarpic

We also have confirmed the data that in the process of ontogenesis the root system of individuals of
G. sibiricum can be taproot, mixed and fibrous (Volkova and Osmanova, 2012). In plants with conode the
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taproot system (fig. 2A, 6A) persists throughout life. For caudex plants of different levels of vitality after the
first year of life with the onset of flowering may retain the taproot or form mixed with a distinct main root.
And for basiphys plants, the taproot develops in a mixed with the beginning of flowering and becomes
fibrous, while the main root becomes indistinct (but does not die) (Kalista, Kovalenko, 2021a) (fig. 7).

Fig. 7. Types of root systems of Geranium sibiricum basiphys plants: A — mixed, B — fibrous

Discussion

Conode is typical of most individuals of population | and small group of individuals of population II.
In these plants the main taproot retains, thickens and it is clearly distinguished, root system contains also
1-2 lateral skeletal roots, there are not so many additional roots, they have a much shorter length and
diameter than the main and skeletal roots, so we considered it appropriate to use the term “conode” for the
main type of G. sibiricum life form (fig. 6A).

We have also designated that the life forms of individuals of G. sibiricum is polyvariant and it is
represented by two more types of life forms:

1) caudex taproot oligocarpic with sympodial type of branching (fig. 6B);

2) basiphys fibrousroot oligocarpic with sympodial type of branching (fig. 6C).

The first type of life form variations — caudex with minimoresidues — is characteristic of individuals of
part of both studied populations. Such plants are capable of repeated flowering, forming a caudex with
minimoresidues and a taproot or mixed (in individuals with a high level of vitality) root system. Minimoresidues
are the main structural elements of the sympodial caudex, which consist of the shortened bases of the shoots
after the death of their upper, usually elongated, parts and belong to annual, semi-annual, and over annual
(oligocyclic) monocarpic shoots by the features of their external morphology and size. Only plants are
considered to be caudex, in which the connection of the perennial stem part with the tap main root is
preserved, and the degree of lignification is not of fundamental importance (Nukhimovskiy, 1969a).

Caudex is functionally (both storage nutrients and continue vegetative growth after winter) and
morphologically (thickening and shortening of internodes, perenniality) similar to rhizome. That is why, in
our opinion, some floristic summaries indicate the presence of an “indistinct rhizome” for G. sibiricum.
However, unlike rhizomes, caudexes do not die in the basal part and, together with the primary root system
of the plant, remain throughout life (Serebryakov and Serebryakova, 1965). Hence, it is necessary to use
the term “caudex” to characterize the first type of G. sibiricum life form.

Individuals of the second type of life form variation represented by oligocarpic plants with developed,
elongated, prostrate and decumbent generative shoots, which grow in conditions of sufficiently high
humidity, partial shading by shrubs and the presence of a fairly dense and tall grass cover. They dominate
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only in population I, on the other hand, they were not found in the population I at all. And this population |
is represented by much smaller plants with ascending shoots that grow in more open areas and have a
lower density of grass cover of equal or slightly higher plants then G. sibiricum. In such plants at 2-3rd year
of life the main root becomes indistinct (but does not die), a large number of powerful additional roots are
formed, and a fibrous root system is established. Such herbaceous perennial individuals with a sympodial
type of branching and a fibrous root system, instead of the caudex develop basiphys, a perennial stem part,
which consists, as a rule, of 1-2 (3) minimoresidues (Nukhimovskiy, 1969b).

Polyvariance of plant development, and, consequently, structural polymorphism are considered as
manifestations of the adaptive potential of plants to the ecological and cenotic conditions of specific places
of growth. The plant habit that develops under certain environmental conditions, i.e. a certain type of its
structural organization is the result of a holistic reaction of the organism, represented by many private
responses of its individual parts in their infrastructural organization (Scherbakova, Kalistaya, 2013). Thus,
architectural polyvariance of G. sibiricum life form indicates shoot system structure of individuals of this
species dependance from the growing conditions.

Conclusion

The main type of G. sibiricum life form is conode taproot monocarpic with monopodial branching
type. There are two additional types of G. sibiricum life form: caudex taproot oligocarpic with sympodial
type of branching and basiphys fibrousroot oligocarpic with sympodial type of branching. It was found that
the diversity of the architectural structure of these invasive species individuals associated with different
growth conditions, possibly can be an adaptation to specific environmental conditions of their populations
and may be valuable for examining the introduction of invasive species and identifying life history stages
where management will be most effective.
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XutteBi hopmu Ta 6yaoBa naroHiB iHBasinHoro Buay Geranium sibiricum |I.

(Geraniaceae) y ABOX fioKanibHUX nonynsauifax B YKpaiHi
M.C. KanicTta, O.A. KoBaneHko

Byno BcTaHoBneHo, WO XuTTeBa ¢opmMa 4YyXopigHoro iHBasinHoro Buay pocnvH Geranium sibiricum B pisHKX
niTepaTtypHuX axepenax TPakTyeTbCS HEOLHO3HAYHO, a B OMNKWCI MiA3eMHMX OpraHiB (NaroHOBOi Ta KOPEHEBOT CUCTEM)
TBEPIPKEHHS Pi3HMX aBTOPIB € YaCTO HaBiTb cynepeynvemMMu. Y poboTi Byno npoaHanisoBaHo BiciMaecaT ocobuH G.
sibiricum, 3ibpaHux y 2019-2021 pp. nig Yac NonbOBWUX AOCMIAXKEHb Y ABOX NoKanbHUX nonynsauisx: y M. MupatuH
(MonTtaBcbka obnactk) Ta M. Kuesi (KniBcbka 06nactb), 3 METOK BUBYEHHS TNy hOpMU POCTY Ta CTPYKTYpUW NaroHis
3 BMKOPUCTaHHAM MOrnmmbneHoi KoHuenuii pisHOMaHITHOCTI KayAekciB Ta iX BiAMIHHOCTI Bif iHLUMX CTPYKTYPHMX
yTBOpPEHb. Byno yTo4YHEHO OCHOBHY XMUTTEBY hOpMYy Ta MOAerb NaroHoyTBopeHHA G. sibiricum, sika npeacTtaBneHa
ABOPIYHMM KOHOAIEBMM CTPUXHEBOKOPEHEBMM MOHOKApMiKOM 3 MOHOMOAIaNbHUM TUMOM ranyXeHHs. B 3B’Asky 3
BMpaXeHOK noniBapiaHTHICTIO XUTTEBOI dopMu BuAay, Y ocobmH G. sibiricum 6Gyno onucaHo we fgga ii Tvnu:
Kay[leKCOBWIA CTPUXKHEBOKOPEHEBMI Onirokapnik Ta 6a3vdizHniA MUYKyBaTOKOPEHEBUWI OMirokapnik 3 cuMmnogianbHUM
TMNOM ranyxeHHs. lNpoaHanizoBaHo ByaoBy enemeHTapHUX cyLBiTb G. sibiricum, gocnigxeHo 6y0oBYy MOro Haa3emMHol
Ta NiA3eMHOI NaroHOBOT CUCTEMMU, @ TaKOX KOPEHEBOT cnucTemn. BctaHoBMEHO, Lo 0cobuHu G. sibiricum y nonynsuisix
M. MupstnHa Ta M. KneBa Bigpi3HAIOTLCS OOBXWMHOK KBITKOHOCHOTO NaroHa, OOBXWHOK MiKBY3NiB Ta piBHEM
ranykeHHs Ta MalTb Pi3HWA TWUMN FeHepaTMBHUX MaroHiB 3a pO3MIlLEeHHsSM Yy npocTopi. byno BusBneHo, wo
Pi3HOMAaHITHICTb apXiTEKTYPHOT CTPYKTYpM OCOOUH LIbOro iHBA3INHOroO B1AY, NOB’A3aHa 3 Pi3HUMM YMOBAMM 3POCTaHHS,
MNMOBIpPHO, MOXe ByTn aganTauielo A0 KOHKPETHUX YMOB HaBKOJMLLHBOrO CepeaoBuLLa IXHIX Monynsauin i moxe 6ytn
LiHHOKO AN BMBYEHHSA IHTPOAYKUil iHBa3iiHUX BMAIB Ta BM3HAYeHHSA eTaniB PO3BUTKY, HA AKUX MEHEOXMEHT IXHiX
nonynsui 6yae HanbinbL edpeKTUBHUM.

KnioyoBi cnoBa: uyxopiOHa pocnuHa, nomnynsaui, cmpykmypa pociAuHuU, xummesi ¢bopmu, Mopghosioaisi POCIUH,
roniMopgbiam
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Gymnadenia conopsea (L.) R.Br. (Orchidacea) y npupoaHOMy 3anoBiaHUKY
“T'opraHn’: nonynsAuinHi MOHITOPUHIoOBI AOCNiIMAKEHHS | KOMNMeKCHa

XapaKTepucTuKa cepeaoBuLla iCHYBaHHA
T.l. Nonaranko, O.B. BespogHoBa

Bneplwe gns TepuTopii NpUpogHOro 3anosigHuka “lopraHn” Ha npuknagi nocTinHoi npobHoi nnowi Ne 1 cknageHo
KOMMIEKCHY XapakTepuCTUKYy TUMOBOI MICrAniCOBOI NyKU: 3a pesynbTataMy eKoMopdivyHOro aHanisy napuianbHol
rnopu BUSBNEHO ii €KOMNOriYHy crneundiky; 3a AaHMMW BaroBOro aHanidy i NokasHMKaMy MPOEKTUBHONO MOKPUTTS
OTpMMaHo iHhopMaLlito o0 0coBNMBOCTEN NPOCTOPOBOI OpraHi3aLlii pOCNMHHOIO NOKPUBY; Ha MiAcTaBi diToiHanKauii
30IMCHEHO pPO3paxyHOK MOKa3HWKIB EKOMOoriYHuX pexumis  efadoTtony i knimatony; AOCAIAXEHO CTPYKTypy
ueHononynauii Gymnadenia conopsea (L.) R.Br. i BuaBneHo CTyniHb BigMNOBIOHOCTI YMOB MiCLE3pOCTaHHSA 3OHi
TonepaHTHOCTI Lboro Buay. ®itocosonoriyHa LiHHICTb NPobHOT nnoLwi o6ymMmoBneHa HasBHICTIO CiMOX BUAiB 3 YepBOHOI
KHUrM Ykpainum: Gymnadenia conopsea, Dactylorhiza majalis (Rchb.) P.F.Hunt & Summerh., Platanthera bifolia (L.)
Rich., Neottia ovata (L.) Hartm.., Epipactis helleborine (L.) Crantz, Traunsteinera globosa (L.) Rchb., Galanthus nivalis
L.. 3'acoBaHo, WO NpPOCTOpPOBa OpraHi3auis POCMUHHOIO MOKPMBY HEOOHOpiAHA, MOKA3HWKM BaroBOro aHarnisy
KONMBalTbCA B 3HAYHOMY fAianasoHi. [ocnimpkeHa AinsHKa BignoBigae CBRKUM MiCO-NYyYHUM €eKoTomaM 3 MOBHUM
MPOMOYYBaHHSIM KOPEHEBMICHOTO LIApy FPYHTY onafamu i Tanumu Bogamu. ['pyHTV NOMIpHO aepoBaHi, criabkokucni,
poBori 6araTi Ha MiHeparnbHi coni, ane 3 He3Ha4YHMM BMICTOM KapboHaTiB i BiAHOCHO BifHi LWoao MiHeparnbHOro asory.
Taki ymoBM epadoTony € CnpuUSTNMBUMK ANS iCHyBaHHA Me30diTiB, remirigpokoHTpacTtodobis, cybauupodinis,
remiHiTpodinis, remiaepodobis, cybomGpoiTiB, remiokeaHicTiB, cybmikpoTepmis, remikpiodiTis. BcTtaHoBneHo, LWwo
NMOKa3HUKN EKOMOriYHMX pexumMiB egadoTony i knimaTony, 3aranoM, 3HaxoOATbCHA Y Mexax 30HM TonepaHTHocTi G.
conopsea, ane Ansi PeXMMIB OCBITNIEHHS, 3MIHHOCTI 3BONIOXEHHS, aepaLii i KMCNOTHOCTI HabnuxalTbCa 0 Mexi
eKonoriyHoi amnnityan Buay. No3nTuBHUM ANs MO0 iCHYBaHHA € HasiBHICTb chOpMOBaHOro npoLuapky nigctunku (450-
500 r Ha 1M? NOBITPSIHO-CYXOi Baru); BiACYTHICTb LWiNbHOT AepHUHM (MeHLwe 180 r Ha 1M?), BiACYTHICTb (a60 He3HaYHWI
PO3BUTOK) APYCIiB HamiB4YarapHukiB i MoxiB. KinbkicTb reHepaTMBHUX 0COOWMH BMPOAOBXK AEKINbKOX POKIB 3anuilaeTbCcs
BiLHOCHO CTabiNbHO0, X04a MOXHa roBOPUTY NPO NEBHY TEHAEHL0 A0 3MEHLLEHHS.

KnrouoBi cnoBa: Kaprnamu, yeHonomnynsyisi, Micue3poCcmaHHsi, MOHIMOPUHE, €KOJ02iYHI PexumMu, eikoga cmpyKkmypa,
mopghomempisi
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BeTtyn

OpHum i3 acnekTiB 36epekeHHs BioNoriYyHoro pi3HOMaHITTS € OCTIAXKEHHS CTaHy NONynsiuin Ta ymoB
MicLle3poCcTaHb BuAiB (0COBNMBO TUX, LLO OXOPOHSIOTLCA Y Mexax YkpaiHm Ta €sponu). [Jo Taknx Bugis
HanexaTb npegcTtaBHukn Orchidaceae, 3okpema, eBpasiicbkun Bug Gymnadenia conopsea (L.) R.Br.
(6bunuHeub goBroporun), Akui 3aHeceHo o JopaTky || KoHBeHLUii npo MixxHapogHy TOpriBmo Buaamm OUKOi
dayHu i pnopm (Checklist of CITES species), a Takoxx 4o YepBOHOI kKHUMM YKpaiHW 3 MPUPOAOOXOPOHHUM
ctaTycom “Bpasnueun”’ (YepBoHa kHura Ykpainum, 2009; lMepenik Bugie pocnuH..., 2021). barato Buais
POAVHU OPXigHi MaloTb AOBOMI LUMPOKUIM apean, ane ix NpeAcTaBneHiCTb y Til YK iHLWIN NOro YacTuHi gyxe
pisHUTBCA. BuBuyeHHs nowwupeHHs Orchidaceae y CnoBayuuHi nokasano, WO OOHUM i3 HaWMeHLU
npencrtaBneHux eBuais y 129 pocnimkyBaHux nokanitetax 6ys came G. conopsea (Wittlinger, 2021). Ha
TepuTopil YkpaiHn uen Bup nowwmpeHun y [lMonicci, Po3toudi, Oninni, Jlicocteny, lNpcekomy Kpumy i
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Kapnatax. lNMonynsuii HapaxoBylTb Bif OEKiNTbKOX OCOOMH (Ha PiBHMHI) OO COTEHb i TUCAY OCOGMH Yy
Kapnatax, ge nonynsuii € NOBHOYNEHHUMM 3 NEPEBArol reHepaTMBHUX 0COOMH (YepBOHa KHUra YkpaiHu,
2009). Baarani, Kapnatu € ogHUM 3 ocepeakKiB pi3HOMaHITTA opXigHWX B YKpaiHi, 4ie BOHM NOLINPEHi Maike
y BCiX nosicax — Bif HU30BUHM A0 anbnincekoro noscy (Mos, 2012; Mockantok, 2017).

IHbopMaLif Woao NoWMpPEHHS OpXiaHUX Ha TEPUTOPIT NPUPOAHO-3anoBigHOro hoHAy YkpaiHu i no3a
Noro mexamm BUCBITAOIOTECA y BaraTbox nybnikauisx XX — novatky XXI c1. (Monuk, 1967; BapxyLwwesa,
2012; Nos, 2012). Pasom i3 Tum, 0. Mununis i B. Knsk 3asHavanu, o 3Ha4yHa YacTUHa 3 HUX MICTATb
3acTapini AaHi, onucis Nnonyn4auin opxigHUX Ans TepuTopii YkpaiHi yce wwe 3amano, ocobnmeo HeJoCTaTHBO
yBarn npuainsetbCs BUMBYEHHIO Hebesnek, siKi 3arpoXyloTb MpeAcTaBHUKaM Uiei poauHu. AkTyanisauis
AaHUX Npo CTaH Nonynsuin opxigHUX i YMOB iX iCHyBaHHS € BaXXNUBOIO, SK 3 HAYKOBOI, Tak i NpakTU4HOT
TOYOK 30py, 00 € migrpyHTaM Ans po3pobku 3axoniB 3 ixHboro 3bepexerHs (Mununis, Kusik, 2021). Buan
Liei cucteMaTUYHOI Fpynn € BaXKITMBOO FTAHKOK TpodoivHKMX 3B’s13kiB (CnobogsiH, 2010), xapakTepusyoTbes
CKragHot bionorietn, MOXyTb BUKOPUCTOBYBATUCS SK iHOMKATOPU CTaHy HaBKOMWLIHLOIO CEepeaoBULLA,
3MiHM SIKOrO 3HAXOAATb Biga3epKaneHHs Y 3MiHi MOKa3HUKIB XXMTTEBOIO CTaHy NOMNynsLili, OCKiNbKM OCTaHHiI
AoBoni 4YyTnuei 4o aii Hecnpusatnuemx daktopis (Jloa, 2012; Mununis, Knsak, 2021). Ha ocobnusy yBary
3acnyroByloTb MICLIE3POCTaHHS, Y Mexax Skux MOoxHa 3ycTpiTv gekinbka sugis Orchidaceae. Hanpuknag,
y CKnagi TpaBOCTOK TipCbKOI MICNANICOBOI MNyKM NPUPOAHOro 3anoBigHuka “lopraHn” Ha GoTaHiyHin
nocTinHii npoGHi nnowi Ne1 (gani B Tekcti nnn Ne 1) okpim G. conopsea 3pocTae Dactylorhiza majalis
(Reichenb.) P.F. Huntet Summerhayes, Platanthera bifolia (L.) Rich., Neottia ovata (L.) Hartm., Epipactis
helleborine (L.) Crantz, Traunsteinera globosa (L.) Rchb. Lle TpetnHa ycix BuAiB OpXigHWX, LWO
3ycTpiyalTbes Yy Mexax 3anoigHuka (Knimyk KO.B. Ta iH., 2006).

HeobxigHo 3a3Ha4MTH, WO BRepLle KOHCMNEKT hriopy CyANHHMX POCIUH 3anoBigHuka “'opraHun” bys
onyb6nikoaHwui we y 2006 p. (Knimyk Ta iH., 2006). Y noganbLui pokv HayKoBLi MPOJOoBXYBanu riopucTUYHi
pocnigxkeHHsi. Tak 6yna He Tinbku y3aranbHeHa iHbopMaLis CTOCOBHO CUCTEMAaTUYHOI CTPYKTypu doropu
3anoBigHnka ctaHom Ha 2021 p., ane 1 oxapakTepu3oBaHa Yy 3aranbHuX pucax 1i LeHOMopdiyHa,
biomopdiyHa i ekonoriyHa cTpyktypa (KyaHeuoB, 2021). YnpopoBx 6araTbOX pOKIB 3A4iMiCHIOBaBCSA
MOHITOPUWHI 3a CTAHOM MONYNSALUiN BUAIB i3 papuUTETHOI YaCcTUHK doriopu, Y ToMy vmchi opxigHux (Monartanko,
2022a, 20226). BuaBneHHA cneundikM €eKOonoriyHoi CTpykTypu dnopu neBHux TuniB 6GiotoniB abo
AOCNIOKEHHS eKONOTYHMX PexnmiB (3okpema, B MiCLSX NOLUMPEHHS PiAKICHUX BUAIB) O OCTaHHBbOrO Yacy
He npoBoaunocs. Pasom i3 Tmm, Hanpuknag, nig yac gocnimxkeHHa G. conopsea Ha Teputopii Kpumy, 6yno
BCTAHOBMEHO, WO Ha CTaH Nonynsuii BNAvMBawTb, SK KNiMaTU4HI YMOBM NOTOYHOIO BEreTauiiHoOro, Tak i
nonepeaHbOro nocreereTauiiHoro nepiogis (CeepkyHoBa, 2011; KobeunHckas, 2012; Bapxywesa, 2012).
B3arani, OCHOBHUM YMHHWKOM 3MiHU YMCENbHOCTI LUbOro BMay (OKpiM 3aroTiBni ik NikapCbKol CUPOBUHWN) €
3MiHa eKonoro-LeHOTUYHUX YMOB MiCLle3pOCTaHb, K HAacnigokK Aii NpyupoaHnx dakTopiB, TakK i aHTPONIYHOro
BANMBY (cunbBaTU3aLUia TepuTopii, KOpiHHe noninweHHa nyk Towo) (YepBoHa kHura YkpaiHwm, 2009;
Mununie, 2021). Hawa poborta Oyna cnpamMoBaHa Ha y3arallbHEHHS pe3ynbTaTiB MOHITOPUHIOBUX
nonynaAuinHuX gocnigxeHe G. conopsea Ha TepuTopii NpupoaHoro 3anosigHuka “l'opraHn” i cknagaHHs
KOMMIEKCHOI XapaKTepuCcTkn yMOB cepeaoBuLLa iCHyBaHHs. 3okpema, BusBunacs cneumaika ekonoriyHnx
pexuMmiB knimaTony i eaadoTony, a TakoX 0COBNMBOCTI CTPYKTYPW POCIIMHHOIO NMOKPUBY.

Martepianu i meToau

Ons HanucaHHa cTaTtTi 6ynu BUKOpUCTaHi pe3ynbTaT OCOBUCTUX AOCHIOXKEHb, 3AINCHEHUX Y
BereTauinHmn nepiog 2022 poky, i apxiBHi AaHi HayKoBO-AOCNIAHOMO BigA4iNy MPUPOAHOrO 3anoBigHUKa
“'oprann” (Jlitonuc npupogun, 2016, 2019). OocnigpxeHHa npoBoaunoca Ha TepuTtopii [opraHcbkoro
NPMPOLOOXOPOHHOIO HAyKOBO-AOCHIAHOIO BiAdiNeHHs 3anoBigHuka y mexax 6otaHiyHoi nnn Ne1, saka byna
3aknageHa 02.04.2004 poky y 4 suaini 13 kBapTtany (KoopavHaTu LeHTpanbHol yacTuHn 48°29'06.6"N
24°17'04.1"E) 3 METO KOMMIIEKCHOrO BUBYEHHS BiONOro-eKkonorivHMx ocobnmMBOCTEN Ta CTaHy Nonynswi
BuaiB 3 YepBoHoi kHuUrm YkpaiHu (puc. 1). JocnigxeHa TepuTopis posTalloBaHa Ha cxuni 3axigHoi
ekcno3uuii cTpimkicTio 20° Ha BucoTi 985 M H.p.M. i npeacTaBnse cobol nicnsanicoBy nyky, sika OO
CTBOPEHHS 3aMnoBigHMKa BUKOPMCTOBYBanacs Ans CiHOKOCIHHSA. Hapaasi BiabyBaeTbCsl MOBiNbHE 3apOCTaHHS
YarapHMKOBO-OEPEBHUMN BUAAMN.

[ns oTpuMaHHSA KOMMMEKCY SKICHUX Ta KiNbKICHMX 03HaK, AKi XapakTepu3yloTb CTaH A0CHigKyBaHOi
ueHononynsuii G. conopsea, NPOBOAWIM CyLiNbHUIA 0611k 0COOMH LbOro Buay (BUKIHOYar4m ocobnHm, Wwo
nepebyBaloTb y CTaHi BTOPMHHOIO CMOKO) Ha 5 TpaHcekTax (1 Ha 70 M KOxHa) i 3aMipy MOPOMETPUYHNX
nokasHukie 60 MoaenbHUX eK3eMMNMspiB 3 ypaxyBaHHSAM IXHbOTO OHTOreHeTUYHOro crtaHy. 3okpema, i3
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Gymnadenia conopsea (L.) R.Br. (Orchidacea) y npupodHomy 3anosiOHuKy “lopeaHu”: nonynsayitiHi MOHIMOpPUHe08i OOCITIOXEHHS ...

Gymnadenia conopsea (L.) R.Br. (Orchidacea) in the "Gorgany" Nature Reserve: population monitoring studies and complex...

BMKOPUCTaHHAM MiHIMKW BMMiplOBanacb AOBXWHA | LIMpMHA NUCTKA ANS HOBEHINbHUX OCOOWH, And
reHepaTMBHMX — QOBXWHA cTebna i CyUBITTS, a TAaKOX Y OCTaHHIX paxyBarnacs KinbKiCTb KBiTOK. BikoBi rpynu
BM3HaA4YanM Ha nigcTaBi HasiBHUX METOAMYHUX pekoMeHaauin ans opxigHux (Bapxywesa, 2012). Ons
BUSIBMEHHS (PIOPUCTUYHOIO Pi3HOMAHITTS i OLHKM BHECKY OKpeMux BUAiB Yy (hOPMYBaHHS POCIMHHOIO
nokpmey nnn Ne1 6yno 3pobneHo 20 cTaHgapTHMX reoboTaHiyHMX onuciB adinsHok nnoweto 10 m2. Ons
npoBeeHHs1 BaroBoro aHanisy 6yno 3aknageHo 8 obnikosux ginsaHok (OA) no 0,5 m? (y Mexax HanbinbLu
TMNoBKX yrpynoBaHb). [NMpoba citomaccu 3 KOXHOI AinsHkM 6yna posnofineHa Ha HaCTynHi dpakLii: apyc
HaniB4yarapHuKiB (3a HasiIBHOCTi), MOXOBWW i Tpas'dHMN spycu (Y CKnagi OCTaHHbOro BWUAINANW Taki
arpobionoriyHi rpynu, Sk pi3HOTpaB's i 3Maku 3 ocokamu), BiAMepna HaasemHa ditomaca, nig3emHa
diTomaca, Wwo popmMye AepHUHY. 3pasky CyLLMIK i NicNsa AOCATHEHHS NOBITPSIHO-CYXOro CTaHy 3BaXKyBasnu.

Po3spaxyHOK MOKa3HMKIB €KONOrYHMX pPEeXUMIB MiCLe3poCcTaHHs 34INCHIOBABCSA Ha NigcTasi
ekonoriyHmx wkan A.M. digyxa (Didukh, 2011) i3 3actocyBaHHAM Komn'toTepHoi nporpamu Turboveg For
Windows. [Mpn ekomopdivyHOMY aHanisi BUMKOpUCTaHa 3aranbHOMPUUHATA Y BITYM3HAHUX €KOSOrivyHMX
OOCTioKeHHsIX cuctema ekomopd, HaBedeHa y 1 Tomi BugaHHs “Ekodnopa Ykpainn” (Ekodnopa Ykpainn,
2010). HomeHknaTypHi Hassu BuAaiB HagaHo BignosigHo go WFO (2024). O6pobky kapTorpadidHmx
maTtepianis 3gincHeHo y nporpami QGIS.

MakcumeLb
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] Tepuropia N3 " Fopraxu”

Puc. 1. Micue posTawyBaHHA 60TaHi4YHOI NOCTINHOI Npo6GHoI nnowi Ne1 Ha TepuTopii NnpupogHoro
3anosigHuKa “'opraHun”
Fig. 1. Location of the botanical permanent trial area No. 1 on the «Gorgany» Nature Reserve territory

Pe3ynbtaTtn Ta O6roBopeHHs

AHania ocTaHHix nybnikauin nokasas, WO AOCMIAKEHHS €KONoro-LUeHOTUYHUX OCOOMMBOCTEN
MicueicHyBaHb OpXiQHMX Hapasi He BTpadalTb CBOEI aKkTyanbHOCTI. Tak, Hanpuknag, aHanisysanucs
0CO6MMBOCTI NOLIMPEHHSI MEBHMX NPEACTaBHUKIB LIiET POOUHM Y Pi3HUX TUNax NiICOPOCIIMHHNX YMOB (O0MMHa
p. Mepna) (bespogHoBa Ta iH., 2020). be3nocepeaHbo ana G. conopsea 6ynu oTpumaHi AaHi CTOCOBHO
YMOB MiCLeiCHyBaHb MOro LLeHONonynsauii y cknagi 31akoBo-pi3HOTPaBHUX NYyYHO-CTENOBUX KOMMNIEKCIB
(ypounwe TMigokpyr Ha BykoBuHcbkomy [MpukapnatTi) (Tokaptok, 2018). Ha nigctasi diToiHAMKaLiNHOI
ouiHkm ansa 15 BuaiB opxigHux (3okpema i G. conopsea), Wo NoLMPEHi Ha TepUTOPIi BEPXHBOIo BacenHy p.
MpyT, 6yno AOMOBHEHO i YTOYHEHO BIAOMOCTI NMPO LUMPUHY EKONOTiYHOI aMnniTyau, a OTpUMaHi GarnbHi
MOKa3HWKM € MigcTaBol ANd MNPOrHO3YyBaHHA MOXIUBUX PU3UKIB Y pasi 3MiH YMOB HaBKOMULLHbOrO
cepeposuLla (bymkak, 2020). No3a mexamu Ykpaiiu gocnigkeHHs G. conopsea npoBoaunucs y 6aratbox
YacTuHax Moro apeany nolumpeHHs: Yexii, CnoeauunHi, QiHnaHaii, Kutai, octpoBax bputanii Ta LWBeuil
(Wittlinger, 2021; Meekers, 2012; Kettunen, 2010; Marhold, 2005; Shang, 2017). BoHn 6ynu npucesayeHi
BMBYEHHIO pi3HUX acnekTiB — penpogyktuHoi Gionorii (Chapurlat, 2019), BmicTy XxiMmiyHMX crnonyk Ta ix
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dapmakororiyHux Bnactmeocten (Shang, 2017), cTpykTypu mikpobiomy kopeHis (Lin, 2020), mopdonoriyHnx
Ta MoIneKynsipHo-reHeTu4Hux ocobnueocten (Kettunen, 2010; Marhold, 2005), BnnuBy agemorpadivyHmnx
MOKa3HMWKIB Monynsiuii Ha reHeTUYHy pisHoMaHITHICTb (Soderquist, 2023; Sletvold, 2024). Takum 4mHoMm, G.
conopsea BUKNMKae Heabuskuii iHTepec y HaykosLiB. Moro nonynsuii B pisHMx YacTuHax apeany MOXyTb
NPOSIBNSATU 3HA4HYy BapiabenbHICTb KINbKICHUX Ta SKICHUX O3HaK, 30KpeMa, BHACMiAOK pPi3HOMaHITTS
cepenoBuLy, icHyBaHHS. ToMy noganblui JOCHiMKEHHA BapTO 30CEPEAMTU Ha BUSABIIEHHI YCbOro CNekTpy
LbOro pi3HOMaHITTS, a Lie MOXIMBO nuLle 3a YMOBW 30epexeHHs iCHytoumMx nonynsuii G. conopsea.

HeobxigHo 3a3HaunTK, WO y Mexax YKpaiHu Ha HauioHanbHOMY piBHIi G. conopsea OXOPOHSIETLCS,
AK y cknagi konekuin 6otaHiyHux caais (HauioHansHomy imeHi M.M. Mpywka HAH Ykpainn, YkpaiHcbkoro
OEepXKaBHOrO MNICOTEXHIYHOIO YHiBepcuTeTy), Tak i y cknagi npupogHux yrpynoBaHb Kapnatcbkoro
OiocdepHOro 3anoBigHMKa, WICTbOX HaUiOHANbHUX NPUPOAHMX NApPKIB i TPbOX NMPUPOAHMX 3anoBigHWUKIB
(HepBoHa kHura YkpaiHm, 2009). Y mexax npupogHoro 3anoBigHuka “FopraHn” G. conopsea MoOXHa
3yCTpiTM OOBOMi YacTo (Y MOPIBHSAHHI 3 iHWWMX BUOAMM OPXIAHMX, siKi TpannsTbCs cnopaguyHo abo
3pigKa) nepeBaXkHO y CKnafi TpaB'sHUX YrpynoBaHb BOMOMMX NyK i MICOBUX ransiBuH, WO MatTb, SK NpaBuslo,
BTOpPUHHE noxomkeHHs (Knimyk, 2006). Came Takow TUMOBOK MICNANICOBO NYKOK € POCIVHHE
yrpynoBaHHs 6oTaHiyHoi nnn Ne1.

Ycboro y ¢hnopi gocnigkyBaHoi nyku 3adpikcoBaHo 58 BMAIB CYAMHHUX POCIUH, 3 SIKUX HaWBinbLu
UYMCIEHHOK € rpyna fNy4yHo-nicoBuX. YeTBepTa yacTMHa BMAIB € TMNOBMMW NpaTaHTamu, a OO rpynu
CiNMbBaHTIB HanexuTb NULIE BOCbMa 4acTuHa BusBneHux Buaie. Cepepn 3nakiB 3ycTpivatotbes Elymus
repens (L.) Gould, Agrostis capillaris L., Anthoxanthum odoratum L., Nardus stricta L., Festuca rubra L.,
Cynosurus cristatus L. Towo. Ocokn npeacraeneHi MeHwWw pisHomaHiTHO (Carex pallescens L., C. panicea
L.). 3 BuaiB pi3HOTpaB'a Hanbinblue NpoeKTMBHE NMOKPUTTS xapaktepHe ansa Cruciata glabra (L.) Opiz,
Centaurea mollis Waldst. & Kit., Hypericum maculatum Crantz, HanGinbLi NOKasHUKN TpannsiHHS Ans
Stellaria graminea L., Achillea millefolium L., Plantago lanceolata L.. Ha okpemux gingHkax y 3HaudHin
KinbKocTi 3ycTpivatoTbcss Ranunculus acris L., Trollius europaeus L., Leucanthemum vulgare Lam.,
Rhinanthus minor L., Astrantia major L., Arnica montana L., Alchemilla monticola Opiz, Tanacetum
corymbosum subsp. subcorymbosum (Schur) Pawt., Carlina acaulis L.. Ockinekn nnn Ne1 npeseHTye
BiOKPMTI NpOCTOPMK, y CNeKTpi reniomopd nepesaxatoTb cybrenioditn. 1o remicumoditis HanexmnTb TPOXm
Binblie M’ATOI YacTMHM BUZOBOrO cknagy, 3okpema, Soldanella hungarica Simonk., Cerastium fontanum
subsp. vulgare (Hartm.) Greuter & Burdet.

Bsarani, ekomopdiuHni aHania dnopu Ayxe pobpe AeMOHCTpye T1i eKkonoridHy cneundiky.
Hanpwuknag, cnektp Tepmomopd (puc. 2 A) nigkpecnioe ocobnmBOCTi MiKpokmimMaTy, 30Kkpema Te, Lo
nepeBaxHa OiNbLIiCTb BUAIB NMPUCTOCOBaHa [0 iCHYBaHHS B YMOBax XOMOAHOrO MOMIPHOro Krimarty 3
MOPIBHAHO HM3bKMMW TemnepaTypamy i 34aTHa 3akiHdyBaTW KUTTEBMIA LMK B YMOBaxX KOPOTKOrO i
XofogHoro nita. Taki BUAM HanexaTtb OO0 OBOX Ipyn: MiKpoTepMmu Ta cybmikpoTtepmu (BignosigHo 8 i 32
BMAMW). Y cKnadi nepLuoi rpynu nepeBaxawTb NPUCTOCOBaHI 4O CyBOPMX 3UM cyOkpiodiTh Ta Kpioditu
(TMNOBUM NpeacTaBHWKOM OCTaHHIX, Hanpuknag, € Homogyne alpina (L.) Cass.). Y rpyni cy6mikpoTepmis
Malke ofHaKoBa KiNbKiCTb CybkpiodiTiB i remikpioditie. NpeacrtaBHmkamn nepwmnx € Agrostis capillaris
Festuca rubra L., Lolium pratense (Huds.) Darbysh., Elymus repens, Platanthera bifolia, Neottia ovata,
npeacTtaBHMkamm apyrux — Sieglingia decumbens (L.) DC., Leontodon hispidus L., Veronica officinalis L.,
Polygala vulgaris L. Opyre micue y cnektpi Tepmomopd 3a uucriom Bugis (18) HanexuTb rpyni
cybmesoTtepmiB. Y i cknagi nvwe gekinbka BuAiB-cybkpiodiTiB (3okpema, Cerastium fontanum subsp.
vulgare, Stellaria holostea L., S. graminea), a ABi TpeTuHU BinbLl TennontobHi remikpiodiTn. OcTaHHI y
CcnekTpi KpioMopd, B3arani, nocigawTb nepLue micue (puc.2 IN). Npyna akpiodiTiB Hanivyye nuwe oavH Bug
(Luzula campestris (L.) DC.).

Y cnektpi ombpomopd (puc. 2 B) npencrtaBneHo 6 rpyn, 4oTvpu 3 skux (Me3o-, cemi-, cyb- i
eyapugoditn) ob'egHanu 24 BMAM, WO NPUCTOCOBaHI [0 XUTTA B YMOBaX 3HAYHUX JOOOBUX i pivyHUX
amMnniTyq TemnepaTypu NOBITPst | HE3HAYHOI KinbkocTi onagie. Maimke 60% BuAaiB € npeacTaBHMKaMK cy6-
i Mme3oombpodiTie (BignosigHo 29 i 4), BinbLicTb 3 AKNX € remi- Ta cybokeaHictamu. Lli Buam sigoarotb
nepesary perioHam, Ae KrimaT XapakTepu3yeTbCsl BUCOKOK BiJHOCHOI BOMOFCTIO MOBITPS, 3HAYHONO
XMapHicTIo, npoxonogHuMM niTom. B3arani, y cnekTpi KoHTpacToMOpd rpyna remiokeaHicTiB €
Han4MCenbHiIWOo (oxonstoe OinbLue NonoBMHM BMAOBOrO cCKnagy), a BUAIB, WO NPUCTOCOBaHI 40 OinbLu
YXOPCTKMX YMOB KOHTUHEHTAarbHOro KniMaTy — reMikoHTUHeTanis — nuwe 17 suais. Taknm YMHOM, CTPYKTYpa
cnekTpiB oMbpo- Ta KOHTpacToMopd foOpe Biga3epKantoe 0COONMBOCTI perioHanbHOro KniMmary.
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Puc. 2. Oco6nuBocTi knimatony nnn Ne1 (A — cnekTp Tepmomopd , b — cnekTp koHTpacTtomopd, B
— cnekTp om6pomopd, I' — cnekTp Kpiomopd)

ExonoriyHi rpynu: Tml — mikpotepmu, Tm2 — cybmikpotepmu, Tm3 —cybmesotepmm; Kn1 — cybokeaHictu,
Kn2 — remiokeaHictu, Kn3 — remikoHTMHeHTanu; Oml — eyapugoditn, Om2 — cemiapmgocpitn, Om3 —
mesoapugoditn Om4 — cybapugoditn, Om5 — cybombpodhitn, Om6 — mesoombpodpitn; Crl — kpioditn,
Cr2 — cybkpiogitu, Cr3 — remikpioditu, Cr4 — akpioditu.

Fig.2. Features of climatopes of the permanent trial area No. 1 (A — spectrum of thermomorphs, B —
spectrum of contrastomorphs, C —spectrum of ombromorphs, D — spectrum of cryomorphs)
Ecogroups: Tm1l — microtherms, Tm — sub-microtherms, Tm3 — sub-mesotherms; Knl —sub-oceanic, Kn2
—hemi-oceanic, Kn3 — hemi-continental; Om1 —euaridophytes, Om2 — semi-aridophytes, Om3 —meso-
aridophytes, Om4 — sub-aridophytes, Om5 — sub-ombrophytes, Om6 — meso-ombrophytes; Crl —
cryophytes, Cr2 —sub-cryophytes, Cr3 — hemi-cryophytes, Cr4 — acryophytes.

CreuudpivHoo pucoto dnopu nNpupogHoro 3anosigHuka “lopraHu” € ii Me3odinbHWUIA XapakTep
(KysHeuos, 2020), npy uboMy YacTka came mMe30diTiB CTaHOBUTb nuwe 24 %, rirpomesodiTie — 15 %,a
cybmesodiTiB 42%. Cneuundikoro gocnigkysaHoi napuianeHoi dnopu nin Ne 1 (puc. 3 A ) € nepeBaxaHHs
y cnekTpi rirpoMopd came Me3oqiTiB (NoHaa 50 %) i rirpomesodiTie (TpeTuUHa BUABneHux suais). 3 21 suay
npaTaHTiB Me3odiTamu € nuiie 6, BiNbLIICTb Xe NyYHUX BUAIB HANEeXuTb A0 rpynu rirpome3odiTie. Y rpyni
Me30QiTiB nepeBaxaloTb reMigpokoHTpacTtocdobu (17 Bugis, Wo NoTpebytoTb MOBHOMO MPOMOYYBAHHS
onagamu i TanMMmm Bogammn KOpeHeBMICHOTO LWapy r'pyHTY) i remirigpokoHTpacTtodinu (10 BuaiB, LLO MOXYTb
icCHyBaTM npu noMmipHOMy abo He3HayHOMy MpPOMOYYBaHHI KOopeHeBMicHOro wapy). Me3soditu-
rigpokoHTpacTodiny npeAacTaBneHi nuwe ogHum BuaoM (Leucanthemum vulgare), gk i me3oditu-
rigpokoHTpacTodobu (Vaccinium myrtillus L.). OcTtaHHin BUA Ha TepuTOpIi 3anoBigHWKa 3yCTpiYaeTbCs, K
Yy CUpPUX i BONOTMX eKoTonax 3 PiBHOMIPHUM CTiMKUM 3BOSIOXKEHHAM KOPEHEBMICHOrO Lwapy rpyHTy, Tak iy
Cyxux ekoTomax, Lo ChnopaguMyHo npomouytoTecs onagamu (Knimyk, 2006). [MpegctaBHuKamum
rirpomesodiTiB-remMirigpokoHTpacTodinis, NPUCTOCOBAHMX OO0 ICHYBaHHA B yMOBaxX CyXuX RNiCO-My4HMX
€eKOTONiB 3 HEepiBHOMIPHUM 3BONOXEHHSM KOPEHEeBMICHOro wapy rpyHTy, € Trifolium prantense L. i
T.repens L. 3 rirpome3odiTiB-remirigpokoHTpactodobiB HambinbLwy yyacTb y hOpMyBaHHi TPaBOCTOO
6epyTb Cruciata glabra, Poa pratensis L., Hypericum maculatum. Came po uiei rpynu Hanexartb i Taki
pigkicHi Buan poauHu Orchidaceae, gk G. conopsea, Platanthera bifolia, Traunsteinera globosa,
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Neottia ovata, onst g9kMx 3MiHa peXumy 3BOSIOKEHHSI € HecnpusTniMBum aktopom. [irpomesoqiTis-
rigpokoHTpacTtodobiB nuwe aea Buam (Ranunculus acris, Trollius europaeus). B3arani, akwo y cknagi
Me30qiTiB NepeBaxatTb reMirigpokoHTpacTodobu, To y rpyni rirpoMe3odiTiB Make ogHaKoBa KiNnbKiCTb
remirigpokoHTpactodobis i  remirigpokoHTpacTtodinis. [emirigpokoHTpacTocpobamn € obuaea
npeAcTaBHMKM Mano4vmcensHoI rpynu rirpoditis (Carex panicea, Dactylorhiza majalis), a oT yci wictb Buais
cybme30qiTiB € remirigpokoHTpacTodinamu.
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Puc. 3. OcobnuBocti epacdotrony nnn Ne1 (A - cnektp rigpomopd, B — cnektp

rigpokoHTpacTtomMmopd, B — cnekTp aepomopd, I' — cnekTp aumpgomopd)

ExonoriyHi rpynu: Hd1 — cybmesoditn, Hd2 — me3oditn, HA3 — rirpome3oditn, Hd4 — rirpodpity; fH1 —
rigpokoHTpactodob, fH2 — remirigpokoHTpactogob, fH3 — remirigpokoHTpactodin, fH4 —
rigpokoHTpactocin; Ael — cybaepodinu, Ae2 — remiaepdobu, Ae3 — cybaepocobu; Rcl — nepaumagodinm,
Rc2 — aunpodinm, Rc3 — cybaumaodinn, Rc4 — HenTpodinm.

Fig. 3. Features of edaphotopes of the permanent trial area No. 1 (A — spectrum of hydromorphs, B
—spectrum of hydrocontrastomorphs, C —spectrum of aeromorphs, D — spectrum of acidomorphs)
Ecogroups: Hd1 — sub-mesophytes, Hd2 — mesophytes, Hd3 — hyhro-mesophytes, Hd4 — hyhropytes; fH1
— hydrocontrastophobes, fH2 — hemi-hydrocontrastophobes, fH3 — hemi-hydrocontrastophilesr, fH4 —
hydrocontrastophiles; Ael — sub-aerophiles, Ae2 — hemi-aerophobes, Ae3 — sub-aerophobes; Rcl — per-
acidophiles, Rc2 — acidophiles, Rc3 — sub-acidophiles, Rc4 — neutrophiles.

MepeBaxaHHs y cnekTpi rigpoMopd rpynu Me3oqiTiB KOPeNnoe 3 AaHNUMMN PO3PaxyHKy MNOKa3HUKIB
€KOMoriYHMX pexumis (Tabn. 1), 3rigHO 3 AKMMK 3a PEXUMOM 3BONOXEHHSA nNnn Ne1 HanexuTb OO0 CBiXMX
nico-nyyYyHnx ekoTomniB 3 MOBHMM MPOMOYYBaHHAM KOPEHEBMICHOro Lapy rpyHTY onagamu i Tanumu
BogaMu. HesHayHe  nepeBaXkaHHA 3@  KIMbKIiCTIO  BWAIB  remirigpokoHTpactoobiB  Hag
remirigpokoHTpactodinamu (nuwe Ha 5 BuAiB) y CnekTpi rigpokOHTpacToMopd CBiAYMTb NPO HasiBHICTb
LiNSHOK 3 CyXyBaTUMW NiCO-NTyYHMMM YMOBaMM 3BOSIOXKEHHS, e CNOCTepiraeTbCA He NoBHe, a NomipHe (i
HaBiTb HE3HaYHE) MPOMOYYBaHHA KOPEHEBMICHOrO Lapy rpyHTY (NigBULWEHHS Y Mikpopenbedi, HasBHICTb
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TOBCTOrO, LWiNbHOro npowapKy AepHuHW). KpiMm TOro, MoKasHMK 3MIHHOCTI 3BOJIOXKEHHSA 6,2 ©Oanu
NiAKPECNE NOMIPHO HEPIBHOMIPHUI XapaKTep 3BOMOXKEHHS.

Tabnuua 1. Tloka3HMKM eKOMoriyHMX pexumie epadotony i KnimaTtony, mnpuUTaMaHHiI
micuespocTaHHsaM Gymnadenia conopsea

Table 1l.Indicators of ecological regimes of edaphotope and climatology inherent in Gymnadenia
conopsea habitats

L lMokasHWKM diToiHAMKALIMHOT ouiHKK (Banu)
EkonorivHi pexxumm y : g . y ,
opwuriHarnbHi gaHi ‘ niTepaTtypHi gaHi*
Enadoton
FgponorivyHun 11,8 11,7
3MIHHOCTi 3BONTOXEHHSA 6,2 6,2
KucnoTtHun 6,6 7,3
3araneHoCconLoBUi 6,4 6,8
KapboHaTHui 6,8 7,1
A30THUN 5,0 5,2
Aepauii 6,8 6,9
KnimaTon
TemnepatypHun 7,6 8,0
BonorocTi knimaty 13,1 13,2
KOHTMHEHTanbHOCTI KnimaTy 7,5 7,9
CyBopocTi 3uM (Kpiopexum) 8,6 8,3
OcBiTneHHs 6,9 7,3

lMpumimka: *— (Byaxak, 2020)
Note: *— (Budzhak, 2020)

O6BOLHEHICTE TIPYHTY (@ TakoX OCOBNMBOCTI MOr0 MEXaHiYHOro Ccknagy) € YMHHUKaMU, Lo
3yMOBINIOTb MOro aepauito. [loka3HuK iToIHAMKAUINHOI OuiHKM pexumy aepauii 6,8 6ann (Tabn.1)
BignoBigae NomipHO aepoBaHumM rpyHTam. Came Le nigkpecnioe i CTpykTypa cnektpy aepomopd (puc.3 B),
y SIKOMY 3a KinbKicTto BUAIB (36) nepesaxatoTb remiaepodobu. Jlnwe 17 Buais HanexuTs Jo cybaepodinis,
IO Kpalle pOCTYyTb Y 3HAYHO aepOBaHUX eKoTonax (3 BKMYEHHsIM LebHI0 ripcbkux nopig). HammeHLw
yYncneHHol € rpyna cybaepodobis, Lo € He AyXe BUMOrnMBMMY 0 aepadii 'pyHTY. [MokasHUK KCNOTHOTO
pexumy TrpyHTy 6,6 Oanie (Tabn.1) BignoBigae cnabGKOKUCIIUM TpyHTaM, WO TaKOX 3HAWLLIO
Biga3epkaneHHs y cnekTpi aumgomopd (puc.3 IN), Ae 3a kinbkicTio BuaiB (31) nepesaxae rpyna
cybaumpodinis (pH 5,5-6,5). Mpyna aunpodinis (pH 4,5-5,5) 06'egHye TPOXM MeHLLE TPETUHN BUAOBOrO
cknagy (17 BuaiB, 30kpema, Taki npeactaBHukM chnopu Kapnat, 49k Homogyne alpina,
Laserpitium krapffi Crantz, Arnica montana). Nepauupgodirm (pH 3,7-4,5) npeactaeneHi nuwe asoma
Buagamu (Nardus stricta ma Vaccinium myrtillus). KinbkicTe HeMTpodinbHUX BUAIB HE3Ha4Ha (ycboro 7), ane
came [0 uiei rpynu HanexuTb G. conopsea, a oT iHwWi npeacTtasHukn pogunHun Orchidaceae € cybauungodinamm
(Epipactis helleborine, Neottia ovata, Platanthera bifolia) i aumgodinamu (Dactylorhiza majalis).

Y cnekTpi Tpocdhomopd (prc.4 A) maimke OOHAKOBOK KiNMbKICTIO BUAIB NpeAcTaBrieHi cemieBTpodu i
Me3oTpocum (BignoBigHO 26 i 25 BMAIB), XO04a 3a MOKA3HMKOM 3araribHOCONbOBOrO pexumy 6,4 6anu
(Tabn.1) rpyHTn nnn Ne1 e goBoni 6aratumm Ha mMiHepanbeHi coni. Came cemieBTpodamm € BinbLUiCTb BUAIB,
Ak hopmytoTb OCHOBY TpasocTot (Centaurea mollis Waldst. & Kit., Cruciata glabra, Cynosurus cristatus
TOLWO), i came [0 Uiei rpynn HanexaTb Maike BCi BUSIBNEHI Y MexXax AOCigKYBaHOro yrpyrnoBaHHs BUAMW
Orchidaceae (3a BuknoyeHHsMm Dactylorhiza majalis, wo € npeacrtaBHMkoM Me3oTpodis). Pasom 3 Tum,
Xo4a rpyna eBTpodpiB Haniyye nuvwe LWicTb BWAIB, BOHW XapaKTepu3yrTbCH BUCOKMMM MOKa3HMKaMM
TpannaHHa. Micuamu y dopMyBaHHI NMPUM3EMHOrO LWapy TpaB'AHOrO0 Apycy 3HayHy yvacTb OepyTb Taki
Me30TpodpHi BuaK, ik Thymus pulegioides L. i Arnica montana.
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Puc. 4. OcobnuBocTi egacorony nnn Ne1 (A — cnektp Tpocdomopd, b — cnekTp kap6oHaTomopd,
B — cnekTp HiTpomopdd)

EkonoriuHi rpynu: Sl1 — cemionirotpodwu, SI2 — me3otpodu, SI3 — cemieBTpodu, Sl4 — esTpodn; Cal —
kapboHaTodobu, Ca2 — remikapboHaTodobun, Ca3 — akapboHaTodinu, Ca4 — remikapboHaTodinm; Ntl —
cybaHiTpodpinm, Nt2 — remiHiTpodpinm, Nt3 — HiTpodinu.

Fig. 4. Features of edaphotopes of the permanent trial area No. 1 (A — spectrum of trophomorphs,
B — spectrum of carbonatomorphs, C — spectrum of nitromorphs)

Ecogroups: SI1 — semi-oligotrophes, SI2 — mesotrophes, SI3 — semi-eutrophes, Sl4 — eutrophes; Cal —
carbonatophobes, Ca2 — hemi-carbonatophobes, Ca3 — acarbonatophiles, Ca4 — hemi-carbonatophiles;
Ntl — sub-anitrophiles, Nt2 — hemi-nitrophiles, Nt3 — nitrophiles.

CTtocoBHO kapboHaTHoro pexxumy nnn Ne1 HanexuTb 4O eKoTOoNiB i3 HE3HAYHUM BMICTOM KapOoHaTiB
y r'pyHTi (6,8 6anis), W0 NeBHOO MiIpOKO BiANOBIAae cnekTpy kapboHaTomopd (puc. 4 b), oe nepeBaxatoTb
akapboHaTtodinu (45% Big 3aranbHOI KINbKOCTi BUAIB), @ NOHaA4 TpeTuHa BuAiB (remikapboHaTtodobu i
KapboHaTodobun) HamaralTbCst yHUKaTV KapboHaTHUX cybcTparis. LlikaBo, Lo ABi TpeTuHM HeBUbarnMBmnx
40 BMICTy kanbLito remikapboHaTtodobiB € HiTpodinamm abo remiHiTpodinamm, Wo HagawTb nepesary
HiTpUdikoBaHUM r'pyHTaM. B3arani, 3a pesynbTaTamu iToiHanKaLUinHOI ouiHku rpyHTK nnn Ne1 BigHOCHO
OigHi Wopo mMiHepanbHOro asoTy (Tabn.1) , TomMy y cnekTpi HiTpoMopd (puc. 4 B) HiTpodinu npeacTaBneHi
nvwe cbomMa BUZamMu, nepeBaxaroTb e reMiHiTpodinu (37 Buais), a npMbnunaHo n'sata YyacTMHa BUAOBOIO
ckrnagy — cybaHiTpoginM — NpUCTocoBaHa [0 iCHYBaHHS Ha I'pyHTax Ayxe BigHUX Wwoao MiHepanbHoro
as3oTy (3okpema, Soldanella hungarica, Arnica montana, Dactylorhiza majalis Towo).

PisHomaHiTTa ekomopdiyHOro cknagy AOCHi4KyBaHOI napuianbHOi (riopu, Ha Hawy AyMKy, €
Biga3epKaneHHAM NeBHOI HEOAHOPIOHOCTI EKONOMNYHUX YMOB Yy MeXax A0CMigKyBaHOi Nnyku. Pa3om i3 Tum,
K MOXKHa nobayunTn 3 Tabnuui 1, pesynbTatn iToiHAMKALIT €KOMOriYHMX PEXMMIB, 3aranoM, y3roaxyTbCH
3 JaHVMW IHWNX JOCTIAHUKIB, OTPMMaHux Ans micue3poctaHb G. conopsea Ha Teputopii YepHiBeubkoi Ta
Aesknx panoHiB IBaHo-@PpaHkiBCbkoi obnacten (bymxak, 2020). BusiBneHa TOTOXHICTb €KOMOTiYHMX
pexvMiB UikaBa LWe TuM, WO AoCnifjKyBaHa Hamu TepuTopia 3Haxooutbcs y OacerHi p .bBuctpuusa
HaaBipHAHCbKa — nNpuTOKM nepLuoro nopsaky p. OHicTep, a niTepaTypHi AaHi CTOCYHOTbLCA BEPXHbOro
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Gaceliny p. NpyT, WO € NPUTOKOK NepLloro nopsaky p. AyHan. PisHnuUsa mixx nokasHukamu, sik NnpaBumo, He
nepeeullye 0,5 6anie (3HaxoanTbes y mexax 0,04-0,42), KpiM peXXuMy KMCIOTHOCTI, A4Sl IKOro Us PisHNLS
ctaHoBuTb 0,73. lokasHMKM ekonorivHnX pexnmis egacdbotony i knimatony nnn Ne 1 3HaxogAaTbCa y Mexax
30HM TonepaHTHocTi G. conopsea (puc. 5), ane AnNA YOTUPbOX PEXUMIB (OCBITNEHHS, 3MIHHOCTI
3BOMOXEHHS, aepalii i KWCNOTHOCTI) BOHW HabnuxXaTbCA 40 MEXi eKOMOriYHUX aMniTyA.
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Kn Sl
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Puc. 5. NMoka3Huku ekonoriyHoi amnnitygn Gymnadenia conopsea (1 — MiHiManbHi 3Ha4YeHHA, 2 —
MaKcUManbHi 3Ha4YeHHs1) | eKOMOoriYHUX pexxumiB gocnigxKeHoro MmicuespocTtaHHs (3).

ExonoriyHi pexumn: Hd — rigponoriyHnin, Fh — 3MiHHOCTI 3BOMnoxeHHsi, Rc — kucnoTtHocTi, Sl —
3aranbHoconboBui, Ca — kapboHaTHu, Nt — a3oTHUR, Ae — aepauii, Tm — TemnepatypHuin, Om — BONorocTi
knimaty, Kn — KOHTUHeHTanbHOCTI knimaty, Cr — cyBopoCTi 3uM (Kpiopexum), Lc — ocBiTREHHS.

Fig. 5. Indicators of ecological amplitude of Gymnadenia conopsea (1 — minimum , 2 — maximum)
and ecological regimes of the studied habitat (3).

Ecological regimes: Hd —hydrological, Fh — moisture variability, Rc — acidity, S| — total salt, Ca — carbonate,
Nt — nitrogen, Ae — aeration, Tm —t emperature, Om — air humidity, Kn — continentality, Cr — cryoregime, Lc
— lighting.

MigcymoBytoun HaBefeHe BMLLE, MOXHA 3a3HauuTuv, WO OOCHigKeHa AinsHka 3a ocobnMBoCTsIMU
po3TawyBaHHs (985 M H.p.M.) i LEHOTUYHOI XapaKTepUCTUKOK (nicnanicoBa nyka) npeactaBnse Tun
6ioToniB MNpcbki ciHokicHi nyku (T2.3.2) - Mountain hay meadows (HauioHanbHui katanor 6iotonis YkpaiHw,
2018). Ubomy Tuny Bignosigae pnopucTUYHUA ckrag POCNUHHOIO YrpyrnoBaHHA, B SKOMY NPUCYTHI 8 3 29
XxapaktepHux anga 6iotony BuaiB (Npy NOPOroBoMy 3HayeHHi 6). TMOKa3HUKM EeKOMOriYHUX PEeXMMIB
OOCNIDIKEHOr0  MIiCLUE3pOCTaHHA TaKOX LiNIKOM  Y3rOAXylTbCA 3 €KOJOMYHOK  XapaKTepuCTUKOK
Giotony T2.3.2, ans dkoro xapaktepHi gosoni 6arati cnabokucni rpyHTwn. Llen Tun GioTony nignsrae
OXOpPOHi 3rigHo i3 Pe3ontouieto 4 bepHcbkoi koHBeHLUiT Ta [Jogatky 1 OcenuuwHoi Onpektusu (BignosigHo
kogm E2.3 i 6520).

Ak cybmikpotepm i cybkpiodit, G. conopsea NpPUCTOCOBaHWA [O ICHYBaHHA B YyMOBax
KOHTUHEHTanbHOro KniMaTy 3 HU3bKMMUK 3MMOBUMUK TeMnepaTypamu, xoda 6yayyn cybomOpoditom, Taxie
0O Micue3pocTaHb 3 BiQHOCHO Bofiorum MikpoknimaTtom. LlikaBo, wo Yonmk BBaxaB G. conopsea
Me3odiToMm i kanbuedinom (HYonuk, 1967). 3a ekonoriyuHumu wikanamu A.1. digyxa (Diduch, 2011) uen Bug
€ rirpome3odiToM i akapboHaTodinom (egacdoTonm i3 He3HaYHMM BMICTOM KapOoHarTiB), Lo cniBnagae 3
JaHnmn  iHwnx pocnimpxkeHb (Bymkak, 2020) i pesynbtatamn iToiHOUKALIT €KOMOMYHMX pexunmis
OOCTiaKyBaHOro MicLe3pocTaHHA. ABIoTMYHI dhakTopu 6e3nocepedHbO BNMBaOTL Ha iTOGIOTY, TOMY
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Ons 30epexeHHsa NPUPoaHNX Nonynsuin, sk 3asHadvanu Mockantok i [igeHko (Mockantok, 2017), BaxnvBum
€ CMOCTEPEXKEHHS 3a IXHIM CTaHOM i CTPYKTYPOIO.

MpoBeaeHe y 2022 p. AocnimpKeHHsI noKasano, WO WinbHicTb Gymnadenia conopsea B Mexax nnn Ne 1
ctaHoBuTb 0,63 0cobMHM Ha 1 M2, a 3aranbHa YNCENbHICTb — 1268 0COOWH, L0 Ha YBePTb Binblue NOPIBHAHO
3 2015 p. i mamke yagidi 6inbwe Hix y 2018 p. 3miHa 4ncenbHOCTI Bigbynacs Hacamnepen 3a paxyHOK
30iMbLUEHHST KIMbKOCTi iMaTypHUX i BipriHinbHUX ocobuH. Ha puc. 6 npeacraBneHo 3aranbHui po3nogin
0COBVH 3a OHTOreHeTUdHMMWU rpynamu. [pyna OCOBMH y IOBEHINbHOMY CTaHi € HaWMEHLl YMCEerbHO
MOPIBHAHO 3 iHLLIMMM rpynamm 3a BeCb Yac crnoctepexeHb. Pasom i3 Tum, oes’atb pokiB ToMy ix 6yno BTpudi
Oinbwe HiX y nopanbli poku. HeobxigHO 3ayBaXKuTK, WO KiNbKICTb OCOBWMH Y BIipriHINbHOMY CTaHi
306inbLumMnaca BTpudi y nopiBHsSAHHI 3 2018 p. KinbkicTb reHepaTMBHUX OCOOMH BNPOAOBX AEKINbKOX POKIB
3anuLLIAEeTbCA BIHOCHO CTabiNbHO, X04a MOXHa FOBOPUTU NPO NEBHY TEHAEHLI0 40 3MEHLLEHHS 3 342—360
Y MUHYII pokn 0o 286 ocobuH y noTovHoMy poui. LlikaBo, Wo Anga LeHononynsuin opxigHNX Ha TepuTopii
BakapnatTs O6ynv nputaMaHHi NepeBaHO OQHOBEPLLMHHI BiKOBi CMEKTPU 3 MAKCUMYMOM Ha reHepaTUBHUX
ocobuHax, 3okpema, onsa G. conopsea YacTka OCTaHHiX 3Haxogunacs y mexax 63—100% (Ios, 2012).
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Puc. 6. Po3noain ocobuH Gymnadenia conopsea 3a OHTOreHeTUYHMMM rpynamm (j — FoBEeHiNbHi;
im+v — iMaTypHi i BipriHinbHi; g — reHepaTUBHiI)

Fig. 6. Distribution of Gymnadenia conopsea individuals by ontogenetic groups (j — juvenile;
im+v —imaturated and virgin; g — generative)

G. conopsea Mopd0osioriYHO MiIHNNBUIA BUA, OCOBMBO BapitolTh BENUYMHA KBITKM Ta hopma NUCTKIB
(Honuk, 1976; Marhold, 2005). ¥ Tabnuui 2 HaBegeHi MOPJOMETPUYHI XapaKTEPUCTUKM OCOOWH
G.conopsea. Y NopiBHAHHI 3 LieHoNonynsuieto Lboro Buay, LWo BnByanacs Ha Teputopii Kpumy (BapxyLuesa
2012), y pocnifxyBaHin LieHononynsuii NUCTKN HOBEHINbHUX 0COOMH Oynu Jewo ByX4yuMmu, crtebna
reHepaTmBHUX OCOOWH i iX CYLBITTA KOPOTLUI, @ KiNbKICTb KBITOK Ha [eKinbka gecAtkiB MeHwa. HeobxigHo
3ayBaXuTu, WO AN SOCNILXKYBaHOI NONynsuii XxapakTepHUM Oyno He3HayHe KONMMBAHHS Y MeXax KOXHOI
BIKOBOI rpynu OOBXWHW CYLBITTS Ha BigMiHY Big OOBXWHWM cTebna. Ha ocTaHHin napameTp, MOXNIMBO,
BMMMBanM ocobnmBOCTI CTPYKTypy TpaB'saHOro Spycy. Y cknafi oCTaHHbOro MoXHa Buginutu 3 nigapycu
(Bucota nepworo Big 50 no 85 cm, gpyroro Big 25 go 50 cm, TpeTboro Ao 25 cm). 3aranbHe NPOEKTUBHE
MOKPUTTA LIbOro Apycy KonmBaeTbca y mexax Big 70 o 95 %, a noro citomaca Big 200-300 go mawke
800 r nosiTpsiHO-cyxoi Barn Ha 1m? (puc. 6). [aHi BaroBoro aHanisy gobpe BigasepkantolTs MO3aivHuiA
XapaKTep CTPYKTYpY Ha3eMHOro NOKPMBY, LLIO BNIIMBAE Ha HEPIBHOMIPHICTb po3noAiny ocobuH G. conopsea
y mexax nnn Ne1t.
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Tabnuusa 2. MopdoMeTpUUHi XapakTepuCTUKN ocobuH Gymnadenia conopsea y FOBeHINbHOMY (j) i
reHepaTMBHOMY (g) cTaHi

Table 2. Morphometric characteristics of Gymnadenia conopsea individuals in juvenile (j) and
generative (g) state

BikoBi cTaaii
O3sHaka j oL B o
KinekicTb NUCTKIB, WIT 1 5 6 7
[oBxunHa nucTka, cm 148434
’ 14,1£1,5*
LLUnpuna nuctka, cm 0.70.2
’ 0,85+0,2
KinbKiCTb KBITOK, LUT 34,6+10.4 32,8471 43,3+11,2
’ 49,6124 64,5+2,2 70,4425
[JoBXuHa cyuBiTTSl, CM 12%% ; 169%-’1&7 1;,gﬂ ,;
[oBxunHa ctebna, cm 35,648,2 31+6.5 38,8+6,0
’ 44.65+1,5 55+2,6 5542,2

lMpumimka: * — opuriHanbHi gaHi, ** — nitepatypHi (Bapxywesa, 2012)
Note: * — collected data, ** — referenced data (Vakhrusheva, 2012)
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Puc. 7. ®pakuiMHui cknap Hap3emHoi itomacu (y rpamax) Ha obnikoBux ginsiHkax y mexax
6oTaHiuyHoi nnn Ne 1 (1-8 Homepa AiNAHOK)

Fig. 7. Composition of above-ground phytomass (in grams) in the accounting plots within
botanical permanent trial area No. 1 (plot numbers 1-8).

Maiixe Ha BCil NNOLLi PO3BUHEHI TPaB'SAHWUIA | MOXOBUI SIPYCK, a Ha OeAKUX OinsHKaxX HasiBHUI SpyC
HaniB4arapHukiB, ytBopeHui Vaccinium myrtillus 3 npoektuBHum nokputTam Big 1-5 % 8o 30 % (nogekyam
0o 50 %). BignoBigHo ditomaca 4YopHuui cknagana Big 1 % go 10-15 % Big 3aranbHOi Hag3eMHOoI
diTomacw, a iHoai caratn HaBiTb 25%. [poeKkTMBHE NOKPMTTS MOXOBOTO SipyCy KonuBaeTbed Big 3-5 % Ao
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80 %. HamBumwmii BIigCOTOK CrocCTepiraeTbCsi y cepenHin 4YactmHi nnn Nel y MikpoyrpynoBaHHsX 3
AoMiHyBaHHsAM Vaccinium myrtillus, e maca dpakuii moxiB cknagae noHag 30 % Big 3aranbHOi Hag3eMHOT
diTomacu, sik Ha obnikoin ginsHui 4 (puc. 7). 3anacu nigctunkm konvueanucs Big 180 o 832 r Ha 1m2. MNpu
pocnigkeHHi nonynauin G. conopsea Ha Teputopii Kpumy (KobeumHkas, 2012) 6yno BCTaHOBMEHO, LLO
OAHNM 3 haKTopIB, KN NPU3BOANTL A0 CKOPOYEHHSI YUCENBHOCTI OCOBUH, € came Mari 3anacu niacTumkn
3a HasiBHOCTi HU3bKMX 3UMOBMWX TemMnepaTyp i BiACYTHOCTi JOCTATHLOI KifTbKOCTi CHIrOBOro MOKpWBY.

Ak nokazanu pesynbTaTy MOPIBHAMNBHOINO BaroBOro aHanidy nig3emHoi i Hag3emMHuX dpakuin
diTomacn obnikoBUX AiNSAHOK Hawmkpawumu ymoBamu ang G. conopsea, MOXHa BBaXaTu HaCTYMHY
OpraHisauilo pocrnMHHUX yrpynoBaHb. Lle, g9k npaBuno, HasiBHICTb C(POPMOBAHOrO NpoLuapky NigCTUMKM
(450-500 r Ha 1 m?2); BiOCYTHICTb (260 He3HaYHU PO3BUTOK) APYCY HaniBYarapHUKIB i MOXiB (Maca Uux
pakuin BiANoBigHO NOBMHHA ByTU MeHLLe Hixk 25 i 75 r Ha 1 M?2); He ayxe WinbHa aepHuHa (nig3emHa
iTomaca Lboro npoluapky He Ginblue 180 r Ha 1 M2). YacTka pisHOTpaB's y cknagi TpaB'sHOro sipycy Moxe
OyTwn i BOBiYi MeHLWa, i B Tpu pasu Ginblua 3a YacTKy 3MakiB 3 0COKaMu, arne onTMMarbHi MOKa3HUKM Baru
ocTaHHbOi cknagaTs 100-130 r Ha 1 M2, HaimeHWw cnpusTiMBMMK ONS NIATPUMAHHS YMCENbHOCTI
ueHononynsauii G. conopsea Ha HanexHoOMy piBHi € came Ti 4iNsHKW, Ae dpakuid 3nakiB i 0COK cTaHoBMNa
400-440 r Ha 1 M2, ockinbkn G. conopsea PO3MHOXYETbCS NepPeBaXHO HaCiHHAM (YepBoHa kHura Ykpainu,
2009), a yTBOpPEHHS LWiNbHOT AEPHUHN MOXE NepeLuKogXaTi PO3BUTKY MOMOANX POCIINH.

BucHoBku

MocTtinHa npobHa nnowa Ne 1 npupogHoro 3anosigHuka “l'opraHy” NpeseHTye TUMOBY MNICAANICOBY
nyky i HanexunTtb Ao Tuny GioToniB lMNpcbki ciHokicHi nykn (T2.3.2) - Mountain hay meadows. NpocTopoBa
opraHi3auisi pOCIMHHOrO NOKPUBY HEOAHOpPIAHA. Apyc HaniB4arapHUKiB Mae pparmMeHTapHUn xapakrtep (Ha
oKpeMux ginsHkax nokputta Vaccinium myrtillus go 50 %). 3aranbHe NpoekTMBHE MOKPUTTS MOXOBOTO
apycy Big 3-5% no 80%, a TpaB’'siHOrO, WO Mae Mo3aiyHui xapakTep, Big 70 go 95 %. ®itocosonoriyHa
LiHHICTb Npo6HOI NoLi BU3Ha4YaeTbCS HasiBHICTIO CboMM BUAIB 3 YepBOHOI kKHUMM YkpaiHu: Gymnadenia
conopsea, Dactylorhiza majalis, Platanthera bifolia, Neottia ovata, Epipactis helleborine, Traunsteinera
globosa, Galanthus nivalis.

3a pesynbTatamn QiToiHAMKALIT JOCNIMKEeHa AinsiHKa BignoBigae CBiKMM Mico-ny4yHMM ekoTonam 3
MOBHMM MPOMOYYBAHHAM KOPEHEBMICHOTO wapy FpyHTy onajamu i Tanumu soaamu. [PyHTM MOMIPHO
aepoBaHi, cnabkokucni, gosoni 6araTi Ha MiHepanbHi coni, ane 3 He3Ha4yHWM BMICTOM kapboHaTiB i
BigHOCHO 6igHi WwWoao MiHepanbHOro asoTy. Taki ymoBu egjadoTony € CNpuSTIIMBMMU ONS iCHYBaHHS
Me3odiTiB, remirigpokoHTpacTtodobie, cybaumgodinis, remiHiTpodinie, remiaepocobis. CTpykTypa
CMekTpiB oMOpo- Ta KOHTpacToMopd, Ae nepeBaxalTb CyOoMOpodiTh i remiokeaHicTn, nNpekpacHo
BigA3epkantoe ocobnuBOCTi perioHanbHoro krnimaty. CTpykTypa chnekTpiB Tepmomopd i Kpiomopd, e
HaMbINbLIOK KINbKICTIO BMAIB NpefcTaBneHi cybmikpoTepmu i remikpiodiTn, nigkpecntoe ocobnmBoCTi
Mikpoknimaty nnn Ne1.

BusHayeHi Ha nigctasi iTOIHAMKALUIMHOI OLHKM MOKa3HMKW EKOMOriyYHUX pexumie egadoTony i
knimatony nnn Ne1, 3aranom, 3HaxXoOATbCS Y MeXax 30HW TorepaHTHOCTI G. conopsea (3a BUHATKOM
pPEeXnMIB OCBITNEHHS, 3MIHHOCTI 3BOMNOXEHHS, aepalii i KNCMOTHOCTI, NOKa3HWKN AKX HabnmxarTbea o
MeXi ekomnoriyHux amnnityg. MNMo3uTMBHMM ONS NOro iCHYBaHHSA € HasiBHICTb COOPMOBAHOrO MpOLLapKy
nigctunkm (450-500 r Ha 1 M2 NOBITPSAHO CyXOi Baru); BiACYTHICTb LWinbHOT 4epHWHU (MeHwe 180 r Ha 1m2),
BiACYTHICTb (ab0 He3HayHWI PO3BUTOK) APYCIB HaniBYarapHUKIB i MOXiB.

3 poky B pik BigOyBaeTbCsl KONMMBAHHS 3ararnbHOi KiNbKOCTi 0cobuMH G. conopsea y cknagi
LeHononynsauii, ane Hapasi MaemMo MO3UTUBHY TeHAeHUito Ti po3suTKy. LWoao mopdomeTpuyHux
MoKas3HMKiB, TO Y JOCHiIKYBaAHIN LLeHOMoNynsuii MMCTKN IOBEHINBbHNX OCOOUH € AeLlo BYX4umu, ctebna y
reHepaTuMBHUX OCOOMH i iX CyUBITTS KOPOTLUI, @ KiNbKICTb KBITOK Ha AeKiNbka AeCATKIB MeHLIA Y NOPIBHSHHI
3 aHanoriYyHMMM NoKasHMKaMu POCIIMH LIbOro BUAY B iHLIMX LieHononynsauisax. 3arpo3oto Ans noganbLoro
icHyBaHHA G. conopsea Ha nnn Ne 1 € 3apocTaHHA Nyku OepeBHO-4YarapHUKOBOK POCIIMHHICTIO Yepes
NPUMUHEHHS TPaaULINHOrO MEeHEeIXXMEHTY.

Moasikn

ABTOpM BMCMOBIIOOTb BAAYHICTb HAYKOBUM CMiBPOBGIiTHNKaM 3anoBsigHuka “I'opraHn”, ski npoBoAMu
MOHITOPVHIOBI CNOCTEPEXEHHS 3a CTaHOM nonynauii G. conopsea, a Takox BoroHTepam laprart tO. B. i
Crax M. O., siki 6panu yyactb y 300pi NONbOBUX OAHUX i MPOBEAEHHI KinbKiCHMX 0bnikiB Ha nnn Ne 1.
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Gymnadenia conopsea (L.) R.Br. (Orchidacea) in the "Gorgany" Nature Reserve:

population monitoring studies and complex characteristics of the habitat
T.l. Polataiko, O.V. Bezrodnova

For the first time, for the territory of the nature reserve "Gorgany" on the example of the permanent trial area No. 1, a
complex characteristic of a typical post-forest meadow was compiled: based on the results of the ecomorphic analysis
of the partial flora, its ecological specificity was revealed; according to the data of the weight analysis and the indicators
of the projective cover, information was obtained about the features of the spatial organization of the vegetation cover;
on the basis of phytoindication, the indicators of the ecological regimes of the edaphotope and climatope were
calculated; the structure of the cenopopulation of Gymnadenia conopsea (L.) R.Br., was investigated and the degree
of compliance of the growing conditions with the tolerance zone of this species was revealed. The phytosozological
value of the trial area is due to the presence of seven species from the Red Book of Ukraine: Gymnadenia conopsea,
Dactylorhiza majalis (Rchb.) P.F.Hunt Summerh., Platanthera bifolia (L.) Rich., Neottia ovata (L.) Hartm.., Epipactis
helleborine (L.) Crantz, Traunsteinera globosa (L.) Rchb., Galanthus nivalis L.. It was found that the spatial organization
of the plant cover is heterogeneous, the indicators of the weight analysis fluctuate in a significant range. The studied
area corresponds to fresh forest-meadow ecotopes with complete wetting of the root layer of the soil by precipitation
and meltwater. The soils are moderately aerated, weakly acidic, quite rich in mineral salts, but with an insignificant
content of carbonates and relatively poor in terms of mineral nitrogen. Such conditions of the edaphotope are favorable
for the existence of mesophytes, hemihydrocontrastophobes, subacidophiles, heminitrophiles, hemiaerophobes,
subombrophytes, hemioceanists, submicrotherms, hemicryophytes. It was established that the indicators of the
ecological regimes of the edaphotope and climatotope are, in general, within the tolerance zone of G. conopsea, but
for the regimes of lighting, variability of moisture, aeration and acidity, they approach the limit of the ecological amplitude
of the species. A positive factor for its existence is the presence of a formed litter layer (450-500 g per 1 m? of air-dry
weight); absence of dense turf (less than 180 g per 1 m?), absence (or insignificant development) of layers of semi-
shrubs and mosses. The number of generative individuals has remained relatively stable for several years, although
we can talk about a certain tendency to decrease.

Keywords: Carpathians, cenopopulation, habitat, monitoring, ecological regimes, age structure, morphometry
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Environmental plasticity of short-stemmed winter bread wheat
(Triticum aestivum L.) cultivars and resistance to yellow leaf blotch
(Pyrenophora tritici-repentis (Died.) Drechsler) and brown (leaf) rust

(Puccinia recondita f. sp. tritici Rob. et Desm.)
A.V. Yarosh, Ye.Yu. Kucherenko, V.K. Riabchun, N.V. Kuzmyshyna, O.V. Solonechna

In the context of variability of common pathogens of foliar diseases of winter bread wheat, evolvement of virulent and
aggressive races, and periodic droughts, which with climate changes increasingly occur in the territory of Ukraine,
prerequisites for in-depth research into adaptability of plant varieties and selection of the best gene pool for breeding
arise. The paper presents results on the environmental plasticity of short-stemmed winter bread wheat cultivars, which
were differentiated by resistance to yellow leaf blotch and brown (leaf) rust. New sources of high and stable group
resistance to pathogenes of these diseases were identified: cv. 'Versiia odeska' (UKR) and cv. 'Mescal' (FRA). By
genotypic effect (&) and regression coefficient (Ri) for yield, the following genotypes showing the highest genetic
potential for adaptability (sum of ranks = 2) to stressful conditions of cultivation in the eastern forest-steppe of Ukraine
and vyielding by 16% more than the check cultivar were identified among the short-stemmed cultivars under
investigation: cv. 'Pokrovska' (ei = 1.92; Ri= 0.60) (UKR), cv. 'Versiia odeska' (¢i = 1.21; Ri = 0.77) (UKR), cv. 'MIP
Vidznaka' (¢i = 1.05; Ri = 0.82) (UKR), cv. 'Mescal' (¢i= 0.98; Ri= 0.65) (FRA), and cv. 'SY Wolf' (¢i = 0.94; Ri = 0.69)
(USA). It was found that the genotypic effect for yield ranged from -1.71 to 1.92 in the short-stemmed cultivars, and the
regression coefficient - from 0.60 to 1.45, which largely affected the environmental plasticity: the sum of ranks for this
parameter varied from 2 to 6. The percentage of accessions with high genotypic effects was 33.3%; the percentage of
accessions with consistently stable yields was 41.7%. It was revealed that in short-stemmed winter bread wheat,
resistance to brown rust and yellow leaf blotch was significantly negatively correlated with the sum of ranks of the
genotypic effect and regression coefficient for yield (r = -0.65, P < 0.01 and r = - 0.58, P<0.01, respectively). The
selected sources of high group resistance to Pyrenophora tritici-repentis (Died.) Drechsler) and brown (leaf) rust
(Puccinia recondita f. sp. tritici Rob. et Desm., with high yield potential and stability, are valuable starting materials for
the breeding of new, highly promising winter bread wheat cultivars, which will be adaptable to stressful conditions of
cultivation in the eastern forest-steppe of Ukraine.

Keywords: winter bread wheat, epiphytoties, plasticity, stability, genotypic effect, adaptability, yield, source
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Introduction

Enhancement of the genetic potentials of yield, quality, and adaptability of crops is among the main
objectives of the agricultural sector of the Ukrainian economy. Increased gross collection of grain and
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stabilized grain production determine the level of farming intensification and the efficiency of agricultural
development (lichuk et al., 2019). Studies of cultivars' environmental plasticity and selection among them
of high-yielding sources adapted to certain growing conditions are necessary stages and a guarantee for
breeding effectiveness in order to create highly adaptive genotypes for the corresponding ecological zone
(Studnicki et al., 2019; Lavrynenko et al., 2020; Dhiwar et al., 2020).

The nutritional value and variety of technological uses of common wheat (Triticum aestivum L.)
determine the importance of this crop in the agrarian sector and ensure the food security of Ukraine, which
is a basis for the economic development of the country (lichuk et al., 2019). Scientists from different
countries confirmed that the stress resistance of winter bread wheat cultivars to biotic and abiotic factors
was crucial for the stabilization and development of agriculture (Morhun et al., 2014; Raza et al., 2019;
Laugerotte et al., 2022).

Ukrainian researchers noted that in the face of abnormally high air temperatures and droughts
observed on the territory of Ukraine during the last decades, water deficit issues are becoming increasingly
important among the abiotic stressors (Kolupaev et al., 2023; Sydorenko, Chebotar, 2020). Because of
them, metabolic processes in plants are disrupted, proteins are denatured and cleft, chemical composition
and state of the cytoplasm change, and plants accumulate less organic matter. These phenomena quite
often reduce yields of plant cultivars (Sydorenko, Chebotar, 2020).

Polish researchers M. Rézewicz et al. (2021) pointed out that, among the biotic limiting factors, fungal
diseases caused the greatest damage to spiked cereals, reducing their yields on average by 15-20%, and
losses can reach 60% in epiphytotic cases (Rézewicz et al., 2021). Ukrainian scientists hold a similar
opinion, stressing that possible loss from fungal diseases can amount to 25-50% (Trybel, 2006; Retman,
2007). Different fungicides that are applied to suppress pathogens of foliar diseases pollute the environment
and boost the genetic variability of pathogens, which evolve into new races (Kang et al., 2020; Li et al.,
2020). Growing of plant cultivars that are resistant to pathogens of foliar diseases is a way to suppress
phytoinfections and prevent epiphytoties. However, due to mutational, combinational, and population
variabilities and spore migration in pathogen populations, new virulence genes that can overcome the
protective effects of plants' resistance genes appear (Lisovyi, Lisova, 2017). Alternative plant protection,
based on the introduction of new cultivars with reliable genetic protection against pathogens of foliar diseases,
is becoming more and more relevant due to the undeniable economic and ecological advantages (Petrenkova
etal., 2018; Kovalyshyna et al., 2018; Wu et al., 2021). The occurrence and spread of epiphytoties are mainly
determined by genetic protection against pathogens (Kang et al., 2020), weather conditions during the
growing period, crop rotation, and tillage method (lwanska et al., 2019; Roézewicz et. al., 2021).

Among foliar diseases of winter bread wheat in Ukraine, yellow leaf blotch and brown rust, which are
caused by Pyrenophora tritici-repentis (Died.) Drechsler and Puccinia recondita f. sp. tritici Rob. et Desm.
(syn. Puccinia triticina Eriks.), respectively (Holosna, 2019; Horiainova et al., 2020). The causative agent of
yellow leaf blotch, P. tritici-repentis (Died.) Drechsler, is a hemibiotrophic parasite that leads to preterm
withering of leaves, formation of shriveled kernels, and a decline in the number of kernels per spike. By
taxonomic status, it belongs to the class Ascomycetes, order Pleosporales, family Pleosporacea. P. recondita
f. sp. tritici Rob. et Desm. belongs to the class Basidiomycetes, order Uredinales, family Pucciniaceae. By
nutrition type, P. recondita f. sp. tritici Rob. et Desm. is an obligate parasite; it enhances transpiration, reduces
assimilation surface, and disrupts photosynthesis, resulting in the formation of low-performance spikes
(Retman, 2007; Pinchuk et al. 2018). Over 200 races of P. recondita f. sp. tritici Rob. et Desm. have been
identified (Pinchuk et al. 2018); there are about 20 races of P. tritici-repentis (Died.) Drechsler (Shvets, 2016).

Selection of appropriate stress-resistant genotypes for the corresponding agro-ecological growing
conditions allows for minimization of unwanted crop losses induced by limiting environmental factors
(Studnicki et. al., 2019; Filip et al., 2021). The resistance of a genotype to environmental stressors
characterizes its stability, while the ability to adapt and exist under changing environmental conditions, i.e.
plasticity, enables effective using favorable factors of an environment within the limits of the genetic norm
of reaction, (Litun, 1980; Zamlila et al., 2019; Dhiwar et al., 2020).

Pre-selection of sources combining high group resistance to pathogens, yield capacity, and desirable
adaptability under certain agro-ecological growing conditions improves the effectiveness of breeding to
create highly promising cultivars and leverage the gene pool of Ukrainian plants (Khomenko,
Sandetska, 2018; Nazarenko et al., 2020).

Our purpose was to determine the environmental plasticity of short-stemmed winter bread wheat
cultivars differentiated by resistance to yellow leaf blotch and brown rust via analyzing the ranks of the
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genotypic effect and regression coefficient for yield as well as to select high-yielding sources adapted to
the eastern forest-steppe of Ukraine.

Materials and methods

Twenty-four (24) short-stemmed winter bread wheat (Triticum aestivum L.) cultivars from nine
countries were studied: eight Ukrainian cultivars, four Hungarian cultivars, three French accessions, three
accessions from the US, two German accessions, one Romanian accession, one accession from Tajikistan,
one Czech accession, and one Croatian accession. The study was carried out in the Laboratory of Genetic
Resources of Cereals, Grain Legumes, and Groats Crops of the National Center for Plant Genetic
Resources of Ukraine (NCPGRU) at the Yuriev Plant Production Institute of NAAS (located in the
Kharkivskyi District of the Kharkivska Oblast; the northeastern part of the left-bank forest-steppe of Ukraine)
in 2019-2022. The experiments were conducted by the qualification examination techniques (Tkachyk,
2016). Post-fallow sowing was conducted with a SSFK-7 small seeder on plots of 5 m2 in three replications
within the optimal timeframe. The seeding rate was 4,500,000 seeds per 1 ha. In the spring, the plots were
fertilized with ammonium nitrate (N4o). Cv. 'Bunchuk’ was taken as the check cultivar and sown between
every 20 accessions. The accessions were studied by S.O. Tkachyk's method (Tkachyk, 2016) and
methods for assessing resistance of wheat cultivars to pests and pathogens (Trybel et al., 2010). The
resistance to foliar diseases was evaluated on a 9—point scale, where 1 point corresponds to very low
resistance (very strong damage, > 50%), 3 points — low resistance (strong damage, 26—-50%), 5 points —
medium resistance (moderate damage, 5-25%), 7 points - high resistance (weak damage, < 5%), 9 points
— very high resistance (no damage, 0%). The environmental plasticity was determined as B.P. Hurieva,
P.P. Litun, and I.A. Huriev (Huriev et al. 1981) recommended: this approach is based on evaluation of the
genotypic effect (&) as a degree of general adaptive capacity and the regression coefficient (Ri) as a degree
of plasticity with the establishment of ranks. According to this approach, the higher genotypic effect is and
the lower the regression coefficient is, the higher the rank is (1 — high, 2 — medium, 3 — low). Genotypes
with a total number of ranks of 2—-3 are of the greatest breeding value, as they combine the high potential
of an investigated trait and its stable expression throughout the study period. To comprehensively evaluate
the wetting modes in the study years, we used T.G. Selyaninov's hydrothermal coefficient (HTC)
(Selyaninov, 1937), which was calculated by the following formula:

HTC = X precipitation / 0.1 x >, temperatures above 10 °C.

The traditional scale is as follows: HTC < 0.4 — very arid; HTC = 0.4-0.5 — arid; HTC = 0.6-0.7 —
moderately arid; HTC = 0.8—-0.9 — wet; HTC = 1.0-1.5 — sufficiently wet; HTC > 1.5 — excessively wet.The
Chaddock scale (Chaddock, 1952) was used to qualitatively assess the correlation coefficients and strength
of relationships between the studied characteristics.

To achieve the goal, we used the following research methods: general scientific (analysis and
synthesis) — for differentiation and generalization of the results, field - for evaluation of the accessions'
resistance to fungal pathogens and vyield capacity, ANOVA — for determination of the environmental
plasticity for yield and significance of differences. Experimental data were statistically processed
by calculus of variations, analysis of variance, and correlation and regression analysesin MS
Excel 2007 and Statistica 6.0.

Results and discussion

Having analyzed the weather during the growing periods in 2019-2022, we can conclude that
different values of the hydrothermal coefficient (HTC) contributed to differentiation of the winter bread wheat
accessions by resistance to yellow leaf blotch and brown rust as well as by yield. The autumn in 2021 was
very dry (HTC = 0.36); the 2020 autumn was dry (HTC = 0.46), and the 2019 autumn was rather wet (HTC
= 1.46). The meteorological conditions during the spring-summer vegetation differed significantly in terms
of wetting and temperature: the 2022 spring was dry (HTC = 0.59); the 2021 spring was sufficiently wet
(HTC = 1.46); and the 2020 spring was water-logged (HTC = 2.05). The summer months in 2020 (HTC =
1.27) and 2022 (HTC = 1.17) were sufficiently wet, while the 2021 summer was moderately dry (HTC =
0.64). 2020 and 2021 were favorable years for the selection of sources of resistance to yellow leaf blotch
(P. tritici-repentis (Died.) Drechsler) and brown rust (P. recondita f. sp. tritici Rob. et Desm.). 2020 and 2022
were the most favorable years for high yields. In 2021, the yields were mostly lower. Water deficit and high

Cepisi «Bionorisiy, Bun. 43, 2024
Series Biology, issue 43, 2024 ISSN 2075-5457 (print), ISSN 2220-9697 (online)



EkonoeiyHa nnacmu4Hicms Kopomkocmebiiux copmie nweHuyi mM’skoi osumoi (Triticum aestivum L.) ma cmitikicmb 0o 36yOHUKIS ...

Environmental plasticity of short-stemmed winter bread wheat (Triticum aestivum L.) cultivars and resistance to yellow leaf blotch...

temperature in July 2021 (HTC = 0.09) led to windburn of grain, negatively affecting the yields of the vast
majority of the winter bread wheat under investigation.

Thus, the weather during the growing periods made it possible to differentiate the winter bread
wheat accessions by resistance to yellow leaf blotch and brown rust as well as by yield, to determine the
environmental plasticity of these parameters, and to identify high-yielding sources that are adapted to
the eastern forest-steppe of Ukraine.

In 2019-2022, the variation series of resistance to P. tritici-repentis (Died.) Drechsler and P.
recondita f. sp. tritici Rob. et Desm. in the tested winter bread wheat cultivars ranged from 1 point to 9
points. As a result of the study, nine sources of high resistance to P. tritici-repentis (Died.) Drechsler (7-9
points) were selected, i.e. 37.5% of the total number of studied accessions. They are the following cultivars:
'Versiia odeska' (UKR), 'Pokrovska’ (UKR), 'MIP Vidznaka' (UKR), 'Perspektyva odeska' (UKR),
'Doskonalist odeska' (UKR), 'Amurg' (ROU), 'MV Kaplar' (HUN), 'Mescal (FRA)', and 'SY Wolf' (USA), while
the check cv. 'Bunchuk' showed a 4—point resistance (Fig. 1).
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Fig. 1. Resistance of the short-stemmed winter bread wheat genotypes to the causative agent yellow
leaf blotch (P. tritici-repentis (Died.) Drechsler), 2019-2022

In the studied sample, the following accessions were characterized by 4— to 6—point resistance to
yellow leaf blotch: cvs. 'Aksioma odeska' (UKR), 'Fortretsia’ (UKR), 'MV Mente' (HUN), 'MV Kondas' (HUN),
'MV lkva' (HUN), '‘Avenue' (FRA), and 'SY Sunrise' (USA); their share was 29.2%. Eight cultivars (33.3%)
showed low resistance to P. tritici-repentis (Died.) Drechsler: cvs. 'Palitra’ (UKR), "Turandot' (CZE), 'Gustav'
(DEUV), 'Rivero' (DEU), 'Soissons' (FRA), 'Sarvar' (TJK), and 'SY Southwind' (USA).

From the coefficient of variation (CV, %), it was seen that the resistance to yellow leaf blotch ranged
from 6.9% to 65.5%. Having analyzed the variation series, we determined that cvs. 'Versiia odeska' (UKR),
'Pokrovska’ (UKR), 'MIP Vidznaka' (UKR), 'Amurg'’ (ROU), and 'Mescal' (FRA) were little variable
(CV £ 10.0%); their share was 20.8%. Eight accessions (33.3%) were characterized by medium variability
(CV = 11.0%-20.0%): cvs. 'Perspektyva odeska' (UKR), 'Doskonalist odeska' (UKR), 'Aksioma odeska'
(UKR), 'MV Mente' (HUN), 'MV Kondas' (HUN), 'Gustav' (DEU), 'Avenue’ (FRA), and 'SY Southwind' (USA).
The following cultivars were distinguished by high variability (CV > 20.0%) of resistance to P. tritici-repentis
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(Died.) Drechsler: 'Fortetsia' (UKR), 'Palitra’ (UKR), 'MV Ikva' (HUN), 'MV Kaplar' (HUN), 'Turandot' (CZE),
'‘Katarina' (HRV), 'Rivero' (DEU), 'Soissons' (FRA), 'Sarvar' (TJK), 'SY Sunrise' (USA), and 'SY Wolf' (USA).
It was found that the percentage of accessions with significant variability of resistance yellow leaf blotch
was 45.8%. The variability of resistance to yellow leaf blotch in cv. 'Bunchuk' (check cultivar) was
considerable (CV = 43.3%).

High resistance to brown rust (7-9 points) was noted for nine genotypes; their share was 37.5% of
the total number of tested accessions. These were the following cultivars: 'Perspektyva odeska' (UKR),
'Fortetsia’ (UKR), 'Pokrovska' (UKR), 'Versiia odeska' ( UKR), 'MV Kondas' (HUN), '‘Gustav' (DEU), 'Rivero'
(DEU), 'Mescal' (FRA), and 'Avenue' (FRA). The check cultivar, 'Bunchuk’, showed resistance of 6 points

(Fig. 2).
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Fig. 2. Resistance of the short-stemmed winter bread wheat genotypes to the causative agent of
brown rust (P. recondita f. sp. tritici Rob. et Desm.), 2019-2022

The following accessions were characterized by medium resistance (4-6 points): cvs. 'Aksioma
odeska' (UKR), 'MIP Vidznaka' (UKR), 'Doskonalist odeska' (UKR), '‘Amurg' (ROU), 'MV Kaplar' (HUN), 'SY
Sunrise' (USA), and 'SY Wolf' (USA); their share was 29.2%.

Low resistance to P. recondita f. sp. tritici Rob. et Desm. was noted in cvs. 'Palitra’ (UKR), 'MV Mente'
(HUN), 'MV Ilkva' (HUN), 'Turandot' (CZE), 'Katarina' (HRV), 'Soissons' (FRA), 'Sarvar' (TJK), and
'SY Southwind' (USA); their share was 33.3%.

According to the coefficient of variation (CV, %), the variability of resistance to brown rust ranged
from 5.9% to 57.7%. Having analyzed the variation series, we determined that cvs. 'Fortetsia' (UKR),
‘Versiia odeska' (UKR), 'Perspektyva odeska' (UKR), 'Gustav' (DEU), 'Rivero' (DEU), and 'Mescal (FRA)'
were little variable (CV =10.0 %); their share was 25.0%. Six cultivars (25.0%) showed medium variability
(CV = 11.0% - 20.0%) of resistance to brown rust: cvs. '‘Pokrovska' (UKR), 'Amurg' (ROU), 'MV Mente'
(HUN), 'Katarina' (HRV), 'SY Sunrise' (USA), and 'SY Wolf' (USA). A high variability (CV > 20.0%) was
noted in the following cultivars: 'Doskonalist odeska' (UKR), 'Palitra’ (UKR), 'MIP Vidznaka' (UKR), '‘Aksioma
odeska' (UKR), 'MV Ikva' (HUN), 'MV Kaplar' (HUN), 'MV Kondas' (HUN), 'Soissons' (FRA), 'Avenue' (FRA),
'‘Sarvar' (TJK), and 'SY Southwind' (USA).

It was determined that the percentage of accessions with considerable variability in resistance to
brown rust was 45.8%. The variability of resistance to P. recondita f. sp. tritici Rob. et Desm in cv. 'Bunchuk’
(check cultivar) was medium (CV = 16.7%).
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As a result of the analysis, little-variable sources of high and stable resistance to the causative agents
of yellow leaf blotch and brown rust were identified in the studied group of short-stemmed winter bread
wheat genotypes. They were cv. 'Versiia odeska' (UKR) and cv. 'Mescal' (FRA).

To determine the environmental plasticity of the short-stemmed winter bread wheat genotypes
differentiated by resistance to yellow leaf blotch and brown rust, the tested sample was evaluated by the
genotypic effect ranks and coefficient of regression for yield.

In 2019 - 2022, sources of high yield (plus > 16% to the yield from the check cultivar) were selected
from the short-stemmed winter bread wheat genotypes of different eco-geographical origins. These sources
included cvs. 'Pokrovska' (UKR), 'Doskonalist odeska' (UKR), 'Versiia odeska' (UKR), 'MIP Vidznaka'
(UKR), 'Amurg' (ROU), 'MV Ikva' (HUN), 'Mescal' (FRA), and 'SY Wolf' (USA). The check cultivar, '‘Bunchuk’
(UKR), yieldd 5.18 t/ha.

Table 1. Environmental plasticity of the short-stemmed winter bread wheat genotypes differentiated
by resistance to P. tritici-repentis (Died.) Drechsler, P. reconditaf. sp. tritici Rob. et Desm. and yield,
2019-2022

. Genotypic Coef_ﬂment of Environmental
. Country Yield, tha regression (degree y
Accession . effect N plasticity, sum
of origin of plasticity)
of ranks
max min X € Rank Ri Rank

Bunchuk? UKR 7.00 410 | 5.18 | -0.13 2 1.32 3 5
Pokrovska UKR 7.50 6.70 | 7.23 | 1.92 1 0.60 1 2
Doskonalist odeska |UKR 7.80 550 | 6.61 | 1.30 1 1.29 3 4
Versiia odeska UKR 7.15 585 | 6.52 | 1.21 1 0.77 1 2
MIP Vidznaka UKR 6.75 5.62 6.36 1.05 1 0.82 1 2
Fortetsia UKR 6.45 450 | 5.73 | 0.42 2 1.38 3 5
Palitra UKR 6.50 4.42 5.52 0.21 2 1.27 3 5
Perspektyva odeska | UKR 5.20 4.20 | 4.83 | -0.48 3 0.70 1 4
Aksioma odeska UKR 5.70 400 | 4.67 | -0.64 3 0.69 1 4
Amurg ROU 7.22 5.20 6.47 1.16 1 1.43 3 4
MV Ikva HUN 6.80 540 | 6.26 | 0.95 1 0.97 2 3
MV Kaplar HUN 6.85 473 5.73 0.42 2 1.17 3 5
MV Mente HUN 5.47 3.80 454 | -0.77 3 0.79 1 4
MV Kondas HUN 5.32 3.20 424 | -1.07 3 1.12 3 6
Turandot CZE 475 250 | 3.81 | -1.50 3 1.45 3 6
Katarina HRV 4.50 270 | 3.60 | -1.71 3 0.97 2 5
Gustav DEU 6.24 485 | 556 | 0.25 2 0.82 1 3
Rivero DEU 5.80 4.35 5.16 | -0.15 2 0.93 2 4
Mescal FRA 6.61 571 | 6.29 | 0.98 1 0.65 1 2
Avenue FRA 5.70 3.30 | 4.47 | -0.84 3 1.25 3 6
Soissons FRA 4.80 2.80 | 3.80 | -1.51 3 1.08 2 5
Sarvar TJIK 5.65 350 | 455 | -0.76 3 1.13 3 6
SY Wolf USA 6.85 565 | 6.25 | 0.94 1 0.69 1 2
SY Sunrise USA 6.53 443 | 5.17 | -0.14 2 0.78 1 3
SY Southwind USA 4.70 3.40 | 4.23 | -1.08 3 0.94 2 5
LSD o.05 — — 0.43 — — — — —
min 4.50 250 | 3.60 | -1.71 1 0.60 1 2

max 7.80 6.70 | 7.23 | 1.92 3 1.45 3 6
med 6.15 442 | 5.31 | 0.00 - 1.00 - -

Note: 1 check cultivar.

Among the short-stemmed genotypes under investigation, high values of the genotypic effect (rank
1) for yield were noted for eight cultivars, accounting for 33.3%. These genotypes were cvs. 'Pokrovska'
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(UKR), 'Doskonalist odeska' (UKR), 'Versiia odeska' (UKR), 'MIP Vidznaka' (UKR), 'Amurg' (ROU), 'MV
Ikva' (HUN), 'Mescal' (FRA), and 'SY Wolf' (USA) (Table 1).

A medium genotypic effect (rank 2) was intrinsic to cvs. 'Fortetsia’' (UKR), 'Palitra’ (UKR), 'MV Kaplar'
(HUN), 'Gustav' (DEU), 'Rivero’ (DEU), and 'SY Sunrise' (USA), which accounted for 25.0%. A low
genotypic effect (rank 3) was characteristic of ten cultivars (41.7%), viz: 'Perspektyva odeska' (UKR),
'‘Aksioma odeska' (UKR), 'MV Mente' (HUN), 'MV Kondas' (HUN), 'Turandot' (CZE), 'Katarina' (HRV),
‘Avenue' (FRA), 'Soissons' (FRA), 'Sarvar' (TJK), and 'SY Southwind' (USA). The check cultivar, '‘Bunchuk’
(UKR), showed a medium genotypic effect on yield (rank 2). We demonstrated that the genotypic effect (&i)
on yield in the tested group of short-stemmed cultivars differentiated by resistance to yellow leaf blotch and
brown rust ranged from -1.71 to 1.92.

There were ten (41.7%) homeostatic accessions with high stability of yield (rank 1). The following
accessions were noticeable for this genotypic feature: cvs. 'Pokrovska’ (UKR), 'Versiia odeska' (UKR),
'MIP Vidznaka' (UKR), 'Perspektyva odeska' (UKR), 'Aksioma odeska' (UKR), 'MV Mente' (HUN), 'Gustav'
(DEU), 'Mescal' (FRA), 'SY Wolf' (USA), and 'SY Sunrise' (USA). Five cultivars (20.8%) were classed as
moderately sensitive to variable growing conditions in terms of yield (rank 2): cvs. 'MV Ikva' (HUN),
'‘Katarina' (HRV), 'Rivero’ (DEU), 'Soissons' (FRA), and 'SY Southwind' (USA).

According to the degree of plasticity (Ri), there were nine (37.5%) intensive, i.e., sensitive to
improved or worsened conditions of cultivation, genotypes (rank 3). They included cvs. 'Doskonalist odeska'
(UKR), 'Fortetsia’ (UKR), 'Palitra’ (UKR), 'Amurg' (ROU), 'MV Kaplar' (HUN), 'MV Kondas' (HUN), 'Turandot'
(CZE), 'Avenue' (FRA), and 'Sarvar' (TJK). According to the degree of plasticity, cv. '‘Bunchuk' (check
cultivar) was characterized by high sensitivity to changing conditions of cultivation (rank 3).

Having investigated the environmental plasticity of the short-stemmed winter bread wheat genotypes
differentiated by resistance to yellow leaf blotch and brown rust and having analyzed the sum of ranks of
the genotypic effect (&) and the regression coefficient (Ri) for yield in the studied sample, we identified five
cultivars (20.8%) with the highest genetic potential for adaptability to stressful growing conditions in the
eastern forest-steppe of Ukraine and, accordingly, with the greatest breeding value, as evidenced by the
lowest sum of ranks (sum of ranks = 2), viz: cvs. 'Pokrovska' (¢i = 1.92; Ri = 0.60) (UKR), 'Versiia odeska'
(¢i=1.21; Ri= 0.77) (UKR), 'MIP Vidznaka' (¢i = 1.05; Ri = 0.82) (UKR), 'Mescal' (¢i = 0.98; Ri = 0.65) (FRA),
and 'SY Wolf' (¢i = 0.94; Ri = 0.69) (USA).

Scientists have different opinions about the possibility of combining relatively high and stable yield with
resistance to environmental stressors in one genotype. Some scientists claim that there are no winter bread
wheat cultivars that are capable of combining high resistance to stress factors, in particular drought, with high
and stable yield (Zviahin et al., 2008). However, T. Yurchenko et al. (2020) point out that the negative correlation
between stress resistance and vyield is not absolute and, therefore, there are prospects for an optimal
combination of these traits in one genotype (Yurchenko et al., 2020). It is noteworthy that British scientists
managed to identify four modern British winter bread wheat cultivars (‘Gladiator', '"Humber', 'Mercato’, and
'Zebedee"), which combined a high yield potential with its stable manifestation (Pennacchi et al., 2019).

A lot of scientists, both Ukrainian and foreign ones, think that, when one breeds for increased yield
only, the adaptive potentials of cultivars decrease over time, and therefore, genotypes' potential yields and
parameters of adaptive capacity should be routinely monitored to improve existing cultivars (Lavrynenko et
al., 2020; Dhiwar et al., 2020).

Our results indicate that the T. aestivum L. genotypes with high group resistance to pathogens have
significant advantages in terms of adaptability compared to accessions with individual or low resistance to
phytopathogens (Petrenkova et al., 2018; Khomenko, Sandetska, 2018). Thus, cvs. 'Versiia Odeska' (UKR)
and 'Mescal' (FRA), which were noticeable for high and stable resistance to P. tritici-repentis (Died.)
Drechsler and P. recondita f. sp. tritici Rob. et Desm., were included in the group of the most high-yielding
and adapted genotypes.

Accessions 'MV lkva' (ei = 0.95; Ri = 0.97) (HUN), 'Gustav' (¢i = 0.25; Ri = 0.82) (DEU), and
'SY Sunrise' (¢ = -0.14; Ri = 0.78) (USA) were somewhat inferior (sum of ranks = 3) to cvs. 'Versiia Odeska’
(UKR) and 'Mescal' (FRA). Six cultivars (25%) were ranged in group 3, based on potential for adaptability
and relative practical value for production (sum of ranks = 4): cvs. 'Doskonalist odeska' (¢i = 1.30; Ri = 1.29)
(UKR), 'Perspektyva odeska' (i = -0.48; Ri = 0.70) (UKR), 'Aksioma odeska' (¢i = -0.64; Ri = 0.69) (UKR),
'‘Amurg’ (ei= 1.16; Ri = 1.43) (ROU), 'MV Mente' (¢i= -0.77; Ri= 0.79) (HUN), and 'Rivero’ (¢i = -0.15; Ri =
0.93) (DEUV). The sum of ranks of 5 was scored by cvs. 'Fortetsia’ (¢i = 0.42; Ri = 1.38) (UKR), 'Palitra’ (¢i =
0.21; Ri = 1.27) (UKR), 'MV Kaplar' (¢ = 0.42; Ri = 1.17) (HUN), 'Katarina' (¢i = -1.71; Ri= 0.97) (HRV),
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'Soissons' (¢i= -1.54; Ri = 1.08) (FRA), and 'SY Southwind' (& = -1.08; Ri = 0.94) (USA), which made up
25%. Four foreign cultivars (16.7%) had the lowest adaptability potential by genotypic effect and degree of
plasticity (sum of ranks = 6), viz: cvs. 'MV Kondas' (¢ = -1.07; Ri = 1.12) (HUN), "Turandot' (¢ = -1.50; Ri =
1.45) (CZE), 'Avenue' (&i = -0.84; Ri = 1.25) (FRA), and 'Sarvar' (¢i = -0.76; Ri = 1.13) (TJK). Cv. '‘Bunchuk’
(check cultivar) (i = -0.13; Ri= 1.32) (UKR) had a sum of ranks of 5 for environmental plasticity.

The selected high-yielding short-stemmed genotypes with high adaptive potentials are valuable
starting materials to breed new promising winter bread wheat cultivars, which will be adapted to the stressful
conditions of growing in the eastern forest-steppe of Ukraine.

Having analyzed relationships between the investigated traits, we established that resistance to the
causitive agents of brown rust and yellow leaf blotch was significantly negatively correlated with the sum of
ranks of the genotypic effect and degree of yield plasticity (r = -0.65 and r = -0.58, respectively) in the short-
stemmed winter bread wheat genotypes. At the same time, the variability of resistance to the causative
agents of brown rust and yellow leaf blotch was significantly positively correlated with the sum of ranks of
the genotypic effect and yield plasticity degree (r = 0.59 and r = 0.52, respectively). The significance of the
relationships was 99% (P < 0.01) (Table 2).

Table 2. Correlations (r) of the sum of ranks of the genotypic effect and degree of yield plasticity
with resistance to the causitive agents of yellow leaf blotch and brown rust and the variability of
these phytopathogens in the short-stemmed winter bread wheat genotypes, 2019-2022

Trait Sum of ranks of the genotypic effect (&i) and
degree of plasticity (Ri) of yield, t/ha
: Yellow leaf blotch -0.58 D
Score of resistance to

pathogens, points Brown rust -0.65 1
1)

Variability of resistance Yellow leaf blotch 0.52

0,

to pathogens (CV), % Brown rust 0.591

Note: V) — P < 0,01.

Thus, among biotic factors as environmental stressors, the pathogens Pyrenophora tritici-repentis
(Died.) Drechsler and Puccinia recondita f. sp. tritici Rob. et Desm. negatively and significantly affected the
potential and stability of yield in the group of short-stemmed winter bread wheat genotypes. This fact means
that sources of group resistance to the specified phytopathogens are mandatory to involve in breeding to
create genotypes adapted to the eastern forest-steppe of Ukraine.

Conclusions

According to the sum of ranks of the genotypic effect (&) and the regression coefficient (R for yield
in the short-stemmed cultivars differentiated by resistance to yellow leaf blotch and brown rust, genotypes
with the highest genetic potential of adaptability to the stressful conditions of cultivation in the eastern forest-
steppe of Ukraine were identified, as evidenced by the lowest sum of ranks (sum of ranks = 2). These
cultivars yielded by > 16% more than the chek cultivar, viz: cvs. 'Pokrovska’ (¢i= 1.92; Ri = 0.60) (UKR),
'Versiia odeska' (¢i= 1.21; Ri= 0.77) (UKR), 'MIP Vidznaka' (¢i = 1.05; Ri = 0.82) (UKR), 'Mescal' (¢i = 0.98;
Ri = 0.65) (FRA), and 'SY Wolf' (¢i = 0.94; Ri = 0.69) (USA).

Due to this study, we detected new sources of high and stable group resistance to the causative
agents of yellow leaf blotch and brown rust: cv. 'Versiia odeska' (UKR) and cv. 'Mescal' (FRA). It was
established that in the short-stemmed cultivars differentiated by resistance to P. tritici-repentis (Died.)
Drechsler and P. recondita f. sp. tritici Rob. et Desm, the genotypic effect (¢i) on yield ranged from -1.71 to
1.92 and the coefficient of regression (Ri) ranged from 0.60 to 1.45, largely affecting the environmental
plasticity, the sum of ranks for which varied from 2 to 6. The percentage of accessions with high genotypic
effects was 33.3%; the percentage of accessions with high stability of yield was 41.7%. It was found that in
the short-stemmed winter bread wheat genotypes the resistance to the causative agents of brown rust and
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yellow leaf blotch was significantly negatively correlated with the sum of ranks of the genotypic effect and
degree of yield plasticity (r = -0.65, P<0.01 and r = - 0.58, P<0.01, respectively).

The selected sources of high group resistance to yellow leaf blotch and brown rust, high potential
and stability of yield are valuable starting materials for the breeding of new highly promising winter bread
cultivars wheat that will be adaptable to growing in the eastern forest-steppe of Ukraine.

References
Chaddock R.E. (1952). Exercises in statistical methods. Houghton, 166 p.
Dhiwar K., Sharma D.J., Agrawal A.P., Pandey D. (2020). Stability analysis in wheat (Triticum aestivum L.).
Journal of Pharmacognosy and Phytochemistry, 9, 295-298. https://doi:10.3390/agriculture12071002
Filip E., Woronko K., Stepien E., Czarniecka N. (2023). An overview of factors affectingthe functional quality
of common wheat (Triticum aestivum L.). Molecular Science, 24(8), article number 7524. https:doi:
doi:10.3390/ijms24087524.
Holosna L.M., Lisova G.M., Afanasieva O.G., Kucherova L.O. (2019). Resistance of spring wheat cultivars
to pathogens of leaf diseases and root rot in the Right-bank Forest Steppe of Ukraine. Interdepartmental
Thematic Scientific Collection of Phytosanitary Safety, 65, 35-50. https://doi.org/10.36495/1606-
9773.2019.65.35-50 (In Ukrainian)
Horiainova V.V., Turenko V.P., Bilyk, M.O. et al. (2020). Species composition, morphological and biological
peculiarities of leaf pathogens of spring wheat. Ukrainian Journal of Ecology, 10(3), 115-120.
https://d0i:10.15421/2020_143 (In Ukrainian)
Huriev B.P., Lytun P.P., Hureva I.A. (1981). Methodological recommendations on ecological variety testing
of maize. Kharkiv, 31 p. (Ukrainian).
lichuk M.M., Konoval I.A., Baranovska O.D., Yevtushenko, V.D. (2019). Development of the grain
market in Ukraine and its stabilization. Ekonomika APK, 4, 29-38. https://d0i:10.32317/2221-
1055.201904029 (In Ukrainian)
Iwanska M., Stepien M. (2019). The effect of soil and weather conditions on yields of winter wheat in multi-
environmental trials. Biometrical Letters, 56, 263—279. https://d0i:10.2478/bile-2019-0016
Kang Y., Zhou M., Merry A. Barry K. (2020). Mechanisms of powdery mildew resistance of wheat — a review
of molecular breeding. Plant Pathology, 69(4), 601-617. https://doi.org/10.1111/ppa.13166
Khomenko L.O., Sandetska N.V. (2018). Sources of complex resistance of winter wheat
(Triticum aestivum L.) in breeding for adaptability. Plant Varieties Studying and Protection, 14(3), 270-275.
https://doi.org/10.21498/2518-1017.14.3.2018.145289 (In Ukrainian)
Kolupaev Yu. Ye., Yastreb T. O., Riabchun N.I. et al. (2023). Cellular Mechanisms of the Formation of Plant
Adaptive Responses to High Temperatures. Cytology and Genetics, 2023, 57(1), 55-75.
https://d0i:10.3103/S0095452723010048 (In Ukrainian)
Kovalyshyna H.M., Dmytrenko Y.M., Demydov A.A. et al. (2018). Results of winter wheat breeding for
resistance to major pathogens at the Myronivka Wheat Institute. Scientific Bulletin of the National University
of Life and Environmental Sciences of Ukraine. Series Agronomy, 294, 96—-103. (In Ukrainian)
Laugerotte J., Baumann U., Sourdille P. (2022). Genetic control of compatibility in crosses between wheat
and its wild or cultivated relatives. Plant Biotechnology Journal, 20(5), 812-832.
https://d0i:10.1111/pbi.13784.
Lavrynenko Yu.O., Bazaliy H.H., Usyk L.O., Zhupyna A.Yu. (2020). Adaptive ability of winter wheat varieties
in the conditions of the Southern Steppe of Ukraine. Agrarian Innovations, 1, 97-102.
https://doi:10.32848/agrar.innov.2020.1.16. (In Ukrainian)
Li H., Dong Zh., Ma Ch. et al. (2020). A spontaneous wheat-Aegilops longissima translocation carrying
Pm66 confers resistance to powdery mildew. Theoretical and Applied Genetics, 133(4), 1149-1159.
https://doi.org/10.1007/s00122-020-03538-8
Lisovyi M.P, Lisova G.M. (2017). The coevolution of a host-plant and pathogen — research and a
practical implementation. Plant Protection and Quarantine, 63, 104-118. DOI: 10.36495/1606-
9773.2017.63.104-118 (Ukrainian).
Litun P.P. (1980) Genotype-environment interaction in genetic research and methods of its study. Problems
of selection and evoluation of breeding material. Kyiv: Scientific thought, 63—93.
Morhun V.V., Havryliuk M.M., Oksom V.P. et al. (2014). Introduction of new, stress-resistant, high-yielding
winter wheat varieties created via chromosomal engineering and marker-assisted selection into production.
Science and Innovation, 10(5), 40—48. https://doi.org/10.15407/scin10.05.040 (In Ukrainian)
Nazarenko M., Mykolenk, S., Okhmat, P. (2020). Variation in grain productivity and quality of modern winter
wheat varieties in northern Ukrainian Steppe. Ukrainian Journal of Ecology, 10(3), 102-108.
doi: 10.15421/2020_175. (In Ukrainian)

Cepisi «Bionorisiy, Bun. 43, 2024
Series Biology, issue 43, 2024 ISSN 2075-5457 (print), ISSN 2220-9697 (online)



EkonoeiyHa nnacmu4Hicms Kopomkocmebiiux copmie nweHuyi mM’skoi osumoi (Triticum aestivum L.) ma cmitikicmb 0o 36yOHUKIS ...

Environmental plasticity of short-stemmed winter bread wheat (Triticum aestivum L.) cultivars and resistance to yellow leaf blotch...

Pennacchi J.P., Carmo-Silva E., Andralojc P.J. et al. (2019). Stability of wheat grain yieldsover three field
seasons in the UK. Food and Energy Security, 8, 1-13. https://doi:10.1002/fes3.147.

Petrenkova V.P., Borovska I.Yu., Luchna I.S. et al. (2018). Methodology for selection of field crop forms
based on resistance to a set of biotic and abiotic factors. Kharkiv: FOP Brovin, 242 p. (In Ukrainian)
Pinchuk N.V., Verheles P.M., Kovalenko T.M., Okrushko S.Ye. (2018). General phytopathology: A textbook.
Vinnytsia, 272 p. (Ukrainian)

Raza A., Razzag A., Saher-Mehmood S. et al. (2019). Impact of climate change on crops adaptation and
strategies to tackle its outcome: A review. Plants, 8(2), article number 34.
https://doi:10.3390/plants8020034.

Retman S.V. (2007). Management of phytoinfection development. Quarantine and Plant Protection, 1,
19-20. (In Ukrainian)

Roézewicz M., Wyzinska M., Grabiriski J. (2021). The Most Important Fungal Diseases of Cereals—Problems
and Possible Solutions. Agronomy, 11(4):714. https://doi:10.3390/agronomy11040714

Selyaninov G.T. (1937). Methods of Agricultural Characteristic of Climate. World Agroclimatic Reference
Book. Leningrad—Moscow: Gidrometeoizdat, 5-29

Shvets |. (2016). Pyrenophora tritici-repentis (Died.) Drechsler — The causative agent of tan spot winter
wheat: morphological-cultural specifics and characteristics on the basis of virulence. Visnyk of the Lviv
University. Series Biology, 74. 53-59. (In Ukrainian)

Studnicki M., Derejko A., Wéjcik—Gront E., Kosma M. (2019). Adaptation patterns of winter wheat cultivars
in agro—ecological regions. Scientia Agricola, 76, 148-156. https://doi:10.1590/1678-992X-2017-0183
Sydorenko M.V., Chebotar S.V. (2020). The Effect of Drought on Wheat Plants at different Growth
Stages. Odesa National University Herald, 25.1(46), 67-87. https://d0i:10.18524/2077-
1746.2020.1(46).205848 (In Ukrainian)

Tkachyk S.0. (2016). Methodology for the examination of plant varieties of cereals, cereals and legumes
for their suitability for distribution in Ukraine. Vinnytsia: FOP Korzun D. Yu. 82 p.

Trybel S., Hetman M., Stryhun O. et al. (2010). Methodology of Assessing Resistance of Wheat Varieties
to Pests and Pathogens. Kyiv, UA: Kolobih, 362 p (In Ukrainian)

Trybel S.0. (2006). Protection of seed crops. Seed Production, 9, 13-16. (In Ukrainian)

Wu X., Bian Q., Gao Y. et al. (2021). Evaluation of resistance to powdery mildew and identification of
resistance genes in wheat cultivars. Peerd, 9, e10425. https://doi.org/10.7717/peerj.10425"10.7717
Yurchenko T., Pykalo S., Humeniuk O., Pirych A. (2020). Evaluation of drought tolerance of winter bread wheat
varieties of Myronivka breeding in the Central Forest-Steppe of Ukraine. Bulletin of Lviv National Environmental
University. Series Agronomy, 24, 141-146. https://doi:10.31734/agronomy2020.01.141 (In Ukrainian)

Zamlila N.P., Demydov O.A., Volohdina H.B. et al. (2019). Yielding capacity and adaptability of breeding
lines of winter bread wheat in environment of Ukrainian Forest-Steppe. Myronivka Bulletin, 9, 31-36.
https:doi: 10.31073/mvis201909-05 (In Ukrainian)

Zviahin A.F., Riabchun N.I., Yelnikov M.l. (2008). Adaptive potential of winter wheat varieties selected
by the V. Yuriev Institute of Plant Industry of the Ukrainian Academy of Agrarian Sciences. Plant Breeding
and Seed Production, 95, 223-229. https://doi:10.30835/2413-7510.2008.84782 (In Ukrainian)

EkonoriyHa nnacTUYHICTb KOPOTKOCTEONNX COPTIB NWEHULi M’SIKOT 03UMOI
(Triticum aestivum L.) Ta cTinKicTb A0 36yaAHUKIB nipeHocopo3y
(Pyrenophora tritici-repentis (Died.) Drechsler) i 6ypoi nucTkoBoI ipxi
(Puccinia recondita f. sp. tritici Rob. et Desm.)

A.B. Apouw, €.10. KyuepeHko, B.K. Pa6uyH, H.B. Kyabmuwuna, O.B. ConoHeuHa

Y 3B’A3Ky 3 MiHMMBICTIO MOLUMPEHNX 30YOHMKIB NIMCTKOBUX XBOPOD MLUEHMLi M’AKOI 03MMOi, YTBOPEHHSIM BipYIIEHTHNX
Ta arpecuBHUX pac, a TakoX 3 MepioAMYHMMU Mocyxamu, SKi 3i 3MiHaMK KniMaTy BCe 4YacTille cnocTepiralTbCs Ha
TepuTopii YKpaiHu, BUHUKaOTL NepesyMOoBM Ans NOrNnMbneHoro BUBYEHHsT afanTUBHUX BACTUBOCTEN COPTIB POCIUH
Ta BUAINEHHS cepel HUX Kpalwloro reHodoHay Ans cenekuii. Y poboTi npeacTtaBneHi pesynbTaTv BU3HAYEHHS
€KONOriYyHOi NNacTUYHOCTI B KOPOTKOCTEONMX COPTIB MIEeHULi M'skoi 03MMol, AndbepeHUinoBaHNX 3a CTilKiCTio 0o
36yaHuKiB nipeHodopo3y Ta Bypoi NMCTKOBOT ipxi. BuaineHo HOBI mxepena BUCOKOT Ta CTabinbHOI rpynoBoi CTIAKOCTI
0o 30yaHukiB nipeHodoposy Ta Gypoi nMcTkoBoi ipxi — Bepcist ogecbka (UKR) Ta Mescal (FRA). 3a cymoto paHris
reHoTunoBoro edekTy (&) Ta kKoediuieHTy perpecii (Ri) BpoXaHOCTI cepen KOpPOTKOCTEONMX COPTIB, BU3HAYEHO
reHoTVNN, AKi Bi3HaYalTbCs HAaNBULLIMM FreHETUYHMM MOTEHLianom aganTUBHOCTI (Cyma paHriB 2) A0 CTPECOBUX YMOB
BMPOLLYBaHHS B CXifHil YacTuHi Jlicocteny YkpaiHu, hopmytoumn npu LpoMy ypoxanHicTe noHaa 16 % go crtangapty,
a came: lNokposcbka (& = 1,92; Ri = 0,60), Bepcia ogecbka (&i = 1,21; Ri = 0,77), MIlN BigsHaka (&i = 1,05; Ri = 0,82)
(UKR); Mescal (i = 0,98; Ri = 0,65) (FRA) Ta SY Wolf (¢i = 0,94; Ri = 0,69) (USA). BctaHOBNEHO, L0 y KOPOTKOCTEBNMX
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COpPTiB reHOTUMNOBWIA edhekT BpoXanHICTi byB y Mexax Big -1,71 go 1,92, a koediuieHT perpecii — Big 0,60 go 1,45, wo
3HAYHOK MipOKO NO3HaYanocs Ha PiBHI €KOMOriYHOI NNACTUYHOCTI, Aiana3oH CyMU paHriB IKOT BapitoBaB Npu LibOMY Bif,
2 0o 6. Yactka 3paskiB 3 BUCOKMMU 3HAYEHHAMM reHOTUMNOBOro edekTy npu ubomy cknagana 33,3 %, a 3 BUCOKO
ctabinbHicTio peanisadii ypoxxanHocti — 41,7 %. BctaHOBNEHO, WO Yy KOPOTKOCTEGNUX reHOTUNIB MLEHMULi M’SKOi
03MMOI CTiINKICTb A0 36yaHuKiB Bypoi NMMCTKOBOI ipXi Ta NipeHodopo3y Ha 3HAYHOMY HEraTMBHOMY PiBHI KOPENIOOTH i3
CYMOIO paHriB reHoTMNoBoro edekTy i KoedilieHTy perpecii BpoxawHicti — r = -0,65, P < 0,01 Ta r=-0,58, P < 0,01
BignoBiaHO. BuaineHi oxxepena BUCOKNUX PiBHIB rpynoBoi CTiKOCTi Ao 36yaHMKIB nipeHodopo3y Ta 6ypoi MMCTKOBOI ipXi,
BMCOKOro MnoTeHuiany Ta cTabinbHOCTi ypOXaWHOCTi € LiHHUM BUXiOHUM MaTepianom Ans CTBOPEHHS HOBWMX Ta
BMCOKOMNEPCNEKTUBHMX COPTIB MLUEHWL M’IKOT 03MMOi a4anTUBHMX 10 CTPECOBUX YMOB BUPOLLYYBaHHSA Y CXiAHI YacTuHi
JlicocTteny Ykpainm

KnrwouoBi cnoBa: nweHuuys Mm’sika o3uma, enigoimomil, nnacmuyHicmb, cmabinbHicmb, eeHomunosuli egekm,
adanmuesHicmab, ypoxaliHicmb, Oxepesio
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Mpi3Buwa ykpaiHCLKOro HaceseHHs

AAK iIHCTPYMEHT NonynsiuinHo-reHeTUMHNUX AocCHigXKeHb
J1.0. AtpameHToBa, B.B. LLly6a, M.1O. FopnuHyeHko

B craTTi npuBoasaTbCA pesynbTraTy NOnynsAuiiHO-reHETUYHOTO AOCHIAXEHHS, BUKOHAHOIO 3a AOMOMOrOK Mpi3BuLL.
[oBeneHo, LWo yKkpaiHCbKi Npi3BuLLa BiONOBIAAaTL NonepeaHiM BUMOram, Lo BUCYBAKOTLCSA A0 HUX, SIK OO0 iIHCTPYMEHTY
nonynsauinHO-reHeTUYHOro  OOCHIAXEHHSA: BOHW CTabinbHO ycnagkoBylOTbCA Ginblle gecaTn MOKoNiHb  3a
naTpuniHiMHUM TUNOM; 3a  CeMaHTWKOK | Mopdponorielo € HaWbinbll PiIBHOMAHITHUMK Yy  CBITi; HEpPIBHOMIPHO
po3noaingalTbCa N0 TEpUTOpISX  KpaiHW, WO  BiOPI3HATbCA  icTopieto, AemorpadiyHumMu  npouecamu,
@HTPOMOMOrNiYHMMM TUMaMKU HaceneHHsi, Po3noAinomM 6ionoriyHnx MapkepiB. 3a KoedpiuieHTamn kopensuii Mk
NUTOMOIO Barok eTHIYHOI rpyni B nonynsauil i YACAOM e€THIYHMX MPi3BYLY, BUSBNEHO NPSIMUINA 3B'A30K. TakoX NpsiMun
3B'SI30K iCHYE MiXX MaTpuULAMN reHETUYHMX BiLCTaHeN, po3paxoBaHKX 3a rpynamu KpoBi, rannorpynamm Y XpoMocoMu
i BigcTaHamMuM 3a npissuwamn. [JocuTb CUMNbHUIA 3B'A30K MPIi3BULLY 3 FEHETUYHUMK Mapkepamun dae nigcraBy And
eKkcTpanonsuii 3HadeHb, odepXaHWxX 3a 4OMOMOro Mpi3BuLY, Ha reHodoHA HaceneHHs. lMokasaHo posnogin 20
HaryacTiWmX Npi3BuLY, B pisHUX perioHax. Po3paxoBaHi noka3Hukuy, ki BiabvBaTb CTPYKTYpYy nonynsauii i reHeTUYHi
npoLecH, WO B HUX MPOTIKaKTb: iHAEKC i30HIMIi Ir, MOKa3HWKN pisHOMaHITTA a, iHBpuanHry Fst, mirpadii v, nokasHuk
ynopsiakoBaHocTi H i HagMmipHocTi posnoainy R. lMOpiBHAHO Ui MOKa3HWMKM MK nonynauigMu y reorpadiyHomy i
iepapxiyHOMy po3TallyBaHHSAX. IHAEKC i30HIMii AEMOHCTPYIOTb YiTKMIN rpafieHT, Wo 36inbluyeTbCa Yy HanpsaMy Big
NiB4EHHOrO CXOAY KpaiHM [0 MiBHIYHOro 3axody. IHLi NoKasHWKM TakoX OOCUTb YiTKO 3MIHIOIOTb CBOE 3HAYEHHS 3
niB4EHHOro CXO04y Yy 3axigHoOMy i MiBHIYHO-3axigHOMY Hanpsamkax. Ha HuKYMX piBHSAX NONYyRsUINHOT CTPYKTYpU
andbepeHuinHa 3gaTHICTb NoKasHMKIB, po3paxoBaHMX 3a Mpi3BuULLaMu, 36inbLuyeTbes. Ha piBHI panoHHUX nonynsauin
BUSBMEHWI eDEKT 3aCHOBHMKA, KU € aHarnoromMm reHeTMYHoro apendy, LWo ocobnmBo YiTKO EMOHCTPYE MOKa3HMK
iHoekcy micuga lp. Po3nogin nonynsauinHMx NOKa3HWKIB 3HAXOA4MTb MOSICHEHHST B ICTOPUYHMX NoZisx i geMorpadivHmx
npouecax, Lo Manu Micue B icTopii KpaiHu.

Knto4oBi cnoBa: ykpaiHckki nonynauil, npissuwia, mokasHUKU i30HIiMii, iH6puduHey, pisHoMaHimmsi, migpauii
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BcTtyn

IHbopMaLis WoAo CTPYKTYPU NIOACBLKUX NONYMALiA | NpoLeciB, WO B HUX NPOTiKalTb, BiAHOCUTLCA
00 dyHOaMeHTanbHUX 3HaHb, SKi BMKOPMUCTOBYIOTBCA Y MEOUKO-TEHETUYHOMY KOHCYMbTYBaHHS, Mpu
cknagaHHi gemorpadivyHux Ta enigemMionoriyHMX MporHosiB Towo. Big cTpykTypy monynsuii 3anexuTb
3[0pPOB’sA, NpaLe3faTHICTb HAaCeNeHHs!, MOro iHTenekTyanbHin Ta KynbTypHUA noTeHuian. [Jo HeaaBHLOro
yacy TepuTopis YkpaiHM Oyna 6inol nnsAMoK Ha reHeTuko-reorpacdpivHii mani cBiTy. [eHeTuuHi
OOCNIMKEHHS YKPaiHCbKMX MONyrisuin, 3anovaTkoBaHi B XapKiBCbKOMY HaLiOHarnbHOMY YHiBEPCUTETI,
3aknanv nigsanvHu Lboro HanpsMKy B KpaiHi. MpoooBXeHHs1 gocnigkeHb NOTpebye po3LMPEHHS CnekTpa
meTodiB. B CBITOBIN aHTpoOMOreHeTUUi NpW BMBYEHHI MNONynsAUI BXe Oinblw  HK NiBCTONITTA
BMKOPUCTOBYIOTbCA Mpi3BuLa. Llei 3pyyHuid goiHaHCOBO HEOOTSHXKNMBUIA METOA Aae 3Mory npauioBaTtu 3
BENMKMMK MacuBamMu aHux.
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J1.0. ATpameHToBa, B.B. Wy6a, M.1O. MNopnuHyeHko
L.O. Atramentova, V.V. Shuba, M.Yu. Gorpinchenko

MigcTaBun Ansi BUKOPUCTaHHA MPI3BULL SIK IHCTPYMEHTY MonynsauiiHMX OocrigXeHb 6a3ytoTbCs Ha
AeKinbkox ix BracTuBocTsax. CemaHTuka i Mopdporiorisi npi3BuLLa Hece BiAOUTOK NpMHANEeXHOCTi ocodn Ao
€THoCcy 3 WMoro cneumdiyHMM reHodoHOOoM; naTpuniHinHeE ycnagkyBaHHA nNpisBULY Haragye nepenady
Y xpomocomu, matpuniHinie — nepegady mTOHK. Po3noagin npi3suy, B HaceneHHi aHamnoriYyHum mogeni
BipTyanbHOro MoKycy rpi3suuye 3 MHOXXMHHOIO CUCTEMOIO anenbHUX BapiaHTiB, 34ENneHoro 3 Y XxpoMOCOMO
y HapogiB 3 naTpuniHinHoto Tpaguuieto, abo 3 MTOHK y Hapogis, Ae NpuHaNeXHiCTb 40 poay BU3HAYaETbCA
no iHouyin niHii. PigkicHi nomunkn HanucaHHa abo BMMOBM Npi3BULLA, SIK | FeHHi MyTauii, cTabinbHO
YCMNafKoBYIOTbCH, @ 4acTOTM MPi3BULL, aHanorivyHi yactotam anenis. Bce nepeniyeHe 3a BMCMOBNEHHAM
H. MopToHa 3a ehbeKkTMBHOCTI Npi3BuLLa K MapKepiB NOPIBHAHE 3 KOAOMIHAHTHOK CUCTEMOIO.

MpisBMLWa He KOXHOrO Hapody npwaaTHi BMKOHYBaTW POfib MapKepiB, ANs LbOro BOHW MakTb
BigNoBigaT AeKiNbkoM ymoBaM: CTabinbHO nepeaaBaTUCs HE MeHLIEe OeCATW NMOKOMiHb, OyTu AOCTaTHBO
Pi3HOMaHITHUMK, HEPIBHOMIPHO PO3MNO4INATUCA MO TEPUTOPIT, MaPKyOUM OKpPEMi rpynn HacemneHHs, MaTn
3B'A30K 3 OionoriyHMMM oO3Hakamu, OyTM 3gaTHMMKM  audpepeHuitoBatu nonynsuii. 3’sacyBaTtn, 4um
BiANOBIgalOTb Npi3BMLLA YKPAIHCLKOrO HaceneHHs BMMOram, L0 BUCYBaKTbCA A0 HUX SK iHCTPYMEHTY
nonynsAuUinHO-reHeTUYHMX AoCNiaAXeHb Byno MeTO LibOro AOCHIAKEHHS.

Martepianu Ta metoau

MaTepianom gocnigXeHHs CnyryBanu iCTOPWYHI Ta eTHorpaddiyHi gkepena, AaHi gemorpadidyHol
CTaTUCTUKN, aHKeTM MeLLKaHUiB PidHMX nonynauin PospaxoBaHo, npisBuLLa HaceneHHs YKpaiHu CTaHOM
Ha 2001 pik. BukopuctaHo metoamyHi nigxoam, po3pobneni |. Barrai (Barrai, 1992).

YacToTu npis3BuLl, po3paxoBaHi gK:
=%
LN
Ae a; — KinbKiCTb HOCIiB i-ro npiseuwa; N — KinbKiCTb 0COBMH y nonynsuii.
lMoka3HMK BUNagKoBOi i30HIMIT | po3paxoBaHuin 3a opMysioH:

— 2
Ir - Z a;
BunapgkoBa koMnoHeHTa iHOpuanHry Fst BU3Hayanacs sk:
— 2
Fst - Z ql' /4‘
IHOekc mirpauii v pospaxoBaHuin 3a GOpMYyroto:

_ T
L,(N - 1)
lMokasHWK pi3HOMaHITHOCTI Npi3BULY, & pO3paxoBaHUi 3a POPMyIIoH:
Nv

1%

1-v
ae N — KinbkicTb 0COOMH y nonynsuii; v — iHaekc Mirpau;i.
IHOeke Micus I, ogepxaHo sk cepeaHe apudMeTUYHE paHriB ABafAUATN HARYaCTILLIWX B NONYNAUIT Npi3BULL,.
BukopuctaHo metoa GaraTOMIipHOro LIKamBaHHA. [€HeTMYHi  BigcTaHi Mk nonynsuismm
pospaxoBaHi 3a M. Nei (Nei, 1975).

Pe3ynbTaTt Ta 06roBopeHHs

Mepwi ykpaiHcbki npisBuwa 3Haxogdatb B rpamoTax XVIII ctonitta (Peabko, 1966). Lie cBiguuTb, WwWo
BOHU ycnagkoByloTbca noHag 300 pokie, TOGTO MpOTAroM He MeHwe 12 noKomiHb, a 3a CEMaHTUKO
Mopdpororieto yKpaiHCbkKi Npi3BuLLIa € HanbiNbLL pi3HOMaHITHUMK Yy CBITi (Pegbko 1966, 1968). B HaceneHHi
YkpaiHu 6yno HanivyeHo 697 147 npissuw,. Cepen BUBYEHUX KpaiH binblie nuwe B HaceneHHi CLUA — 899
585 npizeuwy (Barrai, 2001). Noka3HUK X pPi3HOMaHITHOCTI B 3aranbHiil yKpaiHCbKi nonynsauil JOpiBHIOE a
= 47 x 102 i € HaMBULLMM cepep BUBYEHUX KpaiH (Tabn. 1).

LWLoao oo BMMOru HepiBHOMIPHOCTI po3noAiny no TepuTopii, TO BigoOMO, LLO Npi3BuLla i3 CYy(DiKCOM -
€HKO PO3MOBCIOKEHI B LEHTPI Ta Ha CXodi KpaiHw, Npi3BuLLA Ha -YK, -FOK, -akK, -5k MOLUMPEHi Ha 3axofi
(Penbko, 1966, 1968). Puc. 1 gemMoHCTpye po3nodin ABagudTy HanvacTilwmnx B YKpaiHi npissuL, Mo maTtu
perioHax kpaiHun. Lli Teputopii mawTb HeogHakoBy ictopito (Ipywescbkin, 1990), BigpI3HAIOTHCS
aHTpononoriyHnMn Tunamu HaceneHHsa (Cerega, 2001), posnoaginom rpyn kposi (TumolueHko, 1978),
MapkepiB MiToxoHApianeHoi AHK (Pshenichnov, 2007), rannorpyn Y xpomocomu (Utevska, 2015). HaBegeHe
CBigYMTb NpO 3B'A30K Mpi3BuML, 3 BiONOrYHUMUN OCOBNMBOCTAMM HACENeHHs!, 3 MOro reHoYoHAOoM, i LWob
BifoOpa3uTy Ler 3B’A30K KinbKicCHO Oynn obumncneHi koedilieHT kopensauii Mk MMTOMOI Barok eTHIYHOT
rpynu B NONynsLisX i YMCNOM BIAMOBIAHMX ETHIYHUX MPi3BULL cepef, CTa HanyacTiwmx. Mik uyumm
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pissuwa yKkpaiHCbK020 HaceneHHs1 K iHCMpyMeHm MomysayitiHO-eeHemuyYHUX 00CTiOXeHb

Surnames of the ukrainian population as a tool of population and genetic research

MOKa3HMKaMn BUSIBIIEHO NPSMUIA 3B'A30K, LLO OMUCYETLCS MO3UTUBHMM KoedilieHTom Kopensuii CrnipmaHa rs:
ONs yKpaiHCbKMX Npi3BuLL BiH AopiBHIOE s = 0,703, pocincekux rs = 0,739, ansa «iHwux» rs = 0,393.

Tabnuusa 1. NMonynsAuinHi nokasHMKKU, oaepXKaHi 3a npisBuWamm, B pisHUX KpaiHax
Table 1. Population indicators obtained by surnames in different countries

lMonynsayis I, x104 ax10? N k Asmopu
ABCTpis 2,60 8,54 1 000 000 140 766 Barrai, 2000
Benbrist 2,15 46,46 1118 004 137 380 Barrai, 2004
ITanis 1,71 — 5100 000 215 623 Barrai, 1999
. Rodriguez-
HimeyvumnHa 3,50 28,55 5150 310 462 526 Larralde, 1998
Higepnangu 4,20 23,78 2400 210 126 485 Barrai, 2002
®paHuis 3,10 42,29 6 000 000 495 104 Scapoli, 2005
Ykpaita 2,13 46,99 46 449 268* 697 147 r°p”2"'(;'f§”"°'
CLWA 3,24 13,66 18 000 000 899 000 Barrai, 2001
ApreHTuHa 11,02 4,22 22 600 000 414 441 Dipierri, 2005
Beecyena 18,00 2,10 3 905 487 68 665 Rodriguez-
' ' Larralde, 2000
. Rodriguez-
Bonisis - 1,22 23244 064 174 922 Larralde, 2011
Maparsan 66,00 1,51 4 843 868 39 021 Dipierri, 2011
AxyTia 23,10 4,33 491 259 44 625 Tarskaia, 2009
Kutan 260,00 0,28 1 277 000 000* 7327 Liu, 2012
MpumiTka. |, — iHOEKC i30HIMIi, a — iHOEeKC pi3HOMaHITTA N — 4YMCENbHICTb BUBYEHUX rpyn, * —

TOTanbHUA CNUCOK, K — KiNbKICTb Npi3BuLL,.
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Puc. 1. Poznoain aoBagusiTm Han4acTilumx npissuLy B perioHax YKpaiHu (no BepTukani — KirbKiCTb HOCITB MPi3BKLLL)
Fig. 1. Distribution of the twenty most frequent surnames in the regions of Ukraine (vertically - the number of
bearers of surnames)

MeTogomM GaraToBMMIPHOrO LUKanoBaHHA OdepXKaHO HaWBadKIUBILLMIA apryMeHT ONsi BUKOPUCTaHHS
YKpPaiHCbKNX Mpi3BULL, B reHeTULi — Le iX acouiauis 3 GionoriyHumMmn o3Hakamu. BCTaHOBMEHO, WO MiX
MaTpuLUAMUM reHeTUYHUX BiACTaHen, pospaxoBaHux 3a rpynamu kposi cuctem ABO, Rh, rannorpyn Y
XPOMOCOMM i BiACTaHsIMM, i BiACTaHAMM, pO3paxoBaHUMK 3a MpPi3BULLAMWN, iICHYE 3B'A30K, LLIO OMUCYETHCH
koediyieHToM Kopensuii (r) ctaHoBuTb 0,58-0,60, Wo chniBnagae 3i 3HaYeHHSIM Takoro KoedilieHTa B iHLWNX

BicHuk XapkiBCcbKOro HaLjioHanbHoro yHisepcuteTy imeHi B. H. KapasiHa
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J1.0. ATpameHToBa, B.B. Wy6a, M.1O. MNopnuHyeHko
L.O. Atramentova, V.V. Shuba, M.Yu. Gorpinchenko

CNOB’SAHCbKUX Monynsiuisx. MoXnueicTb ykpaiHCbKMX Npi3BuLY, AndepeHLitoBaTy nonynsauii 6yna 3'acopaHa
npw aHanisi 3asganerigb po3paxoBaHUX 3arasbHOMNPUMHATUX NOKA3HMKIB, 3a AKMMW NOpPIBHIOBaNKM Nonynsui
y ropusoHTanbHoMy (reorpachiyHo) Ta BepTuMKanbHOMY (iepapXiyHO) HanpsiMkax. |HOekc i3oHiMii —
iHTerpanbH1N NOKa3HKK, Lo NO3HaYa€e MMOBIPHICTb BUMAAKoBOro 30iry npissuLy y ABOX YNEHIB NOMynsiii.

Posnogin 3HauyeHb |, ana obnacHux nonynsauin AeMOHCTPYIOTb YiTKMW rpadieHT, wo 36inblyerbes
y HanpsiMy BiA NiBAEHHOrO Cxody KpailHW OO0 MiBHIYHOro 3axody (pwc. 2). IHWi nonynsuiviHi NOKa3HWKW,
po3paxoBaHi Ha niacTasi I 3 BUKOPUCTAHHAM YUCENbHOCTI NMOKaNbHOrO HacemneHHs!, TakoX AEMOHCTPYIOTb
CBOEPIOHI TepuTopianbHO OBYMOBMEHI rpadieHTn, WO 3axoAuTb MOriYHe MOSACHEHHs B gemMorpaddidHmnx
npouecax, Lo manu mMicue B icTopii. Tak nokasHMK Pi3HOMaHITTS Mae HanbinblLle 3Ha4YeHHs1 cepef obnacTemn
YkpaiHn B Kpumy (62,3 x 102) i 06yMOBMNEHUIN po3TallyBaHHSAM MIiCLIEBOCTI Ha MepeTuHi TOproBenbHUX
LUIAXIB | BOEHHMX KOHNIKTIB, WO NPM3BOAMAN OO NEPEMILLEHHS BENTMKMX Mac Pi3HUX Hapoais. HanHmkye
3Ha4YeHHs1 MnokasHuka pisHomaHiTTs (14,0 x 102) y BonuHcbkin obnacti obymoBrneHe ocobnmBocTaMu
nangwadTy (nicn, 6onoTa), Wo nepelkomkae Mirpaudigsm. Came ue BigOMBae i NOKA3HWK FEHETUYHOI
egeKTMBHOCTI Mirpauii, ki BigOvBae cTabinbHICTb nonynsauii nig BnnvMBoM Mirpadii. [0ns HaceneHHs
YkpaiHu B uinomy BiH gopiBHioe v = 1,0 x 104, Haibinblwloro reHeTuyHoro BNAvMBY Mirpadii 3a3Harno
HaceneHHsa niBgeHHMx obnacten (Kpum, MukonaiBcbka Ta XepCcoHCbka 06nacTi), Ae 3HAaYeHHs LbOoro
nokasHuka Bapitoe B Mexax (34,1-38,2) x 104, a B iHWKx obnacTsx B ABa-N'ATb pasiB Hx4Ye. KoediuieHT
iHBPNAMHIY (PYHKUIOHANbHO MOB’A3aHUN 3 iHAEKCOM i30HIMiT (Fsi= I/4), TOMy Oro posnogin mae Takux
BUMMNA, SK Ha puc. 2. B uinomy ans HaceneHHst YkpaiHu BiH gopiBHoe Fs = 5,3 x 105 3 HanBuwmm
3Ha4yeHHAM cepen obnacTen B BONMMHCbLKIN nonynauii i HanHwk4um B Kpnmy. [JOTUYHICTb BUKOPUCTAHHS

KPM
1,61

Puc. 2. Po3nogin nokasHuka i3oHimii I; (x10%) B nonynsuisix o6nacHoro piBHs

(MosHaveHHs obnacten: BHL — BiHHuubka, BJIH — BonuHebka, OHIN — [OxinponeTtposcbka,JHL —
HoHeubka, )KTM — Xutomupcbka, 3KP — 3akapnaTtcbka, 3P — 3anopisbka, |9 — IBaHO-DpaHKiBCbKa,
KWNIB — Kuiscbka, KPB — Kiposorpaaceka, KPM — AP Kpum, JTTH — NyraHcbka, JIBB — JTbsiBcbka, MKJ
— Mukonaisckka, OJC — Opecbka, MNT — lMNonTtascebka, PBH — PiBHeHcbka, CYM — Cymcbka, TPH —
TepHoninbcbka, XPK — XapkiBcbka, XPC — XepcoHcbka, XMJT — XmenbHuubka, YPC — Yepkacbka,
YPL|, — YepHiBeubka, YPH — YepHiriscbka)

Fig. 2. Distribution of the isonymy indicator I: (x10%) in populations at the regional level

(Region designations: BHL — Vinnytsia, BJIH — Volyn, OHIT — Dnipropetrovsk, OHL, — Donetsk, XXTM
— Zhytomyr, 3KP — Zakarpattia, 3P — Zaporizhzhya, I® — Ivano-Frankivsk, KMIB — Kyiv, KPB —
Kirovohrad, KPM — AR Crimea, JI'H — Luhansk, J1IBB — Lviv, MKJT — Mykolaiv, OC — Odesa, INMNT —
Poltava, PBH — Rivne, CYM — Sumy, TPH — Ternopil, XPK — Kharkiv, XPC — Kherson, XMJT —
Khmelnytsky, YPC — Cherkasy, YPL| — Chernivtsi, UPH — Chernihiv)
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pissuwa yKkpaiHCbK020 HaceneHHs1 K iHCMpyMeHm MomysayitiHO-eeHemuyYHUX 00CTiOXeHb

Surnames of the ukrainian population as a tool of population and genetic research

Npi3BULL, ANst pOo3paxyHKy iHOpuAWHIY JoBedeHa TakoX TUM, WO MK Fs i YACENbHICTIO HaceneHHs B
pavioHax iCHye 3BOPOTHUI 3B’A30K, BigOOpaXkeHil Big eMHUM koedoilieHTom kopensuii (r = —0,38 B Oaecbkin
i r =-0,80 B NonTtaBchbkin obnacri).

IHaekc micus lp, obYncneHnn 3a npisBuLLLAMKW, € aHANOTOM FEHETUYHOI BiACTaHi MK nonynauigmu.
BiH po3paxoByeTbCs K cepefHii paHr HanbinbLL NOLMPEHMX MPI3BULL B NONYMSALiSX, LLO NOPIBHIOKTLCS.

YPH
20 C¥YM
23
KUIB
= IIJIT XPK
23 18
LIZI(;C JI'H
JHIT 43
KPB
23 48 JIHIT
38
MEKJI 3gP
oac 15
84 XPH
36
KPM
46

Puc. 3. Po3nopgin noka3Huka lzo no o6nactax. NNo3HayeHHs siKk Ha puc. 2
Fig. 3. Distribution of the Iz indicator by regions. Designation as in Fig. 2

CepepfHin iHOekC Micus, po3paxoBaHuMM 3a ABagudTbma MpisBMWamMM AN BCiel YKpaiHu JOpiBHIOE
l20 = 10,5. Bnivkye BCiX 40 LbOro 3Ha4YEeHHA 3HAXOAUTBLCA KMiBCbka obracHa nonynsauisa (I = 14, puc. 3). Y
HanpsMKy 00 KOPAOHIB 3Ha4YeHHs iHOeKcy 36inblyeTbcs, 0cobnmBo y 3axidHOMY HanpsaAMKy, OOCSralyun
BigcTaHi 120=1238 ansa 3akapnartcbkol nonynsauii. Ha puc. 3 BUManboBYeTbCS KapTUHA, O MNOSICHIOETBLCS
nogisiMu, Ski Manu Micue B MUHYNOMY: 3HAXOKEHHIO 3axigHOl i CXigHOT YacTuH YkpaiHu y cknagi pisHUX
iMnepin, 3axigHoi B ABCTpO-Yropcbkin, cxigHol y Pociicbkin. BcTaHoBneHo, Wo po3dinbHa 34aTHICTb
NOoNynAUINHUX NOKa3HMKIB MiABULLYETBCA HA HWXYUX CTYNEHAX NONynsuiiHoi iepapxii. Tak, Ha obnacHomy
PiBHi 4iTKille HDK Ha perioHanbHOMY, CMoOCTepiraeTbCs pPo3nodin MonynsuiiHUX MNOKa3HUKIB, KUK
MOSICHIOETBCA NodanbHUMK  iICTOPUYHUMK  nodismn. Ha paioHHOMY piBHI crnocTepiraeTbca ABULUE,
aHanoriyHe apendy reHisB — edekT 3aCHOBHMKA. BiH NposBRseTbCa y BenMYesHin BiACTaHi MK panoHHUMN
nonynauismMu, Wo MexyrTb. 3aBAsku LbOMY Manu obnacten MakwTb Mo3aidHuMi BuUrnsa. Hacnigkom
edeKTy 3aCHOBHUKA CNyxaTb NPUKNaamM TOro, WO B AesKUX 00nacTsx OyKe MOLUMPeHi npissuwla, Wo €
HaA3BMYaMHO PIAKICHUMK B KpaiHi B Linomy.

JocnTb cunbHU 3B'A30K MPi3BUL, 3 TEHETUYHUMW MapkepaMu a€ niagctaBy AN ekcTpanonsuii
3HaveHb, oepXaHux 3a JOMNOMOrol Mpi3BuL, Ha reHoOHA HaceneHHs. 3oKkpema BUCOKe Pi3HOMAaHITTA
npi3BuLL, 3 BEMKOI MMOBIPHICTIO CBigYUTb MO iCHYBaHHA BiAMOBIAHOMO FEHETUYHOro Pi3HOMAaHITTSH, Lo
3abesnevye CTiKICTb NONYNALIN B eKCTPeEMarbHUX YMOBaX, LLIO NOCTINHO 3MiHIOKTbCA. Po3nogin npissuL,
WO BigoOpaxyeTbCa y MONYMAUINHUX MOKa3HWKaxX OA€ 3MOry YTOYHWUTU iCTOPI0 OKPEMMX MONynsuin,
opieHTyBaTV gemorpadis i MEAUYHUX FrEHEeTUKIB Ha NokKaniTeT 3 3arpo3nNUBMM CTaHOM A1 CBOEYACHOro
BXWMBaHHSA 3ax0fiB AN NpoTuAil HeraTUBHUX HacniakKiB, a oaepaHi NonynAUinHi NOKa3HUKN CRYXUTUMYTb
BiONPaBHMMM TOYKaMM y NOAAsNbLUNX SOCHIIKEHHAX.
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Surnames of the ukrainian population as a tool of population and genetic research
L.O. Atramentova, V.V. Shuba, M.Yu. Gorpinchenko

The article presents the results of population genetic research, Execution with the help of surnames. It is proved that
Ukrainian surnames meet the previous requirements for them as a tool of population genetic research: the stench is stably
inherited for more than ten generations by patrilineal type; semantics and morphology are the most diverse in the world;
unevenly distributed throughout the country, differing in history, demographic processes, anthropological types of
population, the distribution of biological markers. According to the correlation coefficients between the weight of the ethnic
group in the population and the number of ethnic surnames, a direct connection was found. There is also a direct link
between the matrix of genetic distances calculated by blood groups, haplogroups of the Y chromosome and distances by
surnames. A rather strong connection of surnames with genetic markers provides a basis for extrapolating the values
obtained with the help of surnames to the gene pool of the population. The distribution of the 20 most frequent surnames
in different regions is shown. Calculated indicators that reflect the structure of the population and the genetic processes
that take place in them: index of isonymy Ir, diversity a, inbreeding Fst, migration v, order H and redundancy distribution
R. These indicators are compared between populations in geographical and hierarchical location. The isonymy index
shows a clear gradient that increases in the direction from the southeast to the northwest. Other indicators also change
their value quite clearly from the South-East to the North-West directions. At lower levels of the population structure, the
differential ability of indicators calculated by surnames increases. At the level of district populations, Identifying the
founder's effect is analogous to genetic drift, which is particularly clearly demonstrated by the index of the place Ip. The
distribution of population indicators is explained by historical events and demographic processes that have taken place in
the history of the country.

Key words: Ukrainian populations, surnames, indicators of isonymy, inbreeding, diversity, migrations
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Schistosoma japonicum complex: COIl-sequences variations of parasites and

their intermediate hosts analyzed using BLAST
M.L. Nelwan

In this research, | report on the relationship between S. ovuncatum, S. sinensium, S. japonicum, S. mekongi, and
S. malayensis. In addition, | also report on the relationship between five species of Oncomelania and Neotricula
aperta, Robertsiella spp, and Tricula spp. Furthermore, | describe the formation of the genus Oncomelania from its
predecessor forms. The results of nucleotide BLAST showed that S. japonicum shares 99.45% identity with
S. malayensis, 98.77% identity with S. mekongi, 98.07% identity with S. sinensium, and 97.85% identity with
S. ovuncatum. In addition, the sequence of S. malayensis shares 100% identity with S. mekongi. The E value is less
than 0.01. There was no amino acid replacement in the alignment results of the S. japonicum complex. There are no
base substition in S. malayensis and S. mekongi, 37 base substitutions in S. malayensis and S. sinensium, ten base
substitutions in S. malayensis and S. japonicum, five base substitutions in S. malayensis and S. ovuncatum. The tree-
view slanted cladogram showed that S. sinensium is a sister to S. ovuncatum. It split into S. japonicum. Schistosoma
japonicum splits into S. mekongi and S. malayensis. The results also showed that Oncomelania robertsoni shares
86.12% identity with Neotricula aperta, 85.88% identity with Robertsiella spp., and 85.28% identity with Tricula bollingi.
The E value is less than 0.01. There are two amino acid replacements in O. robertsoni and N. aperta alignments, four
amino acid replacements and 84 base substitutions in O. robertsoni and Robertsiella, and two amino aciid
replacements and 88 base substitutions in O. robertsoni and T. bolingi. The tree-view slanted cladogram showed that
Tricula spp. split into N. aperta and Robertsiella spp. This study showed that Oncomelania rose from its predecessor
forms. Nucleotide BLAST results showed that S. ovuncatum is close to S. sinensium. Schistosoma sinensium split into
S. japonicum, S. mekongi, and S. malayensis. Oncomelania robertsoni was close to N. aperta than to Robertsiella spp.,
and then Tricula spp. (Tricula bollingi). Oncomelania species emerged from their predecessor forms.

Key words: Schistosoma japonicum complex, Neotricula aperta, Oncomelania, Oncomelania lorelindoensis,
schistosomiasis, Robertsiella spp., Tricula spp.
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Introduction

Blood flukes of the genus Schistosoma cause schistosomiasis infections in animals and humans. The
genus Schistosoma infects approximately 220 to 230 million people (Sanchez et al., 2021). Schistosomiasis
causes 24,072 to 200,000 deaths annually, and 779 million people are at risk. In addition, it causes a world
burden of 3.3 million disability-adjusted life years (Nelwan, 2022). It is one of the main parasitic diseases that
are important for public health in tropical and sub tropical countries (Orpin et al., 2022). The disease can
spread through water-based development projects, immigration, and travel or tourism (Nelwan, 2019). It
occurs in Africa, Asia, South America, and several Caribbean islands (Haggag et al., 2019; Neves et al.,
2015). It can also occur in non developing countries such as France (Rothe et al., 2021).

Five Schistosoma species occur in the Far East: Schistosoma japonicum, S. malayensis, S. mekongi,
S. ovuncatum, and S. sinensium (Wang et al., 2021). Three of them can cause human schistosomiasis:
Schistosoma japonicum, S. malayensis, and S. mekongi (Al-Olayan et al., 2016; Gordon et al., 2019).
Schistosoma japonicum occurs in East Asia and Southeast Asia, i.e., China, Indonesia, and the Philippines
(Budiono et al., 2020). Schistosoma malayensis occurs in Malaysia, and S. mekongi occurs in Cambodia
and Laos (Gordon et al., 2019).
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Latif et al. (2013) showed that S. malayensis is approximately 10% different from S. mekongi and
approximately 25% different from S. japonicum genetically (Latif et al., 2013), suggesting that S. malayensis
has a closer family relationship with S. mekongi than with S. japonicum. Schistosoma ovuncatum occurs in
Thailand. Schistosoma sinensium occurs in China and Thailand. Schistosoma sinensium can infect
rodents, rabbits, and tree shrews (Wang et al., 2021). Schistosoma ovuncatum can infect rodents, rats, and
Tricula bollingi (Inceboz, 2022).

The Schistosoma japonicum complex life cycle requires two hosts: a definitive host and an
intermediate host. Sexual or asexual reproduction occurs in these parasites. Sexual reproduction occurs in
mammals (Nelwan, 2022) or nonmammal hosts (Brant and Loker, 2005; Walker, 2011; Budiono et al.,
2019). Mammals can include cattle, dogs, horses, and humans (Budiono et al., 2019). Schistosomes can
infect birds (Brant and Loker, 2005; Walker, 2011), suggesting that schistosomes may infect mammals and
nonmammals. Mouabhid et al. (2018) stated that cercariae enter specific host skin, forming schistosomula,
grow into schistosomes and adult worms, mate, and produce eggs. Definitive hosts release eggs into the
external environment through feces. In fresh water, these eggs form miracidia, hatch, and infect an
intermediate host, the Oncomelania snail. Inside the snail, this develops into a mother sporocyst and then
produces daughter sporocysts. Daughter sporocysts produce either cercariae or more daughter sporocysts
(Mouahid et al., 2018). Asexual reproduction occurs in intermediate hosts (Nelwan, 2019).

For intermediate hosts, Schistosoma malayensis infects Robersiella spp. snails (Gordon et al., 2019).
Schistosoma mekongi infects Neotriculla aperta snails (Attwood et al., 2019). Schistosoma ovuncatum and
S. sinensium infect Tricula spp. snails (Wang et al., 2021). Schistosoma japonicum infects the genus
Oncomelania: Oncomelania hupensis (Fang et al., 2022), O. lorelindoensis, O. robertsoni, and O. quadrasi
(Nelwan, 2022; ZooBank, 2022). My sequence results showed that Oncomelania hupensis differs from
Robertsiella spp. by approximately 16% and from Neotriculla aperta by approximately 15%, suggesting that
O. hupensis has a closer relationship to Neotricula aperta than to Robertsiella spp.

The study of the evolution of the genus Schistosoma (Lawton et al., 2011) and the evolution of their
intermediate hosts, especially the genus Oncomelania (Nelwan, 2022), has been an area of major debate
and research (Lawton et al., 2011). Latif et al. (2013) showed the relatedness between S. japonicum, S.
malayensis, and S. mekongi (Latif et al., 2013). However, this explanation still requires further information
regarding the relatedness. In addition, the relatedness of the five Oncomelania species isolates and
Neotricula aperta, Robertsiella sp. and Tricula sp. does not yet have a detailed explanation. More
information is needed regarding, for example, the percentage of the relationship between Oncomelania and
N. aperta. In addition, Carney et al. discovered the intermediate host of Sulawesi S. japonicum in Lindu
Valley in 1971 and named it Oncomelania hupensis lindoensis (Sudomo, 1983). This means that both of
them admit that Sulawesi Oncomelania originates from China. My sequences show that Sulawesi
Oncomelania originated from its antecedent form, i.e., proto-Oncomelania lorelindoensis in Sulawesi, the
eastern part of Indonesia. It is beyond the O. hupensis group.

In this paper, | report on the relatedness between S. japonicum, S. malayensis, S. mekongi, S.
ovuncatum, and S. sinensium. | also report on the relationship between five Oncomelania species,
Neotricula aperta, Robertsiella spp, and Tricula spp. Moreover, | describe the development of the genus
Oncomelania from its antecedent form.

Materials and Methods

In this study, | used the nucleotide NCBI BLAST to assess similar identity using two or more
alignments and tree views of Asian Schistosoma and its intermediate hosts. The NCBI BLAST sequences
are reliable for carrying out analyses of the relatedness of Asian Schistosoma isolates and the relatedness
of its intermediate host isolates.

| used nucleotide BLAST for two or more alignments to obtain accession numbers, E values, identity
percentages, and query cover percentages. The sequences used in this study were all from GenBank for
the S. japonicum complex and its intermediate hosts. The nucleotide BLASTs were performed with the
nucleotide NCBI BLAST. For query cover, if the first BLAST (megablast) was nonsignificant, | performed
BLAST for somewhat similar sequences (blastn) (Nelwan, 2022). These data were used for a tree-view
slanted cladogram of Asian Schistosoma spp. and their intermediate hosts. These intermediate hosts
include Neotricula aperta, Oncomelania, and Robertsiella sp.

To see how the sequences might differ, | used pairwise dots for identities and the coding sequence
(CDS) feature from the NCBI. For the sequence differences, from the nucleotide blast results, go to the
Alignments tab, and in the Alignment view drop-down menu, select Pairwise with dots for identities, and then
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click the checkbox next to the CDS feature. In the results, there are four lines. The top line is a query sequence
containing amino acid translation. The second line comprises bases where the subject sequence is identical
to the query sequence and is replaced by dots. Bases where the subject sequence differs from the query
sequence appear in the third line as A, C, G, or T. The fourth line shows the amino acid translation for the
subject sequence. | used the alignment results to count total base substitutions in the third line and total amino
acid replacements in the fourth line. The CDS feature is good for comparing the relatedness of taxa.

Creation of the tree-view slanted cladogran was as follows: First, from the nucleotide NCBI BLAST
results go to the Description tab and click the Distance Tree of the Results links. Second, in the rectangle
tree, go to the menu Tools > Layout and select slanted cladogram (Nelwan, 2022; Smith, 2023). Rectangle
cladogram from NCBI is comparable to rectangle cladogram from PhyML (Nelwan, 2023).

Nucleotide BLAST on the Schistosoma japonicum complex

For the nucleotide BLAST on the S. japonicum complex, | accessed the reference sequence from
GenBank at the National Center for Biotechnology Information (NCBI). For the S. japonicum complex, |
used 18S for analysis. | performed a megablast analysis of these data. Data include accession numbers
and locations (Table 1).

Table 1. Data used in locus 18S of Schistosoma japonicum complex

Species accession location

S. japonicum AY157226.1 Philippines, Southeast Asia
S. malayensis AY157227.1 Malaysia, Southeast Asia

S. mekongi AF465928.1 Laos, Southeast Asia

S. ovuncatum AF465929.1 Thailand, Southeast Asia

S. sinensium AY157225.1 China, East Asia

S.: Schistosoma

Nucleotide BLAST results were used to show relatedness between species in the Schistosoma
japonicum complex. The results were also used to show identity similarity percentage, difference of amino
acids if any, difference of genetic code (bases), and tree relationships in evolution.

Nucleotide BLAST on intermediate hosts of the Schistosoma japonicum complex

For nucleotide BLAST on intermediate hosts, | accessed the reference sequence from GenBank at
NCBI that originated from sources such as Attwood et al. (2015) and Kameda and Kato (2011). The source
is the cox1 locus (CO1) and the megablast. Data included accession numbers and their locations (Table 2).

Table 2. Data used in locus COI for intermediate hosts of Schistosoma japonicum complex

Species accession location
Oncomelania minima AB611791.1 Japan, East Asia
Neotricula aperta AF531541.1 Laos, Southeast Asia
Robertsiella spp. AF531550.1 Malaysia, Southeast Asia
Oncomelania robertsoni KR002675.1 China, East Asia
Tricula bollingi AF531553.1 Thailand, Southeast Asia
Oncomelania hupensis GU367391.1 China, East Asia
Oncomelania quadrasi DQ112287.1 Philippines, Southeast Asia

Nucleotide BLAST results were used to show a relationship between the intermediate hosts of the
Schistosoma japonicum complex. The results were also used to show identity percentage, difference of
amino acids if any, difference of bases, and tree relationships in evolution.

Megablast on Oncomelania hupensis

For the megablast on O. hupensis, | accessed the reference sequence from GenBank at NCBI. Data
included accession numbers (Table 3).

Megablast results showed a relationship between O. hupensis, O. hupensis hupensis, O. hupensis
nosophora, O. robertsoni, and O. quadrasi. The results were also used to compare different amino acids,
different bases, and tree relationships in evolution. These data were obtained by performing a megablast
of O. hupensis NC_013073.
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Table 3. Data used on Oncomelania hupensis megaclast

Species accession location
Oncomelania hupensis NC 013073.1 China, East Asia
Oncomelania h. hupensis JF284688.1 China, East Asia
Oncomelania h. hupensis JF284690.1 China, East Asia
Oncomelania h. hupensis JF284692.1 China, East Asia
Oncomelania robertsoni JF284697.1 China, East Asia
Oncomelania quadrasi JF284698.1** Philippines, Southeast Asia
Oncomelania h. nosophora LC276225.1 Japan, East Asia
Oncomelania h. nosophora LC2766.1 Japan, East Asia
Oncomelania robertsoni EU079378.1 China, East Asia
Oncomelania robertsoni LC276228.1 China, East Asia
Oncomelania quadrasi LC276227.1 Philippines, Southeast Asia
h.: hupensis

Results

Percent sequence identity of the Schistosoma japonicum complex

Nucleotide BLAST, which is a megablast, showed that Philippines S. japonicum shares an identity of
99.45% with Malaysia S. malayensis, 98.77% identity with Laos S. mekongi, 98.07% identity similarity with China
S. sinensium, and 97.85 identities with Thailand S. ovuncatum. E values are 0.0 for Malaysia S. malayensis and
China S. sinesnsium, 1e-167 for Laos S. mekongi, and 1e-162 for Thailand S. ovuncatum (Table 4 and Figure 1).
Moreover, the sequence of Malaysia S. malayensis shares 100% identity with Laos S. mekongi.

There was no amino acid replacement in the alignment results. In addition, there were no base
substitutions in the alignments of Malaysia S. malayensis, Laos S. mekongi, Philippines S. japonicum,
China S. sinensium, and Thailand S. ovuncatum. In Malaysia S. malayensis and Laos S. mekongi, there
are no base substitutions (247/247 = 100%), 37 base substitutions (242/247 = 98%) in Malaysia
S. malayensis and China S. sinensium, and ten base substitutions (1792/1802 = 99%) in Malaysia
S. malayensis and Philippines S. japonicum, five base substitutions (242/247 = 98%) in Malaysia
S. malayensis AY157227.1 and Thailand S. ovuncatum.

Percent sequence identity of intermediate hosts of the Schitosoma japonicum complex

The megablast results showed that Japan O. minima shares 82-85% identity with all the listed
species. In addition, China O. hupensis shares 82-84% with all the listed species. All the E values are <
0.01 (Table 5, Figure 2, and Figure S).

There were amino acid replacements and base substitutions in the alignments of O. robertsoni,
Neotricula aperta, Robertsiella, and Tricula bollingi. In the China O. robertsoni and Laos N. aperta
alignments, there are two amino acid replacements and 83 base substitutions (515/598 = 86%), four amino
acid replacements and 84 base substitutions (511/595 = 86%) in China O. robertsoni and Malaysia
Robertsiella, and two amino acid replacements and 88 base substitutions (510/598 = 85%) in China O.
robertsoni and Thailand T. bollingi.

Percent sequence identity of Oncomelania hupensis, O. robertsoni, and O. quadrasi

The megablast results showed that China O. hupensis shares 95-98% identity with all China O.
hupensis hupensis and all Japan O. hupensis nosophora, indicating both are subspecies of China O.
hupensis. The percentage is more than 95%. It also shares 89-91% identity with all Philippines O. quadrasi
and all China O. robertsoni), indicating both are beyond O. hupensis group. All the E-values equal to 0.0
(Table 6 and Figure 3).

In this study, it was taken alignment results between China O. hupensis and Philippines O. quadrasi,
China O. robertsoni and China O. hupensis, and China O. robertsoni and Philippines O. quadrasi. In the
China O. hupensis and Philippines O. quadrasi alignments, there are 153 amino acid replacements and
1596 base substitutions (13599/15195 = 89%). In the China O. robertsoni and China O. hupensis
alignments, there are 173 amino acid replacements and 1569 base substitutions (13636/15205 = 90%). In
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the China O. robertsoni and Philippines O. quadrasi alignments, there are 170 amino acid replacements
and 1675 base substitutions (13527/15202 = 89%).

Schistosoma
sinensium
98.07%

Schistosoma
ovuncatum
97.85%

Schistosoma
japonicum

Schistosoma
malayensis
99.45%

Schistosoma
mekongi
98.77%

Figure 1. BLAST tree views slanted cladogram of Asian Schistosoma spp. Relatedness of Asian
Schistosoma: S. ovuncatum, S sinensium, S. japonicum, S. japonicum, S. malayensis, and S. mekongi with
their percentages, respectively. Schistosoma ovuncatum and S. sinensium form their own branches in one
group. Schistosoma japonicum, S. mekongi, and S. malayensis form branches in another group. Modified
from NCBI BLAST pairwise alignment.

Table 4. Sequences analysis in locus 18S of Schistosoma japonicum complex

Species S. japonicum
Accession E value AY157226.1

S. malayensis AY157227.1 0.0 99.45%

S. mekongi AF465928.1 le-167 98.77%

S. sinensium AY157225.1 0.0 98.07%

S. ovuncatum AF465929.1 le-162 97.85%

Species S. malayensis
Accession E value AY157227.1

S. mekongi AF465928.1 2e-131 100%

S. japonicum AY157226.1 0.0 99.45%

S. ovuncatum AF465929.1 le-122 97.98%

S. sinensium AY157225.1 0.0 97.92%

S.: Schistosoma
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Table 5. Intermediate hosts of Schistosoma japonicum complex

Species Oncomelania minima
Accession E value AB611791.1
Neotricula aperta AF531541.1 0.0 85.43%
Robertsiella spp. AF531550.1 3e-169 84.64%
Oncomelania robertsoni KR002675.1 3e-169 84.62%
Tricula bollingi AF531553.1 3e-164 83.75%
Oncomelania hupensis GU367391.1 9e-160 82.44%
Oncomelania quadrasi DQ112287.1 3e-169 82.23%
Species Oncomelania hupensis
Accession E value GU367391.1
Neotricula aperta AF531541.1 0.0 84.62%
Robertsiella spp. AF531550.1 0.0 84.08%
Tricula bollingi AF531553.1 le-179 82.78%
Species Oncomelania robertsoni
Accession E value KR002675.1
Neotricula aperta AF531541.1 0.0 86.12%
Robertsiella spp. AF531550.1 0.0 85.88%
Tricula bollingi AF531553.1 1le-180 85.28%
Species Oncomelania quadrasi
Accession E value DQ112287.1
Neotricula aperta AF531541.1 0.0 83.39%
Robertsiella spp. AF531550.1 0.0 83.56%
Tricula bollingi AF531553.1 8e-176 82.38%

Oncomelania minima

Neotricula aperta 85.43%

Robertsiella spp. 84.64%

Tricula bollingi 83.75%

Oncomelania robertsoni 84.62%

Oncomelania hupensis 82.44%

Oncomelania auadrasi 82.23%

Figure 2. BLAST tree view slanted cladogram of Asian snails (modified from NCBI BLAST pairwise
alignment). Asian schistosomiasis intermediate hosts: O. hupensis, O. lorelindoensis, O. robertsoni, O.
quadrasi, N. aperta, Robertsiella spp, and Tricula spp. Oncomelania hupensis, O. minima, O. robertsoni,
and O. quadrasi (Pomatiopsinae) form branches in a group, respectively. Neotricula aperta, Robertsiella
spp. and T. bollingi (Triculinae) form their branches in another group. Pomatiopsinae and Triculinae were
derived from the common ancestor (Pomatiopsidae).
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Table 6. Megablast results on Oncomelania hupensis

Species O. hupensis

Accession E value NC_013073.1
O. h. hupensis JF284692.1 0.0 98.00%
O. h. hupensis JF284688.1 0.0 97.80%
O. h. hupensis JF284690.1 0.0 97.68%
O. h. nosophora LC276225.1 0.0 95.44%
O. h. nosophora LC276226.1 0.0 95.37%
O. h. quadrasi LC276227.1 0.0 91.06%
O. robertsoni LC276228.1 0.0 90.13%
O. robertsoni JF284697.1* 0.0 90.06%
O. robertsoni EU079378.1 0.0 89.68%
O. quadrasi JF284698.1 0.0 89.50%
Species O. robertsoni

Accession E value EU079378.1
O. robertsoni LC276228.1 0.0 94.04%
O. robertsoni JF284697.1* 0.0 93.38%
O. hupensis NC_013073.1 0.0 89.68%
O. quadrasi LC276227.1 0.0 88.98%
O. quadrasi JF284698.1** 0.0 88.50%
O.: Oncomelania; h.: hupensis;

* Attwood et al. (2015)
** |ncorrectly listed as Oncomelania hupensis hupensis on
GenBank (Attwood et al., 2015)

Discussion

Many theories about the origin of the genus Schistosoma of African or Asian origin have been stated and
developed with their respective arguments (Lawton et al., 2011). Davis (1992) introduced the idea that the genus
Schistosoma arose before the split of Gondwanaland more than 150 million years ago (Ma) and had begun
exploiting pulmonate and pomatiopsid snails, whose fossil records suggest a Gondwanan origin (Sady et al.,
2015) This theory implies that the dispersal of the genus Schistosoma was due to continental drift and that the
Asian ancestor of the schistosomes was carried across to Asia when India separated from Africa and moved
forward in Asia 70-148 Ma, generating the S. indicum and S. japonicum complex (Lawton et al., 2011).

The hypothesis “out of Asia” is the most commonly accepted hypothesis for the spread of schistosomiasis.
This hypothesis suggests a migration followed by the dispersion of schistosomiasis from Asia to Africa (Nahum
et al., 2012). The Asian schistosome ancestor may have originally had a pomatiopsid or a pulmonate snail host.
Snyder and Loker (2000) suggest that the schistosome colonized Africa approximately 15-20 Ma (Au et al.,
2023). Following the invasion of the African continent, the parasites evolved to exploit pulmonate snails
exclusively, thereby developing a more specialized host range (Lawton et al., 2011).
Modern genetic analysis shows that the genus Schistosoma originates from Asia (Lawton et al., 2011). This
parasite has at least two descendants, invading the African continent independently. In Africa, these
descendants are easily radiated, parasitizing exclusively planorbid snails. Back in Asia, the parasites
diversified into a group of species characterized by the absence of an egg spoke (Nahum et al., 2012). The
genus Schistosoma is split into six clades, which correlate with the different geographical distributions of
the parasites. The genus forms the S. japonicum complex. It comprises S. japonicum, S. malayensis,
S. mekongi, S. ovuncatum, and S. sinensium (Lawton et al., 2011). Schistosoma japonicum and
subsequently S. mekongi diverged from antecedents resembling S. sinensium. Schistosoma sinensium is
a relative of S. ovuncatum. It occurred in northern India, northwest Thailand, and southern China (Wang et
al., 2021). In this study, it is revealed that S. ovuncatum diverged into S. sinensium and Asian human
Schistosoma. Percent sequence identity and E values support this finding (Table 4 and Figure 1).

Schistosoma japonicum spreads eastward and establishes distinct groups in the central and eastern
provinces of China along the Yangtze River (Young et al., 2015). However, Yin et al. (2015) suggested that
S. japonicum spread from the middle and lower reaches of the Yangtze River to the mountainous regions
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of China, to Japan, and then to Southeast Asia (Yin et al., 2015). Schistosomiasis japonica occurs in China,
Indonesia, and the Philippines (Maezawa et al., 2018). Its intermediate hosts include O. lorelindoensis
(formerly O. lindoensis) and O. robertsoni (formerly O. hupensis robertsoni) (Hauswald et al., 2011).

Oncomelania quadrasi 91.06%

Oncomelania quadrasi 89.50%

Oncomelania robertsoni 91.06%
\\ Oncomelania robertsoni 90.06%

Oncomelania quadrasi 91.13%

Oncomelania h. nosophora 95.44%

Oncomelania h. nosophora 95.37%

Oncomelania h. hupensis 98.00%
Oncomelania h. hupensis 97.68%

Oncomelania h. hupensis

Oncomelania h. hupensis 97.80%

Figure 3. Oncomelania China, Japan, and Southeast Asia. Relatedness of O. hupensis, O. h. hupensis,
O. h. nosophora, O. robertsoni, and O. quadrasi. h.: hupensis. Modified from NCBI BLAST pairwise alignment.

Phylogenetic tracking showed that S. malayensis originated from S. mekongi radiation in Cambodia
at 2.5 Ma and approximately 3.8 Ma for S. japonicum (Attwood et al., 2019). The divergence of the S.
sinensium group in Central Asia is dated to 4.6 Ma (Attwood et al., 2008). Phylogeography tracking shows
that proto-S. malayensis entered Vietham from Hunan via the Red River Valley (Attwood et al., 2019). The
aothors also stated that the Schistosoma malayensis clade entered Southeast Asia using a Vietham-to-
Cambodia route. Molecular dating suggests a radiation of S. mekongi into Cambodia and Laos at
approximately 1.3 Ma. In addition, S. malayensis-mekongi diverged from S. sinensium during their
migration from Hunan (Attwood et al., 2019). Furthermore, Lawton et al., (2011) suggested that S.
sinensium is a sibling of S. japonicum (Lawron et al., 2011). It is also a sister group to other species:
Schistosoma ovuncatum, S. mekongi, S. malayensis, and S. japonicum. Schistosoma ovuncatum is
relatively close to S. sinensium (Wang et al., 2021). In Asia, three Schistosoma species cause human
schistosomiasis: Schistosoma japonicum, S. malayensis, and S. mekongi (Leshem et al., 2009).
Schistosoma malayensis and S. mekongi differ only in biogeography, life cycle parameters, and
intermediate hosts (Attwood et al., 2008).

According to the obtained in this research sequencing results, | found that Philippines S. japonicum
shares 99.45% identity with Malaysia S. malayensis and E value equals to 0.0. It also shares 98.77%
identity with Laos S. mekongi and E value equals to 1e-167, suggesting that Philippines S. japonicum is
closer to Malaysia S. malayensis than Laos S. mekongi. However, the sequence of Malaysia S. malayensis
resulted in 100% identity with Laos S. mekongi and E value equals to 2e-131. It also resulted in 99.45%
identity with Philippines S. japonicum and E value equals to 0.0 (Table 4), indicating Philippines S.
japonicum first diverged into Laos S. mekongi then to Malaysia S. malayensis. All E values are close to 0.0.
This means that the evolutionary relationships among these species have very robust sequence matches.
In addition, according to pairwise alignments with dots for identities and CDS, Malaysia S. malayensis has
no different genetic codes (bases) from Laos S. mekongi. However, it has ten different bases (99%) from
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Philippines S. japonicum, 37 different bases from China S. sinensium, and five different bases from
Thailand S. ovuncatum and China S. sinensium. This suggests that Malaysia S. malayensis is close to
Laos S. mekongi than to Philippines S. japonicum. Philippines S. japonicum is 98.07% close to China S.
sinensium with E value equals to 0.0 and 97.85% to Thailand S. ovuncatum with E value equals to 1e-162,
meaning that China S. sinensium diverged from Thailand S. ovuncatum and then to Philippines S.
japonicum as described in slanted cladogram. Moreover, Laos S. mekongi diverged from Philippines S.
japonicum and Malaysia S. malayensis diverged from Laos S. mekongi. It is according to the branching
patterns and percentage identities in slanted cladogram (Table 4 and Figure 1).

Two subfamilies of Asian schistosomes intermediate hosts comprise Pomatiopsinae and Triculinae
(Kameda and Kato, 2011). Triculinae radiate as aquatic snails in freshwater habitats in Southeast Asia and
Southern China, namely Yunnan Province, China. It also occurs in Tibet (Wang et al., 2021). Pomatiopsinae
spread throughout the world and have a variety of lifestyles ranging from aquatic to amphibian. Triculinae
can include Neotricula aperta, Robertsiella spp., and Tricula spp. such as Tricula bollingi and Tricula
hortensis (Liu et al., 2014). Pomatiopsinae belongs to the genus Oncomelania, which comprises O.
hupensis (Liu et al., 2014) O. lorelindoensis, O. robertsoni, and O. quadrasi (Nelwan, 2022). Oncomelania
occurs in Sulawesi, the Philippines, Taiwan, Japan, and China. It is an intermediate host of S. japonicum.
Neotricula aperta is the intermediate host of S. mekongi. It is the only intermediate host for S. mekongi.
Attwood and Upatham (2012) suggested that there are three strains of N. aperta: a, 8, and y. Only the y-
strain is epidemiologically significant (Attwood and Uphatam, 2012). Robertsiella spp. is an intermediate
host of S. malayensis. Tricula bollingi and Tricula hortensis are intermediate hosts of S. sinensium (Wang
et al., 2021). In addition, Tricula spp. can also be an intermediate host of S. ovuncatum.

According to the obtained in this work sequence results of the COI gene, China O. robertsoni, which
belongs to Pomatiopsinae, shares 86.12% identity with Cambodia/Laos N. aperta and E value equals to 0.0.
It has the highest percentage among Triculinae. The second place is Robertsiella sp. Malaysia, with an identity
similarity of 85.88% and E value equals to 0.0. The third most common species was Thailand Tricula bollingi,
with an identity similarity of 85.28% and E value equals to 1e-180 (Table 5). This means that all Onomelania,
Neotricula aperta and Robertsiella spp. were derived from the same ancestor. The genus Oncomelania
belongs to Pomatiopsinae, while the genera Neotricula, Robertsiella and Tricula belong to Triculinae. All were
derived from Pomatiopsidae as the same ancestor. According to alignments pairwise with dots for identities
and CDS, China O. robertsoni has 83 different bases (86%) from Laos N. aperta, 84 different bases (86%)
from Malaysia Robertsiella sp., and 88 different bases (85%) from Thailand T. bollingi. Furthermore, the
sequence results show that Laos’s N. aperta shares approximately 84-86% identity with China O. hupensis,
China O. robertsoni, China O. hupensis hupensis, and China O. hupensis tangi. These findings suggest that
China O. robertsoni is close to Laos’s N. aperta (86.12%) than to Malaysia Robersiella sp. (85.88%) and
Thailand Tricula bollingi (85.28%). According to the branching patterns and percentage identities, it seems
that China O. robertsoni (Pomatiopsinae) came from the same ancestor (Pomatiopsidae) as Laos’s N. aperta,
Malaysia Robertsiella sp., and Thailand Tricula bollingi (Triculinae).

Nelwan (2022) suggests that the genus Oncomelania comprises five species: China Oncomelania
hupensis, Sulawesi O. lorelindoensis, Japan O. minima, China O. robertsoni, and Philippines O. quadrasi.
However, the author also points out that GenBank data for Sulawesi O. lorelindoensis (formerly O. hupensis
lindoensis) are not yet available (Nelwan, 2022). Oncomelania hupensis lindoensis (Sulawesi O.
lorelindoensis) has a distant relationship as a subspecies of China O. hupensis. It shares 86.10% identity
with China O. hupensis hupensis (Sutrisnawati et al., 2022). In addition, Sulawesi O. lorelindoensis and
Philippines O. quadrasi have a 6.2 pairwise difference in the percentage of the 12S rRNA gene (Okamoto
et al., 2003). This suggests that Sulawesi O. lorelindoensis and Philippines O. quadrasi have distant
relatedness. If the percentage of identity is high, it should be Philippines O. quadrasi, a subspecies of
Sulawesi O. lorelindoensis. Liu et al. (2014) suggested that proto-Oncomelania originated from Northwest
Australia, which today forms parts of Borneo and eastern Indonesia (Liu et al., 2014), including Sulawesi.
This suggests that Sulawesi proto-Oncomelania, i.e., proto-Oncomelania lorelindoensis, is older than the
Philippines proto-Oncomelania, i.e., proto-Oncomelania quadrasi. Other proto-Oncomelania comprises
China proto-Oncomelania hupensis, Japan proto-Oncomelania minima, and China proto-Oncomelania
robertsoni, due to each species of Oncomelania rising from its antecedent form.

In China, there are two species of Oncomelania: China O. hupensis and China O. robertsoni. China
0. hupensis has subspecies such as China O. hupensis hupensis and China O. hupensis tangi (Nelwan,
2022). To make sure of this, | performed NCBI BLAST on China O. hupensis. | took eleven Oncomelania
from the sequence results. These results show that China O. hupensis shares 97.68-98.00% identity with
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all China O. hupensis hupensis. In addition, the sequence of China O. hupensis shares approximately 95%
identity with all Japan O. hupensis nosophora. All E values are 0.0, indicating very strong robust sequence
matches (Table 6). This suggests that all China O. hupensis hupensis and all Japan O. hupensis nosophora
are closely related to China O. hupensis. This confirms that they are all subspecies of China O. hupensis,
as suggested by Nelwan (2022). Moreover, the sequence results of China O. hupensis shares 90.06%
identity with China O. robertsoni and 89.50% identity with Philippines O. quadrasi. According to Pairwise
with dots for identities and CDS, China O. hupensis has 130 different amino acids from Philippines O.
guadrasi. It has 1322 different bases from Philippines O. quadrasi (89%). China O. robertsoni has 173
different amino acids from China O. hupensis. It has 1569 different bases from China O. hupensis
(13636/15205 = 89.63%). China O. robertsoni has 170 different amino acids from Philippines O. quadrasi.
It has 1675 different bases from Philippines O. quadrasi (89%). These findings suggest that China O.
robertsoni and Philippines O. quadrasi are distantly related to China O. hupensis.

Nelwan (2022) suggested that China O. robertsoni and Philippines O. quadrasi are full species in the
genus Oncomelania. In addition, Sulawesi O. lorelindoensis is more closely related to China O. robertsoni
than China O. hupensis. In the current study, | found that China O. robertsoni EU079378.1 shares 94.04%
identity with all China O. robertsoni, Oncomelania hupensis has two species: China O. hupensis hupensis
and Japan O. hupensis nosophora (Table 6 and Figure 3). Moreover, China O. hupensis, China O.
robertsoni, and Philippines O. quadrasi are in different groups in a tree-view slanted cladogram (Figure 3).
This finding supports the fact that China O. hupensis, China O. robertsoni, and Philippines O. quadrasi are
separate species. This supports the fact that the genus Oncomelania comprises five species: China O.
hupensis, Sulawesi O. lorelindoensis, Japan O. minima, China O. robertsoni, and Philippines O. quadrasi.
In addition, these findings also support that China O. hupensis comprises five subspecies: China O.
hupensis hupensis, Taiwan O. hupensis chiui, Taiwan O. hupensis formosana, Japan O. hupensis
nosophora, and China O. hupensis tangi (Nelwan, 2022).

Sequences of China O. hupensis COI and Philippines O. quadrasi COI against all China O. robertsoni
of the Sichuan Plain (SCB) (Attwood et al., 2015) confirm that Philippines O. quadrasi and China O.
robertsoni are distinct from China O. hupensis. For example, the sequence of Philippines O. quadrasi
shares 87.77% identity with China O. robertsoni and E value equals to 0.0 (Table S1), and the sequence
of China O. hupensis shares 88.99% similarity with China O. robertsoni and E value equals to 0.0
(Table S2). The sequence of China O. hupenis shares an identity of 84.48% with Philippines O. quadrasi
(Nelwan, 2022). This supports the fact that Philippines O. quadrasi and China O. robertsoni did not drive
from China O. hupensis because they have a distant relationship. In addition, it also supports the fact that
China O. hupensis, Sulawesi O. lorelindoensis, Japan O. minima, China O. robertsoni, and Philippines O.
quadrasi are derived from their antecedent forms. Thus, the genus Oncomelania is derived from its
antecedent forms. Moreover, these findings support the fact that, except for China O. hupensis,
Oncomelania developed in its own territory. China O. robertsoni was developed in China. Sulawesi O.
lorelindoensis was developed in Sulawesi (Indonesia). Japan O. minima were developed in Japan.
Philippines O. quadrasi developed in the Philippines. China O. hupensis gave rise to Taiwan O. hupensis
chiui, Taiwan O. hupensis formosona, China O. hupensis hupensis, Japan O. hupensis nosophora, and
China O. hupensis tangi.

Sequence results did not support the idea that China O. robertsoni has subspecies. China O. robertsoni
of the Sichuan Plain (SCB) (Attwood et al., 2015) shares 91.20% identity with China O. robertsoni and E value
equals to 0.0 (Table S3). The sequence of China O. robertsoni from the Sichuan Anning River Valley (SAV)
(Attwood et al., 2015) showed that China O. robertsoni, for example, shares 91-92% identity with all China O.
robertsoni and E value equals to 0.0 (Table S4). The sequence of China O. robertsoni in the SCB shares
97.63% identity with China O. robertsoni and E value equals to 0.0 (SAV), shares 95.55% identity with China
O. robertsoni and E value equals to 0.0 (YEB) (Table S5). These results show that there are four China O.
robertsoni clades in China. Oncomelania robertsoni SAV, SCB, and YEB is a novel clade of O. robertsoni. All
E values in Table S1 through Table S5 are 0.0, suggesting very robust sequence matches.

This study has advantages and limitations. Advantages can include the easy use and reliability of
the BLAST technigue. For example, the sequence of China O. hupensis NC_013073 using NCBI BLAST
can produce other data, such as Philippines O. quadrasi LC276227.1 and China O. robertsoni LC276228.1.
Another example, China O. robertsoni KR002675.1 in Table 1 is new data. In the NCBI BLAST results, the
O. robertsoni group would occupy a separate group from other species in the slanted cladogram (see Figure
3). Thus, it does not require new data collection. NCBI BLAST is as reliable as ClustalW, MUSCLE, PhyML
and RaxML. The limitations are that, in some cases, GenBank accession humbers are not accurate. For
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example, China O. hupensis hupensis JF284697 should be China O. robertsoni JF284697. China O.
hupensis hupensis JF284698 should be Philippines O. quadrasi JF284698. There were no samples of
parasites and intermediate hosts taken to obtain partial DNA sequences using the popular Former and
Palumbi primers to compare data from previous studies, for example, although it does not affect the results
of this study. In addition, data on O. hupensis lindoensis (O. lorelindoensis) are not yet available at NCBI.
In this study, | used only GenBank data from Philippines O. quadrasi to assess Southeast Asian
Oncomelania as an intact species. However, this does not mean that Sulawesi O. lorelindoensis is not a
full species of the genus Oncomelania. This is due to the proto-Oncomelania coming from eastern
Indonesia, namely Sulawesi. Then, off to the Philippines, Japan, and China.

Conclusions

The Schistosoma japonicum complex comprises S. japonicum, S. malayensis, S. mekongi,
S. ovuncatum, and S. sinensium. Schistosoma japonicum, S. malayensis, and S. mekongi cause human
schistosomiasis in the Far East. The sequence results showed that in Southeast Asia, Schistosoma
ovuncatum diverged to S. sinensium, S. japonicum, S. mekongi, and then to S. malayensis. The sequence
results reveal that S. japonicum is close to S. sinensium than that of S. ovuncatum, meaning that S.
ovuncatum diverged to S. sinensium then to S. japonicum. Schistosoma malayensis is 100% close to S.
mekongi than that of S. japonicum with 99.45%, meaning that S. japonicum diverged to S. mekongi then to
S. malayensis. Schistosoma ovuncatum and S. sinensium are not human schistosomiasis. Intermediate
hosts of Far East schistosomiasis can include Neotricula aperta, Oncomelania snails, Robertsiella sp., and
Tricula sp. All Oncomelania are Pomatiopsinae, while Neotricula, Robertsiella and Tricula are Triculinae.
Neotricula aperta, Robertsiella sp, and Tricula sp. occur in Southeast Asia. In addition, Tricula sp. can also
be found in China and India. Southeast Asian Oncomelania includes O. lorelindoensis and O. quadrasi.
Oncomelania hupensis and O. robertsoni occur in China. All Oncomelania have 82 to 86% close to
N. aperta, Robertsiella sp., and Tricula bollingi. For example, O. robertsoni is 86.12% close to N. aperta,
followed by Robertsiella sp. with 85.88% and Tricula bollingi with 85.28%, suggesting that they derived
from the same ancestor (Pomatiopsidae). This study is the first to show that Pomatiopsinae and Triculanae
have relatedness through O. robertsoni and N. aperta. Oncomelania minima occurs in Japan.
Oncomelania lorelindoensis occurs in Indonesia, and O. quadrasi occurs in the Philippines. Proto-
Oncomelania is derived from eastern Indonesia, i.e., Sulawesi. In addition, Oncomelania was derived from
its antecedent forms at its respective locations. This is the first study explaining that the genus Oncomelania
rose from its antecedent forms. In addition, this study confirms that this genus consists of five species: O.
hupensis, O. lorelindoenis, O. minima, O. robertsoni, and O. quadrasi. Oncomelania robertsoni comprises
four clades, and one of them is a novel clade of O. robertsoni.

Novel findings of this study include relatedness of Schistosoma japonicum complex, relatedness of
Pomatiopsinae and Triculinae, and the new status of Oncomelania. This study reveals clearly the relatedness
of Schistosoma japonicum complex. It was derived from S. ovuncatum, diverged to S. sinensium,
S. japonicum, S. mekong, and S. malayensis. Intermediate hosts of Asian human schistosomiasis were
derived from Pomatiopsidae as common ancestor. These include the genera Oncomelania, Neotricula,
Robertsiella, and Tricula. The genus Oncomelania belongs to Pomatiopsinae. The genera Neotricula,
Robertsiella and Tricula belong to Triculinae. The close relationships between these two subfamilies are in O.
robertsoni and N. aperta. This relatedness reveals that O. robertsoni and N. aperta were derived from the
common ancestor. Oncomelania robertsoni represents Pomatiopsinae and N. aperta represents Triculinae.
Pomatiopsinae and Triculinae were derived from Pomatiopsidae. This study also reveals the genus
Oncomelania was derived from its predecessor forms in Sulawesi. It is proto-Oncomelania lorelindoensis.
This predecessor form spread to Philippines, Japan, and China. In its own habitats, each predecessor forms
gave rise to Oncomelania snails: China Oncomelania hupensis, Sulawesi O. lorelindoensis, Japan O. minima,
China O. robertsoni, and Philippines O. quadrasi. Oncomelania hupensis formed its subspecies: Oncomelania
h. hupensis, O. h. tangi, O. h. chiui, O. h. formosana, and O. h. nosophora. Others do not have subspecies.
In addition, this study also reveals that O. robertsoni has four clades. Although this study did not support that
O. robertsoni has a subspecies, further investigation is still needed.
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Supplementary files

Table S1. Percentage identities of Oncomelania quadrasi and Oncomelania robertsoni CO1

Species O. quadrasi

Accession E value DQ112287.1
O. robertsoni DQ212800.1 0.0 87.77%
O. robertsoni DQ212803.1 0.0 87.62%
O. robertsoni DQ212805.1 0.0 87.62%
O. robertsoni KR002675.1 0.0 87.25%
O. robertsoni DQ212797.1 0.0 86.83%
O. robertsoni DQ212798.1 0.0 86.83%
O. robertsoni DQ212813.1 0.0 86.83%
O. robertsoni DQ212799.1 0.0 86.68%
O. robertsoni DQ212801.1 0.0 86.68%
O. robertsoni DQ212802.1 0.0 86.68%
O. robertsoni DQ212806.1 0.0 86.68%
O. robertsoni DQ212807.1 0.0 86.68%
O. robertsoni DQ212808.1 0.0 86.68%
O. robertsoni DQ212809.1 0.0 86.68%
O. robertsoni DQ212810.1 0.0 86.68%
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Species 0. quadrasi
Accession E value DQ112287.1
O. robertsoni DQ212812.1 0.0 86.68%
O. robertsoni DQ212811.1 0.0 86.36%
O. robertsoni JF284697.1 0.0 86.36%
O. robertsoni AF531547.1 0.0 85.91%

O.: Oncomelania; S1: Supplementary 1

Table S2. Percentage identities of Oncomelania hupensis and Omcomelania robertsoni CO1

Species 0. hupensis
Accession E value GU367391.1
O. robertsoni DQ212802.1 0.0 88.99%
O. robertsoni DQ212797.1 0.0 88.77%
O. robertsoni DQ212798.1 0.0 88.77%
O. robertsoni DQ212803.1 0.0 88.71%
O. robertsoni DQ212805.1 0.0 88.71%
O. robertsoni DQ212800.1 0.0 88.67%
O. robertsoni KR002675.1 0.0 88.29%
O. robertsoni AF531547.1 0.0 87.84%
O. robertsoni DQ212813.1 0.0 87.77%
O. robertsoni DQ212808.1 0.0 87.62%
O. robertsoni DQ212809.1 0.0 87.62%
O. robertsoni DQ212810.1 0.0 87.62%
O. robertsoni DQ212812.1 0.0 87.62%
O. robertsoni JF284697.1 0.0 87.30%
O. robertsoni DQ212799.1 0.0 86.99%
O. robertsoni DQ212801.1 0.0 86.99%
O. robertsoni DQ212804.1 0.0 86.99%
O. robertsoni DQ212806.1 0.0 86.99%
O. robertsoni DQ212807.1 0.0 86.99%
O. robertsoni DQ212811.1 0.0 86.68%

O.: Oncomelania; S2: Supplementary 2

Table S3. Megablast results on Oncomelania robertsoni Sichuan Plain

SCB
Species O. robertsoni
accession E value KR002675.1
O. robertsoni DQ212808.1 0.0 99.67%
O. robertsoni DQ212809.1 0.0 99.67%
O. robertsoni DQ212810.1 0.0 99.67%
O. robertsoni DQ212812.1 0.0 99.67%
O. robertsoni DQ212797.1 0.0 99.50%
O. robertsoni DQ212798.1 0.0 99.50%
O. robertsoni DQ212813.1 0.0 99.50%
O. robertsoni JF284697.1 0.0 98.49%
O. robertsoni DQ212799.1 0.0 97.83%
O. robertsoni DQ212801.1 0.0 97.83%
O. robertsoni DQ212802.1 0.0 97.83%
O. robertsoni DQ212804.1 0.0 97.83%
O. robertsoni DQ212806.1 0.0 97.83%
O. robertsoni DQ212807.1 0.0 97.83%
O. robertsoni DQ212811.1 0.0 97.49%
O. robertsoni DQ212800.1 0.0 95.48%
O. robertsoni DQ212803.1 0.0 95.32%
O. robertsoni DQ212805.1 0.0 95.32%
O. robertsoni AF531547.1 0.0 91.20%

O.: Oncomelania; S3: Supplementary 3
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Table S4. Megablast results on Oncomelania robertsoni Sichuan Anning River Valley (China) — SAV

Species accession E value O. robertsoni
AF213339.1

O. robertsoni DQ212814.1 0.0 100%

O. robertsoni DQ212815.1 0.0 100%

O. robertsoni DQ212816.1 0.0 100%

O. robertsoni DQ212831.1 0.0 98.90%
O. robertsoni DQ212834.1 0.0 98.90%
O. robertsoni DQ212835.1 0.0 98.90%
O. robertsoni DQ212836.1 0.0 98.90%
O. robertsoni DQ212822.1 0.0 98.75%
O. robertsoni DQ212825.1 0.0 98.75%
O. robertsoni DQ212826.1 0.0 98.75%
O. robertsoni DQ212827.1 0.0 98.75%
O. robertsoni DQ212828.1 0.0 98.75%
O. robertsoni DQ212830.1 0.0 98.75%
O. robertsoni DQ212832.1 0.0 98.75%
O. robertsoni DQ212833.1 0.0 98.75%
O. robertsoni DQ212817.1 0.0 98.59%
O. robertsoni DQ212823.1 0.0 98.59%
O. robertsoni DQ212824.1 0.0 98.59%
O. robertsoni DQ212818.1 0.0 98.43%
O. robertsoni DQ212819.1 0.0 98.43%
O. robertsoni DQ212820.1 0.0 98.43%
O. robertsoni DQ212828.1 0.0 98.43%
O. robertsoni DQ212821.1 0.0 98.28%
O. robertsoni DQ212837.1 0.0 98.28%
O. robertsoni DQ212838.1 0.0 98.28%
O. robertsoni DQ212839.1 0.0 98.28%
O. robertsoni DQ212840.1 0.0 98.28%
O. robertsoni DQ212841.1 0.0 95.77%
O. robertsoni DQ212842.1 0.0 95.77%
O. robertsoni DQ212843.1 0.0 95.77%
O. robertsoni DQ212845.1 0.0 95.77%
O. robertsoni DQ212847.1 0.0 95.77%
O. robertsoni DQ212849.1 0.0 95.77%
O. robertsoni DQ212851.1 0.0 95.77%
O. robertsoni DQ212848.1 0.0 95.61%
O. robertsoni EU079378.1 0.0 92.16%
O. robertsoni JF284697.1 0.0 92.16%
O. robertsoni DQ112250.1 0.0 91.69%
O. robertsoni DQ212844.1 0.0 91.07%
O. robertsoni DQ212846.1 0.0 91.07%

O.: Oncomelania; S4: Supplementary 4

Table S5. Megablast results of Oncomelania robertsoni

Species accession E value O. robertsoni Location

AF531547.1 SCB
O. robertsoni DQ212846.1 0.0 97.63% SAV
O. robertsoni DQ212844.1 0.0 97.46% SAV
O. robertsoni DQ112252.1 0.0 96.79% YEB
O. robertsoni DQ112250.1 0.0 96.79% SAV
O. robertsoni JF284691.1 0.0 96.15% SAV
O. robertsoni EU079378.1 0.0 96.15% SAV
O. robertsoni AF253075.1 0.0 95.89% YEB
O. robertsoni DQ212852.1 0.0 95.72% YEB
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Table S5. Megablast results of Oncomelania robertsoni

Species accession E value O. robertsoni Location

AF531547.1 SCB
O. robertsoni DQ212850.1 0.0 95.40% SAV
O. robertsoni AF253074.1 0.0 95.55% YEB
O. robertsoni AF213339.1 0.0 91.88% SAV
O. robertsoni DQ212836.1 0.0 91.54% SAV
O. robertsoni DQ212812.1 0.0 91.20% SCB
O. robertsoni KR002675.1 0.0 91.20% SCB
O. robertsoni DQ212851.1 0.0 90.52% SAV
O. robertsoni DQ212803.1 0.0 90.19% SCB
O.: Oncomelania,Sichuan Anning River Valley (China)-SAV, Sichuan Plain (China)-

SCB, Yunnan: Erhai Basin-YEB; S5: Supplementary 5

Komnnekc Schistosoma japonicum: Bapiauii COl-nocnigoBHocTen napa3suTiB Ta ix
NpPOMDKHUX rocnogapie, npoaHanizoBaHux 3a gonomoroww BLAST
M.J1. HenbBaH

Y ubOMYy AOCHIMKEHHI S po3rnagat B3aEMO3B'A30K Mk S. ovuncatum, S. sinensium, S. japonicum, S. mekongi Ta
S. malayensis. Kpim Toro, s aHanidyto B3aEMO3B'A30K Mix n'sTeMa Bugamu pogy Oncomelania ta Neotricula aperta,
Robertsiella spp. i Tricula spp. Takox s onucyto cdopmyBaHHa pogy Oncomelania 3 1oro nonepegHix ¢opm.
Pe3ynbTaTn HykneotugHoro aHanisy 3a gonomorot BLAST nokasanu, wo S. japonicum mae 99,45% igeHTu4HocTi 3
S. malayensis, 98,77% 3 S. mekongi, 98,07% 3 S. sinensium i 97,85% 3 S. ovuncatum. NocnigoBHicTe S. malayensis
Buasuna 100% igeHTuyHocTi 3 S. mekongi. 3HayeHHa E 6yno meHwwum 3a 0,01. Y pesynbTraTax BUPIBHIOBAHHS
aMiHOKMCIOTHUX NOCMIAOBHOCTEN Yy KOMMNeEKCi S. japonicum He 6yno BusiBneHo 3aMmiH. Y S. malayensis i S. mekongi
He 3adikcoBaHO 3aMiH OCHOB, MixX S. malayensis i S. sinensium BusBneHo 37 3amiH OCHOB, Mix S. malayensis i
S. japonicum — 10 3amiH ocHOB, Mix S. malayensis i S. ovuncatum — 5 3amiH ocHoB. Ha knagorpami 6yno nokasaHo,
Wwo S. sinensium € CecTpuMHCbKMM BMAOM A0 S. ovuncatum. Big Hux BigokpemuBcsa S. japonicum. Schistosoma
japonicum posginuecs Ha S. mekongi Ta S. malayensis. Pe3ynbTaTu Takox nokasanu, wo Oncomelania robertsoni mae
86,12% igeHTnyHocTi 3 Neotricula aperta, 85,88% 3 Robertsiella spp. i 85,28% 3 Tricula bollingi. 3Ha4yeHHs E Gyno
MeHwuM 3a 0,01. Y BupisHioBaHHi O. robertsoni Ta N. aperta BusABNeHO ABi 3aMiHW aMiHOKMUCMOT, YOTUPU 3aMiHN
amiHokucnoT i 84 3amiHn ocHoB Mk O. robertsoni Ta Robertsiella spp., a Takox ABi 3amiHK amiHOkMcNoT i 88 3amiH
ocHoB Mix O. robertsoni Ta T. bollingi. Ha HaxuneHomy knagorpami gepeso nokasano, wo Tricula spp. po3ginuecs Ha
N. aperta Ta Robertsiella spp. Lle gocnigxeHHs nokasano, wo Oncomelania BUHUK 3 nonepeaHix opm. Pesynetatu
HykneotmgHoro BLAST nigtBepaunu, wo S. ovuncatum ©6nu3bkum o S. sinensium. Schistosoma sinensium
posginueca Ha S. japonicum, S. mekongi i S. malayensis. Oncomelania robertsoni 6ys 6rvxunn go N. aperta, Hixx o
Robertsiella spp., i go Tricula spp. (Tricula bollingi). Buan pogy Oncomelania BuHMKNmM 3 ixHix nonepeaHukis.

KnrouoBi cnoBa: Schistosoma japonicum complex, Neotricula aperta, Oncomelania, Oncomelania lorelindoensis,
schistosomiasis, Robertsiella spp., Tricula spp.

LHumyeaHnHsi: M.L.Nelwan. Schistosoma japonicum complex: COIl-sequences variations of parasites and their
intermediate hosts analyzed using BLAST. BicHuk Xapkiecbk020 HaujioHanbHo20 yHigepcumemy imeHi B.H.KapasiHa.
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New records of deep-sea Gastrotricha and Tardigrada from Iberian and
Canary Basins (Northeast Atlantic) with comments on abyssal meiofauna

composition and the meiofauna paradox
R. Trokhymchuk, A. Kieneke

The “meiofauna paradox” refers to the amphi-oceanic or even cosmopolitan distribution of species of this ecological
group, i.e. the marine meiofauna, as opposed to their weak dispersal potential. Dissolving this paradox includes on the
one hand the discovery of complexes of genetically distinct but morphological cryptic species with much more limited
distribution areas, but also involves the investigation of “stepping stone habitats” like the shelf area of oceanic islands
and summits of seamounts. Such biotopes subdivide long distances, e.g. from one continent to the other, into shorter
sections. However, what needs to be excluded is a possible distribution of “shallow water meiofauna” simply via
population growth and range expansion at the abyssal plains of the world's oceans. In order to test if the abyssal plains
may represent a barrier against dispersal of certain marine meiofauna taxa, we studied the composition of the
meiofauna from six samples (stations) taken during the expedition IceDivA (SO280) of the R/V Sonne to the Iberian
and Canary Basins from abyssal depths (4904-5485 m). The taxonomic focus was put on the Gastrotricha and
Tardigrada. The dominant taxa in all samples were nematodes (13.0 - 97.7 ind./cm?) and copepods (0.4 - 9.6 ind./cm?),
followed by annelids, kinorhynchs and ostracods. Three Gastrotricha species (Desmodasys sp. iberianA, Desmodasys
sp. langsethA, Musellifer sp. iberianA (Musellifer aff. tridentatus)) and one tardigrade (Coronarctus dissimilis) were
registered and examined using light microscopy (DIC and CLSM) and SEM. All gastrotrichs from the examined samples
presumably represent new and still undescribed species. The range of geographic and bathymetric distribution of
Coronarctus dissimilis increases to the Iberian Basin and to a depth of 4163 m. This finding further hints to a potential
amphi-Atlantic distribution of this species. We compare our data with those from other studies on seamounts, oceanic
islands and from the deep-sea and conclude that the abyssal plains represent a significant barrier against long distance
dispersal for most genera (and species) of Gastrotricha and for a certain fraction of genera of Tardigrada, too.

Key words: Atlantic Ocean, biodiversity, biogeography, deep sea, Desmodasys, Musellifer, Coronarctus.
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Introduction

Meiofauna (meiobenthos) is the community (ecological group) of aquatic, microscopic metazoans
passing a sieve of 1 mm, but being retained on the sieve of 40 ym mesh size (Higgins & Thiel 1988).
Although the definition of this fraction of the benthic fauna is defined just by this measure of mesh size, it
represents an ecological guild of high biodiversity and complexity in trophic interactions within this
community, but also with other trophic levels. Species of the meiofauna occupy all kinds of aquatic habitats
of our planet ranging from the deep-sea floor (Shimabukuro et al., 2022), over intertidal sediments
(Armonies & Reise, 2000, Martinez et al., 2020), running and stagnant inland water bodies to phytotelms
(Kolicka 2016) and even moist terrestrial biotopes such as leaf litter or bryophytes (Higgins & Thiel, 1988,
Kreuzinger-Janik et al., 2021, Minowa et al., in press). While taxa of the “limno-terrestrial” meiofauna may
produce various dormant stages that are also highly suitable for long distance dispersal via anemochory or
zoochory, e.g. the characteristic “barrel-shaped tuns” of Tardigrada (Nelson et al., 2015, Gasiorek, 2023)
or the resting eggs of Rotifera (Fontaneto & Plewka, 2021), marine meiofaunal organisms are supposedly
much more limited in dispersion by the absence of such stages. However, frequently amphi-oceanic or
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even cosmopolitan distributions are observed in marine meiofaunal species. This phenomenon, i.e. the
mismatch between wide distribution areas and the absence of life stages suitable for long distance dispersal
is called the “meiofauna paradox” (Giere, 2009). However, during the past two decades several studies
using DNA sequence data have revealed complexes of cryptic species with restricted distribution ranges
within nominal species of various taxonomic groups that were before assumed as widespread or even
cosmopolitan (e.g., Magpali et al., 2021, Jérger et al., 2012, Derycke et al., 2008, Cerca et al., 2020). The
linked phenomena of stasis and recent speciation and further issues such as erroneous application of
determination keys have let Cerca et al. (2018) conclude that the “meiofauna paradox” most likely does not
exist. In addition, some real cases of widely distributed species might be potentially explained by natural
dispersion e.g. via sea turtles (Ingels et al., 2020), as well as by anthropogenic distribution via marine traffic
(e.g., in sediment of ballast water tanks; Radziejewska et al., 2006).

Different geomorphological features of the ocean floor may furthermore promote the spread of
marine organisms — including the meiofauna — in different ways. In particular seamounts and likewise
oceanic islands play an important role in the distribution of meiofauna. It has been suggested that
seamounts can provide the function of “stepping stones” in the distribution of shallow-water meiofauna:
exchange of individuals, and with this gene flow, is simply much more likely between adjacent seamounts
and/or oceanic islands, than over long distances from the coast of one continent to the other (George, 2013
and references therein). At the same time, seamounts can also be “trapping stones” that stuck species
there: arriving specimens can contribute to the formation of new populations and over time even new
species may form through independent evolution and a strong restriction of gene flow (George, 2013, Cerca
et al., 2018). Therefore, when exploring seamounts, one can in principle expect both, to observe shallow
water (interstitial) meiofaunal species from adjacent areas or endemic species (George, 2013). In case of
the concept of geographic rarity as an expanding issue for endemism, species restricted to such a limited
distribution area like the summit plateau of a guyot seamount may appear to have a small population size,
making them vulnerable to extinction (Fattorini, 2017).

If we want to learn about the function of seamounts and oceanic islands in conjunction with the
biogeography of interstitial meiofauna, we need to study their inhabitants at species level. For the two
systematic groups in focus of the current study, namely Tardigrada and Gastrotricha, there aren’t very many
of such taxonomically detailed studies yet.

Marine gastrotrich communities have been studied from the Faroe Bank in the Northeast Atlantic
(Clausen, 2004), from the islands of Lanzarote, Canary Islands (Riera & Todaro, 2012, Todaro et al., 2019,
Martinez et al., 2019), and from Sao Miguel, Azores (Araujo & Hochberg, 2021). From the 20 species of
Gastrotricha that were identified on the Faroe Bank,10 species also occur at several other east Atlantic
sites and four were even known from the Atlantic coast of North America. These widespread North Atlantic
distributions of marine gastrotrichs, with intermediate occurrences on the Faroe Bank, were interpreted as
a possible indication of the so-called “Thule land bridge” in the Tertiary as a potential gateway for shallow
water meiofauna distribution (Clausen, 2004). The impressive number of 61 species of marine Gastrotricha
reported from Lanzarote (Canary Islands) yielded a high number of putative new species, but also 32 known
species with a wider distribution in the Atlantic Ocean, or even from further Ocean basins (Todaro et al.,
2019). Species such as Dactylopodola typhle (Remane, 1927) or Acanthodasys aculeatus Remane, 1927,
with a reported trans-Atlantic distribution, can already be regarded as an indication of a stepping stone
function of Lanzarote island. Furthermore, eight species that were already known from the Mediterranean
Sea, but not from northern European sites, were discussed in the conjunction of the re-invasion of the
Mediterranean after the Messinian crisis (Todaro et al., 2019). With a focus on endemism, Martinez et al.
(2019) also studied the soft-bodied meiofauna of Lanzarote, including the Gastrotricha. Their analysis also
yielded evidence for the “trapping stone” function of oceanic islands and seamounts as a number of at least
10 Canarian endemic gastrotrich species were identified (Martinez et al., 2019).

Analyses of tardigrade communities with a high taxonomic resolution have been carried out from the
Faroe Bank (Hansen et al., 2001, Jgrgensen & Kristensen, 2001, Hansen et al., 2003, Hansen et al., 2012,
Hansen & Kristensen, 2021), from the Condor Seamount, Azores (Kristensen & Renaud-Mornant, 1983,
Kristensen et al., 2015) and from the Great Meteor Seamount Plateau (Tchesunov, 2018). Reported from
the Faroe Bank, 19 determined species of tardigrades were registered. The composition of genera is similar
to that of shallow sublittoral sediments of the Mediterranean Sea and Florida, USA, but differs by the
presence of the “deep-sea genus” Coronarctus (Hansen et al., 2001). Tholoarctus natans Kristensen &
Renaud-Mornant, 1983 reported from the Faroe Bank and the Azores is also known from all other Oceans
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(Kaczmarek et al., 2015). Such a cosmopolitan distribution in this species is possibly enabled by its ability
to buoyancy with the bell-shaped cuticle (Kristensen & Renaud-Mornant, 1983). The marine tardigrade
fauna of the Azores currently consists of two determined species and further undetermined representatives
of genera Chrysoarctus, Coronarctus and Tanarctus (Kristensen & Renaud-Mornant ,1983, Kristensen et
al., 2015). With only one reported endemic species, the Great Meteor Seamount Plateau is the exception
rather than the rule (Tchesunov, 2018).

So far, we have only regarded the communities of putative “stepping stone” and/or “trapping stone”
biotopes. However, it is furthermore of high relevance to regard the vast deep sea plains surrounding those
isolated “underwater island biotopes” as well (see also “concluding remark 2” of George, 2013), if we try to
understand their role in biogeography and dispersal of meiofauna. Are the abyssal plains a barrier against
distribution of these microscopic organisms at all, or are they simply inhabited by species that also occur
on seamount summits or island shelfs? Gastrotricha and Tardigrada are frequently reported from deep sea
sediments, however, their occurrence is patchy and the densities are mostly very low compared to most
other meiobenthic higher level taxa (see, e.g., Vincx et al., 1994 and references therein, Gutzmann et al.,
2004). Furthermore, most studies only report the occurrence of both phyla without any further taxonomic
resolution. The only deep sea records of Gastrotricha on species level are so far those of Desmodasys
abyssalis Kieneke & Zekely, 2008 from a Pacific hydrothermal vent site and of Thaumastoderma antarctica
Kieneke, 2010 from the South Atlantic Drake Passage (Kieneke & Zekely, 2008, Kieneke, 2010). Deep-sea
tardigrades, unlike gastrotrichs, are better studied, but rather mosaically (Kaczmarek et al. 2015). However,
some genera such as Coronarctus and Mjobergarctus can be distinguished as explicit deep-sea taxa
(Kaczmarek et al., 2015, Trokhymchuk & Kieneke, 2024, Trokhymchuk et al., 2024). Meanwhile, as shown
by extensive studies of the deep sea tardigrade fauna (more than 1000 individuals from the Southern
Ocean), some “shallow-water genera” may also have deep-water species, but with relatively low densities
compared to the dominant species. This applies especially to the genus Isoechiniscoides, a putative new
species of which is reported for the first time from the abyssal zone — the same situation as with the
gastrotrich species Thaumastoderma antarctica (Kieneke, 2010, Trokhymchuk et al., 2024).

The current study shall help to understand if the sedimentary abyssal plains, one of the largest
ecosystems on earth (Ramirez-Llodra et al., 2010), represent a barrier against long distance dispersal of
certain meiobenthic and interstitial taxa like the Gastrotricha and Tardigrada. Such a knowledge will further
sharpen our understanding about the role of isolated oceanic islands, archipelagos and seamounts for the
dispersal and biogeography of marine meiobenthic organisms. We have studied the composition of
meiobenthic higher level taxa of a selected subset of deep sea sediment samples from the northeast
Atlantic (Iberian Basin and Canary Basin) taken with a multiple corer during expedition SO280 of the R/V
Sonne. The recovered specimens of Gastrotricha and Tardigrada have been determined to species level
and compared with data from relevant literature.

Materials and methods

Core samples with deep sea sediment were collected in the Northwest Atlantic (Fig. 1, Tab. 1) during
the IceDivA1/SO280 expedition of the German R/V SONNE (Kieneke & Brix 2021, Brix et al. 2024). A
multiple corer (MUC) with 12 independently closing acrylic glass tubes (Octopus GmbH, Hohenweststedt,
Germany) was used as sampling gear for the deep-sea meiofauna. The inner radius of the core tubes is
4.75 cm, the sampled bottom area per core tube thereby covered 70.85 cm?2. After dismounting a core tube
from the support frame of the MUC, the near bottom water was immediately poured over a 40 um sieve.
Subsequently, the filtrate containing the epibenthic fauna and a sediment slice of 5 cm height (sediment
volume of ca. 354.25 cm3) was rinsed into a Kautex® wide neck container (1000 ml) with a roughly isosmotic
aqueous solution of 7% MgClz (w/v) using a spray bottle. The samples were left in the wet laboratory of the
research vessel for about 10 minutes until fixation. The use of isosmotic magnesium chloride solution prior
to fixation was to anesthetize soft-bodied meiofauna organisms in order to avoid body contractions through
muscle spasms (Todaro & Hummon, 2008). For the fixation, a 37% and borax-buffered formaldehyde
solution was added to the sample and the Kautex® wide neck container was filled up with filtered seawater
to a final concentration of about 4% formaldehyde.

In order to separate the fixed meiofauna from the clayish sediment, the density gradient
centrifugation was applied (Higgins & Thiel, 1988). For preparing a suspension with higher density than the
organisms, we used the silica colloid Levasil®. An addition of Kaolin® should stabilize the sediment
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Figure 1. IceDivA/SO280 and IlceDivA2/SO286 (see Trokhymchuk & Kieneke, 2024) expedition
deployments (stations) we investigated. Map source: https://www.ncei.noaa.gov/maps/bathymetry/

Table 1. Selected deep-sea core samples (MUC) of expedition SO280 of which the meiofauna community
was studied. Superscript letter G: core contained gastrotrichs, T: core contained tardigrades

station latitude longitude depth sea region

S0280-26, MUC 8% | 41°57.540'N | 018° 58.787' W | 4904 m Iberian Basin abyssal plain

S0280-29, MUC 6 |41°57.570'N | 018° 58.823' W | 4906 m Iberian Basin abyssal plain

S0280-41, MUC 1¢ | 36° 02.059'N | 019° 00.799' W | 5485 m Iberian Basin abyssal plain

S0280-43, MUC 9 36° 02.057'N [ 019°00.832'W |[5485m Iberian Basin abyssal plain

S0280-66, MUC 4¢ | 32°01.989'N | 022° 00.711'W | 5121 m Canary Basin; Madeira
Abyssal Plain

S0280-80 MUC 2T | 36° 26.006' N | 014° 00.025' W | 4163 m Iberian Basin; SE  of
Josephine Bank seamount

during the centrifugation, which was carried out three times at 3608 rpm. For sieving the supernatant
containing the meiofauna organisms a mesh size of 40 ym was chosen. We added the dye Rose Bengal
for a better recognition of the meiofauna organisms during sorting, which was carried out in Bogorov
chambers (Bogorov, 1927) under dissecting microscopes with transmitted light illumination (Leica M80 or
M125 stereo microscopes). We have investigated six MUC samples so far (Tab. 1), one from each of the
six major working areas of expedition SO280 with bottom sampling (Kieneke & Brix 2021, Brix et al. 2024).

The single tardigrade specimen was stained with Acid Fuchsin and Congo Red 1:1 overnight for the
further confocal laser scanning microscope (CLSM) examination with Leica TCS SP5 CLSM (DM5000B
base). For this purpose, the specimen was mounted in pure glycerol on a temporary slide. We operated
with the argon laser (488 nm) and the DPSS laser (561 nm). After CLSM investigation, the specimen was
transferred to a glycerol drop on a slide surrounded with beeswax and paraffin mixture 1:2; covered with
coverslip and heated until the wax melted (Trokhymchuk & Kieneke, 2024).

After careful investigation, photographing and filming with an Olympus BX53 light microscope
equipped with DIC optics and an attached euromex HD Ultra digital camera, we carried out a well-
established preparation method in order to prepare three gastrotrichs for the scanning electron microscope
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(SEM) examination (see, e.g., Kieneke & Zekely, 2008, Kieneke et al., 2015, Trokhymchuk & Kieneke,
2024). The coverslip was carefully removed from the temporary slide and the specimen was transferred
with an eyelash to a special cage, (invented by Dr. Wilko Ahlrichs) immersed in 40% ethanol (as in
Trokhymchuk & Kieneke, 2024). Dehydration was carried out in steps of 10% to 100%, and finally dried in
a Leica CPD300 critical point dryer. After removal from the cabinet, the specimen was placed on a round
coverslip covered with a mounting resin (Tempfix, Plano GmbH, Wetzlar, Germany) and heated to about
50°C for 30 seconds to adhere the sample to the surface. The coverslip with the specimen glued to it was
mounted on an aluminum stub. Gold-palladium coating was performed on the Bal-Tec SCD 050 sputter-
coater operated within 150 seconds at 40 mA. SEM examination was conducted using a TESCAN VEGA3
SEM with an acceleration tension of 10 and 30 kV and both, the secondary and the backscattered electron
detectors. Three specimens of gastrotrichs, each on individual SEM-stubs (specimens SO280-26-8 1v1,
S0280-41-1_1v1, SO280-66-4_1v1 on stubs SN-240911-1, SN-240911-3 and SN-240911-2, respectively)
are kept in the private collection of A. Kieneke, Senkenberg am Meer, Wilhelmshaven, Germany. The
permanent slide with the tardigrade (SO280-80-2 1v1) is deposited in the Tardigrada collection of the
Senckenberg Natural History Museum, Frankfurt am Main, Germany with the same permanent slide
number but also with the SMF number 1311 (accessible via https://search.senckenberg.de/aquila-public-
search/search). The occurrence record of the tardigrade was submitted to the GBIF database. For
comparison with one of our gastrotrichs, a specimen of Desmodasys sp. langsethA collected from the
central Arctic Langseth Ridge during the expedition PS101 with the research icebreaker “Polarstern”
(Boetius & Purser, 2017) was likewise investigated with SEM (specimen PS101-194-3_7v98 on SEM-stub
SN-200227-3).

Genus-level identification of the Gastrotricha was carried out with the aid of Kieneke et al. (2020).
Tardigrada genus determination dealt with Fontoura et al. (2017). Species identification was made with
taxonomic papers containing original species descriptions and redescriptions (see taxonomic part for
references). For individuals that are not identified to any known species, we used a combination of the
locality of first occurrence and a capital letter plus the prefix “sp.” as a “working species name”, e.g.,
“‘Desmodasys sp. iberianA” (unknown species reported from the Iberian Basin), instead of a usual naming
of working species like simply “Desmodasys sp.1”. This shall enable a clear and explicit reference of such
working species in future comparative taxonomic studies (as already used in Hummon 2001-2010).

The figure plates were made in Adobe InDesign CS5.5 with single microscopic images, or using
stacked images made with Picolay (www.picolay.de). The measurements were made according to the
methodology of the original genus/species descriptions (see taxonomic part for references), using the light
microscopic images and the image-processing software FlJI/ImageJ (Schindelin et al., 2012).

Abbreviations used in the text below:

BL — body length, ec — external cirrus length, fu — furca length, hw — head width, ic — internal cirrus
length, mc — median cirrus length, pc — primary clava length, TbA — anterior adhesive tubes, TbP — posterior
adhesive tubes, tw — total (trunk) width, selV —leg IV sensory organ length, splV —leg IV coxal process length.

Results

Meiofauna communities

The meiofauna communities of the analysed samples consisted of Nematoda, Copepoda, Annelida
(Polychaeta), Kinorhyncha and Ostracoda, with Nematoda and Copepoda as the first and second most
abundant taxa (Tab. 2). Nauplii (potentially copepod larvae) were also more abundant than major taxa,
while Gastrotricha, Tardigrada and Mollusca only occurred in few or single core samples and always with
very low densities (Tab. 2).

Table 2. Densities (individuals per surface area of 10 cm?; one core per station) of meiofauna, Northeast
Atlantic Ocean, expedition lceDivA/SO280.

Station core Nematoda Copepoda Nauplii Annelida Kinorhyncha Ostracoda Gastrotricha Tardigrada Mollusca

S0280-26 8 70.0 9.6 1.7 0.3 0.3 0.1 0.1 0.0 0.0
S0280-29 6 86.8 7.3 7.9 13 0.0 0.3 0.0 0.0 0.0
S0280-41 1 97.7 4.8 5.9 14 0.6 0.4 0.1 0.0 0.1
S0280-43 9 74.2 4.1 3.5 0.8 0.3 0.1 0.0 0.0 0.0
S0280-66 4 13.0 0.4 1.7 0.0 0.0 0.0 0.1 0.0 0.0
S0280-80 2 26.7 2.8 2.1 0.8 0.1 0.1 0.0 0.1 0.0
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Gastrotricha

Phylum Gastrotricha Metschnikoff, 1865

Order Macrodasyida Remane, 1925 [Rao and Clausen, 1970]

Family Turbanellidae Remane, 1926

Genus Desmodasys Clausen, 1965

Desmodasys sp. iberianA

Fig.2A-F,3A-D

1 adult (hermaphrodite)

Sample: SO280-26, 4904 m depth

Measurements: BL 310 um; hw 46 um; tw 60 uym

Description: This Desmodasys has a roughly spindle-shaped, elongate body with an anterior end
gradually narrowing towards the mouth opening (Figs. 2A-B, 3A-B). Posterior body end is drawn-out into a
pair of lobes in a fin-like, acute-triangular shape of about 20 um length (Fig. 3A, C-D). However, only the
right lobe was observable under the SEM, the left one seems to be broken off (Fig. 3A). As characteristic
for the genus Desmodasys, adhesive tubes are only present in an anterior (TbA) and in a posterior group
(TbP), but there are no further tubes along the body. There are about 22 ThA per body side arranged in a
quite peculiar way: on each body side the TbA are grouped as a transverse row with a ventrolateral to
ventral position. On the ventral side, there is only a narrow gap of about 15 pm between both groups of
TbA (Figs. 2C, 3A-B). At the external (lateral) end of each group, there are two elongated and thicker TbA
of 25 ym length, while all other TbA measure about 10 um (Figs. 2A, 3A-B). However, also at the inner
(median) end of each group a few TbA seem to be slightly longer and thicker than the others (Fig. 3A-B).
On the posterior lobes, there is a number of 14 TbP that measure up to 12.5 ym in length (Fig. 3C-D). The
specimen has a massive and about 120 uym long myoepithelial pharynx that gradually increases in width
from anterior to posterior (ca. 30 um diameter at the anterior part and 45 ym in the posterior part, anterior
to the pharyngeal bulbs). Close to the posterior end of the pharynx, there is a pair of pharyngeal bulbs
leading to the pharyngeal pores. Due to the positioning of the specimen, the exact shape of the mouth
opening was not determinable with certainty, but it leads to a spacious, cylindrical buccal cavity of about 12
x 15 ym. The pharynx leads to the intestine that is more than 50 ym wide and spacious in the middle third
of the trunk and its epithelium contains a rather high abundance of refractive vesicles. Epidermal gland
openings could be observed only under the SEM and only in the anterior end of the animal (Fig. 3A, B).
This specimen of Desmodasys was an adult hermaphrodite with a mature and yolk-containing egg in a
dorsal position of the posterior third of the trunk and paired testes in the middle third of the trunk. We were
neither able to observe the pattern of ventral cilia under the light microscope, nor under the SEM. Cilia were
obviously already lost during the centrifugation of the sample.
Remarks: So far, there are three described species in the genus Desmodasys: D. phocoides Clausen,
1965, D. borealis Clausen 2000, and D. abyssalis Kieneke & Zekely, 2008 (Clausen, 1965, 2000, Kieneke
& Zekely, 2008). All these species have a quite similar appearance concerning their habitus, however, the
two “shallow water species” D. phocoides and D. borealis are significantly larger than the deep-sea species
D. abyssalis (see Kieneke & Zekely, 2008). A comparable body length, the absence of numerous and large
epidermal glands along the entire body, and the shared occurrence in abyssal depth make the investigated
specimen from expedition SO280 most similar to D. abyssalis. However, the number of anterior adhesive
tubes in each tuft is much higher in the investigated specimen (22) than the number of TbA in the three
known species (up to ten in D. abyssalis; 12-14 in D. phocoides; up to 16 in D. borealis). Furthermore, the
pattern of two strongly elongated and thickened lateral-most TbA and the very narrow gap between both
groups/rows of TbA distinguishes the specimen from SO280 from all known species of Desmodasys and
especially from the most similar D. abyssalis. Since these character differences are significant, we cannot
consider this individual to be a representative of any known species and regard it as a member of a new
species of Desmodasys. Although species descriptions of Gastrotricha based on single specimens are
frequently being carried out (e.g., Kieneke, 2010, Kieneke & Todaro, 2021), we refrain from doing so in this
case because of the poor condition of the specimen and because there are further core samples available
from the SO280 expedition that most likely contain further specimens.
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Figure 2. Desmodasys sp. iberianA, adult (A — F) and Desmodasys sp. langsethA, juvenile (G - K).
A habitus; B anterior end; C anterior adhesive tubes; D pharynx region; E oocyte, note the nucleus
(arrowhead); F midgut region, note testis (arrowheads); G juvenile, habitus; H anterior end, note sensory
device (arrowhead); | anterior end, note sensory device (arrowhead); J debris in midgut; K posterior
adhesive tubes. A — K light microscopy (DIC). Abbreviations: bc — buccal cavity; mg — midgut; ph — pharynx;
pp — pharyngeal pore; sp — spermatozoa; TbA — anterior adhesive tubes; TbP — posterior adhesive tubes.

Desmodasys sp. langsethA

Fig.2G-K,3E—-H

1 juvenile

Sample: SO280-66, 5121 m depth

Measurements: BL 192 ym; hw 35 pym; tw 28 ym

Description: This Desmodasys has a cylindrical, elongate body. The shape of the anterior end cannot
be described with certainty, because the buccal cavity seems to be contracted and therefore it appears
truncated (Figs. 2G, 3E-F). Posterior body end is drawn-out into a pair of lobes in a fin-like, acute-triangular
shape of about 10 um length (Fig. 3E, G). In this case, only the left lobe was observable under the SEM,
the right lobe was folded down (Fig. 3G). As characteristic for the genus Desmodasys, adhesive tubes are
only present in an anterior (TbA) and in a posterior group (TbP), but there are no further tubes along the
body. There are only 5 TbA per body side and again both most external (lateral) tubes are strongly
elongated and thicker and of 10 and 15 uym length, while the three internal (median) TbA measure only up
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Figure 3. Desmodasys sp. iberianA, adult (A — D) and Desmodasys sp. langsethA, juvenile (E - G),
Desmodasys sp. langsethA SN-200227-3, adult (H). A habitus; B anterior end, note bigger adhesive
tubes (arrowheads); C posterior adhesive tubes; D posterior adhesive tubes; E juvenile, habitus; F
anterior end, lateral view, note epidermal glands (arrowheads); G posterior adhesive tubes; H
Desmodasys sp. langsethA from “type locality” (A. Kieneke private unpublished data). A — H scanning
electron microscopy (SEM). Abbreviations: eg — epidermal gland; mo — mouth opening; pl — posterior
lobe; pp — pharyngeal pore; sc — sensory cilia; sd — sensory device; TbA — anterior adhesive tubes; TbP —
posterior adhesive tubes.

to 5 ym (Figs. 2G-H, 3E-F). There are a number of 6 TbP that measure up to 14 ym in length and are
arranged on the inner margins of the posterior lobes (Figs. 2K, 3E, G). It was almost impossible to study
internal organs of this specimen of Desmodasys, however, there were definitely no gonads indicating a
juvenile or subadult specimen. Deduced from the position of the pharyngeal pores (Fig. 3E), the pharynx
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occupies the complete anterior half of the animal (Fig. 3E), another indication of the adolescence of this
specimen. Although no proper information on the gut system can be made, we were able to document a
peculiarity related to it; in a mid trunk position, there was an accumulation of cristaline splinters that are
most likely debris from food items (Fig. 2J). Epidermal gland openings were detected under the SEM and
again in the anterior part of the animal (Fig. 3F). As in the other specimen, we were neither able to observe
the pattern of ventral cilia under the light microscope, nor under the SEM. Cilia were obviously already lost
during the centrifugation of the sample. The most peculiar structure of this second specimen of
Desmodasys is a protrusion on both sides of the anterior body end, anterior to the TbA and in a slightly
more dorsal position (Figs. 2H-I, 3F). This structure consists of a curved bulge in a dorso-ventral alignment
and one shorter bulge branching from the center of the curved bulge and projecting towards anterior. On
the left body side, it has therefore the shape of a rounded and mirrored capital “€” (Ukrainian letter [je])
(Fig. 3F). This presumably chemosensory organ has a size of about 5 x 10 ym.

Remarks: As already mentioned above, due to the much smaller body size and the absence of large
epidermal glands along the whole body, also the second specimen of Desmodasys definitely does not
belong to the two “shallow water species” D. phocoides and D. borealis. Concerning the number of TbA
and TbP, this second specimen possesses the least number of adhesive tubes compared to all three
described species of Desmodasys and to the other specimen of expedition SO280 (see above). We need
to keep in mind, though, that we here deal with a subadult specimen and measurements and numbers of
adhesive tubes most likely differ in adult specimens. With the first specimen it shares the two elongated
external ThA, however, this second specimen is unique in the possession of the peculiar €-shaped structure
on the sides of the anterior body end, presumably chemosensory organs. We need to emphasize that
sample material from expedition PS101 of the German research icebreaker “Polarstern” to the Arctic
Langseth Ridge (Boetius & Purser 2017) contained numerous specimens of Desmodasys with a similar
putative sensory structure. A SEM image of one of those specimens is shown in Fig. 3H for comparison
(private collection of A. Kieneke, unpublished data). Due to the striking similarity, we suggest this individual
also belongs to the yet undescribed species “Desmodasys sp. langsethA” from the Central Arctic Basin.
We refrain again from making a formal taxonomic species description, because of the poor condition of the
specimen and because there are many more specimens from this undescribed species in a much better
condition and preservation from the sample material of expedition PS101.

The midgut content is most likely non-organic debris of either calcareous or siliceous matter and
could be foraminifera shell parts (see Traunspurger & Majdi 2017).

Order Chaetonotida Remane, 1925 [Rao and Clausen, 1970]

Family Muselliferidae Leasi & Todaro, 2008

Genus Musellifer Hummon, 1969

Musellifer sp. iberianA

Musellifer aff. tridentatus Kénneby, Atherton & Hochberg, 2014

Fig. 4,5

1 juvenile/subadult

Sample: SO280-41, 5485 m depth

Measurements: BL 96 pym; fu 64 uym; hw 33 pm; tw 33 pm

Description: The single specimen found so far in one core sample of expedition SO280 has the
typical habitus of a member of the genus Musellifer, with an anteriorly tapering head region, a slightly
broader and spindle-shaped trunk region, both regions separated by a distinct constriction, and a posterior
furca with two elongate branches/TbP (Figs. 4A, 5A). The total body length is about 96 um, however, due
to a strong contraction and bending of the animal this measurement is biased. Since we could not trace
any patterns of eggs or sperm, this is most likely a juvenile specimen. The conical anterior end (“head”) is
densely covered with cilia, the typical “muzzle” of species of the genus Musellifer (Fig. 4A-B, D). These cilia
of the anterior body end were mostly lost during the preparation for SEM (Fig. 5A-B). Inside the head region
there is the muscular pharynx with a triradiate lumen (Fig. 4E), a distinct constriction at the level of the
junction between pharynx and midgut demarcates the border between “head” and trunk (Figs. 4A-E, 5A,
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D). The body surface of this specimen of Musellifer is covered by very thin and tight-fitting simple spined
scales that continue on the furcal branches including the whole TbP (Figs. 4C, 5A, C-F). Each scale of the

Figure 4. Musellifer sp. iberianA (Musellifer aff. tridentatus), juvenile. A habitus; B note two ventral
locomotory cilia bands; C body scales; D anterior end; E anterior end; F tube of caudal furca, note scale
simple spine (arrowhead). A — F light microscopy (DIC). Abbreviations: cf — caudal furca; ph — pharynx;
sc — sensory cilia; sss — simple spined scales; tss — trident-shaped scales.

trunk section has a convex anterior edge that is only observable under the light microscope due to the
broad overlap of each scale by its preceding scale (e.g. Fig 4D). The free posterior edge of the trunk scales
describes a rather rhombic shape, but with a concave central indentation. The edges of this indentation are
drawn-out into short pinnacles and in the center of the indentation arises a short and flexible appearing
spine (Fig. 5A, C-D). This basic “stingray-shape” of the trunk scales also applies to the scales of the furcal
base and those of the actual TbP, however, these scales are gradually decreasing in width (3 to 3.5 ym in
the trunk scales, 2.5 to 3 uym in the furcal scales, 0.5 to 1.5 ym in the scales covering each TbP; Fig. 5E-
F). On the trunk section, there are about 10 longitudinal columns of scales with 25 scales in each column
on the ventral side. Such counts of the dorsal side are not possible due to the position of the specimen on
the SEM-stub, however, we expect similar numbers of columns and scales. The peculiarity of this specimen
of Musellifer is a “collar” of strong and curved spines on the head section. Here, about 12 ym from the
anterior end of the animal, a sharp line demarcates the “muzzle” from this collar of spines (Figs. 4C, 5A-B).
The collar is about 8 to 10 um wide (anterior-posterior direction) and surrounds the whole body like a belt.
The shape of the basal scales is difficult to determine even with the high resolution of the SEM. This is due
to a strong overlap of single scales and much likely also because of the contraction of the specimen.
However, the shape seems to be crest-shaped as in several species of the gastrotrich genus Chaetonotus
(Fig. 5B). The strongly curved and claw-like spines are about 2 ym long. There are about 18 longitudinal
columns of spines/scales with 10 scales in each column on the ventral side.
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Figure 5. Musellifer sp. iberianA (Musellifer aff. tridentatus), juvenile. A habitus; B neck region spined
scales; C ventral body scales, note locomotory cili (arrowheads); D lateral side, neck-body region; E caudal
furca scales; F tube of caudal furca, note scale simple spine (arrowhead), closeup area marked with dashed
lines. A — F scanning electron microscopy (SEM). Abbreviations: cf — caudal furca; mz — muzzle; sss —
simple spined scales; tss — trident-shaped scales.

Remarks: So far, five described species of the genus Musellifer are known. Four of these species,
namely Musellifer delamarei (Renaud-Mornant, 1968), Musellifer sublitoralis Hummon, 1969, Musellifer
reichhardti Kanneby, Atherton & Hochberg, 2014 and Musellifer tridentatus Kanneby, Atherton & Hochberg,
2014 occur in shallow sublittoral sandy sediments, while Musellifer profundus Vivier, 1974 is described and
reported from deeper offshore sediments (e.g. Vivier, 1974, Sergeeva et al., 2019), but also from shallower
bottoms (e.g., Leasi & Todaro, 2010). However, most of the species of Musellifer, including M. profundus,
are characterized by a quite homogeneous cuticular armature, meaning there is only one type of scales on
the whole body surface, only differing in size depending on the body region (head versus neck versus trunk
etc.). It is only M. tridentatus that has an area of so-called trident-shaped scales on the anterior-most part
of its head (Kanneby et al. 2014). In this regard, the specimen found in a core sample of expedition SO280
is most similar to M. tridentatus. However, there are three significant differences between both
morphotypes: 1) The area with the different scale type of the specimen of the Iberian Basin forms a “collar”
around the posterior part of the head section, while in M. tridentatus this area is in the anterior-most part of
the head, at a comparable position where species of the freshwater-dwelling taxon Chaetonotidae possess
the unpaired cephalion and paired pleurae. 2) The shape of these scales differs considerably, with the
strong and curved spines in the deep-sea specimen and smaller scales with three keels in M. tridentatus.
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3) M. tridentatus has a pair of peculiar elongated lateral spines about 20 ym anterior to the furca; such
elongated spines are not present in the Musellifer found during expedition SO280. We again refrain from
making a formal taxonomic species description, as in the other two cases, because of the poor condition of
the specimen, which is strongly contracted and distorted. Furthermore, it is a juvenile specimen lacking
taxonomically important reproductive traits (see discussion of Leasi & Todaro, 2010). In addition, there are
further core samples available from the SO280 expedition that most likely contain further specimens of this
undescribed Musellifer.

Tardigrada

Phylum Tardigrada Doyére, 1840

Class Heterotardigrada Marcus, 1927

Family Coronarctidae Renaud-Mornant, 1974

Genus Coronarctus Renaud-Mornant, 1974

Coronarctus dissimilis Gomes-Junior, Santos, da Rocha, Santos & Fontoura, 2020
Fig. 6

Figure 6. Coronarctus dissimilis, male. A habitus; B head, dorsal view, note median cirrus (arrowhead);
C head, ventral view, note bigger internal claws on the leg | (arrowheads); D posterior body end, ventral
view; E legs IV; F legs IV, note cirri E (arrowheads); G internal anatomy. A — F light microscopy (DIC), G —
confocal microscopy (CLSM). Abbreviations: an — anus; co — coelomocyte; ec — external cirrus; go —
gonopore; ic — internal cirrus; Im — longitudinal muscles; mg — midgut; pb — pharyngeal bulb; sc — secondary
clava; selV —leg IV sensory organ; splV — leg IV coxal process; st — stylet, sv — seminal vesicle.
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1 male

Sample: SO280-80, 4163 m depth

Measurements: BL 346 um; tw 89 um; pc 4.5 um; ec 6.5 ym; ic 6 ym; mc 3 ym; splV 9 ym; selV 5 um.

Description: Adult Coronarctus male with robust cylindrical, elongated body with smooth cuticle.
Large longitudinal muscles are visible (Fig. 6A, G). Pharyngeal bulb 19 x 12 ym and stylets present (Fig.
6A). Primary clavae are oval and short. Secondary clavae lobated: they dorsally diverge before median
cirrus insertion (Fig. 6B); ventral part of the secondary clava surrounds the external cirrus (Fig. 6C) and has
a second lobe. Leg | claws show heteromorphy with internal claws bigger than external (Fig. 6C). Spine-
like sensory organs IV (Fig. 6E) and leg IV coxal processes (Fig. 6F) are present. Accessory spines on the
claws of each leg. Male has a well-observable anus and gonopore (Fig. 6D). Two lateral seminal vesicles
around gonopore present (Fig. 6G).

Remarks: This individual belongs to the Coronarctus tenellus group (Gomes-Junior et al. 2020) due to
the short cephalic cirri (less than 10 uym) and claws on leg IV much longer than claws on legs I-lll. The
morphological data corresponded to the original description by Gomes-Junior et al. 2020. Species specific traits
include the insertion of median cirrus between diverged posterior part of secondary clavae; shape of secondary
clavae from the ventral view; claws heteromorphy and presence of apical accessory spine on each claw.

Discussion

Meiofauna densities

Meiofauna communities of the northeast Atlantic deep-sea (lberian and Canary Basins) showed a
rather low density value for nematodes (max. of 97.7 ind./cm?) and copepods (max. of 9.6 ind./cm?),
compared to shallower Atlantic sites such as the Condor seamount at 1900 m depth. At sampling site 8, for
instance, nematode densities reached 152.6 ind./cm? and copepod densities 10.78 ind./cm? (Zeppilli et al.,
2013). However, the general trend of nematode and copepod density decreasing with depth is already
known, e.g., from the Bay of Biscay where nematode density at 4415 m depth (station 09-5) was 152
ind./cm? and copepod density was 15 ind./cm?; but at 4460 m depth (station 69-5) it was only 5 ind./cm?
and 1 ind./cm?, accordingly (Dinet & Vivier, 1977). The density values of “minor’ meiofauna taxa in our
samples is highly similar to those of other deep sea studies in the closest regions (Vincx et al., 1994).

Biogeographic considerations

The major aim of the current study was a further step towards clarifying the role of the abyssal plains
as possible barriers against long-distance dispersal of certain meiofauna taxa, i.e. the Gastrotricha and
Tardigrada. If the deep-sea bottom would not be a barrier, long-distance dispersal could purely happen by
population growth and therewith through range expansion of species. But if these biggest ecosystems of
our planet indeed function as barriers against dispersal, this would in turn underline the outstanding role of
seamounts and oceanic islands promoting long-distance dispersal of (shallow water) meiofauna as
“stepping stones” or “staging posts” (George, 2013).

As already mentioned in the introduction, studies of gastrotrich and tardigrade communities from
seamount and island shelf biotopes on genus or even species level are still rare. However, this limited
number of studies already yielded a genus-level diversity of 28 genera of Gastrotricha from the Faroe Bank,
Sao Miguel and Lanzarote, with 19 genera of Macrodasyida, 8 genera of Paucitubulatina and the genus
Neodasys (Araujo & Hochberg, 2021, Clausen, 2004, Martinez et al., 2019, Todaro et al., 2019; see Tab. 3).
In contrast to this, we so far only know two macrodasyidan genera, i.e. Desmodasys and Thaumastoderma,
and a single paucitubulatinan genus, Musellifer, from deeper offshore sediments to bathyal and abyssal
depths (Vivier, 1974, Kieneke & Zekely, 2008, Kieneke, 2010, Sergeeva et al., 2019, current study). Apart
from Desmodasys, the two other genera were also recorded from the Faroe Bank, Sdo Miguel and
Lanzarote (Thaumastoderma, see Tab. 3), or at least from Lanzarote (Musellifer, see Tab. 3), but
Desmodasys is known from coastal shallow sublittoral sediments of Norway (Clausen, 1965, 2000).
However, if we have a look on the species level, there is no overlap between deep-sea versus seamount,
island, and continental-coastal biotopes: known deep-sea species of Musellifer are so far M. profundus and
M. sp. iberianA (Vivier, 1974, Sergeeva et al., 2019, current study), but on Lanzarote M. delamarei was
recorded (Martinez et al., 2019, Todaro et al., 2019); known deep-sea species of Desmodasys are so far
D. abyssalis, D. sp. iberianA and D. sp. langsethA (Kieneke & Zekely, 2008, current study), but from the
coastal sublittoral of Scandinavia D. phocoides and D. borealis were recorded (Clausen, 1965, 2000); the
only known deep-sea species of Thaumastoderma is so far T. antarctica (Kieneke, 2010), but from the
seamount and island biotopes T. moebjergi Clausen, 2004 and T. mediterraneum Remane, 1927 were
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recorded (Clausen, 2004, Martinez et al., 2019, Todaro et al., 2019). Although the data concerning the
Gastrotricha can only be regarded as highly preliminary — including the present study there are so far only three

Table 3. Occurrences of marine genera of Gastrotricha on seamount and island biotopes and at the deep-
sea bottom. Note that several more genera occur at the Norwegian coast, but, only the genus Desmodasys
is relevant for the aim of this study.

genus Faroe Bank! = Norwegian west S&o Miguel Lanzarote (Canary  deep-sea”®?®
coast? 3 (Azores)* Islands.)> 6

Dactylopodola X X
Dendrodasys
Cephalodasys
Mesodasys
Lepidodasys X X
Macrodasys

x

Urodasys
Crasiella
Megadasys
Acanthodasys
Diplodasys

X X X X X

Oregodasys
Pseudostomella
Ptychostomella

Tetranchyroderma

X X X X X X

Thaumastoderma

X X X X X X X X X X X X X X X X

Paraturbanella

X X X X

Turbanella
Desmodasys X X
Xenodasys
Neodasys
Aspidiophorus
Chaetonotus X
Halichaetonotus X X
Heterolepidoderma
Musellifer
Draculiciteria

X X X X X X X X

Heteroxenotrichula
Xenotrichula X

Sources: 1 - Clausen (2004); 2, 3 - Clausen (1965, 2000); 4 - Arujo & Hochberg (2021); 5, 6 - Martinez et al.
(2019), Todaro et al. (2019); 7, 8, 9 - Kieneke & Zekely (2008), Kieneke (2010), current study

publications of deep sea plus two publications of deeper offshore gastrotrichs on species level — we can
still already draw an important conclusion: the overwhelming fraction of marine gastrotrich genera that occur
in shallow to deeper sublitoral sediments (mostly sand) do not occur in deep-sea sediments of bathyal to
abyssal depths! And this is, in our opinion, already a strong indication that the deep sea represents indeed
a barrier against long-distance dispersal of many species of marine Gastrotricha.
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New records of deep-sea Gastrotricha and Tardigrada from Iberian and Canary Basins (Northeast Atlantic) with comments on...

Returning to tardigrades from the Faroe Bank, Condor Seamount and Great Meteor Seamount
Plateau, the genus-level diversity of these locations sums up to 15 tardigrade genera (Kristensen &
Renaud-Mornant, 1983, Hansen et al., 2001, Jergensen & Kristensen, 2001, Hansen et al., 2003, Hansen
et al., 2012, Kristensen et al., 2015, Tchesunov, 2018, Hansen & Kristensen, 2021). Among them are 5
genera (Faroestygarctus, Higginsarctus, Rhomoarctus, Parmursa and Coronarctus) that can be called
“deep-sea taxa”, because most of their species are known from the bathyal zone and even deeper
(Kaczmarek et al., 2015). However, the species Coronarctus dissimilis was not present in samples from
these shallow localities. Coronarctus dissimilis is so far recorded from the Campos Basin, Brazil, at 1300
m depth (Gomes-Junior et al., 2020), the Newfoundland Basin at 3685 m depth (Trokhymchuk & Kieneke,
2024) and from the Cape Basin at 2981 m depth (Trokhymchuk et al., 2024). In the current study we report
this species from 4163 m depth. This new record extends the range of geographic distribution of this species
and enlarges the bathymetric distribution as well. All these records may indicate an amphi-Atlantic
distribution of C. dissimilis and likewise confirm it as a true deep-sea species. But are underwater features
such as the mid-oceanic ridges obstacles against the distribution of this species/genus? Comparing the
anatomy of Coronarctus to Tholoarctus, which can potentially float in the water column (as mentioned in
the introduction), species of Coronarctus doesn’t have any special traits for buoyancy. On the other hand,
its vermiform body and huge longitudinal muscles favor better movement in dense substrates. Comparable
patterns are also known for another species of Coronarctus: Coronarctus laubieri Renaud-Mornant, 1987
was found at the Bay of Biscay abyssal plain (Renaud-Mornant, 1988), but also at the Gulf of Mexico
(Romano et al., 2011), Potiguar Basin and Campos Basin, Brazil (Gomes-Junior et al., 2020), all records
also from abyssal depths. We assume that the “meiofauna paradox” affects the genus Coronarctus and its
species less, at least in the Atlantic Ocean, a conclusion similar to that of Westheide et al. (2002). With 5
of 15 tardigrade genera that occur in both shallow sediments of island shelfs and seamount summits of the
mentioned northeast Atlantic area, and also at the deep-sea bottom (see above), the ratio is less evident
as in the Gastrotricha, but it is still two thirds of the genera from island shelfs and seamounts that do not
occur in the deep-sea. Therefore the abyssal plains represent a severe barrier against long distance
dispersal also for several genera of the Tardigrada. However, the example of Coronarctus demonstrates
that we need to look at the level of species in order to distinguish between exclusive deep-sea and exclusive
shallow-water taxa, or if species can occur in a wide range of depth layers such as Batillipes wyedeleinorum
Bartels et al., 2024, Angursa lingua Bussau, 1922 or Tholoarctus oleseni Jgrgensen et al., 2014 (see
Trokhymchuk et al., 2024).
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Hosgi 3Haxiaku rmmb6okoBoaHux Gastrotricha i Tardigrada B 16epincbkomy Ta
KaHapcbkomy 6acenHax (niBHiYHO-cXigHa ATNaHTMKa) 3 KOMEHTapPsAMM LWoA0
cknaay abicanbHoi menodayHu Ta napagokcy menodayHm
P. Tpoxumuyk, A. KiHeke

“Mapapgokc merodayHn” noB’dA3aHMin 3 amdiokeaHiYHMM abo HaBiTb KOCMOMOMITUYHUM MOLUMPEHHAM BUAIB L€l
€KOMOri4yHOI rpynu, a came MOPCbKOI MenodayHu, B NpoTuBary ix crnabkomy noTeHuiany posceneHHs. Po3B’a3aHHsA
LibOro napafokcy BKIOYae, 3 0gHOro 60Ky, 3HaxigKv KOMMIEKCIB reHETUYHO Pi3HUX, ane MopdooriyHO KPUMTUYHMX
BUAIB i3 3HAYHO OOMEXeHNMN apeanamu; a 3 iHLWOro — JOCNIMAXKEHHSA “OCEeNnuLL-CXOOUHOK”, TaKMX K LenbgoBi 30HU
OKeaHIYHMX OCTPOBIB i BepLUMHM NigBOAHMX rip. Taki 6ioTonn noainsAwTb Benuki AUCTaHLUii, Hanpuknag, Bigd ogHOro
KOHTUHEHTY [0 iHLWOro, Ha B6inbLl KOpOTKi NpoMixkkn. OgHak ToAi crig BUKIHOYMTU MOXITUBE MOLLUMPEHHS “MiNkoBOAHOT
mMerodayHn” NpoCTo Yepes 3pOoCTaHHsA NoNynsLii Ta Po3LWMPEHHS apeany Ha abicanbHux piBHMHax CBITOBOrO okeaHy.
Ons Toro, wo6 nepeBipuTH, Y MOXyTb abicanbHi piBHUHKM ByTN 6ap’epoM Ans po3ceneHHs NEBHNX TAKCOHIB MOPCHKOT
meriodayHu, My Jocnigunu cknag menodayHm 3 wecTtm npob (cTaHuin) nig yac ekcneauuii R/V Sonne IceDivA (SO280)
B |6epivicbkomy Ta KaHapcbkomy GaceviHax 3 abicanbHux rmubuH (4904 - 5485 m). JoMiHAHTHMMMK TakcoOHaMM B YCix
npoGax 6ynu HemaTtoam (13.0 - 97.7 oc./cm?) Ta konenoam (0.4 - 9.6 oc./cM?); aHeniau, KIHOPUHXM | OCTpakoau Manu
MeHLUY LWinbHICTb. BigmiveHo Tpu Buam ractpotpux (Desmodasys sp. iberianA, Desmodasys sp. langsethA, Musellifer
sp. iberianA (Musellifer aff. tridentatus)) Ta oguH Tnxoxig (Coronarctus dissimilis), siki gocnigunu 3 BUKOPUCTaHHSM
citnooi mikpockonii (OIK Ta KNCM) a Takox CEM. Bci npeacraeneHi ractpoTpyxu, MIMOBIPHO, HanexaTb 40 HOBUX Ta
poci He onucaHux Buais. Apean Coronarctus dissimilis po3wmpeHo go |16epiicbkoro 6aceriHy Ta rmmbuHn B 4163 m
(6aHka dxo3ediHa). Lisa 3Haxigka Moxe CBig4MTV Ha KOPUCTb NOTEHUIMHOrO amdiaTnaHTUYHOro NownpeHHs suay. Mu
NopiBHANW HaLi AaHi 3 iHWMMM JOCHiOKEHHAMW NiABOOHUX Fip, OKeaHiYHMX OCTPOBIB Ta 3 rMMbokoBOAAS | NPUALLAM OO
BUCHOBKY, L0 abicanbHi piBHWHM € 3Ha4HUM 6ap’epom Ha LUnAXy NOLUMPEHHS Ha BeNuKi BiacTaHi Ans 6inbLliocTi poais
(i BMAIB) racTpoTpumx, a Takox AN NEBHOI YaCTUHU POAIB TUXOXOAIB.
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The distribution of branchiobdellidan worms (Annelida: Clitellata) on the noble

crayfish, Astacus astacus, in the Transcarpathian region, Ukraine
M. Shrestkha, S. Utevsky

This study explores the distribution, abundance, and diversity of branchiobdellidans on freshwater crayfish in the
Zakarpattia (Transcarpathian) region of Ukraine, focusing on populations in the Tereblya River and Lake Syneuvir.
Surveys were conducted over the summer seasons of 2008, 2009, 2017, and 2022, examining a total of 68 noble
crayfish (Astacus astacus Linnaeus, 1758). Four branchiobdellidan species were identified: Branchiobdella parasita
(Braun, 1805), B. balcanica Moszynski, 1937, B. pentadonta Whitman, 1882, and B. hexadonta Gruber, 1883. This
study presents the first records of B. hexadonta in Ukraine, expanding on the previously recorded presence of B.
parasita and B. balcanica. Among the species observed, B. balcanica was the most prevalent, comprising 83% of the
branchiobdellidans on individual crayfish in Lake Synevir and 64% in the Tereblya River. This species primarily
occupied the claws, thoracic legs, and bases of the antennules, with cocoons mostly located in the lower cervical
grooves. B. pentadonta was less frequent, accounting for 10% and 15% of branchiobdellidan specimens in Lake
Synevir and the Tereblya River, respectively, and generally cohabited the same body regions as B. balcanica. B.
hexadonta, detected exclusively in Lake Synevir, was found within the gill chambers and represented only 3% of the
total branchiobdellidans. Visible damage to some gill filaments suggests that this species may exhibit parasitic behavior.
B. parasita, known for its considerable size and widespread presence across native European crayfish populations,
accounted for approximately 21% of the branchiobdellidan specimens. It was commonly found on the eyes, maxillipeds,
and lateral sides of the cephalothorax. This species displayed protective behavior around its cocoons, actively moving
to shield them. In comparison, the recently described B. bulgariensis, identified in Bulgaria, differs from B. parasita
primarily in spermathecal structure and is associated with A. torrentium. In this study, our samples exhibited distinct
spermathecal structures from both B. bulgariensis and B. parasita, indicating potential taxonomic variation that needs
further investigation through molecular genetic analysis. In this study, we enhance the existing descriptions of
branchiobdellidan species by providing detailed morphological and anatomical parameters. Our findings are based on
both original species descriptions and our own research contributing to the understanding of the diversity and
morphology of European branchiobdellidans.
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Introduction

The Carpathian region is recognized as one of the most important biodiversity hotspots in Europe,
with well-preserved ecosystems that support a wide range of animal and plant species (Balint et al., 2011).
This region provided a crucial glacial refugium during the Pleistocene, enabling temperate and cold-adapted
species to survive climate fluctuations (Schmitt, 2009). Genetic studies indicate multiple glacial survival
centers across the Carpathian area, which have contributed to the present distribution patterns of species
in the region (Mraz and Ronikier, 2016; Mamos et al., 2021).

A key freshwater species in this region is the noble crayfish, Astacus astacus (Linnaeus, 1758), which
likely colonized the Carpathian Danube basin during the late Pliocene or early Pleistocene (Trontelj et al., 2005;
Klobucar et al., 2013). Populations of A. astacus have since been shaped over time by climatic shifts, with the
Carpathians providing a relatively stable refuge (Schulz and Grandjean, 2005). In recent decades, however,
these native crayfish have faced significant pressures, including habitat loss, competing invasive crayfish
species and the crayfish plague, resulting in population declines across much of Europe (Holdich et al., 2009).
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The Zakarpattia region of Ukraine, part of the Eastern Carpathians, hosts diverse and rich aquatic
environments and associated flora and fauna (Kliment et al., 2016), with rivers, streams, and smaller water
bodies interlacing to create ideal conditions for crayfish and their associated symbionts (Parvulescu and
Zaharia, 2014). This region also provides a core water resource in Ukraine (Gerenchuk, 1981). Thus, it is
a key region for studying relationships between native A. astacus crayfish populations and their associated
species such as branchiobdellidan ectosymbionts. Branchiobdellidans (Annelida: Clitellata) are small
annelids that live on the surface of freshwater crayfish or in their gill chambers. Certain species of
branchiobdellidans form mutualistic relationships with crayfish, benefiting both organisms. In these cases,
Branchiobdellidans help keep the crayfish clean by removing debris and parasites, which supports the
host's overall health. However, some branchiobdellidans exhibit parasitic behavior, feeding on crayfish
tissues or bodily fluids. This can lead to stress, reduced growth, and increased vulnerability to disease for
the host crayfish (Baker, 2003; Hollander, 2005).

In the Carpathian region, research on branchiobdellidans has been limited, despite the ecological
significance of their freshwater crayfish hosts. This study set out to investigate branchiobdellidan species,
associated with A. astacus in the Transcarpathian region of Ukraine and to increase knowledge of the
interactions between crayfish and branchiobdellidans in the Carpathian refugium and to provide detailed
descriptions of investigated species.

Materials and methods

Study sites

Surveys were conducted at two locations (Fig.1, A-D) in the Khust district of the Zakarpattia Region in
Ukraine: Lake Synevir and the Tereblya River near the village of Kolochava. The field studies were carried out
over several years, during the summer months in 2008, 2009, 2017, and 2022. A total of 68 crayfish specimens
were examined for the presence of branchiobdellidans. These included 30 crayfish from the Tereblya River in
2008, 10in 2009, 10 in 2017, and 10 in 2022. In Lake Synevir, 8 crayfish were examined in 2009.

1. Lake Synevir (48°37'01"N; 23°41'02"E). Collection date: July 16, 2009, 8 crayfish.
2. Tereblya River (48°26'13"N; 23°44'29"E). Collection dates: July 21, 2008 (30 crayfish);
July 13, 2009 (10 crayfish); August 16, 2017 (10 crayfish); August 27, 2022 (10 crayfish).

Lake Synevir is a well-known tourist destination situated in the Synevir National Nature Park at an
altitude of 989 meters above sea level. The lake is fed by three mountain streams, with marshy ground
present at their respective discharge areas into the lake. Water from the lake flows through underground
aquifers into the river Tereblya, one of the numerous headwaters of the River Danube. The Tereblya River
is located in the same region and is a tributary of the Tisza River, which also subsequently joins the Danube.

Specimen collection and examination

Crayfish were collected by hand from the water bodies at both sites and visually examined for the
presence of branchiobdellidans. These were gently washed off their crayfish hosts and preserved in tubes
containing 96% ethanol for further analysis. Immediately after examination, most of the crayfish were
returned to their natural habitats. Two crayfish from each locality were euthanized to allow for subsequent
detailed examination of their gill chambers. Branchiobdellidans were identified using a stereomicroscope
Leica M205 C. Species identification was based on examination of external morphology, jaw structure and
reproductive system organization. Measurements of body proportions and microscopic examination of jaws
were carried out performed using the microscopy imaging application Axiolmager Z1 (Carl Zeiss). The
terminology used to describe morphological and anatomical features adheres to the standards outlined by
Neubert and Nesemann (1999). We believe it is essential to provide detailed parameters and proportions
related to the structure of the jaws and external morphology of the collected specimens, as traditional
morphometry often focuses solely on length and breadth measurements. Additionally, we include
microscopic photographs of the reproductive system, whereas most previous articles have primarily relied
on illustrations. We present standardized descriptions of the species based on characteristics documented
in the original species descriptions as well as our own research findings. These descriptions encompass
size, external features, jaw structure, reproductive system, and cocoon structure.

Results

Branchiobdellidan species identification was based on both external morphological features and internal
structures, including the spermatheca and atrium. Here, we provide brief descriptions of each species,
highlighting the key features important for species differentiation. All crayfish from both study sites were identified
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Figure 1. Surveyed locations in the Khust District, Zakarpattia Region, Ukraine (Photographs by
M.Shrestkha). (A) General view of Lake Synevir; (B) Crayfish collection site in Synevir Lake; (C) General
view of the Tereblya River; (D) Crayfish collection site in the Tereblya River; (E) Astacus astacus in its
natural habitat; (F) Branchiobdella balcanica on its host; (G) B. parasita on its host; (H) The density and
diversity of branchiobdellidans on the A. astacus, Lake Synevir; (I) The density and diversity of
branchiobdellidans on the A. astacus, Tereblya River
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as the noble crayfish, A. astacus. Three species of branchiobdellidan were recorded on crayfish collected
from the Tereblya River, namely B. parasita, B. pentadonta, and B. balcanica. The most abundant species
was B. balcanica, with 20 to 30 individuals per host. Branchiobdella parasita was less numerous, with 6 to 10
individuals per host, while B. pentadonta was present in smaller numbers, ranging from 5 to 7 individuals per
host (Fig. 1, E-I). Three species of branchiobdellidan were also identified in Lake Synevir, B. balcanica, B.
hexadonta, and B. pentadonta. The dominant species was B. balcanica, with 20 to 40 individuals found per
host. Branchiobdella pentadonta was observed in smaller numbers, with 3 to 5 individuals per host, while B.
hexadonta was the least common, with only 1 to 3 individuals per host (Fig. 1, H, 1).

Branchiobdella balcanica Moszynski, 1937

Size: The length of fixed animals varied from 1.8—4 mm

External features: The body is cylindrical and of uniform width from the 1st to the 3@ segments, and
then dorso-ventrally flattened from the 4th to the 8th segments. It broadens significantly at the 4th segment,
where the frontal annulus forms "shoulders" and doubles in width compared to the 1st segment, maintaining
this width up to the 7t segment. The frontal annulus of the 8t segment has distinct lateral processes, while
the 9" segment also exhibits lateral processes located on the dorsal annulus (Fig. 2, D—E). These
processes are clearly visible in specimens that have been slowly fixed; in specimens fixed rapidly, however,
the processes appear contracted.

D E G
Figure 2. Branchiobdella balcanica: (A) dorsal and ventral jaws; (B) spermatheca; (C) atrium; (D) dorsal
view: (D1) head region, (D2) 4" body segment, (D3) lateral processes on the frontal annulus of the 8" segment
and the dorsal annulus of the 9t segment; (E) ventral view; (F) cocoon; (G) living worms on the crayfish host.

The head is oval, with a length approximately 10% greater than its width and nearly equal to the
width of the 1%t body segment. It comprises 15% of the total body length. The lips, which are distinctly
separated from the head, are round (Fig. 2, D1) and account for 35% of the head length, lacking any lobes.

Jaw structure: The jaws are equal in size, dark brown, and elongated-oval in shape, with a width that
is three times greater than their height. The teeth are arranged along the straight edge of each jaw (Fig. 2,
A). The dorsal jaw bears five or six teeth, while the ventral jaw has five. On both jaws, the teeth are massive
and generally uniform in size, with the middle tooth being distinctly larger than the others.

Reproductive system: In adult worms, the gonopores are clearly visible on the 5™ and 6™ body
segments. The vesicle of the spermatheca has a bulbous shape, with a widened apical end and a narrower
basal end. The ejaculatory canal is equal in length to the vesicle, curving beneath it to about half its length,
then bending in the opposite direction toward the gonopore (Fig. 2, B). The glandular part of the atrium is
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C-shaped, as described by Karaman (1967), and broad, while the tubular portion is thin and elongated,
forming approximately four loops (Fig. 2, C). The copulative bursa is large.

Cocoon structure: The cocoon is flask-shaped, with a capsule measuring 0.4-0.5 mm in length and
0.3-0.35 mm in width. The cocoon stem is short, measuring 0.07—0.1 mm, and broadens toward the base
of the capsule. The cocoon cap is mitriform, with a long spine measuring 0.1-0.15 mm, which is nearly
equal to or exceeds the length of the stem (Fig. 2, F). Cocoons were observed on crayfish in various
locations, including the inner side of the claws and their angular joints, along the lateral edge of the
carapace, at the base of pereopods, on the lower part of the cervical groove, and on pleopods. Less
frequently, cocoons were attached at the base of the antennae and maxillipeds (Fig. 2, G).

Branchiobdella hexadonta Grube, 1883

Size: Length of fixed animals 3.2—-3.7 mm

External features: The body is cylindrical along its entire length. The head is distinctly divided in the
middle by a ring furrow, elongated, and makes up more than 30% of the total body length. Its width is
comparable to, or slightly greater than, that of the first body segment and is about one-quarter of the head's
length. The lips are separated from the head by a distinct furrow, with the upper lip divided into two lobes
that slightly extend above the lower lip (Fig. 3, F). The lips constitute 30% of the head length. The body
segments are generally uniform in width, with the widest point occurring at the 6th to 8th segments. The
4th segment is about 30% wider than the 1st segment (Fig. 3, G).

‘41111..11
Cc2

Figure 3. Branchiobdella hexadonta: (A) dorsal jaw; (B) ventral jaw; (C) reproductive organs: (C1)
atrium, (C2) spermatheca; (D) damaged gills; (E) cocoon with a worm inside and an empty one nearby;
(F) head region with deep furrow; (G) adult worm.

Jaw structure: The jaws are dense, dark brown, and have a rectangular-oval shape with a distinct
concave upper margin. Nesemann (1999) describes this shape as reniform, or kidney-shaped. The dorsal
jaw is slightly larger than the ventral jaw, with teeth arranged along the concave edge (Fig. 3, A, B). The
dorsal jaw has six teeth, while the ventral jaw has five. The lateral teeth are significantly larger on both jaws.

Reproductive system: The gonopores are clearly visible in adult worms on the 5™ and 6" body
segments. The spermatheca resembles the shape of a fishing hook (Fig. 3, C2), with the vesicle and
ejaculatory canal sharing the same width. The ejaculatory canal is twice the length of the vesicle, which is
concave and scapular at its midpoint. The atrium is short, with a broad, short glandular section, while the
tubular section is longer and forms a single loop (Fig. 3, C1).

Cocoon structure: The cocoon capsule is oval, featuring slightly elevated, with a flat brown cap
(Fig. 3, E). The capsule measures 0.2 mm in length and 0.18 mm in width, with a stem length of 0.09 mm.
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Branchiobdella parasita (Braun, 1805)

Size: Length of fixed animals 2.4 — 5.5 mm

External features: Body cylindrical across entire length (Fig. 4, B). Frontal annulus of each body
segment dorsally extended and in lateral view appears as a crest (Fig. 4, E). The body segments are
broadly similar in width, reaching maximum width at the 5" to 7t segments. The 4™ body segment is
approximately 35% wider than the 15t segment.

The head is rectangular, 30% longer than wide, more than 20% of the total body length and 26%
wider than the 15t body segment. The lips contribute 30% of the head length. The upper lip is divided into
four lobes and slightly protrudes over the lower lip. The lobes are more distinct in young specimens and in
well-fixed adult individuals (Fig. 4, F).

C D H

Figure 4. Branchiobdella parasita: (A) dorsal and ventral jaws; (B) dorsal view; (C) atrium;
(D) spermatheca; (E) lateral view; (F) head region; (G) gut containing the head of a chironomid; (H) cocoon
with a worm inside and an empty one nearby.

Jaw structure: Jaws large, light brown, triangular, height 30% of width. The upper jaw is 20% larger than
the lower jaw. Teeth arranged along the triangle edges of the jaw. Each jaw bears seven or eight teeth. On both
jaws, the lateral teeth are small and vary in number, while the middle tooth is noticeably larger (Fig. 4, A).

Reproductive system: Gonopores in 5" and 6" body segments are visible in adult worms. Vesicle of
spermatheca has an oval-kidney shape with two folds on the concave edge. Fold on the apical end of the
vesicle separates a round top. Another fold is located on the middle of the vesicle (Fig. 4, D). Ejaculatory
canal is very short, forming a triangle widening at the base of the vesicle, which turns to the opposite
direction from the fold.

Atrium has a massive glandular part and a double bend with a loop on its apical end (Fig. 4, C).
Copulatory bursa large. Tubular part is wide in comparison with the other species considered here. Lengths
of glandular and tubular parts are almost equal.

Cocoon description and location. Cocoon ovoid but with the widest part at the apex; capsule length 0.4—
0.6 mm, width 0.28— 0.36 mm. Cocoon stem 0.24 - 0.27 mm, nearly half of capsule length, cap flat (Fig. 4, H).
Cocoons located latero-posteriorly on crayfish cephalothorax (usually symmetrically on both sides).

Remarks: The spermatheca of B. parasita exhibits high variability, despite the uniformity of the
species' external morphology. The spermatheca differs in B. bulgariensis Subchev, 2021 and in B. parasita
as described by Braun (1885), detailed by Henle (1835), and characterized by Karaman (1967) and
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Kolesnykova (2013). Application of molecular genetic methods is now required to confirm the taxonomic
validity of different morphotypes, including the material examined in this study and in the recently described
B. bulgariensis (Subchev, 2021).

Branchiobdella pentadonta Whitman, 1882

Size: Length of fixed animals 2.6 — 3.4 mm

External features: Body gradually broadening from 15t body segment to maximum width in 5" and 6"
body segments and then gradually narrowing to the 9" segment. The first three segments are cylindrical,
while segments 4— 8 are slightly flattened. The width of the 4t segment is 40% greater than the 15t while
that of 6" segment is more than double that of the 1t. The frontal annulus of the 8" segment has small
lateral processes which are more or less visible on all fixed specimens. Lateral processes are also present
on the 9t segment but are located on the dorsal annulus (Fig. 5, C, E, F).

H

Figure 5. Branchiobdella pentadonta: (A) dorsal jaw; (B) lateral view of ventral jaw; (C) lateral view;
(D) head region; (E) dorsal view; (F) ventral view; (G) spermatheca; (H) atrium.

Head rectangular-oval shaped, 30% longer than wide, about 20% of the total body length and 10%
wider than the first body segment. The lips contribute about 25% of the head length. The upper lip has a
small central furrow (Fig. 5, D).

Jaw structure: Jaws equal in size, light brown, rectangular, three times wider than high. Teeth arranged
along the arc edge of the jaw (Fig. 5, A, B). Each jaw bears five or six teeth. On both jaws, the last lateral
teeth are large and middle teeth are small, although the central of these is noticeably larger than the others.

Reproductive system: Gonopores in 5" and 6" body segments are visible in adult worms. Vesicle of
spermatheca bulbous with a widened apical end with little narrowing (Fig. 5, G). Ejaculatory canal forms a
small bend under the vesicle and then goes straight down, slightly bending at the end. The ejaculatory
canal is half the length of the vesicle. Atrium has a short tubular section while its glandular part is long,
forming several bends (Fig. 5, H). Copulatory bursa is small.

Discussion

Geographical distribution and hosts

The Carpathian Mountains continue to provide an important refugium for the noble crayfish, A.
astacus, a species that has experienced considerable declines across its European range due to habitat
degradation, pollution, and competition with anthropogenically introduced invasive species. They provide
habitats with a number of environmental characteristics that are essential for the survival of A. astacus and
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its ectosymbionts, including branchiobdellidans. The crayfish thrive in clean, well-oxygenated waters with
stable substrata, such as gravel and cobbles, which are characteristic of the streams and rivers of the
Carpathians (Parvulescu et al., 2011). The region's relatively low levels of anthropogenic disturbance
compared to other areas in Europe further contribute to the maintenance of suitable habitats for this crayfish
species (Lovrengic et al., 2022).

Until now, four species of branchiobdellidan, B. kozarovi, B. pentadonta, B. parasita, and B.
balcanica, have been reported from Ukraine. All previous Ukrainian records derive from collections from
the Dnieper River basin (Boshko, 2010; Kolesnykova, 2007, 2008) and the delta of the Danube River
(Kolesnykova, 2013). Our data confirm the occurrence of ectosymbiotic branchiobdellidans on A. astacus
in the Ukrainian Carpathians, specifically in Lake Synevir and the Tereblya River. Branchiobdella hexadonta
is recorded for the first time in Ukraine. This species inhabits the gill chamber, where it feeds on crayfish
gill filaments (see Fig. 3, D), and cannot be observed by examining the body surface alone. Known hosts
of B. hexadonta include A. astacus, A. torrentium (Subchev and Stanimirova, 1998; Klobucar et al. 2006;
Subchev, 2011) and A. pallipes (Obercofler et al. 2002; Fireder et al. 2009). It has also been found on the
invasive crayfish Orconectes limosus (Duris et al., 2006). The distribution of B. hexadonta includes most of
Europe but does not extend east of the Greece-Bulgaria-Romania-Poland line, with no reports from Nordic
or Baltic countries, Russia or Ukraine (Subchev, 2014). Our findings therefore extend the documented
range of B. hexadonta eastwards into Ukraine.

Our data also extend the known range of B. pentadonta, confirming its presence in the Tereblya
River. Previously, this species has been reported in Ukraine from waters near the city of Truskavets in
association with A. astacus (Boshko, 1983) and from the Kharkiv region on A. leptodactylus (Kolesnykova,
2008). However, records of this species beyond the Carpathian region require confirmation due to the
potential for confusion with the morphologically similar B. kozarovi. Branchiobdella pentadonta is
widespread in European freshwater systems, where it is associated with A. astacus (Subchev 1986;
Klobucar et al. 2006; Fireder et al. 2009), A. leptodactylus (Subchev and Stanimirova, 1998) and A.
torrentium (Klobucar et al. 2006; Kovacs & Juhasz 2007; Fireder et al. 2009).

Branchiobdella balcanica was found in this study in both Lake Synevir and the Tereblya River.
Previously, it has been reported in Ukraine near the city of Truskavets, in association with A. astacus
(Boshko, 1983). Across its distribution range, this species is predominantly ectosymbiotic on A. astacus
(Kozarov et al., 1972; Subchev and Stanimirova, 1998; Klobucar et al., 2006; Kovacs and Juhasz, 2007;
Fureder et al., 2009) and on A. torrentium (Kovacs and Juhasz, 2007), occurring in European water bodies
within the Danube River basin.

Branchiobdella parasita was found in this study only on crayfish from the Tereblya River. Previous
reports have briefly noted its presence in western Ukraine in association with A. astacus (Kupchinskaya,
1970). More recently, Kolesnykova (2013) confirmed its occurrence on A. leptodactylus in the Ukrainian
Danube Delta. This species is notable for its large size and occurs on all native crayfish species across
Europe. Recently, a similar species, B. bulgariensis Subchev, 2021, was described, differing primarily in
spermatheca structure and associated with A. torrentium in Bulgaria (Subchev, 2021). Our samples
demonstrate differences in spermatheca structure from B. bulgariensis and B. parasita. Szenejko (2023)
recently investigated the genetic diversification of B. parasita. To confirm the taxonomic validity of the
various morphotypes, including both our collected samples and the newly described B. bulgariensis,
molecular genetic comparisons are now required.

Abundance, location and co-occurrence

The presence and abundance of branchiobdellidans on crayfish can serve as indicators of crayfish
health and the overall quality of aquatic ecosystems. Branchiobdellidan presence is influenced by host
tolerance and environmental conditions, with suggestions that a healthy crayfish population may support a
diverse branchiobdellidan community (Skelton et al., 2014; Oberkofler et al., 2002; Klobuéar et al., 2006).
Although branchiobdellidans may cause some damage, they generally do not pose a significant threat to
the host and, perhaps counter-intuitively, higher symbiont densities are thought to reflect less-stressed,
more robust, crayfish populations. For instance, a study in Greece reported that branchiobdellidan diversity
was positively linked to crayfish health, suggesting that monitoring these organisms could help in
assessments of the ecological status of freshwater habitats (Subchev et al., 2007).

Our study confirmed the occurrence of four branchiobdellidan species on A. astacus in the
Zakarpattia region of Ukraine. Previous research in this region, particularly in the Tereblya River, recorded
the co-occurrence of B. parasita and B. balcanica on A. astacus (Kolesnykova, 2013). Additional surveys
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in 2017 and 2022 revealed a third species, B. pentadonta, cohabiting with B. balcanica and B. parasita on
the same hosts. In the current study, among 60 crayfish surveyed from the Tereblya River and 8 from Lake
Synevir, B. balcanica was the most prevalent species, comprising 83% of the branchiobdellidans present
on individual crayfish in Lake Synevir and 64% in the Tereblya River (Fig. 1, H, 1). This species primarily
occupied the claws, thoracic legs (Fig. 1, F; Fig. 2, G), and base of the antennules, with cocoons attached
mainly to the lower cervical grooves. Branchiobdella pentadonta was found less frequently, co-occurring
with B. balcanica on the same body parts. It contributed 10% of branchiobdellidan specimens on individual
crayfish in Lake Synevir and 15% in the Tereblya River (Fig. 1, H, I). Branchiobdella hexadonta was
detected only in Lake Synevir and was located in the gill chamber, making its presence hard to assess
without euthanizing the crayfish, as we did only with two individuals. This species accounted for only 3% of
the branchiobdellidans observed (Fig. 1, H, I). Some gill flaments displayed visible damage, likely caused
by B. hexadonta, perhaps, suggesting this species takes on a more parasitic rather than commensal
function (Fig. 3, D). As with the previous surveys in the Tereblya River, we also observed B. parasita,
recognizable by its large size and active movement. Representing ~21% of all observed branchiobdellidan
specimens (Fig. 1, H, 1), it was often found on the eyes, maxillipeds, and lateral sides of the cephalothorax
(Fig. 1, G), where cocoons were also present. This species also exhibited protective behavior, actively
moving around its cocoons.
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MowwnpeHHs 6paHxiooaenia (Annelida: Clitellata) Ha 6naropoagHomy paui

Astacus astacus y 3akapnartcbkin obnacTi YkpaiHu
M. WpecTtxa, C. YTEBCbKUMA

Hawe gocnigXeHHs NpuUcBSAYeHe MOLUMPEHHI0, YMCENbHOCTI Ta pisHOMaHITTIo 6GpaHxiobaenia Ha NpPiCHOBOAHMX pakax
y 3akapnaTcbkoMy perioHi Ykpainu, 3okpema y piuui Tepebnsa Ta o3epi CuHeBwup. Iig 4yac niTHix cesoHiB 2008, 2009,
2017 i 2022 poki 6yno obctexeHo 68 ocobuH GnaropogHoro paka (Astacus astacus Linnaeus, 1758), y skux 6yno
ineHTudikoBaHo YoTmpun Buan GpaHxiobaenia: Branchiobdella parasita (Braun, 1805), B. balcanica Moszynski, 1937,
B. pentadonta Whitman, 1882 i B. hexadonta Gruber, 1883. Y Hawin po6oTi Bneple ans gayHu YkpaiHn HaBoANTLCA
B. hexadonta, a Takox po3LuMprOIOTLCA BiZOMOCTI PO PO3NOBCOMKEHHSA B. parasita Ta B. balcanica. Cepepg BuaBneHunx
BMAiB HanbinbL nowmnpeHum 6yB B. balcanica, sikuin cknagas 83% Big 3aranbHOI KinbkocTi 6paHxiodbaenis y 3paskax 3
o3epa CuHeBup Ta 64% y piyui Tepebns. Lien Bua nepeBaxHo nokaniayBaBcs Ha KIEeLLHsIX, FPYAHMX HiXKkax Ta OCHOBax
aHTEeHyn pakiB, @ KOKOHW PO3TaLLOBYBanuMCs y HWDKHIX LepBikanbHUx 6opo3Hax. MeHw yncneHHuM 6yB B. pentadonta,
yacTtka sikoro ctaHoBuna 10% y 3paskax 3 o3epa CuHeBup Ta 15% y pivui Tepebns; BiH 3a3Bu4an cniBicHyBaB 3 B.
balcanica Ha Tux camux YacTuHax Tina xassiiHa. B. hexadonta, BusBneHun nuwe B o3epi CuHeBup, nokanisysascs B
396poBmMx kamepax Ta cknagas nuwe 3% 3aranbHoi YncenbHOCTi GpaHxiobaenia; Npu LbOMY NOLUKOLXKEHHS 356pOBMX
inameHTIB MOXe CBIAYMTU NPO Napa3nTUYHy NOBEAIHKY LbOoro Buay. B. parasita, BigoMa cBOiMM 3Ha4YHMMM PO3MipamMu
Ta LUMPOKUM apearnom Yy MOonynsuisx €BPOMENCbKMX pakiB, cknagana npubnuaHo 21% Big 3aranbHOI KiNbKOCTI
OpaHxiobgenia i 6yna BuaABNeHa NepeBaxHO Ha o4ax, Makcurninegax i 6okax ronosorpyaen. Hosoonucanui sug B.
bulgariensis, 3Hangenunn y bonrapii, Bigpi3HaeTbCa Big B. parasita CTpykTypol cnepmarteku Ta acouitoeTbcs 3 A.
torrentium. Y Hawomy AocnigXeHHi 3pa3kvM BUABUIN BiOMIHHOCTI y CTPYKTYpi cnepmateku sk Big B. Bulgariensis, Tak i
B. parasita, WO CBig4YMTb MPO MOXNMBI TAKCOHOMIiYHi BiOMIHHOCTI, siki NOTPeOyloTb MoAanbLIOr0 BUBYEHHS 3a
AOMOMOrol0  MOMEKYNAPHO-FeHeTUYHOro aHanidy. Y ubOoMy AOCAIAXEHHI MU PO3LUMPIOEMO iCHYKYI onvcu BUAIB
6paHxiobaenin 3akapnaTcbkoro perioHy YkpaiHnb Hagaroum getanbHi MOpdOonoriyHi Ta aHaTOMiYHI napameTpu.

KnrouoBi cnosa: Branchiobdella, Ykpaina, 3akapnamms, Astacus astacus, po3rno8crodKeHHs

LumyeanHsi: Shrestkha M., Utevsky S. The distribution of branchiobdellidan worms (Annelida: Clitellata) on the noble
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lNMopiBHAHHA BNNUBY KPiOEKCTPaKTy NyrnoBUHU Ta noro niodinizoBaHoi ¢popmun Ha

aaresuBHi, nponicgepaTMBHiI Ta MeTabonivyHi BNaCTUBOCTI Pi3HUX TUNIB KNiTUH
A.l. KaBepiHcbka, B.1O. Mpokontok

Y pocnifgxeHHi npoBeAeHO NOPIBHANLHUI aHani3 BMMMBY KPIOEKCTPaKTy MyrnoBWHU Ta Moro niodinisosaHol popmu Ha
YHKLOHaNbHi XapaKTepUCTUKKN Pi3HUX TUMIB KNiTWH, 3o0kpema ibpobnacTis, HEPBOBUX KNITUH, CANEHOUMTIB i KMiTUH
deTansHoi neviHkn. MeTolo Byno BU3HAYUTUM MOXIMBICTb BUKOPUCTAHHSA KPIOEKCTPaKTy NynOBUMHWU SIK anbTepHaTUBK
deTanbHin 6uyavin cuposarui (fetal bovine serum, FBS), Wwo TpaguuinHo 3acToCOBYETLCA A4S CTUMYRALIT KNITUHHOIO
pOCTY, ane BUKOPUCTAHHS SKOI CYNPOBOKYETLCA €TUYHMMM Ta 6e3nekoBrMN 0OMexXeHHsIMU. KpioekcTpakT nynoBuHu
€ 6araTvm Ha GioakTVBHI KOMMOHEHTW, 34aTHI NiABULLYBAaTU aare3vBHy, nponidepaTnBHy Ta MeTaboniyHy akTUBHICTb
KNiTWH, NOKa3aB CBOK e(EKTUBHICTb K 3aMiHHWMK CMPOBAaTKM B KyNbTUBYBaHHI Pi3HUX TUMIB KMiTUH, WO pobutb 1oro
NnepcnekTMBHMM A5 LUMPOKOrO 3aCTOCYBaHHSI B KNiTMHHMX TEXHOIONISIX Ta pereHepaTuUBHIA MeauLHI.

PesynbTaTn ekcnepuMMeHTiB nokasanu, Lo KpioeKCTpakT NynoBMHU 3HAYHO MOKpaLlye aAresvBHi Ta nponidepaTuBHi
BMNAacTUBOCTI KIMITUH MOPIBHAHO 3 iHWMMW AOCHiAXyBaHUMN yMoBamMu. Pibpobnactu AeMOHCTpyBanu BUCOKY aaresito
Ta WBWAKY Mirpauilo 3a ymOB AOAABaHHA KPIOEKCTPaKTy, WO Hadae nepesaryv AN NOTEHUINHOMO BUKOPUCTAHHS Y
BiJHOBMNEHHI CMONYYHOTKAHWHHOI CTPOMW Pi3HWX OpraHiB Ta LWKipn. HepBoBi KNiTMHWM nokasanu 36inbleHHs
XWUTTE3AATHOCTI Ta CTabinbHICTb, B MNOpiBHAHHI 3 FBS, wWo pobuTb ekcTpakT nynoBMHW NEpCneKkTUBHUM Ans
3aCTOCYBaHHSA B HEMpopereHepaTMBHUX TexHonorisix. Kpim TOro, KpioekcTpakT BUSIBUB 3HAYHUIN NO3UTUBHUIA BNUB Ha
KNiTUHU dheTanbHOi NeYiHKW, MiABULLYIOYN IXHI0O MeTabonivyHy akTMBHICTb Ta aaresito, Lo BigKpMBaE MOXMIMBOCTI ANst
JocnigkeHb y ranysi neviHKoBOi pereHepauii. Bnnve Ha cnneHouMTy Takox OyB MO3UTMBHUM, WO CBIigYWTbH NPO
MOXIMBICTb MNOro 3acTOCyBaHHA AN MATPUMKM iMyHHOT OYHKLT B yMOBax, Ae NoTpibHa perynsuis iMyHHOT BianoBigi.

JlioginisaT KpioeKCTpakTy, y CBO Yepry, NpoAeMOHCTPYBaB 06MeXeHWI NO3UTUBHUIA BNIMB, 30KPEMa Ha aare3uBHi Ta
nponichepaTvBHi BNacTUBOCTI, | ByB MeHLL eDEeKTUBHMM Y MOPIBHSHHI 3 KPIOEKCTPAKTOM. Moro qoaasaHHA A0 KynbTyp
HepBOBWX KNiTUH Ta hibpobnacTis, NPU3BOAMIMO OO0 3HWXKEHHA aAresii Ta MirpauiiHoi akTMBHOCTI, WO CBiAYMTb Mpo
HeobXigHICTb onTMMmisauii npouecy niodinisauii Ana 36epexeHHs 6ioNoriYHOT aKTUBHOCTI €KCTPaKTy. TUM He MeHLU,
cTabinbHICTL Niodini3oBaHOro eKCTpakTy Ta MOoro 34aTHICTb A0 Tpmsanoro 36epiraHHs pobuTb MOro KOPUCHUM Ans
cuTyauin, ae Baxnuei 36epexeHHs 6i0akTUBHMX KOMMOHEHTIB | TpUBaNuii TEPMiH NPUAATHOCTI.

Takum YMHOM KpIOEKCTPaKT MyMoOBMHW € MNEepCrneKkTUBHOW anbTepHaTvBol FBS, 1oro BMKOpUCTaHHA MOXe
3abe3neyyBaT HeoOXigHy nigTpUMMKY pocTy, agresii Ta nponidepadii kniTuH. OfHak, TEXHONOriss OTpUMaHHSA
niodpinizaTy KpioekcTpakTy NynoBMHN NoTpebye noaanbLIoro BAOCKOHANEHHS ANnst JOCATHEHHS Takoi )X e(peKTUBHOCTI,
AK y KpioekcTpakTy. [loganblli AOCRifKEHHA MOBWHHI 30CepeanTUca Ha AeTarnbHOMY BUBYEHHI MexaHi3miB Aii
KPIOEKCTPaKTy, a TaKoX Ha ONTMMI3adii MeTodiB niodginizauii, o6 aganTyBaTu Len NpoayKT A0 NoTped KNiTUHHMX
TEXHOMOTIN Ta pereHepaTMBHOI MeANLIMHW, WO A03BONUTL LUMPLIE BUKOPUCTOBYBATU MOro AN CTUMYNALIT pereHepauii
TKaHWH Ta BiHOBNEHHS PYHKLIOHANbHOI aKTUBHOCTI Pi3HNX OpraHiB.

KnrouoBi cnoBa: rnepsuHHa KriimuHHa Kyrbmypa, nynosuHa, Kpioekcmpakm, rioginisauis

HYumyeaHHsi: KasepiHcbka A.l, [lpokontok B.FO. [lopigHsIHHS ernnusy Kpioekcmpakmy ryrnosuHu ma (o2o
niiogpinizosaHoi gpopmu Ha adee3usHi, nponighepamusHi ma memabosiyHi eracmueocmi pisHUX muriie KrimuH. BicHuk
Xapkigcbko20 HauyioHanbHo20 yHieepcumemy imeHi B.H.KapasiHa. Cepis «bionozis», 2024, 43, c. 96-104.
https://doi.org/10.26565/2075-5457-2024-43-8

lpo asmopis:

KaeepiHcbka A.l. — IHcTUTYT npobnem kpioGionorii i kpiomeauumin HAH Ykpainu, Byn. MNepesicnaecbka, 23, Xapkis,
YkpaiHa, 61016, kaverinskaanna@gmail.com, https://orcid.org/0000-0003-3414-1656

Mpokontok B.HO. — IHCTUTYT Npobnem kpiobionorii i kpiomeanumHn HAH YkpaiHu, Byn. Mepesicnascbka, 23, Xapkis,
YkpaiHa, 61016, v.yu.prokopiuk@gmail.com, https://orcid.org/0000-0003-4379-4130

IModaHo do pedakuii: 02.10.2024 / lpopeyeH3oeaHo: 10.11.2024 / MpuliHsimo do dpyky: 19.11.2024

BcTtyn

B ocCTaHHi pokM aKTUBHO BMBYAETBCHA MOXIMBICTb 3aCTOCYBaHHS €KCTPaKTiB NnaueHTW, 30Kpema
KpioekcTpakTiB Ta niodinizaTis, ANs NOOOBXEHHA Yacy 30epexeHHs umx ekctpakTiB (Prokopiuk, Falko et
al., 2018; Shen et al., 2022). BukopucTaHHs eKCTpakTy NynoBUHMW € aKTyarnbHUM A51S1 BUKOPUCTaHHS B AKOCTI
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anbTepHaTMBKU Me3eHxiManbHUM cToBOypoBmM kriTnHam (MCK), siki BUAINsTbCa 3 NynoBMHM Ta 3rogoM
BMKOPUCTOBYIOTbCA B pereHepatuBHin meguuuHi (Li et al., 2014; Chen et al., 2020). Hanpuknaa, 6yno
nokasaHo, wo MCK 3 nynoBuHu 3gaTHi nocnabntoBaTy 3ananeHHsa 1a NigTpMMyBaTh BiAHOBMEHHSA TKaHWH
3aBAsSKM CBOIWM napakpuHHin aii (Galieva et al., 2017).

OTpuMaHHA KpioekcTpakTy He noTpebye BUKOPUCTAHHA BUCOKOTEXHOMOrYHUX YMOB YM CKNagHOro
obrnagHaHHsA, Wo pobuTb uen npouec AOCTYNHWM i €KOHOMIYHO BUrigHUM. BukopucTaHHS OOCTYMNHUX
nabopaTopHUX MeTOAIB, TakUX K TPUNCUHI3aLS Ta LeHTpUYryBaHHs, JO3BOMSE OTPUMATM KPIOEKCTPaKT
i3 306epexeHHs M Bi0aKTMBHUX KOMMOHEHTIB, HeobXigHMX And nigTPUMKM  XKUTTE3JATHOCTI Ta
YHKUiOHANbHOI aKTUBHOCTI  KNiTMH. Lle BigkpuBae nepcnekTuBM Ans  LWMPOKOrO  3aCTOCYBaHHS
KPiOEKCTPaKTY B pereHepaTmBHin MeanLMHI Ta KNITMHHUX TEXHONONAX SIK anbTepHaATUBHOMO hakTopy pocTy,
KU MOXe 3aMiHUTK beTanbHy Guyady cupoBatky (FBS), wnpoko 3actocoByBaHy Anst cTUMynsuii agresii,
nponidepadii Ta XUTTe3gaTHOCTI KNiTUH. Jliodinizauis, sik MeToa 36epexxeHHst 6ionoriYyHNX pevyoBUH, TAKOX
Aae 3Mory CTBOptoBaTu npenaparu, ctabinbHi ans Tpusanoro 36epiraHHs (Ward, Matejtschuk, 2021; Akers,
2015), ogHak BnnuMB niodinisaTy NynoBMHM Ha KNiTUHU BUBYEHO HEQOCTATHLO.

HocnigpxeHHs Oyno cnpsmoBaHe Ha MOPIBHAHHA BNAUBY KPIOEKCTPaKTy MYMOBMHU Ta WOro
niocpinisoBaHoi (hopmun Ha aareansHi, NponidepaTnBHI, MeTaboniyHi Ta MirpauiiHi BNacTMBOCTI NEPBUHHMX
KynbTyp ¢hibpobnacTtis, HEPBOBUX KIITWUH, CNAEHOUMTIB Ta KIiTMH beTanbHOl nediHkn. KoxeH Tvn knituH
Ma€ CBOI YHiKarnbHi XapakTepuCTUKM 3a KyrnbTUBYBaHHS, Bigobpaxaiun BRacTUBOCTI TUX OPraHiB 3 SKUX
BUAINEHI KNITUHKW, TakMM YUHOM JOCHiAKEHHS [03BOMUTb BUSABUTM MEPCMNEKTUBM  BUKOPUCTAHHS
KpioekcTpakTa nynoBMHW Ta niodinisata KpioekcTpakta nynoBuHW. Bu3HayeHHs edekTMBHOCTI Lux
KPiOEKCTPaKTIB Y NigTPUML pOCTY i PYHKLiIOHANBHOCTI KMITUH 4O3BONUTbL OLIHWTKM IX NOTeHUian y KniTUHHUX
TEXHOJIOriAX Ta pereHepaTnBHIA MeaNLNHI 5K MOXNNBMX 3aMiHHUKIB FBS abo cToBOYypoBMX KMITUH.

Martepianu Ta meToaun

HocnigXeHHs 34iicHIOBanNu Ha NepPBUHHUX KyrbTypax KNiTUH pPi3HMX TUNiB, 3okpema gibpobnacrTis,
HEepBOBUX KITITUH, CNNEHOUUTIB Ta KNiTUH dpeTanbHOi neviHkn. KynbTypy ¢ibpobnacTtiB oTpumyBanu 3
embpioHanbHOI Wkipun muwen BALB/c (Tepmin rectauii 18-20 tmxniB) (Prokopyuk, Onishchenko et al.,
2021). MNicns Buny4YeHHs eMOpioHiB 3i WKipn Buainanu dparmeHTy (1-3 MM) Ta IPOBOAMIN TPUNCUHI3ALiIO
(0,25 % TpuncuH i 0,02 % EDTA y docdaTtHo-conboBomy bydepi, pH 7,4-7,6) Ha mMarHiTHIN Miwanui
npotarom 40 xB. OTpumaHy cycneHsito dinbTpysanu yepes 100 MkM CTepunbHUn QinNbTP, pecycneHayBanm
y cepepoBuwi DMEM («Biowest», ®paHuis) 3 10% FBS(L onza, HimeuyunHa) ta 1% po3uynHy aHTUBIOTUKIB
Ta aHTumikoTuka («Biowest», ®paHuin), BuciBanm Ha dnakoHn 25 cm? (SPL, Pecnybnika Kopes),
KynbTMBYBanu B CTaHAapTHUX yMOBax, i, MicnA AOCArHEHHS MOHOLIapy, nepecisanu. [na gocnigxeHb
BMKOPWUCTOBYBamM KniTUHW TPETbOro nacaxy. NepBuHHY KynbTypy HEPBOBUWX KNiTUH BUAINANM 3 FONIOBHOIO
MO3Ky HOBOHapomkeHux muwwen (Prokopyuk, Chub et al., 2017). MNicna o6pobkn ctepunbHum PBS -
Phosphate buffered saline («Biowest», ®paHuia) Ta nogpidHeHHs, 3giicHioBanu TpuncuHisauito (0,125 %
TpuncuH-EDTA, 10 xB), dinbTpyBanu cycneHsito, pecycnengysanu 'y DMEM («Biowest», ®paHuis) 3 10%
FBS (Lonza, HimeyynHa) Ta po34ymMHOM aHTMBIOTMKIB Ta aHTMMiKOTMKa («Biowest», ®paHuis) i Bucianm y
dnakoHn Ha 25 cm? (SPL, Pecnybnika Kopes). CnneHounTtn oTpuMmyBanu 3 cenesiHki muwen BALB/c
(Prokopiuk, Falko et al., 2018; Nayak, Mengi, 2010; Obaydi et al., 2020), siky nicns BMganeHHs npoMmBanm
PBS («Biowest», ®paHuisa), nogpidHioBanm Ta dinbTpyBanu. CycneHsito pecycnengysanm y DMEM
(«Biowest», ®paHuig) 3 10% FBS (Lonza, HimeyunHa) Ta po3ynmHOM aHTUBIOTMKIB Ta aHTUMIKOTMKA
(«Biowest», ®paHuis). Ong oTpMMaHHS KynbTypu KMAiTUH peTanbHOi NeYviHkM HOBOHAPOOXKEHUX MULLEN
BALB/c, TkaHMHy noapibHoBany Ta 0b6pobnanu TpuncuHomM. CycneHsito inbTpyBanu, pecycneHgyBanu y
DMEM («Biowest», ®paHuis) 3 10% FBS (Lonza, Hime4unHa) i po3uMHOM aHTUBIOTUKIB Ta aHTUMIKOTUKA
(«Biowest», ®paHuisn), BuciBanu Ha dnakoHn 25 cm? (SPL, Pecnybnika Kopesi) Ta nepeciBanu nicns
AOCSATHEHHS MOHOLIapy.

MynoBuHy oTpuMyBanu B YMOBHO CTEPUIIbHUX YMOBax Mig 4ac nororis, obpobnanu dgocdartHo-
ConboBUM BydhepoM ANs BUAANEHHS] epUTPOLUTIB, romoreHidyBanu 3 PBS, samopoxysanu go -80°C ans
PYWHYBaHHS KMiTWH, BigTalBanu, ueHTpudyrysanu, Hagocag (kpioekctpakr) 36epiranv npu -80°C. Ons
niocpinizauii BMKopmcToByBanu oxonomkeHHsa Ao -80°C 3 noganbwnm CylwiHHAM B yctaHoBui Alpha 1-2
LDplus, nicns yoro 3pasku 36epiranu 3 micaui npu +8°C.

Ona ouiHkn BNMvMBY [JOCHIMKYBaAHUX PEYOBUH KNITUHW nepeHocunu y 24-nyHKoBi nnaHweTu
(koHUeHTpauia 2x10%nyHky) Ta kynbTuByBanu y DMEM npu 37°C, 100% BonorocTi i 5% CO,. Y
OOCTiMKEHHI BUAINANN 4YOTUPU rpynu: KoHTpornbHa 1 - rpyna DMEM, 2 - DMEM+FBS, 3 - DMEM 3
aofaBaHHAM kpioekcTpakTy nynosuHu (KIM) ta 4 - DMEM 3 gopasaHHaM niocpinisosaHoro KI (JIKI).
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PeyoBuHM cTaHgapTnayBanu 3a BMicToMm binka (koHueHTpadia 0,1 mr/mn) (Kim et al., 2013).

OUuiHKy KniTUHHOI Mopdponorii, KOHIOEHTHOCTI Ta afre3nBHOCTI MPOBOAMIM Yepe3 [oby
kynbTmByBaHHs (Yildiz et al., 2023). [na gocnigkeHHs1 KiTMHHOI Mirpauii 3acTocoByBanu CKpeTy-TecT
(Hulkower, Herber, 2011), a Ansa OUiHKM XXWTTE34ATHOCTI KMITUH Ta (PYHKLiIOHANbHOIO CTaHy MITOXOHAPIN
BukopuctoByBanu MTT TecT (Sukhodub et al., 2024) Ta Tect nogBoeHHsa nonynsuii (Culenova et al., 2021;
Priyadarshini et al., 2021). na ouiHkn BNAMBY KPIOEKCTPAKTy MyMOBMHWU Ta nioqdinidaTy KpioeKCTpakTy
MyNoOBMHU Ha Pi3Hi TUNW KNiTMH 6yNo BUKOPMCTaHO Taki metoau: Ans ibpobnacTtisB NpoBOAMMAM OUHKY
a[re3nBHNX XapakKTePUCTUK, KOHMNIOEHTHOCTI MOHOLLapy, TecT noABOeHHs nonynsauii, MTT-tect Ta
CKpPeTY-TeCT; [ONs HEPBOBUX KNITUH 3acTOCOBYBanuM METOAM OUIHKA aAre3vBHUX XapakTepUCTUK,
KOH(OJTHOEHTHOCTI MOHowapy Ta MTT-TecT; Anga cnneHoumuTiB BUkopuctoByBanu nuwe MTT-tect. OuiHka
BMMMBY 3pa3KiB Ha KNiTUHW deTarnbHOi NeYiHk1 NpoBogunacst TMMM XX MeTogamu, Wwo i ansa gidpobnacTis.
O6pobky MikpockoniuHMX 300paxkeHb 3AivicHoBanu y nporpamax ToupView V 3.7 (Hangzhou ToupTek
Photonics Co. Ltd, Hangzhou, China) Ta Imaged V.1.48. (National Institutes of Health, USA), a
CTaTUCTMYHMIA aHania BUKOHyBanuM 3 BUKopucTaHHaM Past V.3.15 (University of Oslo, Norway),
3actocoBytoun U kputepii MaHa-YiTHi.

Pe3synbTatn Ta 06roBopeHHs

Ha mikpodoTtorpadisax npegcrasneHo MopdonorivyHi ocobnmeocTi pisHuX Tunie kNitnH. Ha Puc. 1a
BMAHO pibpobrnactn 3 xapakTepHO BepeTeHOnoaibHOow, BUTArHYTOK (YOPMOID, SKi  PIBHOMIPHO
pO3MOAiNeHi M YTBOPHOKWTL LWiNbHUA MOHOWwap 6e3 BMAMMUX MPOMIXKKIB, WO cBiguntb npo 100%
KOH(pMOEHTHICTL. Y 3abapeneHux 3a MeTtogom PomaHoBcbkoro oibpobnactax (Puc. 2a) uitko
Bi3yani3ytoTbCsl iXHi BUTArHYTI a4pa, Wo niagTBepmxye ix mopdornorivHy ineHTn4HicTb. Ha Puc. 16 nokasaHo
HEepBOBiI KMiTUMHM 3 TUMNOBOK MOPOSIOrietd: ceped HWUX MOMITHI BUTATHYTI KNITUHW 3 YUCHEHHUMM
BiApOCTKaMM (aKCOHW i AeHOPUTU) Ta OKPYrNi KNiTMHW, WMOBIPHO, TiNna HEWpoHiB abo rmianbHi KMiTUHN.
Poanogin HepBOBUX KNITUH HEPIBHOMIPHWA, i BOHM 3HaxogAaTbCs B npoueci opMyBaHHSA MiKKNITUHHUX
3B’A3KiB, XapaKTepPHOro Afsl PO3BUTKY HEMPOHHOI MepeXi; KOH(MIEHTHICTL Wapy cknagae meHwe 100%,
OCKIMbKM MK KMiTMHaMKU MOMITHI NpoMikkn. Ha 3abaperneHnx 3paskax HepBoBux KnitTuH (Puc. 26) moxHa
PO3pPi3HNTM OKpeMi MopdonorivHi geTani, 3okpema 4obpe NOMITHI BigpOCTKK, O BiANOBIgAIOTb aKCOHAM i
AeHgputam. Ha Puc. 18 npogemMoHCTpoBaHi KNiTMHM deTanbHOT NeYiHKM 3 MOosiroHansHoW GopMoto, SAKi
3rpynoBaHi  OTOMeHi pagiansHUMK CTPYKTYpamu, O CBiAYUTL NP0 akTUBHE (POPMYBaHHSA MDKKITITUHHUX
3B’A3KiB. KOH(PMEHTHICTb IXHBOrO MOHowapy Habnuxaetbcs 4o 100%, npoTe 3anuwarTbCa He3HauHi
NPOMDKKM MiXX OKpeMuMu rpynamu knituH. Mpu 3abapeneHHi 3a PomaHoBcbkuM (Puc. 2B) BMSBMAIOTLCSA
YiTKi KOHTYpY KNITUH dbeTanbHoi neviHku Ta fobpe MOMITHI MDKKMITUHHI CTPYKTYpM, WO BigobpaxaloTb
npoLlecu akTUBHOro hOpMyBaHHS MDKKITITUHHUX KOHTaKTIB Y KyrbTypi.

Puc. 1. MikpodhoTorpacpii MoHowapiB ¢iopobnacTiB (a), HepBOBUX KNiTUH (6), KNiTUH peTanbHOI
nedviHku (B) nicns aobun KynbTUByBaHHA. ®a30BUIM KOHTpAcCT, MacliTab niHinkn 100 Mkm.

Fig. 1. Microphotographs of fibroblast monolayers (a), nerve cells (6), and fetal liver cells (B) after
one day of culture. Phase contrast, scale bar 100 pm.

®ibpobnactn. OTpumaHi pe3ynbTaTtv aHanidy agresmBHux Bnactusocten (Puc. 3a) nokasanu, Lo
niocpinisat KpioeKCTpakTy NynOBUHW MPUrHIYYE aaresito KNiTUH B 2 pa3v B MOPIBHAHHI 3 KNiTUHaMK, SKi
KyneTuByBanuce nuwe y DMEM. PesynbTtatu TecTy nogBoeHHsA nonynsauii ¢ibpobnactie (Puc. 36)
NPOAEMOHCTPYBanu, Lo Yac NOABOEHHSA KNITUHHOT NONYNAUT y KNiTUH, KyNbTUBOBaHUX i3 AoAaBaHHAM FBS
Ta KpioeKCTpakTy nynosuHu, 6ye npnbnmaHo ogHakoBuM i cknagae 20 roavH. BogHodac niodinizoBaHui
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KpiOeKCTpaKkT MyrnoBUHW MPU3BIB OO NOABOEHHSA LbOro Yacy, WO CTAaTUCTUYHO Bigpi3HANocsa Big obox
KOHTpOnbHWX rpyn. [ns gibpobnactis, KyNnbTMBOBaHMX NuULLE B cepenoBuLLi 6e3 fobaBok, Yac NOOBOEHHS
cknae 55 roguH. Byno BUSIBIEHO CTUMYIHOKUUA BMAMB KPIOEKCTPAKTY MYMNOBMHM Ha MeTaboniyHy
aKTMBHICTb pibpobnactie (Puc 3B). [liochinizat, y cBow u4epry, npoaemMoHCTpyBaB, 6nusbki A0
KOHTponbHoro 3paska DMEM, 6e3 3Ha4yHMX 3MmiH y MeTabonivHii akTuBHOCTI (hibpobnacTis. PesynbTtatu
ckpeTy-Tecty (Puc. 3r) nokasanu odikyBaHui edekt ansa ibpobnacrtiB, KynNnbTMBOBaHMX i3 OAABaHHAM
FBS, wo npuckopuna ixH Mirpadito, gocarHysln 6nm3bko 60% 3akpuTTa nogpsinuHu, Todi Sk 6e3
CUpoBaTKM Lerl MOoKa3HuK cTtaHoBuB Onmsbko 10%. HameBuwy edekTuBHICTE NpoAeMOHCTpyBaB
KPIOEKCTpaKT MyrnoBMHU, KM 3abe3neynB 3akputTs noapAnuHu npubnusHo Ha 80%, wo Ha 20%
nepeBuLLye pe3ynbTaT KyNbTUBYBaHHA idpobnactie B DMEM 3 gopaBaHHsam FBS. OTxe, gogaBaHHs
KpIOEKCTpaKkTy MNymnoBUHM 3HAYHO MNOCUNWMAO 3A4aTHICTb [0 3akputTa nogpsnuvHu y hibpobnacrTis,
nepesepLytoum edekt FBS. Jliodinisat nynoBuHu nokasae 6nu3bkun pesynbtaT go FBS, gocsrHyewim
6nm3bko 70% 3aKpuTTS NOAPANUHM.

Puc. 2. MikpodoTorpacpia moHowapiB ¢ibpobnacTiB (a), HepBoBUX KNiTUH (6), kKNiTUH peTanbHOI
neyiHkn (B) nicnAa pobu KynbTMBYBaHHA. PapOyBaHHA 3a PomaHOBCbKMM, MacwTad niHinku
100 mkm (a) Ta 50 mkm (6, B).

Fig. 2. Microphotograph of monolayers of fibroblasts (a), nerve cells (6), fetal liver cells (B) after one
day of cultivation. Romanowski staining, scale bar 100 ym (a) and 50 ym (6, B).

HepBoBi kniTnHu. [ocnigXyBaHi peyoBMHM MNO3UTMBHO BNNUBaNM Ha afre3vBHi BRacTUBOCTI
HEPBOBMX KITITWMH; MOKA3HWK KifTbKOCTi aAre30BaHUX KNiTUH Npy AoAaBaHHi eKCTPaKTy NyNnoBMHU OyB Ha piBHi
3 FBS, xou4 i Tpoxu HWX4Mi. Y Tom xe yac, nioginizat -80 CnpUYnNHUB 3MEHLLEHHS KiNTbKOCTI agre3oBaHux
KMNiTWH NOPIBHAHO 3 HEPBOBMMM KIiITUHAMW, KyNbTBOBaHUMK 6e3 foaaBaHHst FBS Ta ctaHoBuTb 20% (Puc.
4a). 3rigHo 3 pesynbTatamm MTT-TecTy (Puc. 46), ekcTpakT NynoBMHU Ta KOHTponbHa rpyna 3 FBS manu
OAHaAKOBWI BMMMB Ha XWUTTE3AATHICTb KMiTMH. Y TOW Yac, AK nokasHuk MTT-Tecty ana niodinisaty
3anNULWLNBCS Ha PiBHI KOHTPOMBLHOI FPYNK, Ae KNiTUHW KynNbTUBYBanucs nuie Ha 6asosomy cepefosuLi 6e3
JonaTtkoBux goakTopis.

CnneHouunTu. OuiHKa XMTTE34aTHOCTI CnneHounTiB npoBoaunack Metogom MTT-Tecty. Pesynbtatu
KOHTPOMbHUX TPYyn nokasanu, Wwo npucyTHiCTe FBS cnpuse nokpalieHHo ¢yHKUIOHanbHOro cTaHy
MITOXOHZAPIN, 3a0e3neyyroum BUCOKY XUTTE34aTHICTb cnneHounTiB (Puc. 5). MNogibHnii no3anTneHUn ecekT
Oyno BuABNeHo B Trpyni 3 [JodaBaHHAM KpioekcTpakTy nynoBuHW. [logaBaHHA  niodpinizaTy
NPOAEMOHCTPYBano cepefHini MNOKa3HWK XXUTTE3OAaTHOCTI MOPIBHAHO 3 4YUCTUM cepefoBulleM Ta
cepeposuwlem 3 FBS. Lle cBigunTb, WO eKCTpakT nynoBUHN MOXe BUKOPUCTOBYBATUCHL SIK haKTop POCTY
ONSA KyNbTUBYBaHHS CMMEHOLMTIB.

KnitTmHn deTanbHOi neviHkM. Hanbinblw BuMpaXeHWUin NO3UTUBHWUIA BMNVMB Ha aare3nBHi BNaCTUBOCTI
KNiTUH beTanbHOI neviHkM OyB BUSIBNEHUW npu 3acTtocyBaHHi FBS Ta kpioekcTpakTy mynoBuHW, TOAi SK
niopinizat nokasaB HaWHWKYMA pe3ynbTaT aare3oBaHux KnituH (Puc. 6a). PucyHok 66 pemMoHcTpye
pes3ynbTaTy Yacy NoABOEHHS Nonynauil KNiTMH dpeTanbHOI NediHkK. Hangoswmii Yac NoaBoeEHHS, 6nn3bko 25
roavH, Big3HA4YaBCs Y KIiTWH, WO KynbTUByBanucs B 6a3oBoMy cepefoBuLLj, L0 € O4iKyBaHUM MOKAa3HMKOM.
Ons kniTvH cbeTanbHOI NeYiHKK, BUPOLLEHNX i3 JogaBaHHAM FBS Ta KpioeKCTpakTy NynoBUHMW, Yac NOABOEHHS
cknae npubnusHo 18 roguH, wo Ha 1,4 pasu wBuawe, HiX y cepenoBuwli 6e3 gogaTtkoBux akTopis.
JliogpinisaT kpioekcTpakTy Nokasae Yac NOABOEHHS, NOAIOHMI 0 cepenoBuLLa 6e3 dhakTopis, CTaHOBMAYN 23
roavHu. Yci gocnimpkysaHi 3paskv He NpoaeMOHCTPYBanm 3Ha4YHMX BiAMIHHOCTEN Y NOKa3HUKaX ONTUYHOI LLiMb-
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Puc. 3. Pe3synbTtatn oTpumaHi Ha ¢ibpobnactax B NpuMCyTHOCTI AOCNigXXyBaHMX PEYOBUH: a —
aaresist knituH, %; 6 — TeCcT NoABOEHHS nonynsAuii kKNiTuH, roa; B — MTT TecT, yM.oA.; I — ckpeTd TecT, %. *
— MOKa3HWK CTAaTUCTUYHO 3HaJylle BiOPI3HSETbLCA Bid4 KOHTPOMI, WO KynbTuByBanu 6e3 gofaBaHHSA
peyoBuH, p<0,05; # — noka3HMK CTAaTUCTUYHO 3HAYYLLE BiAPI3HSAETLCS Big KOHTPOIO, WO KyNbTMBYyBanu 3
FBS, p<0,05.

Fig. 3. Theresults obtained on fibroblasts in the presence of the tested substances: a - cell adhesion,
%; 6 - cell population doubling test, hours; B - MTT test, C.U.; r - scratch test, %. * - the indicator is
statistically significantly different from the control cultivated without the addition of substances, p<0.05; # -
the indicator is statistically significantly different from the control cultivated with FBS, p<0.05.
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Puc. 4. PeaynbTaTtn oTpuUMaHi Ha HEpBOBUX KNiTUHAX B MPUCYTHOCTI AOCNiAXXYBaHMX PEUYOBUH: a —
aaresist KnituH, %; 6 — MTT TecT, yMm.04. * — NOKa3HMK CTAaTUCTUYHO 3HAYYyLLEe BipPi3HAETLCS Big KOHTPOSIHO,
Lo KynbTuByBanu 6e3 gogasaHHsA pedoBuH, p<0,05; # — NOKka3HWMK CTAaTUCTUYHO 3HaYyLle Bigpi3HAETHCS
BiO KOHTpoOnto, Wo KynbTueyeanu 3 FBS, p<0,05.

Fig. 4. Theresults obtained on nerve cells in the presence of the test substances: a - cell adhesion, %;
6 - MTT test, C.U. * - the indicator is statistically significantly different from the control cultured without the
addition of substances, p<0.05; # - the indicator is statistically significantly different from the control cultured
with FBS, p<0.05.
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Puc. 5. Noka3sHmkm MTT TecTy cniieHOUMUTIB B NPUCYTHOCTI AOCHiAXXYBaHUX PeYOBWH, YM. o4. * —
NMOKa3HWK CTaTUCTUYHO 3HaYYLLE Bifpi3HAETECS Big KOHTPOIO, WO KyNbTUByBanu 6e3 AoAaBaHHA pPEYOBUH,
p<0,05; # — NoKka3HMK CTaTUCTUYHO 3Ha4yLLE BiOPI3HAETLCA Big, KOHTPOIO, WO KynbTuByBanu 3 FBS, p<0,05.
Fig. 5. MTT test results of in the presence of the tested substances, C.U. * —the indicator is statistically
significantly different from the control cultured without the addition of substances, p<0.05; # - the indicator
is statistically significantly different from the control cultured with FBS, p<0.05.

HocTi (Puc. 6B). XKoaeH i3 3pa3kiB He CNPUYUHMB 3HMKEHHA MEeTabOoNiIYHOI aKTUBHOCTI KNiTUH peTanbHoi
NeYiHKK, WO CBiAYUTb NPO BiACYTHICTb TOKCMYHOIO BMNSIMBY Ha KMiTUHM.

KOHTpOnbHI pe3ynbTaty CKpeT4y-TeCTy AN KNiTUH deTanbHOT NeYiHKn Bynn o4dikyBaHUMK: cepeaoBuLLe 3
FBS maike BTpMYi NpUCKOPWMO Mirpauito KniTH. 3a JOMOMOroOK CKpeTy-TecTy Oyno BCTAHOBMNEHO, LO
niopinizaT nNynoBuHW Maimxke He CTUMYMIE MirpauiiHy akTUBHICTb, Tak caMO K i cepegosulle 6es
popaBaHHA FBS. BogHouac kpioekcTpakT nynoBMHU NiABULLYE Mirpauilo KMniTUH, 3abe3nevyoun 3akpuTTs
noapsAnuHn NpmbnuaHo Ha 70%, Todi AK KNiTuHW, KynbTuBoBaHi 3 FBS, 3akpusatoTe noHag 80% (Pwuc. 6r).

O6roBopeHHsA

PesynbTatv nokasanu, O KPiOEKCTpaKT MyrnoBMHU 3HAYHO nepesuLlye niodinisoBaHy copmy 3a
eeKTUBHICTIO BNNMBY Ha OOCHiMKYBaHi KMiTMHWU. Y ibpobnacTiB JoAaBaHHA KPIOEKCTPaKTy MyMnOBUHM
CApuYANO NiABULLEHHIO aaresii Ta MirpauinHoi akTUBHOCTI, LLIO Y3roXKy€eTbCs 3 paHille OTpUMaHUMmM JaHUMn
npo MO3WTUBHWIA BNNUB, Hanpuknag eKCcTpakTiB nnaueHTn Ha nponidepauito dibpobnacTie wWwkipy, Wwo
Bigobpaxxae BNNMB Ha pereHepaTuBHi npouecu (Cho et al., 2008), nigBuweHHsa nponidepauii Ta
MirpauinHoi akTuBHoCTI (hibpobnacTis Npu gogaBaHHi kKpioekcTpakTy nynosuHu (Shevchenko et al., 2023).
Takox pesynbtatu OOCMiIXEHHS KPIOEKCTpaKTy NyrnoBWHWM Ha OBapiOEKTOMOBAHWX LLypax cBigyaTb npo
3MEHLUEHHS MpPOosABIB CTapiHHA, MpU LbOMY OMNUCYETLCH, WO enigepMic Ta AepMa cTanu TOBLMMW Ta
cnocTtepiranace nponicepauia knituH (Falko et al., 2024). 3okpema, y TecTi Ha NOABOEHHA Monynsuil
KNiTHK, O0BpobNneHi KPioeKCTpaKTOM MyMOBMHKU, NOKa3anu aHamnoriyHi pesdynbtatm go rpynu FBS, wo
NiATBEPOKYE WOro CTUMYMIOYMA BMMMB Ha nponidepadito. JliodinizoBaHa dopma KpioekcTpakTy
OEMOHCTPYE XOpOLUMIW pe3ynbTaT MirpauinHOl akTUMBHOCTI KMiTUH, LEeW MNOKa3HUK AeLl0 HWXYUA Bia
KpioekCcTpakTy, ofHak Ha piBHi 3 FBS.

Llogo HepBoBMX KNiTUH, 06uaBa OOCHiAXKYBaHI 3pa3ky TaKoX Mokasanu CNpusiTIMBMIA BNIUB Ha
agresvBHi Ta MeTaboniyHi BnacTMBOCTI. MNpoTe KpioekcTpakT BUABMBCS Binbll eeKTUBHUM Y NigTpUMLI
XUTTE3OATHOCTI KNITUH, Npo WO cBigvatb pesynbtatn MTT-TecTy. Lle niaTBepoXye noro noteHuian sk
KOMMOHEHTa AN KyNbTUBYBAHHA HEMPOHHUX KYyNbTYp Ta NiATBEPOXKYE MOro HEMPOMNPOTEKTOPHUIA edeKT,
AKMN TakoX Oyno BUSBMEHO Y iHWOMY AOCHIMKEHHI NPU BUKOPUCTAHHI €KCTPaKkTy nnaueHTn Ha HepBOBi
KNITUHKW, NpU LUbOMY nifgBuUlLlyBanacb metabonidyHa akTUBHICTb KIITMH Ta €KCTPaKT NiaueHTU 3axuuiaB
HEeWpBOBI KMiTUHW Bif TOKCMYHOrO BMMAMBY rnytamMaTty Ta CrpusB BiOHOBMEHHIO MiCMs MOLKOOXEHHS
(Prokopyuk, Chub et al., 2017).

Ona  cnneHouuTiB  KPIOEKCTpPaKT  MYMOBUHW  MPOLAEMOHCTPYBAB  CYTTEBE  MOKPALLEHHS
dYHKUIOHANbLHOrO CTaHy MITOXOHAPIW, WO € BaXNWBMM MOKA3HWKOM AN NoAanblIOro BUKOPUCTaHHSA
eKCTpakTy B iMyHOMOriYHMX JocnimkeHHsx. Lle 36iraeTbcs 3 pesynbTaTtamu OOCIIIXKEHHSA EeKCTPakTy
NNaueHTn, KM y NOedHaHHI 3 KOHAMLIMOBaHUMKN CepedoBULLAMU 3HMKYBAB MeTaboniyHy akTUBHICTb
CMMEeHOUMTIB Ta akTMBHICTb peakuii dnactTpaHcdopmadii nimdouuTtie, 0cobnmBo nNpu BUKOPUCTaHHI
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KPIOKOHCEPBOBAHMX MilaueHTapHMX KNiTuH i ekcrinaHTiB (Prokopiuk, Falko et al., 2018). JliocinisaT y
JaHOMy BMMaZKy NPOAEMOHCTPYBAB NOMIpHUI ePEKT, O4HAK 3anuLlaBCca MeHLL e(PeKkTUBHUM Y MOPIBHSAHHI
3 KpioekcTpakTtom Ta FBS.
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Puc. 6. Pe3ynbTat¥ oTpuMMaHi Ha KRniTUHaxX ¢eTtanbHOI MeYiHKU B MPUCYTHOCTI AOCHiAXKyBaHUX
pe4vYoBUH: a — aaresis KnituH, %; 6 — TeCT NoABOEHHS nonynsauii KNituH, rog; B — MTT TecT, ym.oq.; r —
CKpeTd TecT, %. * — NOKa3HUK CTaTUCTUYHO 3HaYyLLE Bi4pi3HAETLCA Bif, KOHTPOSIO, L0 KynbTUBYyBanu 6e3
JonaBaHHsA pedvoBuH, p<0,05; # — nokasHMK CTAaTUCTUYHO 3HAuylLle BIOPI3HSAETHCS Big KOHTPOMO, LLO
KynetusyBanu 3 FBS, p<0,05.

Fig. 6. The results obtained on fetal liver cells in the presence of the test substances: a - cell
adhesion, %; 6 - cell population doubling test, hours; B - MTT test, C.U.; r - scratch test, %. * - the indicator
is statistically significantly different from the control cultivated without the addition of substances, p<0.05; #
- the indicator is statistically significantly different from the control cultivated with FBS, p<0.05.

AHania BNNMBY Ha KMiTMHM dpeTanbHOI NeYviHKM Nokasas, WO KPiOeKCTpakT MynOBUHW MO3UTMBHO
BMMvBae Ha afresito Ta nponidpepadito, xova MirpauinHa akTMBHICTb 3anvianacs AeLo HMKYOK NOPiBHAHO
3 rpynoto FBS. Hanpuknag MCK oTpumaHi 3 nynoBuHy nocnabntooTb BNAMB ayToiMyHHOro renatuty (Wei
etal., 2023). Bigomo, L0 eKCTpaKT NNaueHT! Mae BENMKUIN TepaneBTUYHUIA MOTEHLUian Npy 3aXBOPHBAHHSIX
NeviHKK, TaknMx sk renatuT, ibpo3 Ta xnposa anctpodist neviHku (Shen et al., 2022). Pe3ynbTat ouiHKK
3[4aTHOCTI A0 agresii 4eMOHCTPYOTb NPUTHIYEHHST agresii Npy KyNbTUBYBaHHI B cepeoBuLLIi 3 O4aBaHHSM
JIKM. Le moxe 6yTn nos’a3aHo 3 AeHaTypadieto binkiB, sika BiobyBaeTbca nig vac npouecy niodginisaii.
BuganeHHs BogHOro oTodeHHs, Wwo crabinidye npupogHy KoHdopmauio 6inkiB, npu3BoauTb OO0 iXHBOI
CTPYKTYPHOI HecTabinbHOCTI. BHacnigok Lboro 6inkv BTpavatoTb 34aTHICTb 40 NPaBUibHOTO 3B’sI3yBaHHSA 3
KniTMHamu, WO 3HWXKYE iXHi agreansHi BnactmueocTi (Matejtschuk, 2007).

BucHoBku

B pesynbTaTti NnpoBeAeHOro OOCHimMKeHHS Oyno BUABMEHO, LIO KPIOEKCTPaKT MyMOBMHU MOKa3aB
nepcnekTuBM K 3amiHHMK FBS, ockinbku BiH 3HA4YHO nigcvmnoe agresito, nponidepauito Ta metaboniyHy
aKTUBHICTb KMiTUH, 30kpeMa pibpobnacTiB, HEPBOBUX KITiTUH, KMNITUH peTanbHOI NeYiHKN Ta CMMeHOUMTIB,
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WO pobuTb MOro KOPUCHUM Ansl BiAHOBIIEHHS TKAHWH LUKIPW, HEPBOBOI Ta iMYHHOI cucTeM. HaTomicTb
nioginizat nokasaB HXYY aKTMBHICTb, 30KpeMa y CTUMYIOBaHHI KNITMHHOT aaresii, ane € epeKTMBHUM Ang
3aroeHHs paH, 3aBOsKM NO3UTUBHOMY BNAMBY Ha hibpobnacTu, i Mmoxe GyTU KOPUCHMM TaM, Ae BaXuBa
cTabinbHiCTb | TpmBanun TepmiH 306epiraHHa. [lepcnekTvBu noganblnX OOCAIMKEHb MakTb OyTu
30CepepKeHi Ha BMBYEHHI MexaHi3MmiB Ail KpioeKCcTpakTy Ta onTumisauii niodinisauii ons wupLuioro
3aCTOCYBaHHS y pereHepaTuBHIN MegULMHI.
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Comparison of the effects of umbilical cord cryoextract and lyophilized form on

the adhesive, proliferative, and metabolic properties of various cell types
A.l. Kaverinska, V.Yu. Prokopiuk

The objective was to ascertain the potential of cryo-umbilical cord extract as an alternative to fetal bovine serum (FBS),
which is conventionally employed to stimulate cell growth but is subject to ethical and safety constraints. The umbilical
cord cryo-extract is a rich source of bioactive components that have been demonstrated to enhance the adhesive,
proliferative and metabolic activity of cells. Furthermore, it has been shown to be an effective substitute for serum in the
cultivation of various cell types, making it a promising candidate for use in cellular technology and regenerative medicine.
The findings of the experimental study demonstrated that the cryoextract of the umbilical cord exhibited a notable
enhancement in the adhesive and proliferative attributes of the cells, when compared to the other conditions that were
investigated. The fibroblasts demonstrated high adhesion and rapid migration in the presence of the cryoextract, which
provides advantages for potential use in the restoration of the connective tissue stroma of various organs and skin. The
nerve cells demonstrated enhanced viability and stability in comparison to FBS, which renders the umbilical cord
cryoextract a promising candidate for incorporation into neuroregenerative technologies. Furthermore, the cryoextract
exhibited a substantial beneficial impact on fetal liver cells, augmenting their metabolic activity and adhesion, thereby
opening avenues for investigation into liver regeneration. The effect on splenocytes was also favorable, indicating that
it can be employed to bolster immune function in circumstances where immune response regulation is necessary.
The lyophilized cryoextract demonstrated a limited positive effect, particularly in relation to its adhesive and proliferative
properties. However, this effect was less pronounced than that observed in the cryoextract. The addition of the
lyophilized cryoextract to nerve cells and fibroblasts resulted in a reduction in adhesion and migration activity, indicating
the necessity for optimization of the lyophilization process to preserve the biological activity of the extract. However,
the stability of the lyophilized cryoextract and its capacity for long-term storage render it a valuable resource in situations
where the preservation of bioactive components and a prolonged shelf life are of significance.

Thus, cord cryoextract represents a promising alternative to FBS, which has the potential to provide the necessary
support for cell growth, adhesion and proliferation. Nevertheless, the technology employed in the production of cryo-
umbilical cord extract lyophilizate must undergo further refinement in order to attain the same efficacy as that observed
in cryoextract. Further research should concentrate on a comprehensive examination of the mechanisms of action of
cryoextract, in addition to the optimization of lyophilization techniques to adapt this product to the requirements of cell
technology and regenerative medicine. This will facilitate its wider application in the stimulation of tissue regeneration
and the restoration of functional activity in various organs.

Key words: primary cell culture, umbilical cord, cryoextract, lyophilization.
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The effect of artificial mycorrhization on the growth and development of plants in

a vegetation experiment
O.l. Vinnikova

Nowadays, numerous commercially available biological preparations based on arbuscular mycorrhizal (AM) fungi are
suggested for practical use in agriculture. The potential benefits of inoculating soils with AM fingi for crop production
have been shown in many studies. However, the level of the universality of such preparations, i.e. the effectiveness of
artificial mycorrhization using one particular fungi species for different agricultural plants, still remains unclear. The aim
of present study was to assess the possibility and effectiveness of artificial mycorrhization of tomatoes and wheat under
in a vegetation experiment. The effects of adding preparation Mycoplant, which contains propagules of endomycorrhizal
fungi, to the soil on seed germination, plant morphometric parameters, and the concentration of chlorophyll in wheat
and tomato leaves were assessed. Seeds of wheat lines isogenic for Vrn genes of the Myronivska 808 variety and two
varieties of tomatoes - the early-ripening Kremenchutsky rannij variety and the late-ripening Ace variety were used in
the experiment. The use of Mycoplant stimulated the germination of wheat seeds: the wheat plants sprouted earlier
and moved through the consequent stages of development earlier than in control. However, an opposite effect took
place on the germination of tomato seeds. The treatment with Mycoplant caused an overall tendency to increase of
morphometric parameters in wheat isogenic lines Vrn-Ala and Vrn-Dla at different stages of plant growth and
development; that correlated with the formation of surface mycorrhiza on the roots. The positive effect of artificial
mycorrhization on the photosynthesis was established only for the isogenic line Vrn-D1a, and only at the stage of grain
filling. In tomatoes the formation of arbuscular mycorrhiza due to Mycoplant treatment was observed, but no positive
effect on the morphometric parameters or chlorophyll concentration in leaves was detected. The maximum frequency
of occurrence of mycorrhiza was found in tomatoes of the Kremenchugskii rannijy variety, and the maximum intensity
of mycorrhizal formation was found in experimental series of the late-ripening Ace variety.
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Introduction

Over the past few decades, the problem of sustainable development of agricultural production
systems — grains and vegetables — has been considered a "hot topic" in applied science. Crop production
systems need to be continually improved to reduce their environmental impact and protect and improve soil
resources. At the same time, the intensity of food production must be maintained constantly growing, which
is currently achieved by increasing soil fertility, mainly through the use of high doses of nitrogen,
phosphorus and potassium fertilizers. However, preference should be given to technologies aimed at
obtaining high yields while reducing the use of pesticides and synthetic fertilizers (Felféldi et al., 2022;
Noceto et al., 2021). Also, for active development, plants need a balanced content of available forms of
biogenic elements in the soil. The main natural suppliers of these elements in the soil are microorganisms
- bacteria and micromycetes. The growth and development of plants directly depends on the activity of
microorganisms, and most importantly, on their quantity. Among biogenic elements, phosphorus is a limited
resource that can be depleted (Li et al., 2017). One of the ways to provide plants with phosphorus is the
formation of mutualistic relations between the plant organism and mycorrhizal fungi. More than 80% of
terrestrial plants form arbuscular mycorrhizae (AM) with Glomeromycota fungi. Mycorrhizae occur in almost
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all associations and have a significant impact not only on phytobionts, but also on the entire biogeocenosis
(Abarca, et al., 2024, Jiang et al., 2017).

Various forms of relationships between fungi and plants have become the basis for their variable use
in biotechnology. In conditions of intensive agriculture, AM fungi are as important as in natural habitats. The
ecological function of mycorrhizae is displayed, first of all, through the viability of the host plant. The
mechanisms of this phenomen a are quite diverse and include mycorrhizal regulation of plant photosynthesis,
improvement of the water consumption, increased resistance to adverse factors and provision of the host
plant with mineral elements, primarily phosphorus and nitrogen, due to the enlargement of the contact zone
between the roots and the soil, as well as the transfer of these elements into better accessible forms for plants.
In addition, mycorrhizae help protect root systems against pathogenic soil microorganisms (Dowarah et al.,
2022, Elliott et al., 2021, Wei et al., 2023). The symbiosis of agricultural crops with mycorrhizal fungi imcreases
the nutritional value of grain and fruits due to more intensive plant production of organic substances (sugars,
amino acids) and secondary metabolites — flavonoids, carotenoids, phytochemicals and volatile organic
complexes (Dhiman et al., 2022, Fusco et al. 2022). Moreover, AM colonization of plant roots is believed to
provide many “non-nutritional” benefits and positive agro-ecosystem properties, sych as a preservation of soil
inoculum potential and soil structure (De Vita, 2018).

Reducing the number of plant species in a certain area (for example, wheat-corn rotation), the use of
mineral fertilizers and the use of fungicides leads to a decrease in the number and activity of AM fungi. On
areas that are constantly used for agricultural production, the number of AM fungal propagules in the upper
soil layer (0-30 cm) significantly drops down (Bakonyi, 2018, Elliott et al., 2021). Therefore, in agriculture, AM
is a natural alternative to the introduction of large amounts of fertilizers, primarily phosphorus, and can be
used both for the preservation of natural ecosystems or for their restoration in case of disruption.

Despite a large number of commercially available biological preparations based on AM fungi, a
number of questions in regard of their optimum application still remain unanswered. In particular, it is
unclear, whether there is a certain universality of such preparations, that is, whether mycorrhiza can be
equally effective with different types of agricultural crops and whether it is possible to use a biopreparation
in different conditions (Elliott et al., 2021, Thirkell et al., 2022). There are conflicting data on the sensitivity
of some species of cultivated plants, in particular wheat, to AM fungi, that casts doubt on the commercial
use of these preparations to improve grain productivity (Yang et al., 2022). Some studies revealed
remarkable differences in plant susceptibility and/or response to mycorrhization among wheat genotypes
differing in ploidy, geographic origin, and nutrient utilization efficiency (De Vita, 2018). Thus, the sensitivity
of different plant varieties or isogenic lines to AM remains essentially uncertain.

In this regard, the aim of the present research was to evaluate the possibility and effectiveness of
artificial mycorrhization of tomatoes and wheat under the conditions of a vegetation experiment.

Materials and methods

Biological material. The seeds of wheat (Triticum aestivum L.) isogenic lines of Vrn-Ala, Vrn-Bla,
and VrnDla genes were used. These lines were created in the gene pool of the Myronivska 808 variety
and are maintained at the Department of Physiology and Biochemistry of Plants and Microorganisms of
V.N. Karazin Kharkiv National University. VRN (vernalization response) genes control the response of
wheat to vernalization. In particular, VRN genes determine the pace of plant development, and thus are
responsible for the transition from the vegetative period of development to the generative one. The
recessive state of these genes determines the winter type of plant development, and the dominance of at
least one of the genes triggers a vigorous wheat development program (Dennis, Peacock, 2009).

Seeds of tomatoes (Lycopersicon esculentum L.) used in this study were of two commercially
available varieties: the early-ripening Kremenchutsky rannij (Kr. rannij) and the late-ripening Ace.

Mycorrhization of seeds was carried out using Mycoplant (Mykolife, Germany), which contains
propagules of endomycorrhizal fungi. This biological preparation is intended for artificial mycorrhization
of cereals, vegetable crops and some berries. According to the manufacturer, the effectiveness of
mycorrhization for various agricultural crops reaches 90%. Also, according to the manufacturer, the
effectiveness of the drug does not depend on the type of soil — greenhouse or open field, as well as on
soil composition or fertility.

Study design. Plant seeds (15 items of each plant and variety) were sown in vessels filled with 1 L
(tomatoes) or 2 L (wheat) of sterile soil, taken from the agrocenosis of the experimental site of the
Department of Physiology and Biochemistry of Plants and Microorganisms of the Karazin University,
located on the territory of the University Botanical Garden, Kharkiv. The Mycoplant drug was added in
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quantity 5 g of granules per 1 L soil according to the manufacturer's recommendations. Vessels with drug-
free sterile soil served as controls. Plants were grown in a vegetation chamber at a temperature of +24+2°C,
16 hours of light per day, and regular watering with tap water.

Seed germination was assessed by the number of sprouts that appeared on the fifth day after sowing.
Morphometric parameters, such as length and mass of above-ground and underground parts, and chlorophyll
content in the leaves were measured in experimental and control series, and the efficiency of mycorrhizal
formation — in the experimental series only (the absence of sponateous appearance of micorrhizal fungi in the
plants of control series was checked by microscopy, as described below). Wheat plants were examined at
different stages of ontogenesis: tillering, output into a tube, earing and grain filling. Tomato plants were
examined at the stages of growth cone differentiation (5-6 leaves), flower formation (7-8 leaves for the early-
ripening Kr. rannij variety and 12-14 leaves for the late-ripening Ace variety) and budding. At meantioned
stages of plant development, 5 plants were randomly selected within each series for measurements.

Quantification of chlorophyll a and b was carried out in fixed dry material (dried for 30 min at a
temperature of +120°C followed by 24 h at +70°C). Pigments were extracted with 80% acetone. Pigment
contents in the solution was measured via the optical density on the spectrophotometer Ulab 102UV (China)
at wavelengths A=649 nm and A=665 nm. The concentration of chlorophylls was calculated according to H.
K. Lichtenthaler’s formulas (Lichtenthaler, 1987).

Mycorrhizal formation was assessed in plant roots at the last studied phase of the plant growth. Roots
were collected in 5 plants randomly chosen from each vessel. Roots were macerated (10% KOH, 30 min
at 95°C), washed and stained with aniline blue in 90% lactic acid. Then 1 cm long root fragments were
separated with a scalpel; 20 such fragments were randomly chosen in each experimental series, and
pressed preparations were made. Microscopy was carried out using a light microscope at x600
magnification. On each preparation 50 randomly chosen fields of view per preparation were analyzed; the
presence and location of fungi hyphae, arbuscules or vesicles were recorded. The frequency of occurrence
of mycorrhizal infection (F, %) was calculated according to the formula:

n x 100
N

where N — is the total number of analyzed fields of view; n is the number of fields of view in which
mycorrhiza was detected.

The intensity of mycorrhizal infection (the degree of plant mycotrophy) was expressed as a
cumulative frequency of root zones with different, arbitrary estimated grades of infection:

_ Zfﬂni X i

x 100
N xK

where n1— the number of zones with a score of 1; n2 — the number of zones with a score of 2; nz —
the number of zones with a score of 3, etc.; N is the total number of investigated root zones (with or without
a fungi); K is the highest score on the accounting scale; i — the serial number of the root zone. For this
assay, 5 zones were consequently analysed along a 1 cm long root fragment.

Statistical analysis. The parameters were measured in three parallel replicates of each series; the
results were combined 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

The first stage of the study included assessing the germination rate of tomato and wheat seeds
(Table 1). The germination of wheat seeds was non-simultaneous in control and experimental series; a 5
day earlier germination was observed in series with lines Vrn-Ala and Vrn-Bla treated with Mycoplant
compared to the control; less pronounced speeding up was noted for Vrn-D1a. Also, a different pattern was
observed for tomatoes: seeds of the Kr. rannij germinated in the presence of the drug at the same time as
in the control, while for tomato seeds of the Ace variety the Mycoplant caused a 5 days earlier germination
compared to that in the untreated control.
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Table 1. The effect of artificial mycorrhization on the germination of wheat and tomato seeds

Seeds Germination, days,
Untreated control Mycoplant
Wheat, Vrn-Ala 11 6
Wheat, Vrn -B1a 12 7
Wheat, Vrn-Dla 8 6
Tomato, Kr. rannij 7 7
Tomato, Ace 17 9

Further observations of the growth and development of wheat and tomato plants showed that the
average intervals of transition between subsequent stages of development were shorter in the series
treated with Mycoplant than that in control. For wheat of the isogenic line Vrn-Ala this difference was 4.5
days, for the line Vrn-Bla — 2.75 days, and for the Vrn-D1a line — 3.8 days. For tomatoes, the average
interval of transition from one stage of development to another was also shorter in the experiment than in
control; mean difference was 8 and 6 days, respectively, for the Kr. rannij and Ace varieties. Thus, artificial
mycorrhization stimulated the seed germination of wheat lines, which have an accelerated growth rates,
and in tomatoes such an acceleration was observed only for the late-ripening variety. Also, the positive
effect of various biological preparations based on mycorrhizal fungi on the germination and development
of agricultural plants was reported by many authors (Berger, 2021, Dhiman, et al., 2022, Fusco et al., 2022,
Poleva et al., 2022).

Morphometric parameters — the length of roots and the mass of raw leaves and roots, measured at
different stages of plant development in isogenic lines of wheat, are presented in Fig. 1. The mean size of
roots in lines Vrn-Ala and Vrn-D1a, whose seeds germinated in the presence of the Mycoplant, appeared
to be significantly longer than that of control plants at almost all stages of development (Fig. 1A), except for
the tillering stage in Vrn-Ala line and output into a tube in Vrn-D1a line. The opposite effect was found for
the Vrn-Bla line — the average root length of the control plants at almost all stages of development was
greater compared to the experimental plants (Fig. 1A). Similar trends occurred in the dynamics of the mass
of wheat leaves (Fig. 1C). The mass of roots in the isogenic line Vrn-D1a in the Mycoplant-treated series
was significantly higher, compared to the control, at almost all stages of growth (Fig. 1B). In contrast to that,
in the isogenic line Vrn-Bla the mass of the roots was slightly higher in the control compared to the
experimental plants during almost the entire study period, and at the grain filling stage this differences
reached significance (Fig. 1B) The mass of roots in the isogenic line Vrn-Ala, treated with Mycoplant,
droped down significantly below the control level at the stage of output into the tube, but at the grain filling
stage was higher than that in control (Fig. 1B).

The dynamics of changes in the morphometric parameters in two varieties of tomato plants are
presented in Fig. 2. The root length in Kr.rannij differed significantly between treated and control series at
the stage of 5-6 leaves, meanwhile in the Ace variety — In the phase of flower formation and budding (Fig.
2A). The leaf mass of both tomato varieties tended to decrease in the series treated with Mycoplant
compared to the control; in Kr. rannij this difference was significant in the phase of flower formation (Fig.
2C). The root mass appeared to be significantly lower in treated series than in control of the Ace variety at
the 5-6 leaf stage (Fig. 2B).

Thus, the positive effect of the Mycoplant on morphometric parameters was observed mainly in
isogenic wheat lines, while it was absent in tomato varieties in our study. The data, available in the literature
regarding the influence of AM fungi on plant growth, are quite controversial. The experiments on tomatoes
of various varieties showed that plants, inoculated with mycorrhiza, had mainly higher root length and mass
(Felfoldi et al., Z., 2022). Also, mycorrhizae can modify the root morphology: the area of the absorbing
surface increases that improves plant nutrition, and thus provides a positive effect on the increase of above-
ground biomass (Shahrajabian et al., 2023). The positive effect of mycorrhization on the growth indicators
of wheat was also demonstrated by the experiments of T.J. Thirkell (Thirkell et al., 2022); moreover, the
intensity of mycorrhizal formation was not always positively correlated with the increase in biomass of plants
of different lines. It was also found that the degree of benefit for plants resulting from their colonization by
mycorrhizal fungi can vary. In particular, slow-growing plant species with shorter roots and larger diameters
benefited more from a symbiotic association with AM fungi than fast-growing plants with thinner and longer

BicHuk XapkiBCcbKOro HaLjioHanbHoro yHisepcuteTy imeHi B. H. KapasiHa

The Journal of V. N. Karazin Kharkiv National University ISSN 2075-5457 (print), ISSN 2220-9697 (online)



O.l. BiHHikoBa 109
O.l. Vinnikova

oControl mExperiment (use of the drug Mycoplant)
14 -
&
12 | *
_I_ &
£ 10 - *
[+
- ) (3
£°® » ’
| =
s %1 *
4
2
0
V- | V- | V- | Vm- | ¥m- | ¥m- | ¥m- | ¥m- | Y- | Y- | Y- | V-
Ala | Bla | D1a | Ala | Bla | D1a | Ala | Bla | D1a | Ala | Bla | Da
Tillering Output to the tube Earing Filling grain
Phenological phase
B 350 o Control @ Experiment {(use of the drug Mycoplant)
300
250 5 *
o * *
€ 200 - P x
]
@ 150
=
100 4
I
0
L L = L 3 = 3 3 3 3 3 3
< Q Q < M Q < M Q < M Q
£ £ £ £ £ £ £ £ £ £ £ £
= = = = = = = = = = =
Tillering Output to the tube Earing Filling grain
Phenological phase
c oControl o Experiment (use of the drug Mycoplant)
30 4
&
25 4
o )
o 20 -
3
g 15
=
1,0 4
05 4 Eﬁ F] H m
00
vrn- | vrn- Vrn- vrn- | Vrn- | V- | Vrn- | V- | V- | Vrn- | V- | V-
Ala Bla | D1a | A1a | B1a | D1a | Ala B1la | D1a | Ala | Bla D1a
T|IIer|ng Output to the tube Earing Filling grain
Phenological phase

Note: * — difference is significant as compared with the control, p< 0.05
Fig. 1. Dynamics of changes in morphometric parameters of wheat plants: A — root length; B — mass
of roots; C — mass of leaves.

roots (Tran et al., 2019). Plants, used in our experiments, had different types of root systems. Tomatoes,
which had thicker roots compared to wheat, did not show a positive reaction after the treatment with AM-
carrying substance.

Mycosymbionts to a certain extent influence the process of photosynthesis, which, in turn,
determines the amount of products needed by the fungi for nutrition. During mycorrhization of plant roots,
Na + transport from roots to shoots is restricted, that increases K* / Na* , Ca?* / Na* and Mg?* / Na* ratios
in leaves and stems, and this stimulates photosynthetic processes. Also, the presence of AM fungi increases
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Fig. 2. Dynamics of changes in morphometric parameters of tomato plants: A —root length; B — mass
of roots; C — mass of leaves. Note: * — difference is significant as compared with the control, p< 0.05

the concentration of chlorophyll in leaves of many plants, including crops and tomatoes (Fusco et al., 2022, Khan et
al., 2022, Kong et al., 2020). Considering the potential role of the mycorrhizae in the development of the
photosynthetic system of plants, we measured the content of chlorophylls in leaves at different stages of plant
development. The concentration of chlorophylls a and b and the sum of chlorophylls were estimated (Fig. 3, Fig. 4).

At almost all studied stages of wheat ontogenesis there was a small difference in the concentrations
of chlorophylls a and b in leaves of plants of Mycoplant-treated series compared to the control. The content
of chlorophyll a was statistically lower compared to control in the isogenic line Vrn-Bla in the phase of output
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into the tube and in the line Vrn-Ala in the earing phase (Fig. 3A). In the phase of grain filling in wheat leaves
of Vrn-Bla and Vrn-D1a lines, the concentration of chlorophyll a was significantly higher in the experimental
series compared to control plants (Fig. 3A).

The concentration of chlorophyll b in the leaves of wheat line Vrn-Bla at all stages of plant
development, with the exception of the grain filling phase, was significantly lower in series treated with
Mycoplant, compared to the control. However, during grain filling the concentration of chlorophyll b in leaves
of Vrn-Bla line plants significantly exceeded that in control (Fig. 3B). A significant decrease in the contents
of total chlorophyll compared to the control occurred in wheat leaves of isogenic lines Vrn-Bla and Vrn-
Ala, respectively, in the phase of the output into the tube and earing, and a significant increase of this
parameter was detected in lines Vrn-Bla and Vrn-D1la in grain filling phase (Fig. 3C).

For tomatos of both varieties, there were no significant differences in the concentrations of both
chlorophylls either separately or of their sum, except for the content of chlorophyll b in leaves of Ace variety
in the 5-6 leaf phase, when this parameter was significantly higher in the control (Fig. 3A, 3B, 3C).
Comparing the effects of mycorrhization on plant growth and chlorophyll contents, it can be noted that in
most cases the differences between the series treated with Mycoplant and the control for these two groups
of parameters were the opposite. For example, for wheat of the Vrn-D1a line, there was a positive effect of
mycorrhization on the length and weight of roots during most phases of development, but no increase in
the content of photosynthetic pigments was observed (Fig. 1, Fig. 3). On the contrary, the increase in the
chlorophyll concentration in the wheat leaves of the Vrn-Bla line at the grain filling stage was not
accompanied by an increase in the length of the roots and the mass of the plants (Fig. 1, Fig. 3).
Apparently, plant organisms have complex mechanisms of regulation of their growth and development;
and, within the scope of this study, we cannot clearly explain the inverse correlation between observed
effects. This phenomenon requires additional research and a wider set of measured parameters.

The rate of mycorrhization of wheat and tomato plants was estimated by miscroscopy analysis of
roots. To prove that the mycorrhization was produced specifically by Mycoplant, the preparations from roots
of plants of control series were examined along with that of the experimental series. No fungal hyphae were
found either on the surface or inside the tissues of the analyzed roots of wheat and tomato plants in the
control, which indicates the absence of spontaneous appearance of mycorrhizal fungi, e.g., through
airborne contamination, under given experimental conditions. The frequency of mycorrhization and its
intensity in the experimental series of wheat and tomato plants at the latest studied phases of plant
development are given in Table 2.

Table 2. Frequency of occurrence and intensity of mycorrhization of the roots of wheat plants (in
the grain filling phase) and tomatos (in the flower bud formation phase) plants

Seeds Frequency of occurrence of Intensity of mycorrhizal infection
mycorrhizal infection (F, %) (C, %)
Wheat, Vrn-Ala 73,0 31-42
Wheat, Vrn -B71a 62,5 63-67
Wheat, Vrn-D1a 81,0 54-57
Tomato, Kr. rannij 75,5 34-46
Tomato, Ace 52,0 67-71

Noteworthy, the presence of fungal hyphae in wheat was detected exclusively on the surface of the
roots. In many cases the yield of fungal hyphae on the root surface was quite high. Despite this fact, which
was noted at various studied stages of development of wheat plants, no occurrence of arbuscular mycorrhiza
inside the roots was detected in our study. In general, about 72% of wheat plants showed signs of
ectomycorrhiza formation, and the rest did not enter into symbiosis with fungi after treatment with Mycoplant.

Mycorrhiza of the arbuscular type was detected only in the roots of experimental tomato plants.
Arbuscules were found in roots of both varieties of tomatoes at the stage of flower formation. The frequency
of occurrence of mycorrhizal infection reached the maximum value of 75.5% in the series of Kr. rannij. In
different zones of the roots (the tip was a start point), this parameted varied from 20 to 80%. The frequency
of mycorrhizal formation in tomatos of the Ace variety was significantly lower — 52%. However, the intensity
of mycorrhizal infection in this late-ripening variety was almost twice higher than that in Kr. rannij tomatoes.

Thus, the frequency of occurrence of mycorrhiza on root surface in wheat and tomatoes had variations
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Fig. 3. Dynamics of changes in chlorophyll concentration in leaves of isogenic lines of wheat: A —
chlorophyll a; B — chlorophyll b; C — sum of chlorophylls.

depending on the host plant line or variety. There was a tendency to a negative mutual correleation between
the intensity of mycorrhization and the frequency of its occurrence in both plants.
According to the literature, the rate of root colonization by AM fungi is not always related to plant
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growth response and varies widely depending on the host plant genotype. Moreover, under certain
environmental conditions and during the development of mycorrhiza, the same fungus can be an
endophyte, a mutualistic symbiont, a saprotroph, or a necrotrophic parasite. Suppression of plant growth
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Fig. 4. Dynamics of changes in chlorophyll concentration in leaves of isogenic lines of tomato: A —
chlorophyll concentration a; B — chlorophyll concentration b; C — sum of chlorophylls.

due to the development of arbuscular mycorrhiza, as happened to tomatoes in our study, may be associated
with the outflow of sugars from the above-ground parts of the plant to the roots to feed the fungus itself
(Brundrett, 2004, Felfoldi et al., 2022).
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Thus, when the Mycoplant was added to the soil, the germination of wheat seeds was stimulated
and the germination of tomato seeds was inhibited: the experimental wheat plants sprouted earlier than the
control ones and also earlier moved to the next stage of development. In general, the use of the Mycoplant
preparation can have a certain positive effect on morphometric parameters and the intensity of
photosynthetic processes occurring in the leaves of wheat lines isogenic for Vrn genes. However, the
development of arbuscular mycorrhiza in the roots of experimental plants was not detected; fungal hyphae
grew actively only in the rhizoplane. Regarding tomatoes, the opposite effect was observed: on the
background of the development of arbuscular mycorrhiza in the roots, there was practically no increase in
the chlorophyll contents or in morphometric parameters in experimental plants grown after artificial
mycorrhization. The benefits of using AM fungi are obvious for crop producers, so the possibility of soil
inoculation with these fungi is the subject of various studies. Further comprehensive study of the
mycorrhization of various species and varieties of plants will make it possible to use the acquired knowledge
in the practice of sustainable agriculture.
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BnnuB wTy4yHoI Mmikopu3auil Ha piCT i PO3BUTOK POCIIUH

B YMOBax BereTauiHoro gocnigy
O.l. BiHHikOBa

HuWHI 4na npakTM4YHOrO BUKOPWUCTaHHSA B CiNlbCbKOMY rocrnoAapcTBi 3anpOnoOHOBaHO YMCIEHHI KOMEPLIMHO OOCTYMHi
bionpenapatn Ha ocHoBi apbyckynsapHux MmikopusHux (AM) rpubis. lMoTeHUinHI nepeBarn iHOKynAuii rpyHTiB AM
rombamn Ana BMpoGHMUTBA pPOCNUHHOI npoaykuii 6ynyu nokasaHi B 6Garatbox AdocnigkeHHsx. [poTe piBeHb
yHiBEPCanbHOCTI TakMx npenapariB, TOOTO e(eKTUBHICTb LITYYHOI Mikopu3auii ogHMUM BMAOM rpubiB ANs pisHUX
CiNbCbKOroCNoAapCbKNX POCINH, OOCI 3anuaeTbcsl Hes'sicoBaHMM. MeToto poboTu Byno ouiHUTU MOXNMBICTE Ta
eeKTMBHICTb LUTYYHOI MiKopu3auii ToMaTiB i nweHuyi y BeretauinHomMy gocnigi. OuiHEHO BNNMB BHECEHHS B I'PYHT
npenapaty MikonnaHT, Wo MIiCTUTb nponarynu eHAoOMIKOPU3HUX MIKCOMILIETIB, Ha CXOXICTb HACIHHS, MOPGOMETPUYHI
NMOKa3HWKU POCINH, KOHLIEHTPpaLilo Xnopodiny B NUCTKax NWeHUUi Ta ToMaTiB. Y Aocnifi BUKOPUCTOBYBaNu HaciHHA
i30reHHuX 3a reHamy Vrn niHi nweHuui copty MupoHiecbka 808 Ta ABOX COPTiB TOMATiB — PaHHbOCTUIIIONO COPTY
Kpemenyuyybkuli parHiti Ta nisHbocTurnoro copty Ace. 3acTtocyBaHHA npenapaty MikonnaHT CcTuMmynoBano
NPOPOCTaHHSA HACIHHA MLUEHWLi: POCNNHM MNLUEHWLi NPpopoCTany paHillie i nepexoannu 4o HacTymnHOI cTagii po3BuUTKy
paHiwe, HiX y koHTponi. MNpoTe cnoctepiraBca NPOTUNEXHWUA e(EeKT Ha CXOXICTb HaciHHa TomaTiB. 3a 06pobku
MikonnaHTom BMHMKaNa TeHAeHUis 00 NiABULLEHHS MOPAOMETPUYHUX MOKA3HUKIB Y POCIIUH i30T€HHUX MiHIi NweHuLi
Vrn-Ala 1a Vrn-Dla Ha pi3HuX ¢asax pocTy i po3BUTKY — Ha TNi YTBOPEHHS NMOBEPXHEBOI MIKOPU3N Ha KOPEHSIX.
Mo3nTuBHUIA BNNMB LUTYYHOT Mikopur3aLii Ha (poTOCMHTE3 Byno BCTAaHOBMEHO NuLLIEe AN i30reHHol NiHii Vrn-D1a i Tinbku
Ha cTagii HanuBy 3epHa. Y TOMaTiB crocTepiranu YTBOPEHHs apOycKynsipHOi Mikopuau BHacnigok o6po6ku
MikonnaHTom, ane iCTOTHOrO NO3UTMBHOIO BMAMBY Ha MOPMOMETPUYHI MOKA3HUKM i KOHUEHTpauilo xropodiny B
nncTKkax He Oyno BusiBneHo. MakcMmarnbHa YacToTa NosiBU MiKOpM3M BM3HAyanacs y TomariB copty KpemeHuyuybKkul
PaHHil, a MakcumanbHa iHTEHCUBHICTb MIKOPU30YTBOPEHHS — Yy AOCHIAHMX CEpifX Ni3HbOCTUIIOro copTy Ace.

KniwouyoBi cnoBa: wmy4yHa wMikopu3ayis, i(302eHHIi JiHii nweHuyi, momamu, MOPGOMEMPUYHI MOKa3HUKU,
KOHUeHmpaujisi xsiopogbirie
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CTBOpPEHHA naHawadTHOro 3akasHuKa MicLueBoro 3HadyeHHs1 "bepe3siBCbknn" sik
CKnapoBa 36epexeHHsA NnpupoaHMX naHgwadTiB, 6ioToniyHoro i BUROBOro

pisHomMmaHiTTA MNiBHiYHOro Cxoay YkpaiHu

0.B. Be3pogHoBa, 3.C. BoHgapeHko, H.O. BpyceHuoBa, K.10. IBaHoBa
3 MeTOol CTBOPEHHs1 NaHAWwadTHOro 3akasHuka MiCLeBOro 3HaudeHHsi "bepesiBcbkuin” Oyno gocnigXeHo AiNAHKM
OCTEMHEHUX, NYYHUX, NEPE3BONOXEHNX OCENULL, L0 3HAXOAATLCSA Ha CXurnax Ta AHuWi 6anku. Banka HanexuTb 0o
6aceriHy pidkun Mepna. NponoHoBaHa Ans 3anoBigaHHA TepuTopis po3TalloBaHa Ha MNiBHOYI XapkiBcbKoi obnacTi y
okonuuax c.bepesiBka (KpacHokyTcbka cenuviuiHa TepuTopianbHa rpomaga borogyxiBcbkoro pavioHy). Ha BepxHix
YacTMHax cxunis 30epernucsa parMeHT! CTENOBUX EKOCUCTEM, SIKi KONMMCb Oynn NOLMPEHI Ha L TepuTopii, a Hapasi
3a3Hany aHTpONi4YHOro BMMUBY i BUKOPUCTOBYIOTLCS NEpeBaXHO Mig opaHKy. PriopUCTUYHE Pi3HOMAaHITTA AiNSAHOK 3
OCTEMHEeHUM TPaBOCTOEM CKIadae B cepeaHboMy 23-26 BUAIB CyaMHHMX pocinH Ha 100 M2, a Ha Aeakux OinsaHkax uen
nokasHuk carae 40 BuaiB. PiTOCO30M0rYHY LiHHICTb TakMM AiNsiHKaM Hadae HasiBHICTb BMAIB, LLIO OXOPOHSAKTLCA Ha
AepxxaBHOMY piBHi, 3okpema, Adonis vernalis L., Colchicum bulbocodium Ker Gawl., Crocus reticulatus Steven ex
Adams, Pulsatilla pratensis (L.) Mill. s.I., Stipa capillata L. TepuTopisi n(pOEKTOBaHOro 3akasHvka Ma€ BEJNIKE 3HAYEHHSI
ans 36epexeHHs noceneHb Marmota bobak (Mdller, 1776) — Buay, 3aHeceHoro 4o YepBoHOI kHUMM Ykpainn y 2021
poui. Ha gHi pocnigxeHoi 6ankv 3HaxoanMTbCa HEBENMKWUIA NOTIYOK, MicusiMU 3anpyaxeHuii rpebnsmu Castor fiber L.,
rMprnoBa YacTuMHa SIKOro CronyyaeTbCcs i3 LWTy4YHUM cTaBkoM. Lli BogoviMu € BaxnuMBMM MicLieM iCHyBaHHSA Ta
po3MHOXeHHs ans amdibin: Lissotriton vulgaris (Linnaeus, 1758), Pelopylax ridibunda (Pallas, 1771), Rana arvalis
(Nilsson, 1842), Bufotes viridis (Laurenti, 1768), Pelobates vespertinus (Lichtenstein, 1823), Bombina bombina
(Linnaeus, 1758). Ha cxunax ©anku Mewkae Benuka nonynsauia Lacerta agilis (Linnaeus, 1758), no 6Geperax
3ycTpivyaetbca Natrix natrix (Linnaeus, 1758). Yci ui Buam amcibin ta pentunin BkntoyeHi Ao gonatkie bepHcbkol
KOHBeHUii. JlaHgwadpTHe i iTOLEHOTNYHE pPI3HOMaHITTA Ha TepuTopii MPOEKTOBAHOrO 3aka3Huka OoOyMOBME
pi3HOMaHITHICTb OpHiTOdhayHK | eHToMoayHWU. Hapasi BusBneHo Ta Bu3HayeHo 18 Buais ntaxie. Xoya Le nepeBaxHo
3BMYanHi Ans XapkiBcbkoi obnacTti Buau, BoHU noTpebytoTe 0XOpoHu 3rigHo 3 BepHcbkol KoHBeHLUie. OauH Bug
ntaxiB (Grus grus (Linnaeus, 1758)) oxopoHsieTbCA Ha AepxaBHOMY piBHi. 3adhikcoBaHO ABa BMAW KoMax 3 YepBoHOI
kHurm Ykpainn — Xylocopa valga (Linnaeus, 1767) Ta Hamearis lucina (Linnaeus, 1758), ane enTomodayHa notpebye
noAanbLIoro AeTanbHOro BUBYEHHS. Takum YMHOM, NepLUe4eproBoto 3agayeto MaibyTHbOro 3aka3Huka € 36epexxeHHst
TMNoBMX Ans YKpaiHcbkoro Jlicocteny naHawadTiB (0COGNMBO 3anuLLKIB CTEMOBUX €KOCUCTEM), K cepenoBuLla
iCHyBaHHSA pIiOKICHMX | 3HMKaKWuMX BWAIB, WO NiANSAraldTb OXOPOHI Ha  perioHanbHOMY, AepXXaBHOMY i
3aranbHOEBPONENCLKOMY PIBHAX. He MeHLW BaXnuBuUM 3aBAAHHAM € BiQHOBMEHHs GioToniB Tpas'aHOro Tvmny, O
3a3HanM y MUHYNOMY 3HA4YHOrO MAaCOBULLHOIO HaBaHTaXeHHS (NepeBakHO AHMLE Garnku i HWKHI momnori YacTuHu
cxvniB). [locnigxyBaHa TepuTopis Mae 3HauHy LHHICTb Lie i TOMY, WO Ha Yac HanucaHHSA CTaTTi BOHa He 3a3Hana
OeCTpYyKTMBHOro BNnunBy G6oroBux gin.

KnrouoBi cnoBa: ¢hsiopa, ¢payHa, pidkicHi ma 3Hukaro4i eudu, biomonu, rnpupodHo-3anosioHuli poHO, baceliH piyku
Mepna, nicocmenoea 30Ha, Xapkiecbka obnacms, YkpaiHa
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Bctyn

3rigHo i3 ExonoriyHom nacnoptom XapkiBcbkoi obnacti y 2023 p. BigCOTOK 3aMoBigHMX TEPUTOPIN
cknagae Tinbkn 2,4% (EkonoriyHun nacnoprt..., 2024). BignosigHo, icHye HaraneHa notpeba noganbLioro
3anoBigaHHs Y Mexax obnacTi TepuUTopiIn, WO NPe3eHTYTb HanbinbL LiHHI TpMpoaHi koMniekcu. Taknumu,
Hanpuknag, € OiNsHKK NyYHUX cTeniB i3 crneumdiyHow ¢ayHo i MikobioTow, Sk 3ariMatoTb BiHOCHO
HeBenuky nnowyy i 36epernuncs, nepeBaxHo, nNo cxunax 6anok (Flopenosa, AnexuH, 2002). IctopuyHo
cknanocs Tak, Wo YkpaiHCcbkui Jlicocten xapakTepusyeTbCs 3HAYHOK PO3OPEHICTIO NITAKOPHUX OiMNsHOK,
3pOCTaHHAM NNoLi arponaHawadTiB 3a paxyHOK npupoaHux ekocuctem (lMaphikosa, 2008). Hapasi B
YkpaiHi npobnema 36inbweHHs TepuTopii npupogHo-3anosigHoro doHay (M3dP) sanuwaetbcsa ayxe
aKkTyarnbHOH0 LLe TOMY, WO BHAcNigok 6bonosux Aiv 3HadHi nnowi Ha Cxoai YkpaiHu 3a3Hanu ecTpyKTUBHUX
3MiH i Ha BiAHOBIEHHS IXHbOT CTPYKTYPHO-YHKLIOHANbHOI opraHisadii nige 6arato pokie. bynu 3apynHoBaHi
abo onvHMNMCS Y 30HI pu3nky ob’ektn N3P YkpaiHu, a Takox TepuTopii, Wo HanexaTtb Ao CmapargoBoi
Mepexi Ta NoTpebyroTb OXOPOHM Ha 3aranbHOEBpPOnencLkomy piBHi (Shumilo et al., 2023; Timmins et al.,
2023). Y mexax XapkiBcbkoi obnacTi B okynauii nepebysano 103 ob’ektu y I3tomcbkomy, Kyn'sHCcbkomy,
XapkiBcbkoMy, YyryiBcbkomy panioHax (41,7% 0o 3aranbHoi KinbkocTi 06’exTiB MN3®P), 3 H1X Ge3nocepeaHbO
B 30Hi 6bonosmux gin — 58 ob’ektiB M3P (Ekonoriynnn nacnopt..., 2024). MNMpuknagamn Taknx ob’ekTiB €
HauioHanbHun npupogHui napk (HMM) “OsopivaHcbkniA”, B6OTaHIYHUIA 3akas3HUK 3aranbHOAEepPKaBHOro
3HayeHHs “BoBYaHCbkun®, perioHanbHW naHgwadTHMn napk “Benvkobypnyubknii cTen”, HU3Ka 3aka3HUKIB
MICLEBOr0 3Ha4yeHHs1 Towo. Y mexax uux ob’ektiB MN3dD oxopoHanucs, okpim iHWKX GioTonis, i AiNAHKK
ctenie. Came TOMy, aKkTyarnbHUM € NOLUYK Ha NiGKOHTPOMbHIN YKpaiHi Teputopii HOBUX AiNAHOK i3 CTENOBOO
Griopoto i hayHoo, a Takox po3pobka HaykoBUX OBrpyHTYBaHb AOLUINMBHOCTI iX 3anoBigaHHs.

HaykoBuamun XapkiBCbkOro HauioHanbHoro yHiBepcutety imeHi B. H. KapasiHa pasom 3
NpeAcTaBHMKaMM iHLWWX YCTAHOB i OpraHisauil perynsipHo MnpoBOAUTLCSH OOCTEXEHHS NPUPOLHUX
KOMMnekciB XapkiBcbkoi 00nacTi, BMBYEHHS BWAiB, WO MNOTPebylOTb OXOPOHM Ha MicueBOMY,
perioHanbHOMYy, HauioHaneHOMy abo 3aranbHOEBPOMENCHLKOMY PiBHsSIX. Tak B OCTaHHI pOKW, Hanpwvknag,
3[4iCHIOBABCS, 9K MOHITOPUHI CTaHy Nonynsuin BXe BiJOMWUX MicLe3HaxoaXeHb, Tak i BUSBNEHHS HOBUX
nokanitetis (bpyceHuoBa Ta iH., 2018, KasapiHoBa Ta iH., 2021; Bondarenko, Gamylya, 2021; Be3pogHoBa,
IBaHOBa, 2023; BoHgapeHko Ta iH., 2023). Pe3dynbtaTtoM Takvx AOCAIOKEHb € HanuCaHHs HayKOBUX
06r'pyHTyBaHb AOLINbHOCTI CTBOPEHHS HOBUX MPUPOOOOXOPOHHMX TEPUTOPIN, L0 HanexaTb A0 Pi3HUX
KaTeropii 3anoBigHOCTI — 6oTaHiyHMI 3aka3Huk (Gamulya and ets, 2017; 3egriHueBa, 2020),
perioHanbHMN NaHgwadTHMN napk (ATemacosa Ta iH., 2021), HauioHanbHUn NpUpoaHU napk (ATemacosa
Ta iH., 2023) Towo. MeToto uiei nybnikauii € y3aranbHeHHs 4aHWX Npo BuaoBe, bioToniyHe i naHAwadTHe
Pi3HOMaHITTA NPOEKTOBAHOMo NaHAWadTHOro 3aka3Huka MicLeBoro 3HadeHHs "bepesiscbkunin" (Xapkiscbka
obnacTb, YkpaiHa) Ta obrpyHTyBaHHs LOLINbHOCTI KOro CTBOPEHHS.

Martepianu i meToaun

Y 2023 p. Henoganik Big c. bepesiBka KpacHOKyTCbKOI cenuiiHoi TeputopianbHoi rpomagn (CTIN)
BoroayxiBcbkoro panoHy XapkiBcbkoi 00nacTi 6yno 34iincHeHO NaHoOMipHE 06CTEXEHHS OCTEMHEHMX, JTyYHMX
Ta Nepes3BOSIOKEHNX MICLEe3pOCTaHb, L0 3HAX0AATbCA Ha cxunax Ta gHuwi 6anku. OcTaHHSa HanexuTb Ao
baceviny pivkv Mepna. 36ip nonboBoro matepiany BigbyBaBcsi 3 BECHM MO OCiHb. [Ins BUSBNEHHSA BUAOBOrO,
fioToniyHOro Ta nNaHAWAagTHOrO PiI3HOMAaHITTS 3acTOCOBaHO HaniBCTauioOHapHi i MapLipyTHi mMeToaw.
MapLwpyTvn npondranu no AHuwWy i cxunax camoi 6anku, a Takox B3HOBX Ii BigranykeHb. 3aranbHa
NPOTSXHICTL MapLpyTiB cknana 15 km. MNMpoeoamBcSa LinecnpamMoBaHU NOLWYK PiOKICHUX BUAIB CYOUHHUX
POCNuH, ANs AKUX OOChifKyBanu cTaH nonynsuin, dikcyBann KoopavHaTW OKpeMux nokaniteTis. [Ons
BUSIBITEHHS OCOONMBOCTEN CTPYKTYPHOI OpraHisaLii poCIMHHOrO MOKPUBY, OKPIM MapLUpPYTHMX OOCHIOKEHD,
30iMCHEHO reoboTaHiI4HI ONnCK i3 3aCTOCYBaHHAM CTaHAAPTHUX METOOUYHMX NigxoaiB. Ycboro 6yno onncaHo
15 npobHux nnowy (no 100 m? koxkHa) y pisHux Tunax GioTtoniB. BHecok BMAIB Yy DOPMyBaHHSA POCIUHHUX
yrpynoBaHb BM3Ha4yaBCs Ha NiAcTaBi OKOMIPHOI OUiHKM X nMpoeKTuBHoro nokputTs (%) i psacHocTi (banbHa
wkana Adpyzae). MapLupyTHi o6cTeXeHHst Takox nepeadadany iHBeHTapum3aLito hayHICTUYHOTO pisBHOMaHITTS,
KapTyBaHHA Micub nepebyBaHHA PpigKiCHUX BuaiB, peecTpauitlo 3ycTpiyel TBapuH, CcrnigiB  iXHbOI
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Creation of the "Berezivskyi" landscape reserve of local importance as a component of preservation of natural landscapes...

XUTTEAIANBHOCTI (BiAOWTKM Narn, CXoBuLLA, MOCchig TOWO) Ta 3Haxiaok 3armbnmnx ocobuH. YactuHa BigomocTen
Npo 3HaxXidKN PIAKICHMX BUAIB Y MeXax NPOEKTOBAHOro 3akasHuka Bxe Oyna onybnikoBaHa Hamu paHille
(BpyceHuoBa Ta iH., 2018; bpyceHuoBa Ta iH., 2019) Ta BpaxoBaHa nif Yac nigrotoBku Liei poboTu.

KamepanbHy obpobky reoboTaHiyHMX onuciB 3AiNcHeHo i3 gonomorot nporpamu Turboveg for
Windows 2.85 (https://turboveg-for-windows.software.informer.com, 2024). [na aHanisy npocTopoBuX
JaHnX Ta NigrotoBKM KapTorpadivHMx maTtepianis BukopuctaHo nporpamy QGIS 3.28 (QGIS.org, 2023).
HaykoBi Ha3Bu BWAiB NTaxiB HaBeAeHeHi BiAMOBIAHOrO A0 BUAAHHS “AHOTOBAHWUIA CMMCOK YKPaTHCbKUX
HaykoBMX Ha3B nTaxie payHu Ykpainn” (PeceHko, bokoten, 2007), Ha3BM iHLWIMX TBAPMH — BIANOBIAHO OO
Integrated Taxonomic Information System (ITIS) (Nicolson et al., 2024). HaykoBi Ha3Bu BUAiB POCIWH
HagaHo BignosigHo go World Flora Online (WFO) Plant List (https://wfoplantlist.org/). Npu cknagaHHi
y3aranbHow4oi Tabnuui Wwoao HasBHOCTI Ha AOCNIMKEHIM TepuTopii pigkicHMX BUAIB KepyBamnucst
UepBoHOW KHUroto YkpaiHu (YepBoHa kHura..., 2009), BignoBigHMMn odiuitHUMKM nepenikamu BuAiB
POCIVH i TBAPUH, LLLO OXOPOHSOTLCSA Ha AepxaBHOMY piBHi (Mepenik BUaiB pocnuH..., 2021; MNMepenik Buais
TBapWH..., 2021), obnacHuMK nepenikamu BUAIB POCIWH | TBAPWH, LLO NigNsraroTb 0COGMMBIA OXOPOHi Ha
TepuTopii Xapkicbkoi obnacTi (Mepenik BuaiB pocnuH..., 2024; MNepenik Bugis T8BapuH. .., 2024). B Tabnuui
TaKOX 3as3Ha4yeHo BuAW, WO nNoTpebyloTb OXOPOHU Ha MiKAepXaBHOMY piBHI 3rigHO 3 BepHcbkor
koHBeHujeto (Convention..., 1979a, 1979b) Ta KoHBeHuico Npo 36epexeHHs Mirpyloymx BuAIB AUKUX
TBapuH (KonBeHuis..., 1999). PigkicHi pocnuHHi yrpynoBaHHs HaBedeHi 3a 3eneHOol KHUIow YKpaiHu
(3eneHa kHura..., 2009), a Tunu BioTonis i3 BiANOBIAHMMYK KO4AMK HafaHi 3a HauioHanbHUM KaTanorom
6ioTonis Ykpainu (HauioHanbHui katarnor..., 2018).

Pe3ynbtaTtn Ta 06roBOpeHHsA

TepuTopianbHo AocnimkyBaHa 6arka poaTalloBaHa y ABOX aaMiHicTpaTueHux obnactsix (puc. 1). 1l
BepXiB'A 3Haxo4sTbcs y mexax Ckopoxogicbkoi CTIM MNontaBcbkoi obnacTi. MNnowa 6anku Ha TepuTopil
MonTaBCbKOI 06nacTi ckylafae opieHTOBHO 92 ra, GinbLua » YacTuHa 6anku (maxke 156 ra) HanexuTb oo
TepuTopii XapkiBcbkoi obnacTi. OcKinbkM ronoBHOK MeTo poboTu Byno nigrotyeaTh KNOMOTaHHS WoA0
CTBOPEHHS NaHALWAadTHOro 3akasHuKka MicLEeBOro 3HavyeHHs "bepesiBCbknin" y NiBHIYHO-3axigHiN YacTuHI
XapkiBcbkoi 06nacTi, To JocnigKeHHs NPOBOANIOCS Ha OiNnsHLUi Big Mexi obnacTi o okonuub c. bepesiBka
(KpacHokyTtceka CTT).

Y TeKTOHIYHOMY BIOHOLIEHHI AocnigKyBaHa Teputopia € 4acTuHow [HinpoBCbKo-[oHeLbKOT
3anagvHu, WO 3HaXoaUTbCS MNiBHIYHILWE OCi rMMBOKOro NPOrnHy 3eMHOI KOpK, Kpuna siIKoro Ha niBAeHHOMY
cxofi 3axofsTb Ha BOpoHe3bkum KpuctaniyHviA mMacus, a Ha niBOEHHOMY 3axodi HabnwxkatTbCs [0
[oHeubKoro kpsixy. Lien npornH 3anoBHOOTL 0Cafo0Bi | MeTamopdOopr3oBaHi ripcbki NOpPoan pi3HOro BIKY,
MoYMHaK4M Big KapbOHY B HWDKHIX LIapax i 4O HEOreHOBWX | YETBEPTUHHMX Cepil, WO HabnuxaloTbes Ao
OEHHOT NoBepXxHi. Ha eposiiHnx cxunax BiACMOHIOTLCA NepeBaHO MOPOAW MasfieoreHoBi i HEOreHOoBI:
MioueHy (monmTaBcbka cepisl) i nnioueHy (Apycu pisHOGapBHWX | 4epBOHO-Oypux ruH). Y
reoMopdonoriYyHOMy BiAHOLLEHHI TEPUTOPIA € YaCTUHOK PO3MOroro AOMMHHO-0anKOBOrO 3HMXKEHHS, Ske
oTOYEHe NOMoro-ropbuUcTo PiBHNMHOK0. [PYHTUN NepeBaxHO — cyrnuHku. Mig3emHi Boan HanexaTtb [0
HosoneTtpiBcbkoro i Mexuripcbkoro BOLOHOCHUX ropu3oHTiB (EkonoriyHunin atnac..., 2005). Buxogu
I'PYHTOBUX BOA Ha AHWLWi 6anku popmMyoTb BOAOTIK, KU BNagae y CTaBoK y NiBHIYHIN iT YacTuHi. TepuTopis
NMPOEeKTOBaHOro 3akasHuka "bepesiBcbkuii" 3a reoboTaHiYHUM panoHyBaHHSAM pO3TalloBaHa Ha KpauHin
cxigHin mexi lNMonTtaBcbKoro okpyry nunoBo-gy6oBMX, COCHOBMX, AyOOBO-COCHOBMX MiCiB, OCTEMHEHMUX
nykiB, Ny4HMX CcTeniB Ta eBTPOoHUX BONIT, Ha KpaKrHIin CXiaHii Mexi YKpaiHCbKOI CTenoBoi NignpoBiHLUii, Lo
HanexuTb 4o CxigHOEBPOMENCHLKOI NMiCOCTENOBOI NPOBIHLUiT Ay6OBMUX MiCiB, OCTENHEHMX MYKIB Ta Ny4YHUX
ctenis, y mexax Jlicoctenosoi nigobnacti (30HM) Ta €Bpasincbkoi ctenoBoi obnacti (Oigyx, Wensr-
CocoHko, 2003). 3a (pisuko-reorpadiyHMM  panoHyBaHHAM Teputopid BXOAWTb OO  cKknagy
CxigHononTtaBcbkoi BUCOUMMHHOT obnacTi JliBobepexHo-[AHinpoBcbKoro nicoctenoBoro kpato JlicoctenoBoi
HeJoCTaTHbO 3BONOXEeHOI Tennoi 3oHW (HauioHanebHun atnac..., 2008). KnimaT KOHTUHEHTanbHWH,
nomipHUn. NepeBaxHi HaNPAMKK BITPY — CXiAHWIA, NiBAEHHO-3axiaHWIA, niBaeHHO-cxigHMn. CepeaHbopivHa
BiAHOCHa BonoricTe noBiTpst 72,6 %. CepepHbopiyHa Temnepatypa +8 °C, HaixonogHiwuni micaup —
Ci4yeHb, HaNcnNeKoTHIWnN — cepneHb abo nuneHb. OCHOBHUI peXMM 3BONOXEHHST — aTMocdepHi onaam
Ta BUXoau rpyHToBMX BoA. KinbkicTb onagis 3a pik ctaHoBUTbL 940 MM (CepeaHbOPiIYHNIA MOKa3HUK 3a nepioa
3 2013 no 2019 p.). lNMepeBaxHa KinbKiCTb onagis Npunagae Ha 3UMOBUN | BECHSAHUI nepiod, BRITKY Pi3ki
3MMBU YepryTbCs 3 MICSYHUMU NepiofaMn Nocyxu, TakoX Yy XONOAHWI Nepiof 4acTo crnocTepiralnTbes
TymaHu (ExonoriyHuii atnac..., 2005).

HeoObxigHO 3a3HauMTH, WO NepLli eKneauLinHi BUi3an Ha JocnigKyBaHy TepUTOPIlO Bigdynucs we y

BicHuk XapkiBCcbKOro HaLjioHanbHoro yHisepcuteTy imeHi B. H. KapasiHa
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2015 poui Ta 6ynu cnpsiMOBaHi Ha BUSIBITEHHS HOBUX MiCLieiCHYBaHb PigKICHUX BUAIB POCINWH | TBApWH No3a
mexxamy HIMIM “CrnoboxaHcbknin”. 3rogom oTpymMani aaHi 6ynv onybrnikoBaHi y AeKiNbKoX HayKoBMX 306ipkax
(BpyceHuoea Ta iH., 2018; bpyceHuoBa Ta iH., 2019). NonepegHe 00CTEXEHHA NOKa3ano, Wo usa Teputopis
npes3eHTye TUMNOBI NPUPOAHI KOMMNEKCH NICOCTENOBOI 30HM YKpaiHM i € NepCneKkTUBHOK ANs 3anoBigaHHs.
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IpekroBanuii 3aka3Huk "bepesiBcbkuii”
B 1insnka B Meskax XapkiBebkoi obnaci
[ ninsnka B meskax Tlonrascbkoi obnacri

6a3osa mana ESRI Standard

Puc. 1. Micuepo3tawyBaHHA Ta KoOHdirypauia npoekroBaHoro naHawadTHOro 3aKka3HuWKa
micueBoro 3Ha4yeHHs "BepesiBcbknin” (XapkiBcbka obnacTtb, YkpaiHa)

Fig. 1. Location and configuration of the proposed local landscape reserve "Berezivskyi" (Kharkiv
region, Ukraine)

BioToniyHe pisHomaHiTTa. OcobnmBocTi penbedy (HAfBHICTb CXWMIB Pi3HOI ekcrnoauuii, i3 pisHUM
KyTOM Haxumy, a TakoX [iNsHOK 3 PiBHOK MOBEpPXHe Mo AHuwy ©Oanku) obyMOBMOTL pPO3MaiTTs
MIKPOKNIMaTUYHUX YMOB, PIi3HWA TigPONOriYHUIA pexXumM OKpeMux AinsaHokK Towo. Bce ue cnpusano
POpMyBaHHIO BiOTOMIYHOrO PiI3HOMAHITTA. Y MeXax NPOEKTOBAHOIO 3akasHWKa MPUCYTHI, K Pi3HOMaHITHi
biotonu Tpas'aHoro Tuny (8o 85% Bia 3aranbHOI Nnowwi), Tak i 6iotonu daHepodiTHoro Tuny. BignosigHo 3
HauioHanbHum kaTanorom Giotonis YkpaiHu (HauioHanbHui kaTanor..., 2018) Ha gocnigkyBaHin TepuTopil
npeacTaBneHi HacTynHi Tunu GioTonis:

B1.1.2 MesoTpodHi Ta eBTpPOdHi BOAOMMM 3 MaKpPOMITHO POCIUHHICTIO (0OBOAHEHI LOiNAHKM
TanbBery 6anku; opieHToBHO 2% Big 3aranbHOI MnoLi);

B2.1.1 AnoBianbHi OiNAHKM Ta AHWLWLA Nepecoxnnx BOAOWM 3 OOHOPIYHOK 3EMHOBOOHON
pPOCNUHHICTIO (TanbBer 6anku; opieHTOBHO 5% Big 3aranbHOT NnoLwi);

B4.1.1 TNpnbepexHi Ta NigTONMEHI OiNAHKA 3 yrpyrnoBaHHAMW BUCOKUX renodiTie (hopmytoTb
NPUPUBYACTY CMYry Ha MINKOBOAHMWX AinsiHKax cTaBKa, yTBOPHOKOTLCA NPU 3apOCTaHHi CTapux kaHanis, Wwo
Oynu yTBOpeHi BHacnigok aisnbHicTi 606piB; opieHTOBHO 3% Big 3aranbHOi NnoLwi);
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b2.2.1 bonoTHi Ta nigTonneHi AinsaHKM 3 yrpynoBaHHSAMM BUCOKUX renoqiTiB (40BOI MOLIMPEHWIA T1N,
IO Bigirpae 3HayHy ponb y npouecax 3apOoCTaHHS BOOOTOKY Ta MPUIErnnX NepesBOfIOKEHUX AiNAHOK;
opieHToBHO 8% Big 3aranbHOI nroLi);

B52.2.2 bonoTHi Ta NiATONMAEHI QiNAHKN 3 yrpyNOBaHHAMM BUCOKUX KOPEHEBULLHWNX OCOK (Y NOPIBHAHHI
i3 monepegHiM TUMNOM TPannATbLCA 3piaka Ha HEBENUKUX 3a MIIOLLE0 AiNsiHKax i3 Aewo MEHLWUM PiBHEM
3BOJSIOXEHHS I'PYHTY; OPIEHTOBHO A0 1% 3aranbHOi NnoLLi);

T1.3.2 JlyyHi cTenn Ha YopHo3eMax (hOpMYIOTLCH Y BEPXHIX Ta CEPEeAHIX YaCcTMHAX CepeaHbOKPYTMX
CXUNIiB NepeBaXKHO CXiQHOI i NiIBAEHHO-CXIAHOI €KCNo3uLi, TaKOX TPannsioTbCs Y BEPXHIX YaCTUHAX CXunis
3axigHoi i niBaeHHo-3axigHol ekcnoaulii; opieHToBHO 20% Big 3aranbHOI NnoLLi);

T2.2.1 PiBHUHHI Ta HU3bKOTipHI NacoBuLa (HN3bKOTPABHI MKW Y HUKHIX YaCTUHAX CepeaHbOKPYTUX
CXMMIB i Ha MONOrMX Cxurax Pi3HOI eKcrno3wuuii, 3pidka y BEPXHiIX YacTMHaX HEBUCOKUX MiABULLEHD;
opieHToBHO 15% Big 3aranbHOI noLi);

T2.3.1 PiBHUHHI Ta HU3LKOTIpHi CIHOKICHI Nykn (pparMeHTapHO Ha BiOHOCHO MONIOMMX CXMnax, Lo
3HaXOAATbCS Hedaneko Big okonuub c. bepesiBka; opieHToBHO 1% Big 3aranbHOI NIOLL);

T3.2 Bonori nykv nacoBULLHOrO BUKOPUCTAHHSA (pO3TalloBaHi No AHULLAX SipiB Ta 6anok; OpieHTOBHO
20% Big 3aranbHOi NnoLyi);

T3.3.1 Mokpi nykun 3 OOMiHyBaHHSAM 3MakonoAibHux Tpas (MPUypoYeHi A0 3HWKEHO-PIBHUHHMX
AinsHOK no 6epery BOOOTOKY i HEMMUBOKMX HEMPOTOYHMX MOHWXKEHb Ha NPUNErnuX AinsHkax gHuwa 6anku
i3 6rIM3bKMM 3aniraHHsIM I'PYHTOBMX BOA; OPiEHTOBHO 3% BiA 3aranbHOI nnoLyi);

T3.3.2 Mokpi nyks 3 AOMiHyBaHHAM BMCOKOTPaB’s (3yCTpidaroTbCA parMeHTapHO Yy Hernmnbokmx
3HKEHHSX Ta Ha PIBHUHHO-3HWKEHMX OiNAHKax no Tanbeery 6anku; opieHToBHO 2% BiA 3aranbHoi Nnowwi);

T5.2.1 Me30oginbHi y3niccs Ta ransiBMHN Ha HEWTParbHUX | CNabKony>XHUX I'pyHTax (3ariMatloTb AeLo
pyAepanizoBaHi MicLe3poCcTaHHs B34O0BX JlICOCMYT, WO MEXYTb 3 pinneto, iHogi dopMyoTb Kanmy Mo
30BHILUHI MeXi YarapHUKOBMX 3apoCTel; OpiEHTOBHO 2% Bif 3aranbHOi NoLwi);

U4.1 Me3odinbHi i Kcepome3odinbHi YarapHukn (3ycTpivatoTbest hparmeHTapHoO, opieHTOBHO 3%
BiJ 3aranbHoi nnowwi);

U4.2 Ctenosi YarapHuku (3ycTpivaloTbCs parMeHTapHO, NMepeBaxHo Yy Komnnekci 3 6iotonamwu
T1.3.2; opieHTOBHO 7% Bia 3aranbHOi NnoLyi);

Y7.3. 3abono4yeHi YarapHuku (posTalloBaHi Ha OKpemux AingHkax Ha gHi 6anku, e rpyHToBi BOAU
3HaxoaATbcs 6inA noBepxHi 3emni, abo ae BoAa CTOITb HAa NOBEPXHI; OPIEHTOBHO 5% Bif, 3aranbHOI NnoLLi);

C1.2.2 PygepanbHi 6iotonn 6aratopiyHmx Tpas HITPOdINbHOro Tuny (NepeBaxkHO AHuLe Ganku, B
3anexHocTi Big ocobnmBocTeln penbedy yTBOpHOOTh abo BIAHOCHO BY3bKy, ab0 OOBOSI LLUMPOKY CMYTY;
OpiEHTOBHO 7% Big 3aranbHoi nnowli 6anku).

3rigHo 3 [Jopatkom | Pesontouii 4 BepHcbkoi koHBeHLUiT (Revised Annex I..., 2019) 3 nepeniyeHux
BuLLe BioTONIB OXOPOHi y Mexax €Bponu NiansiratoTb CiM:

a) E1.2 Perennial calcareous grasslands and basic steppes (Bignosigatots Tuny T1.3.2);

6) E2.2 Low and medium altitude hay meadows (Bignosigatote Trny T2.3.1);

B) E3.5 Moist or wet oligotrophic grassland (signosigatotb Tuny T3.2);

r) E3.4 Moist or wet eutrophic and mesotrophic grassland (signosigatote Tvny T3.3.1);

A) E5.4 Moist or wet tall-herb and fern fringes and meadows (Bignosigatote Tuny T3.3.2);

e) F3.241 Central European subcontinental thickets (signosigatotb Tvny 44.1);

X) F3.247 Ponto-Sarmatic deciduous thickets (Bignosigatotb Trny 44.2).

PocnuHHun nokpws. bioToniyHe pi3HOMaHITTA mMae 6e3nocepefHin 3B’A30K i3 PITOLEHOTUYHUM i
hNOPUCTUYHMM PISHOMAHITTAM. Y3[0BX BOAOTOKY Ha Nepe3BONOXeHMX AinsHKax opMyoTbCa TpaB’sHi
yrpynoBaHHsi O0MOTHOI i NpnbepeXHO-BOAHOT POCIIMHHOCTI, @ TAKOX YrpynoBaHHA hbaHepodiTHOro Tuny 3
YarapHukoBoi Bepbu. 3apocTi BUCOKOTpaBHUX renoditie 3 ctogynummn ctebnamu, Lo nepesumoByOTb Y
3acoxnomy BUMMAgi, caraloTb BUCOTM 2,5-3 M. BOHM 3aimaloTb, SIK YaCTKOBO OBOAHEHI AiNAHKM, Tak i
3abonoyeHi, siki BNiTKy MicusiMu nepecnxatoTb. HanvacTiwe ue MOHOAOMIHaHTHI ManoBUAOBI YrpynoOBaHHs,
e y nepwomy nig'apyci goMiHyoTe ogHoaonbHi Buan Typha latifolia L. i Phragmites australis (Cav.) Trin.
ex Steud. (npoektnBHe nokputta 70—90%), i nogeKkyan 3yCcTpivaoTbCa ABOAONbHI BUAM 3 POAMHU alCTPOBI
Cirsium palustre (L.) Scop. i Eupatorium cannabinum L. (Big 3-5 go 20% nokputta). Opyrvi i TpeTin
nig'apycn ¢opMyoTb Me30rirpodiTHi NpeacTaBHMKM JTyYHO-O0MOTHOrO pisHOTpaB'sa. Y cknagi Apyroro
nig'apycy Yacto TpannstoTecs Epilobium hirsutum L., Lythrum virgatum L., Lycopus europaeus L., Solanum
dulcamara L., Persicaria hydropiper (L.) Delarbre, Ranunculus repens L. 3aranbHe MOKpUTTS TPETbOroO
nig'apycy konveaetecsa y mexax 10-40%, nepeBaxae Lysimachia nummularia L., 3 MEHLLOI0 NOCTIMHICTIO
TpannsawTbes Taki Buan, sk Potentilla reptans L. i Argentina anserina (L.) Rydb. Nogekyau, no okpankam
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BOOOTOKIB Ha MNepe3BOSIOXKEHMX MOBEPXHEBO OTOpP(pOBaHMX FpyHTax, Yy CKNagi POCIIMHHONO MNOKPUBY
parMeHTapHO MOLUMPEHi CKyNMYEeHO-CUTHWMKOBI Ta 3pidka OCOKOBI yrpynoBaHHSA (puc. 2). Y micusix
nepecrxaHHs BOAOTOKY YTBOPKOKOTLCA AINIHKN, WO XapakTepuaylTbCa HEOAHOPIAHMM MiKpOpenbeqoM.
CepepnHbo-Bucoki (0,5—-1,2 m 3aBBULLIKM) KyNUHW YTBOPEHi eandikatopom Juncus conglomeratus L. Josoni
yacTo TpannaTbesa Lythrum virgatum, Lycopus europaeus, Peucedanum palustre (L.) Moench, Heracleum
sphondylium subsp. sibiricum (L.) Simonk. [lo 4acTKOBO OBOAHEHVMM 3HMKXEHHAM MOLUMPEHI
Stellaria aquatica Scop., Persicaria hydropiper, Ranunculus repens, Lysimachia nummularia.

Y nepe3BonoxeHunx O6iotonax aHepodiTHOrOo TuNy BMCOTa 4YarapHWKOBOrO Spycy Yy cepeaHboMy
cTaHoBUTb 2,5—4 M, MOro CTpyKTypy Bm3Hadae Salix triandra L. (3imkHeHHs 0,6-0,9). lMnowa Takmx
yrpynoBaHb, sik npaBuno, ycboro 50-150 M2, a 3aranbHe MPOEKTUBHE MOKPUTTS TPaB'dHOrO sipycy He
nepesuwlye 20%. Y cknagi oCTaHHbOro MOXHa 3yCTpiTM Malxe yci 3ragaHni suwle Bugw. MNMoagekyan, siKk y
BMCOKOTPaBHMX 3apOCTTSX, TaK i YarapHUKOBKUX BepOHsikax, A0 15—30% nokpuTTa NpuxoauTbCs Ha fiaHy
Humulus lupulus L.

Puc. 2. TMepe3BonoxeHi 6ioTonn TpaB'sSHOro TUMY y MeXaxX MPOEKTOBAaHOro naHAawadgTHoro
3aKa3HMKa micueBoro 3HadyeHHA “BepesiBcbkun” (gpoto O.B. be3poaHoBoi).

Fig. 2. Waterlogged herbaceous biotopes within the proposed local landscape reserve
"Berezivskyi" (Photo by O.V. Bezrodnova).

Y POCNMHHOMY MOKPWUBI NIIOCKOro AHWLLA LeHTpanbHOI 6anku 1 ii po3rany>xeHb, a TakoX Ha MNOMormx
HWXKHIX YacTuHax CxuniB (HamdacTiwe CXigHOi i CXigHO-MIBHIYHOT eKcnosuuii) nepeBaatoTb POCMAWHHI
YrpynoBaHHs i3 gomiHyBaHHaAM Elymus repens (L.) Gould, npoektuBHe nokputta sikoro 50—70%. Okpim
LUbOro BMAy, 3MakoBY OCHOBY TPaBOCTOK Ha OKpPeMUX finsiHkax yTBoptotoTb Phleum pratense L., Poa
pratensis L., Lolium pratense (Huds.) Darbysh, Dactylis glomerata L., ane npoekTuBHe MOKPUTTS TakuX
BUAIB, AK NpaBwno, He nepesullye 5-8%. YacTtka pisHoTpas's moxe cknagatu Big 10-15% po 40%
3aranbHOro NOKpUTTSA. HanbinbLui NOKa3HWKN TPamnnsaHHS MaloTb Me30iTHI i KcepoMe3oiTHI NyYHi BUAK
Daucus carota L., Geranium pratense L., Achillea millefolium L., Centaurea jacea L., Trifolium pratense L.,
Plantago major L., Taraxacum officinale F.H.Wigg. 3 MeHwWO0 NOCTiMHICTIO TpannsawTbesa Veronica
chamaedrys L., Vicia cracca L., Equisetum arvense L., a Ha Ginblu 3BONOXEHUX AinsiHkax — Argentina
anserina (L.) Rydb., Ranunculus repens L., Juncus gerardii Loisel. Came y cknagi yrpynoBaHb Takoro Tuny
HasBHUN perioHanbHO piakicHun B Sanguisorba officinalis L. (puc. 3A).
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Puc. 3. NMpepcraBHUKM paputeTHOI piToGIiOoTU: perioHanbHO piakicHuM Bug Sanguisorba officinalis
(A) Ta Crocus reticulatus (B), WwWo oxopoHsETbCA Ha AepxaBHOMY piBHi (oTo O.B. Be3pogHoBoi Ta
H.O. bpyceHuoBOi).

Fig. 3. Representatives of rare phytobiota: the regionally rare species Sanguisorba officinalis (A)
and Crocus reticulatus (B), protected at the national level (Photo by O.V. Bezrodnova and N.O.
Brusentsova).

Ha cxunax 3axigHOi W y BEepxHi 4YacTWHI CxumiB MIBAEHHOI €eKCrno3uuil LIMPOKO MNOLIMPEHi
yrpynoBaHHs  LWinbHOAepHOBUHHMX 3nakiB (Festuca valesiaca Schleich. ex Gaudin, Koeleria
pyramidata (Lam.) P.Beauv., Stipa capillata L.), a TakoX HasiBHi yrpynoBaHHsl, Ae eandikaTtopHy porb
rpatoTb HaniB4darapHuki (Chamaecytisus austriacus (L.) Link, Thymus pannonicus All., Genista tinctoria L.)
(puc. 4A). CTpyKTypHY OpraHi3auitio TpaB'sHOrO sipycy y Takux YrpyrnoBaHHAX BU3HA4YalOTb NEpPEeBaKHO
POCNMHM CyXyBaTKX JTy4HO-CTEMOBMX EKOTOMIB, XO04a NOAEKYAM 3HAYHUIN BHECOK TAKOX BUAIB CyXyBaTuX i
CBDKMX MiCO-NYyYHNX eKOoToniB. BUCOKI MOKa3HWKM TpannsHHA i TPOeKTUBHOro nokputTa (Big 5—8 ao 15%)
3aghikcoBaHi ans  Salvia nemorosa L., Malva thuringiaca Vis., Euphorbia stepposa Zoz,
Centaurea scabiosa L., Phlomoides tuberosa (L.) Moench, Filipendula vulgaris Moench,
Viola ambigua Waldst. Kit.. TpoektnBHe nokputTa 0 5% nputamanHHo pna Stachys recta L.,
Scabiosa ochroleuca L., Knautia arvensis (L.) Coult., Potentilla neglecta Baumg., Falcaria vulgaris Bernh.
MeHwa noCTifHiCTb, ane npoekTnBHe nokputta do 15%, xapaktepHi gna Salvia nutans L.,
Artemisia marschalliana Spreng. IHogi Ta, K NpaBuNo, 3 HU3bKMMMW NOKa3HMKaAMWN MPOEKTUBHOIO NMOKPUTTS,
MOXxxHa nobauntn Taki Buawn, sk Verbascum densiflorum Bertol., Veronica austriaca L., Trifolium alpestre L.,
Vicia tetrasperma (L.) Moench, Ranunculus polyanthemos L., Plantago media L., Phlomis herba-venti
subsp. pungens (Willd.) Maire ex DeFilipps, Thesium linophyllon L. HeobxigHo 3a3Hauntu, Wwo came ans
OiNSHOK i3 CTEMOBMMM POCIIMHHMMMW YIpyrnoBaHHAMUW TpaB'sHOrO TUMNy NpuTamaHHe Hanbinblie BUOOBe
pisHomaHiTTs (0o 40 BuAiB cyauHHUX pocnmH Ha 100 m?2). Lle cniBnagae 3 gaHWMK iHLWMX OOCHiIAHUKIB
(TopenoBa, AnexuH, 2002), Aki KOHCTaTyBanu, WO 3a BiACYTHOCTI BMNacaHHa abo Tam, Ae NnacoBuLLHE
HaBaHTa)XXeHHs NoMipHe, (PropPUCTUYHE PISHOMAaHITTS YyrpynoBaHb fny4HUX cTenis ctaHoBuTb 30—45 Buais
Ha 100 m? .

®IiTOCO30M0riYHyY LiHHICTE TakuM [JinsHKaM Hafa€ HasBHICTb BUAIB, WO OXOPOHAKTbLCA Ha
aepkaBHoMy  piBHi:  Stipa  capillata, Adonis vernalis L., Pulsatilla pratensis  Mill.,
Colchicum bulbocodium Ker Gawl., Crocus reticulatus Steven ex Adams (YepBoHa kHura..., 2009; MNMepenik
pocrivH... 2021). MepLi Tpn BUAM Ha OKpeMMX iNsiHKax BigirpatoTb 3HAYHY porb y POPMYyBaHHi POCITIMHHOIO
nokpuey. 3 ycix nepeniyeHnx Buais, Hanbinblua YactoTa TpannsHHs 6yna nputamaHHa came Stipa capillata,
MOKa3HWKN NPOEKTUBHOMO MOKPUTTA SIKOTO KONUBANWUCS y LUMPOKUX Mexax — Bif 3—5% [o 50% (puc. 4A).
YrpynoBaHHsi KOBUNW BONOCUCTOI 3aHeceHi Ao 3eneHoi kHurn YkpaiHu (3eneHa kHura..., 2009). Pasowm i3
TUM, Y Mexax XapkiBCbKow obnacTi ue ofgvH 3 Hamnbinbll MoMpeHUx npeacTaBHWKIB pogy Stipa L.
(Fopenosa, AnexuH, 1999). Adonis vernalis i Pulsatilla pratensis y mexax gocnimxysaHoi Teputopii Manu
HabaraTo MeHLUy YacTOTy TpanmnsHHA, ane y Aeskux rnokanitetax NpoeKkTUBHE NOKPUTTSA LUX BUAIB cArano
10-20% (puc. 5). HaseHicTb edemepoigis Colchicum bulbocodium i Crocus reticulatus y cknagi
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POCINHHOIO MOKPUBY AiNSHOK, WO MPEe3eHTYITb fyYHi CTenu, € TUNOBUM ANSA LeHTpanbHOi i 3axigHol
yacTuH XapkiBcbkoi obnacTi (FTopenosa, AnexuH, 2002).

Puc. 4. ®parmeHTM pOCNUHHUX YrpynoBaHb i3 AOMiHyBaHHAM Stipa capillata Ha cxuni niBaeHHO-
cxigHoi ekcno3suuii (A) Ta Elymus repens Ha aHi 6anku (B) (doto O.B. be3poaHoBoi).

Fig. 4. Fragments of plant communities dominated by Stipa capillata on a South-Eastern slope (A)
and Elymus repens at the bottom of a ravine (B) (Photo by O.V. Bezrodnova).

Puc. 5. llokaniTeTn ueHononynsAuin piakicHux Bugie Adonis vernalis (A) i Pulsatilla pratensis (B) y
cKnapi pocrMHHOro NokpuBy Ha cxunax 6anku (poto H.O. BpyceHuLoBoi).

Fig. 5. Localities of coenopopulations of the rare species Adonis vernalis(A) and Pulsatilla pratensis
(B) within the vegetation cover on ravine slopes (Photo by N.O. Brusentsova).

HeobxigHo 3a3HaunTK, WO nepeBaHa GinbLicTb BioTOMIB 3a3Hana BNMBY BENMKOI poraToi Xygobu,
a YacTuMHa pPOCHNHHWUX YrpynoBaHb chopMyBanacb came BHaCNigoK BunacaHHd. HinsHKW i3 oCTenHeHUM
TPaBOCTOEM XapaKTEPU3YHTbCA 3HAYHOK Y4acTio Y propucTMYHOMY CKnagi BMAIB LUMPOKOI €KOJOriYHOT
amnnitTygu, 30aTHUX  BUTPMMYBaTM  MOMIpHE nacoBuliHe HaBaHTaxeHHs (Noneapulla DC.,
Odontites vulgaris Moench, Cichorium intybus L., Agrimonia eupatoria L., Verbascum lychnitis L.,
Eryngium planum L.). Ha ginsiHkax cxunis, LLO 3a3Hanv 3Ha4yHoro BNAvBY Nif Yac BUMACaHHS, y POCITUHHOMY
nokpuei Yyactka Eryngium campestre L. moxe cdaratm 25% nNpOeKTUBHOrO MOKPUTTHA. Y cKnagi nyyHux
POCIHNHHMX YrpynoBaHb 3HWKEHUX YacTWH CXWMIB | MMOCKOro AHulia nig BNAMBOM MNepeBunacaHHs
yTBOpUnucs 3apocTi byp'saHiB (Cirsium arvense (L.) Scop., Ballota nigra L., Urtica dioica L., Chenopodium
hybridum L., Rumex confertus Willd., Rumex crispus L.). owmpeHHa OnrpecrBHUX yrpynoBaHb y cknagi
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CTEnoBOi POCIIMHHOCTI, iIHOAI HaBiTb TOHKOHOrOBO-MOSIMHOBUX YW MOJIOYAMHO-MOMMHOBMX TOMOK, Byro
TUNOBMM ABULLEM Anst XapkiBcbkoi obnacTi (Fopenosa, AnexuH, 2002).

TBapuHHUNM cBiT. PosranyxeHa 6anka i3 noegHaHHAM Jfy4YHO-CTEMNOBUX, NPUBEPEXHNX Ta BOAHUX
GioToniB nocepen arponaHaladTiB CTBOPIOE CNPUSATIUBI YMOBM ONS iCHYBaHHs 6araTbox, Y TOMY YmMchi
pigkicHux, BuaiB TBapuH. Hanpuknag, QinsHkK i3 fly4YHO-CTEMNOBOK POCIMHHICTIO (pUC. 6) MalTb Benuke
3HayeHHst ons 36epexeHHs noceneHb Gabaka crtenosoro (Marmota bobak (Miller, 1776)) — Buay,
3aHeceHoro o YepsoHoi kHurM Ykpainum (lMepenik Bugie TBapuH..., 2021). Y Mexax NpOeKToBaHOro
3aKasHuKa MeLLKaE Kinbka poauH LUMX TBapuH. 3 BUAIB NNasyHiB Ans TEPUTOPIi MPONOHOBAHOMO 3aKka3HuKa
Ha gaHun yac Bigomi Byx 3BuyamHui (Natrix natrix (Linnaeus, 1758)) Ta swipka npygka (Lacerta
agilis (Linnaeus, 1758)). MNMonynsuis ocTaHHBLOi NpUypoYeHa NepeBa)XHO OO OCTEMHEHHUX CXUNiB 6anku i
Mae [OBOSI BENWKY LWinbHICTb — 6ing 50 ocobuH Ha rekTtap. Byxi TpannawTb y NOHM33aX Gnvkde Ao
BOZONM.

Puc. 6. Marmota bobak 6ins HOpu y Mexax NnpoeKToBaHOro naHawadgTHOro 3akasHuka micueBoro
3Ha4YeHHsA “BepesiBcbkuin” (dpoto H.O. bpyceHuoBoi).

Fig. 6. Marmota bobak near its burrow within the proposed local landscape reserve "Berezivskyi"
(Photo by N.O. Brusentsova).

Y Bogonmax Ha AHi 6anku macoBo HepecTaTbCs 3erneHi xadu (Pelophylax ridibundus (Pallas, 1771)),
Jelo MeHWw 4yucernbHi ponyxu 3enedi (Bufotes viridis (Laurenti, 1768)) ta »xabu roctpomopgi (Rana
arvalis (Nilsson, 1842)), moxnuea npucyTHicTb Pelophylax esculentus (Linnaeus, 1758), 4YacHU4HUUi
(Pelobates vespertinus (Lichtenstein, 1823)), kymkn yepBoHo4depeBi (Bombina bombina (Linnaeus, 1758)).
Y cTpymKy 3achikcoBaHuM TPUTOH 3BUYarHun (Lissotriton vulgaris (Linnaeus, 1758)).
Cepep BuaiB ccaBLUiB Ha TEpUTOPIi MPOEKTOBAHOIO 3aKka3HWKa CUCTEMATUYHO TPannAlTbCA 3aelb Cipui
(Lepus europaeus (Pallas, 1778)), nucuusa 3eumyanHa (Vulpes vulpes (Linnaeus, 1758)), capHa
eBponevicbka (Capreolus capreolus (Linnaeus, 1758)). Y cTpymKy Ta cTaBKy Ha AHi 6anku BUsiBNeHo 2
poauHHi ainsHkM 606pa eBponencbkoro (Castor fiber (Linnaeus, 1758)). Benvka KinbKiCTb Hip rpu3yHiB
CBigunTL Npo Garaty dayHy ApibHMX ccaBuiB.

OpHiTocbayHa npefcTaBreHa nepeBaXxHO 3BMYaMHUMKU Anst XapKiBCbkoi obnacTi Buaamm nraxie.
Cepep piakicHux BuaiB TyT 3acdpikcoBaHo xypasns ciporo (Grus grus (Linnaeus, 1758)) (Mepenik Buais
TBapWH..., 2021), oNa SKoro BOMOr NyYHi OiNsSHKM MalTb BENUKE 3HAaYEHHs1 9K KOpMOBI yrinas. Ha aaHui
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yac 3a pesynbTaTaMn CNOCTEePEXEHb Ha TEPUTOPIT, LLIO NPONOHYETLCA AS1S 3aN0oBigaHHSA, YCbOro BUSBIEHO
i Bu3Ha4veHo 18 BuaiB ntaxiB (Tabn.). MNoganblui AOCNIMKEHHS MOXYTb PO3LLMPUTU CMIMCOK OPHITOayHMW.

Puc. 7. PogunHi pinaHku Castor fiber y mexax npoekroBaHoro naHawadTHOro 3akasHMUKa
MicueBoro 3HavyeHHs “BepesiBcbkuin” (dpoto O.B. BespogHosoi)

Fig. 7. Family territories of Castor fiber within the proposed local landscape reserve "Berezivskyi"
(Photo by O.V. Bezrodnova).

PisHOMaHITTS kOMax NPONOHOBAaHOIO 3aka3HWka NoTpebye NoaanbLIOro AeTanbHOIrO BUBYEHHS, ane
BXE 3apa3 BifOMO MNpPO HasABHICTb TaKkMx PigKICHMX BWAIB, SK Kcurokona 3sBuyanHa (Xylocopa valga
(Linnaeus, 1767)) Ta mouuHa (Hamearis lucina (Linnaeus, 1758)), LLIO OXOPOHSIIOTLCS HA AePXKaBHOMY PiBHi
(Mepenik Buais TBapuH. .., 2021), i perioHanbHO pigkicHoro Buay Bycada-ToBcTyHa BepGosoro (Lamia textor
(Linnaeus, 1758)) (Mepenik BuaiB TBapuH..., 2018). bynu 3adikcoBaHi Ha AOCNIMKEHIN TepuTopil Takox
maxaoH (Papilio machaon (Linnaeus, 1758)) i noganipin (Iphiclides podalirius (Linnaeus, 1758)), wo go
2021 p. nignsarany oxopoHi Ha AepxaBHOMY piBHi (YepBoHa kHura..., 2009). 3 ornaay Ha Te, wo 6anka
OTOYEHa OPHUMU 3EMIIAMU, BUKOPUCTaHHS NECTULMAIB MOXE CTAHOBUTU 3HAYHY 3arpo3y AN 36epexeHHst
€HTOMOKOMMIIEKCIB L€l NPUPOLHOI AiNsHKN.

Y 1abnuui ysaranbHeHo iHdopMaLilo Npo papuTeTHY iTo- i 3006i0TY MPOEKTOBAHOIO 3aKasHuKa
«bepesiBcbkuii». YCboro y mexxax gocnigXeHoi Teputopii 6yno BusaBneHo 27 BMAIB TBAPUH, LLO NignsaraioTb
OXOpPOHi Ha 3aranbHOEBPONENCHLKOMY PIiBHI 3rigHO 3 BepHCbKOK KOHBEHLUie i HaBeaeHi y Jopatky 2
(Convention..., 1979a) Ta Joaatky 3 (Convention..., 1979b). TpeTnHa 3 UMX BUAIB € Mirpyto4MMn Buaamu,
AKi  OXOpOHsATbCA  Takok  KoHBeHuieto  nNpo  30epexeHHs  Mirpylouux  BuAIB  OUKMX
TBapuvH (KoHBeHuis..., 1999). [Ins noOpiBHAHHA y MeXax MPOEeKTOBaHOro perioHanbHOro naHawadTHOro
napky “CmapargoBe mxepeno” 3aranbHOK MOLE MoHaA WICTb TUCSY rEeKTapiB  BUSBNEHO 65 Buais
TBapuH 3 [logaTkie 2 i 3 BepHCbKOI KOHBEHLLT, 3 AKUX TiNbKW 6 BUAIB € MirpyrounMn BUAaMn, BHECEHUMUN 0
DopatkiB 1 i 2 BoHHCBKOI KOHBEHLUi (ATemacoBa Ta iH., 2021). Ha gepxxaBHOMY piBHi y Mexax Teputopii
NPOEKTOBaHOMo 3akasHuka «bepesiBcbkuii» NoTpebyroTb OXOPOHW YOTUPWM BUMAM TBApPWH i M'ATb BUAIB
pocnuvH. MNpu UbOMy, TBApMHU MaloTb Pi3Hi KaTeropii: ABa BMAM PIAKICHI, OAWH BUA BpasnuBuA, OOVH —
3HMKal4YMn. MepeBaxHa X OiNbLUiCTb BUAIB POCNUH BIAHOCUTBLCS A0 KaTeropii “HeouiHeHun Bua”, Tob6To €
Takumum, Mpo siKi BigOMO, L0 BOHU MOXYTb HanexaTu 4O KaTeropii 3HMKao4mx, BpasnmBux Ym pigkicHuX, ane
e He BigHeceHi Oo XoAHoi. HeobxigHO MaTu Ginblwe iHopmauii NPo NOLWMPEHHA Takux BUAIB, NPo
UYMCEIbHICTb | 0COBNMBOCTI CTPYKTYpU MOMynsuin B Pi3HUMX YacTuHax apeany, ix anHamiky (YepBoHa
KHura..., 2009). Xo4a Ha faHum Yac y papuTeTHIn YacTuHi 300- i piTtobioTn 6yno BuaBneHo HebaraTo BuaiB,
o nignaraloTb OCOONMBIN OXOPOHi Ha BCIA TepuTopii XapkiBCbkoi 06MacTi, noganblli AOCHiIOKEHHSs
[03BONATb CyTTEBO AOMOBHUTM iX Nepenik. BignoBigHMMu HopMaTUBHUMKU JOKYMeHTamu nepegbavaeTbes
OXOpOHa 3eMernbHUX OiNSHOK, Ae NoLWMPeHi perioHanbHO piakicHi BUAM, BNacHUMKaMu Ta Kopuctysadyamu (B
TOMY YnCni OpeHOapsiMK) LMX AINSHOK, CTBOPEHHST HA TaKUX TEPUTOPISX 3anoBigHMX Ta iHLWKMX 00’EKTIB, WO
ocobnuBo oxopoHsaTbesa (OdidivHi nepeniku..., 2012). Takum YMHOM, 3i CO30MOrMYHOI TOYKM 30pYy
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JocrigpKyBaHa TepuTopist € JOBOMi LiHHOK i MOTpebye OXOPOHM, WO HaWKpalmMm YMHOM 3abesneyvnTb

BBeAEeHHS i oo cknagy MN3d Ykpainm.

Ta6nuus. PigkicHi BUAu TBapuH i pOCNMH NPOEKTOBaHOro 3aka3HuKa «bepesiBCcbknmn»
Table. Rare animals and plants species of the proposed reserve "Berezivskyi"

Hassa Buay

Buawn, 3aHeceHi oo

YepBOHOI
KHUrM Ykpainm
(BkasaHo
KaTeropito)

YepBoHoro
CMM1CKY
XapkiBCbKOi
obnacri

BepHcbkoi
KOHBEHLi
(BkasaHo
Honatok)

BoHHCLKOT
KOHBEHLii
(BkasaHo
Hopatok)

TBapuHm

JTioumHa Hamearis lucina (Linnaeus, 1758)

Bpasnueum

bopxona-tecnsap 3BMYarHa

(Gerstaecker, 1872)

Xylocopa valga

pigkicHumn

Bycau ToBcTyH Bepbosuii Lamia textor (Linnaeus, 1758)

TpuToH 3BUYanHui Lissotriton vulgaris (Linnaeus, 1758)

YKaba osepHa Pelopylax ridibunda (Pallas, 1771)

Kymka yepBoHo4epeBa Bombina bombina (Linnaeus, 1761)

YacHuuHuua Pelobates vespertinus (Laurenti, 1768)

Ponyxa 3eneHna Bufo viridis (Laurenti, 1768)

7Kaba roctpomopga Rana arvalis (Nilsson, 1842)

Awipka npyaka Lacerta agilis (Linnaeus, 1758)

By 3BnyariHuid Natrix natrix (Linnaeus, 1758)

Yanns cipa Ardea cinerea (Linnaeus, 1758)

Jleneka 6inun Ciconia ciconia (Linnaeus,1758)

KpwxeHb Anas platyrhynchos (Linnaeus,1758)

AcTtpyb manui Accipiter nisus (Linnaeus,1758)

KaHiok 3BmyariHuin Buteo buteo(Linnaeus,1758)

>Kypasensb cipui Grus grus (Linnaeus, 1758)

pigkicHun

Jlncka 3BmyariHa Fulica atra (Linnaeus,1758)

NINININININ

3o3yns 3BmnyariHa Cuculus canorus (Linnaeus,1758)

Businera Oriolus oriolus (Linnaeus,1758)

Kpyk Corvus corax (Linnaeus, 1758)

Conogeliko cxigHuii Luscinia luscinia (Linnaeus, 1758)

[Opisg-omentox Turdus viscivorus (Linnaeus, 1758)

BiBuapuk  >xoBTOGpPOBMIA sibilatrix

(Bechstein, 1793)

Phylloscopus

N{WIN|IW[INITWIW[INININ[WIN|IWIWINININININDN|W]|W

CuvHuus 6nakutHa Parus caeruleus (Linnaeus, 1758)

N

CwuHunuga Benuka Parus major (Linnaeus, 1758)

N

lopobeub nonbosuii Passer montanus (Linnaeus, 1758)

Babak ctenosmin Marmota bobak (Muller, 1776)

3HUKa4YNN

Bobep esponevicbkmn Castor fiber (Linnaeus, 1758)

3aeub cipuii Lepus europaeus (Pallas, 1778)

CapHa eBponevicbka Capreolus capreolus (Linnaeus, 1758)
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Hassa Buay Bwuawn, 3aHeceHi oo
YepBoHoOi YepBoHoro | BepHcbkoi | BOHHCBKOT
KHUMN YKpaiHn crnncky KOHBEHLi | KOHBEHLii
(BkasaHo XapkiBcbkoi | (BkazaHO | (BkasaHO
KaTeropito) obnacri Hopatok) | dopaTok)
PocnuHun

Bpanaywika pisHobapeHa Colchicum bulbocodium BpasnmBui
versicolor (Ker Gawl.) K. Perss.

opuueiT BecHiHuM Adonis vernalis L. HeouiHeHun +
Koeuna Bonocwucta Stipa capillata L. HeoLuiHeHuNn
Poposuk nikapcbkuin Sanquisorba officinalis L. +
CoH ny4yHun Pulsatilla pratensis (L.) Mill. s.I. HeoLiHeHUN
LWaenisa noHmkna Salvia nutans L. +

LadppaH cityacTtum Crocus reticulatus Steven ex Adams HeouiHeHun

Buxogaun 3 Bulle3asHa4yeHOro, CTBOPEHHA naHawadTHoro 3akasHuka “bepesiBcbkun” Oyae
cnpusaTH:

- 30epexeHHI0 y NpupoaHOMY CTaHi naHawadTy, Wo € TMNOBUM Afsl NiCOCTENOBOI 30HU YKpaiHu;
- 30epexeHHIo BIoTONIYHOro PisHOMaHITTS;

- NiGTPYMaHHIO iCHyBaHHSA Nonynauii TMNOBUX BUAIB drniopu i chayHu;

- OXOpOHi pigkicHUX NpeacTaBHUKIB BiOTY;

- niaTpMMUi 3aranbHOro eKosoriYyHoro GanaHcy B perioHi.

[nsa peanisauii unx 3aBgaHb Ha MOro TepuTopii HeOOXiQHO BNPOBAAMTU OXOPOHHWUIM PEXUM, SIKUIA
3ab0opoHsiE:

- Oyab-ski BMOW KanitanbHoOro OyAiBHWUTBA, Yy TOMY YMCi BUKOPUCTaHHS TepuTopii nig AadHe
OyaiBHMLTBO Ta CafiBHULTBO;

- NpOBeAdeHHS reonoro-po3sigyBansHUX pooiT;

- MOLUKOMKEHHS I'PYHTOBOMO MOKPUBY, 30KPEMA, BUKOPUCTAHHSA TEPUTOPII NI OpaHKy;

- Npoi3a nNo3a Mexamu iCHyHUNX JOpir;

- OCyLeHHs 3ab60no4eHMX QifsiHOK Ta LWTYYHOro CNpsAMITIEHHSA BOLOTOKIB;

- BRawTyBaHHSA 3BanuLy i 3aXOPOHEHD;

- BMNarnoBaHHS CyXol TpaBMu.

Ockinbkn 3akoH YkpaiHn “lMpo npupogHo-3anoBigHun doHa”  (3akoH..., 1992) Ha TepuTopii
3aKa3HWKiB 3a00POHSIE MNONOBAHHS Ta iHLY OiANbHICTb, WO CynepeyiTb LinsaMm i 3aBaaHHAM, nepeadadeHum
NOMNOXEHHSIM NPO 3aKa3HUK (cTaTTsa 26), HeOOXiOHMM TaKOX € BU3HAYEHHSA Y MeXax MUCITMBCLKMX Yrigb 3a
TEPUTOPIEID MPOEKTOBAHOrO 3aka3HMKa poni BiATBOPIOBaNbHOI AinbHuuUi. Pasom i3 Tvm, usa X crattd
003BOMSE 34INCHIOBATU FOCNOAAPChbKy AIANbHICTb i3 AOTPMMAHHAM 3arafbHUX BUMOT LWOAO OXOPOHWU
HaBKOJITMLUHBOIO MNPUPOAHOr0 cepefoBula, TOMY ANd MICUEBUX MELUKAHLUIB [OLUINbHO BU3HAYUTU
MOXIMMBMM pYyYHE CIHOKOCIHHA | Bunac xygobu (6e3 HagmipHoOro BunacaHHs). Takun pexum 6yae
3anobiraTn po3pOCTaHHIO POCIMH-IHPOAYLEHTIB, y NepLly Yepry AepeBHO-4YarapHukoBumx Bugis. NomipHa
rocnogapcbka AiffnbHICTb Mae NO3WTUBHMI BMNAMB Ha YrpynoBaHHs 3a yyacTio BugiB kosBunu, 60 go
CKOPOYEHHS, a 3peLuTold i 3HWKHEHHSA IXHiX Monynsauin, NpuM3BOAATbE HEe TifbKM aHTPONidHI dakTopu
(po3optoBaHHA, HagMipHMIA BUNAc i pekpealiss TOWO), ane i pexum abCconoTHOro 3anoBigdaHHA Yy
3anoBigHukax (YepBoHa kHura..., 2009). AHanoriyHa cuTyalid chnocTepiraeTbCa CTOCOBHO MEBHUX
piokicHUX BMAiB TBapwH. Tak, HanpuKnaga, He TiNbkn po3oproBaHHA NpupoaHux BioTtonis icHyBaHHSA 6abaka,
y TOMY 4ucChi BXe ICHYIUYMX MoceneHb, NPU3Beno A0 CKOPOYEHHHA YUCENbHOCTI Uboro Buay y XX CT.
MpunMHeHHA BMNacaHHsA y 3B’A3Ky 3 rnobanbHol nepebyaoBO0 CiNbCbKOrocnoaapcbkoro BUpobHMLTBA,
CKOPOYEHHSA MNOL, MAaCOBULLHUX €KOCUCTEM B PErioHi Mano kaTacTpodidHi Hacnigku aons TBapwH, sKi
opraHiyHo Oynu noB’si3aHi 3 UMMM eKoCUCTeEMaMu, 30Kpema, XoBpaxwu, TyllkaH4mkn, 6abaku. Came Tomy
ONA NigTpUMaHHs icHyBaHHA 6abaka OouinbHMM € 3anyyYeHHs Cy0'eKTiB rocnofaptoBaHHs, 3auikaBrneHux y
PO3BUTKY TPaAMLIHOIO NacoBULLHOIO ckoTapcTea (ATemacosa Ta iH., 2023).

KoHuenuis cTBOpeHHs nanawadTHOro 3aka3Huka nonsrae B 06’'egHaHHi y KOro Mexax pisHUX TUnise
OioTonie, WO MaKTb FEHETUYHUIA 3B’A30K. 3 METOK 30epexXeHHsT LiniCHOro NpuMpoaHO-TEPUTOpPIanbHOro
KOMMMeKCy, MicLeiCHyBaHHA piaKICHUX BWAIB POCNWH i TBapwWH, MOXHa PeKOMeHAyBaTW CTBOPUTU Y
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noganbLUOMy HEe OAHY, a ABi NPUPOAOOXOPOHHI TepuTopii (K y XapkiBCbKil, Tak i y MNonTaBcbkii obnacri),
o 6yayTb NPOCTOPOBO i PyHKLIOHANBHO OAHMM LinuM. Takui nigxig BXXe Mae aHanor, peanisoBaHui ansi
30epexeHHss ekocucTeM TUMirynbCbKOro IMMaHy — perioHanbHuin naHgwadTHU napk “Tunirynbcbkun” y
Opecbkin i MwukonaiBebkii  obnactax  (BignosigHO go  piweHb Opecbkoi obnacHoi  paau
Big 25 nuctonaga 1997 poky Ne 176-XXIl i Mukonaiscbkoi obnacHoi pagu Big 28 kBiTHA 1995 poky Ne 8).

BucHoBku

JocnigpxyBaHa TepuTopis € 4acTMHOK po3ranyxeHoi Ganku y mexax GacerHy p. Mepna, wo
npeseHTye CTENOBi, Ny4Hi, npnbepexHo-BoaHi i BoaHi 6ioTonn. bioToniyHa pisHOMaHITHICTL 0BymMOBMOE
BMAOBE Pi3HOMAHITTS, CTBOPIOE YMOBU ANl iCHyBaHHS GaraTbOoX BWUAIB POCINWH i TBApWH, Yy TOMY 4Yucni
pigkicHMX. Ha yac HanucaHHsi cTaTTi gocrnigkeHa TepuTopis He 3a3Harna 3MiH, SKi BUKNukatoTb 6onosi ail
Ha liBHiYHOMY Cxogi Ykpainn. 3Baxkatoun Ha Lie, OOUiNIbHUM € BHECTM OOCHiOKYBaHy TEPUTOPIO 40 cknagy
M3® YkpaiHn, gk naHawa@THUA 3akasHUK MicLEeBOro 3HaveHHsi “bepesiBcbkuin”. AnbTepHaTUBHUM
BapiaHTOM 3anoBigaHHS L€l CO30/0rYHO LiHHOT TepuTOopii € BHeceHHs ii go cknagy HIMM “CnoboxaHcbknin®
MpW PO3LUMPEHHI NOro MeX.

MepweyeproBoto 3agaveto ManbyTHBOrO 3aKkasHuKa € 30epexxeHHs 3anuLLKIB CTENOBMX EKOCUCTEM,
AK cepenoBuLLa iCHYBaHHS PiAKICHUX i 3HMKAYMX BMAIB, WO € NpeAcTaBHMKaMy CTenoBoi hayHu i donopw.
He MeHW BaxnvBuMm 3aBAaHHSAM € BigHOBNEHHS 6ioToniB TpaB'dHOro TuNy, WO 3a3Hanu y MUHYIoOMy
3HAYHOrO NAaCOBMLLHOMO HaBaHTaXEeHHs (MepeBadkHO AHuwe 6ankym i HWKHI Nonori 4aCcTUHW CXWIiB).
Hanbinbwumun 3arposamu Ans NPUPOAHOTO KOMMNIIEKCY BULLE3a3Ha4YeHoi TepmTopil € BUNantoBaHHS Cyxoi
TpaBW, MOXNMBICTb 3abpyAHEHHs necTMuugamm 3 CYCigHiX OpHWX 3eMenb, HagMipHe PpO3poCTaHHSA
YYXKOPIOHUX BUAIB POCIMH, MOLUKOMKEHHS LiNiCHOCTI TpaB'stHOrO i 'PYHTOBOro NokpuBy, 6pakoHbEPCTBO.
OBMexeHHs Ta 3axoau, SKi CNPUATUMYTb 3MEHLLEHHIO LIMX HEraTUBHUX aHTPOMOreHHUX BNIUBIB, OOLINBbHO
BpaxyBaTu Yy NPUPOLOOXOPOHHOMY 3000B'A3aHHi.

Mopasku

ABTOpM BMCMOBMNIOKOTL NOASAKY cniBpobiTHMKam HaykoBo-gocnigHoro Bigginy HIMM “CnoboxaHcbkuin®
Lyminosin A., ATemacoBy A., BbloHHWKY B. 3a cnipusiHHA y npoBeAeHHi ekcneauuinHnx BMI3AiB Ta 4ONOMOry
y 300pi NepBUHHUX MOMbOBUX OAHUX.
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Creation of the "Berezivskyi" landscape reserve of local importance as a
component of preservation of natural landscapes, biotopes and species diversity

of the Northeast of Ukraine
0O.V. Bezrodnova, Z.S. Bondarenko, N.O. Brusentsova, K.Yu. Ivanova

In the process of creating the "Berezivskyi" landscape reserve, surveys were conducted on xerophytic, meadow, and
waterlogged habitats located on the slopes and the floor of a ravine. The ravine belongs to the basin of the Merla River.
The proposed reserve area is situated in northern Kharkiv Oblast near the village of Berezivka, within the Krasnokutsk
territorial community in Bohodukhiv District. Remnants of steppe ecosystems that once dominated this area have
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survived on the upper slopes but have been affected by human activity and are now primarily used for agriculture. The
floristic diversity of the xerophytic vegetation averages 23-26 vascular plant species per 100 m?, with some patches
supporting up to 40 species. These areas hold phytocoenotic value due to the presence of state-protected plant
species, including Adonis vernalis L., Colchicum bulbocodium Ker Gawl., Crocus reticulatus Steven ex Adams,
Pulsatilla pratensis (L.) Mill. s.I., and Stipa capillata L. The proposed reserve is also significant for the conservation of
Marmota bobak (Muller, 1776), a species listed in Ukraine’s Red Data Book in 2021. A small stream flows along the
ravine floor, partially dammed by Castor fiber L., with its lower reaches connected to an artificial pond. These water
bodies provide vital habitats for breeding amphibians such as Lissotriton vulgaris (Linnaeus, 1758), Pelopylax ridibunda
(Pallas, 1771), Rana arvalis (Nilsson, 1842), Bufotes viridis (Laurenti, 1768), Pelobates vespertinus (Lichtenstein,
1823), and Bombina bombina (Linnaeus, 1758). Additionally, a large population of Lacerta agilis (Linnaeus, 1758)
inhabits the ravine slopes, with Natrix natrix (Linnaeus, 1758) encountered along the stream banks. All these amphibian
and reptile species are included in the appendices of the Bern Convention. The landscape and phytocoenotic diversity
within the proposed reserve contribute to a diverse avifauna and entomofauna. Eighteen bird species have been
identified to date; though common to Kharkiv Oblast, they require protection under the Bern Convention. One bird
species, Grus grus (Linnaeus, 1758), is protected at the national level. Additionally, two insect species listed in
Ukraine’s Red Data Book, Xylocopa valga (Linnaeus, 1767) and Hamearis lucina (Linnaeus, 1758), have been
recorded, though further studies of the entomofauna are necessary. The primary goal of the proposed reserve is to
conserve landscapes typical of the Ukrainian Forest-Steppe, particularly remnant steppe ecosystems, as habitats for
rare and endangered species protected at regional, national, and pan-European levels. Another important objective is
the restoration of herbaceous biotopes that have experienced heavy grazing impacts in the past, mainly along the
ravine floor and lower gentle slopes. The area has additional conservation value because, at the time of writing, it has
remained unaffected by the destructive impacts of ongoing hostilities.

Key words: flora, fauna, rare and endangered species, habitats, protected areas, Merla River basin, forest-steppe
zone, Kharkiv Oblast, Ukraine.
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BnnuB niaBuLLEHOro piBHA aKkTUBHUX (pOPM KUCHIO B €SIKYNATI HA MOKa3HUKN

penpoayKTUBHOI (pYHKLiT y YONoOBIKiB 3i 3HWXKEeHHAM PepTUNBHOCTI
O.M. ®deckkKoB, €.C. XXunkoBa, |I.A. ®ecbkoBa, I'.B. IBaHoBa, O.B. Bnaxko

Bucokuii piBeHb akTuBHMX popM KUCHIO (APK) B eakynATi € OOHIEI0 3 MPUYUH 3HDKEHHSA YOMOBIYOI PEnpOayKTUBHOI
dyHKLUii. OKncnoBanbHUIn CTpec BU3HAYaeTbCs SK AucbanaHc MixX YTBOPEHHAM akTUBHMX (DOPM KUCHIO Ta 34aTHICTIO
@HTMOKCMAAHTHOI CUCTEMW iX AETOKCMKyBaTW. Hagnuwok akTMBHMX (hOpM KUCHIO B CNepmi MOXe iHiuitoBatu
naTonoriyHi 3MiHM CMepMaTo30i4iB, BUMKMMKAKOYM OKUCHE MOLUKOMXKEHHSA KNiTMHHUX obonoHok, Oinkis i OHK.
BuMiploBaHHIO BMICTy akTMBHMX (DOPM KWMCHIO MepeLukoaae BiACYTHICTb CTaHgapTu3auii. Y gaHomy [OChiXKEHHI
BM3HAYEHO BMIMB OKCUMOATUBHOIO CTPECY Ha CTaHOapTHI MIKpOCKOMiYHI mapamMeTpu crnepmorpaMmu Ta piBeHb
dpparmerTauii OHK cnepmatosoigiB B eskynaTi y YOMOBIKIB 3i 3HWKEHOK PENpOAYKTUBHOK dyHKUie. OTpumaHi
pe3ynbTaT NiATBEPOXKYHOTb 3HAYHY pofib pobOTM CUCTEMU AETOKCMKaLii y NigTpUMLI HOpMarbHUX MIKPOCKOMIYHUX
nokasHWKiB cnepmMorpamu. BctaHOBNEHO HeraTMBHWIA BMIMB BUMCOKOTO PIBHS @KTMBHMX (DOPM KUCHIO B €SKymnATi Ha
PYXNUBICTb, KOHUEHTpauito Ta Mopdomnorilo cnepmMaTo30igiB y YOmnoBikiB 3 nopylweHHsM deptunsHocTi (p<0,05).
MokasaHo, WO piBEHb OKCMAATMBHOIO CTPECY B €AKYNATI CTaTUCTMYHO 3Hauylle BULUMI Y NaUiEHTIB 3i 3HWKEHUMU
napameTpamu crepmorpamu, y MOpPIiBHAHHI 3 AaHMM MOKA3HUKOM [A11S1 YOMOBIKiB 3 HOPMarbHUMKU MOKAa3HMKaMM
penpoaykTneHoi dyHkuii (p<0,01). He BuABnNeHo BNNMBY BiKy YOMNOBIKIB Ha MIKPOCKOMIYHI MOKA3HWKN €AKYynAaTy.
Kopensuii Mk piBHEM akTMBHUX (POPM KMUCHIO Ta 4acTKOK crnepmMaTo30ifiB 3 dparmeHToBaHo OHK B eskynaTti He
BCTaHoBneHo. BTim nokasaHo, o YacTka cnepmarto3oifiB 3 dparmeHToBaHoo [AHK 3HauHO Buwa y 6e3nnigHux
nauieHTiB y MOPIBHAHHI 3 rpynol YOMOBiKiIB 3 HOPManbHUMK NOKa3HWKaMWU PeENPOAYKTUBHOI byHKLUiT (p<0,05). OTxe,
BUCOKUI piBeHb dparmeHTauii JHK cnepmaTo30igiB B eaKkynATi TakoX MOXHa BBaXKaTW OOHIEI 3 NMPUYUH 3HWKEHHSA
YonoBivoi hepTunbHoCTi. [loBeAeHO AOLINbHICTb BUSHAYEHHSA PiBHS OKCUMAATUBHOIO CTPECY Y YOSOBIKIB 3i 3HMKEHUMMN
napaMmeTpamu CnepmMorpamy y pamkax OOCTEXEHHsi 3 MEeTOK BCTaHOBMEHHs npuuvH 6e3nnigas y napi. Hapani
HeobXxiaHO cTaHgapTM3yBaTV NpasBuna 3abopy mMaTepiana Ta BUKOHaHHS aHanidy BU3HAYeHHs PiBHSA akTUBHMX hopm
KMCHIO B €Ky NSTi.
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BeTtyn
3a paHvmMu niTepaTtypu, y KpaiHax €Bponu i B YKpaiHi Yonosive 6e3nniaasi € NpuyYnHOK HEHACTaHHS

BariTHOCTI y noapyxxki Ginblue, Hix y 50% Bunagkis (Mazzilli, 2023). Hapasi psig HaykoBuUX 0OCHiOXEHb
CBiAYMTb NPO Te, LLIO BUCOKUN PiBEHb aKTUBHUX (hopM KUCHIO (ADK) B eSKyNATI € OOHIEI 3 NPUYMH 3HUKEHHS
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YOIOBIYOI PenpoayKTUBHOI (OYHKLUii. AKTUBHI hOpMM KUCHIO — Le HeobxigHa yMoBa Ansi A03piBaHHS,
iCHyBaHHS Ta 30aTHOCTI cnepmMaTo3oigie 3annigHioBaTty oount (Amanda, 2022; Wagner, 2018). Bmict AOK
Ha ONTMManbHOMY PiBHIi MIATPUMYETLCA aHTMOKCUAAHTHOW cuctemoro. OKMCMoBanbHUA  CTpec
BM3HAYaETbCA sIK gucbanaHC MK YTBOPEHHSIM akTUBHUX (POPM KMCHIO Ta 30ATHICTI0 aHTUOKCUOAHTHOI
cuctemm ix geTtokcukadii. 3 iHWworo 60Ky, BUMIPIOBaAHHIO BMICTY aKTUBHUX (DOPM KUCHIO MEepeLLKO;Kae
BiACYTHICTb CTaHaapTm3alii, Bknovatoum Bubip koHTponiB i Bigbip 3paskiB (Latchoumycandane, 2020).
JliTepatypHi paHi WoO0 BNNMBY OKCUAATMBHOIO CTPECy Ha CTaHOapTHi MNOKasHWKM  PepTUNbHOCTI
(pyxnuBicTb, KinbkicTb Ta Mopcdponoria cnepmaTo3oifiB) Ta Ha uinicHicts [JHK cnepmaTtosoigis B eakynaTi
HeoaHO3HauHi. binbLwicTe pobiT cBigUNTL NPO Te, WO HAAMULIOK aKTUBHMX (DOPMU KUCHIO B CNEpMi MOXe
iHiLitOBaTM MATONOriYHI 3MiHM CNepmaTo30idiB, BUKITMKAOYM OKMCHE MOLUKOAKEHHS KNITUHHUX 0BOMOHOK,
oinkiB i AHK. 3 iHWworo 6oky y psagi gocnigXeHb He AOBEAEHO BMNIMB OKCUOATUBHOIO CTPECY Ha LiniCHICTb
OHK (dparmenTauito HK) cnepmatosoigie (O’Flaherty, 2020). MeToto gaHoi po6otu 6yno BuaHA4MTH
BMMMB OKCMOATMBHOrO CTPECcy Ha CTaHAapTHi MIKPOCKOMiYHI napameTpu crnepMorpamMmyi Ta piBeHb
dparmerTauii AHK cnepmaTo3oigiB B eskynaTi y YONOBIKIB 3i 3HMXKEHO penpoayKTUBHOK GOYHKLIED.

O6'ekT Ta MeTOAMN [OCHIAXKEHHA

36ip nmepBuHHOI iHopMmauii Ta nabopaTopHi gocnimxkeHHs nposoaunu B «KniHiyi npodecopa
®ecbkoBa O.M.» (M. XapkiB). [MpoBeaeHHss AaHOro AOChiMKEHHS yxBaneHo ETuyHum komitetom TOB
«CaHa-Megn» (LleHTpa penpogykuii niogmHu «Kninika npodecopa PecbkoBa O.M.») BignosigHo no
npotokony Ne 3 Big 01 kBiTHA 2023 poky. 3a nepioa kBiTeHb-BepeceHb 2023 poky 6yno copMoBaHo rpyny
3 42 nauieHTiB 3 HOpMarbHUM 4YoroBiYMM KapioTunom 46,XY 3 nopyweHHam depTtunbHocTi (Mpyna 1).
CepegaHin Bik nauieHTiB y Ipyni 1 ctaHoBuB 35,214,3 pokie. [JO rpyny KOHTPONO yBIAWM 25 4onoBikiB
cepefHim BikoM 36,2+2,6 pokiB 3 NOKa3HWKamMu MapameTpiB cnepMmorpamu y mexax Hopmu (Fpyna 2).
lMpoBeAeHUn MIKPOCKOMNIYHMI aHani3 esakynsaTy, AOCMIIKEHO PiBEHb aKTUBHUX (POPM KUCHIO Ta piBEHb
dparmenTauii AHK cnepmaTtosoigis y Npynax 1 ta 2.

AHani3 edkynaty nposefeHo 3a Jonomorow cnepmorpamu. [Mig Yac gocnimpkeHHs BU3Havanuca
KiNbKICHI, AKICHI Ta MOpdOonoriyHi napameTpn eakynaTy. [okasHWKU Cnepmu OLHIOBanmCs 3a Kputepismm
BOOS 2010 poky (World Health Organization, 2010).

BusHauveHHs piBHa dparmenTauii JHK cnepmu npoBogunocs metogom AWChepcii XpomaTuHy
cnepmato3soigis (SCD, sperm chromatin dispersion). [ocnigkeHHsa npoBedeHO 3 BUKOPUCTAHHAM
KOMepLiH1X HabopiB Ans BM3HayYeHHs piBHA dparmeHTauii JHK cnepmaTtosoigis B eskynati Halosperm
G2 (Halotech DNA, IcnaHis). BignosigHo 0o pekomeHaauin €sponencebkoi Acouiauii Yponoris, piBeHb
dpparmenTadii JHK y cnepmi He nosuHeH nepesuiyysaTtn 20 % (Okubo, 2023).

PiBeHb OKCMOATMBHOrO CTpecy B esKynaTi NpoaHanisoBaHO 3a JOMomorok HabopiB Oxisperm
(Halotech DNA, Icnanist). AHani3 6a3yeTbca Ha 34aTHOCTI HITPOCMHBOIO TETPA30Silo Ta iHLIMX MOMEKyn,
NoB’si3aHUX 3 OKUCIOBarbHUM CTPECOM, NepeTBOPOBaTUCS Nif Ai€t0 CynepoKcua-aHioHiB Ha HEPO3UYNHHUI
Y BOi CMHIi KpucTan doopmMasaH, Lo 3MiHIOHE iHTEHCUMBHICTb KONbOpPY Y peakTMBHOMY reni (Bif »KOBTOro 40
Pi3HMX pIiBHIB (DiONETOBO-CMHBLOrO). Pe3dynbTaT aHanidy BM3HAyaBCsi 3a KOMbOPOBOK LUKOMOK 3a
iHTeHCMBHICTIO 3abapBneHHs. 3rigHo 3 rpagadielo BUpobHuka, 6yno BuAiNeHo 4 piBHI OKCMOATMBHOIO
ctpecy (piBHi 1 Ta 2 — ue Hu3bkun Bnnme ADK; pieeHb 3 — cepeHivi Bnnue ADK; piBeHb 4 — BUCOKUI BNIMB
ADK) (Castleton, 2022).

AHani3 kapioTuny nauieHTiB BUKOHaHWM i3 3aCTOCYBaHHAM LUTOreHeTUYHNX MeTOAIB. KynbTnByBaHHS
nimdoumnTiB NPOBOAUIIOCH 3 BMKOPUCTAHHAM cepegosulla ansa KynbTusyBaHHa PB MAX Karyotyping
(Gibco) npotarom 72 roguH npu piBHi CO2 5,5-6 % Ta 3a TemnepaTypoto 36,9°C. dapbyBaHHs
LMTOreHeTUYHNX nNpenaparTiB 3aicHioBanocs 3a gonomoroto GTG (G-meToa) Ta CBG (C-meToa) meToais.
AHani3 nposefeHo 3 BUKOpPUCTaHHAM MixxHapoaHoi uutoreHeTu4Hi HoMeHknaTypu (International System
for Cytogenetic Nomenclature, ISCN) (Shaffer, 2009).

MepeBipKy po3noginy KinbKicHUX AaT Ha BiAMNOBIAHICTb 3aKOHY HOPMarbHOro po3noainy BUKOHanu 3
BUKopuUcTaHHAM MeTogais Lanipo-Yinka Ta Konmoroposa-CmipHoBa. [NopiBHAHHS cepeHix apnpmeTuyHmnx
NPOBOAMMM 32 JOMNOMOrot Kputepito CTblogeHTa. [1na AocnimKeHHs 3B’A3KiB MK O3HaKamMu BUKOpUCTanu
MeToZ4 KopensauinHoro aHanisdy 3a CnipmeHom. CTaTUCTUYHI riNOTe3n NepeBipsinv 3a A0NOMOrOH KpuTepiiB
t, rs 3a piBHiB 3HauywocTi 0,05 Ta 0,01 (ATpameHTOBa, 2007).
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Pe3ynbtaTtn Ta 06roBOpeHHsA

MMig yac pocnigxeHHs Oyno BCTaHOBMNEHO HEraTMBHUWI BNJIMB BUCOKOTO PiBHSA aKTUBHUX (POPM KUCHIO
B eAKYNATI Ha PyXMMBICTb, KOHUEHTpauito Ta MOpcOnorio CcnepmMaTo30idiB y YOSOBIKIB 3 MOPYLUEHHSM
depTunbHocTi. OTpumaHi pesynbTatu HaBefeHi y Tabnuui 1. lMNpuHuun Bu3HadeHHs piBHS AO®K
(okcmpaTMBHOIO CTpeCy) B eAKyNATi CXemMaTUYHO HaBedeHMn Ha puc. 1.

Tabnuusa 1. 3B'A30k piBHA akTUBHUX POPM KUCHIO B €AKYNATI 3 KNaCUYHUMM napamMmeTpamm cnepmMmorpamMmm
Y YOMOBIKIB 3i 3HWKEHOI PENPOAYKTUBHOIO PYHKL i€

Table 1. The correlation between the level of reactive oxygen species in the ejaculate and the classical
parameters of the spermogram in men with low reproductive function

MapameTp cnepmorpamu i Cepepniit
CepegHe INBKICTL piBeHb
HarimeHyBaHHs 3Ha4eHHs, ‘-IOJ'I(?\IIBIKIB, oKcMaaTmB- fs R P
X +my Horo cTpecy

PyxnuBicTb, % 50,6141 42 3,1+£0,9 -0,45 0,329 p<0,05
Konuentpaui, | g5 51307 42 3,1:0,9 042 | 0329 | p<0,05

MIIH./MN
Mopdonoris, % 14,2+10,9 42 3,1+£0,9 -0,44 0,329 p<0,05

lMpumimku: p — piBeHb 3HaYyLLOCTI, I's — koedilieHT kopenauii CnipmeHa
Notes: p — significance level, rs — Spearman coefficient

He 6yno BusiBNEHO BMMMBY BiKy YONOBIKIB HA MIKPOCKOMIYHI NoOKasHMKN eskynaTty. CTaTUCTUYHO
3HaYyLLOT Kopensauii MK piBHEM akTMBHUX OOPM KMCHIO Ta YaCTKOK cnepmaTo30idiB 3 hparMeHTOBaHO
OHK B esKynsiTi He BCTAHOBMEHO Y rpyni NauieHTiB 3i 3HWKEHUMU MoKa3HUKkamu epTunbHocTi (p>0,05).
doTO cnepmaTto30ifiB 3 HopmarsnbHOW Ta nowkomkeHow [OHK HaBegeHo Ha puc. 2. BigcyTtHicTb
CTaTUCTMYHO 3HadyLwwol kopensuii Mix piBHem dparmenTtauii JHK cnepmatosoigis Ta piBHem ADK B
ESKyNATi Yy PO3MMSAHYTIN rpyni YOMOBIKIB 3i 3HVXEHOI PEenpoayKTUBHOK (YHKLUIE NiATBEPOXKYE AaHi,
OTPVMMaHi psSAoOM aBTOpIB LWOAO BiACYTHOCTI BMMMBY OKCMOATMBHOIMO cTpecy Ha uinicHicte [OHK
cnepmaro3oigis B edkynaTi (Agarwal, 2017; Steiner, 2020). Byno BcTtaHOBNEHO, WO piBEHb OKCMAATUBHOIO
CTpecy B eKynaTi CTaTUCTUYHO 3HAYYLLO BULWMIA Y nauieHTiB pynu 1, NOpiBHIOKOYM 3 AaHUM NOKa3HNKOM
0N YONOBIKIB Y KOHTPOMbHI rpyni (2,4+0,8 npotn 1,6+0,6; tewn. = 3,3, teour.= 2,797 p<0,01, BignosigHo).

He BusaBneHo kopensuii Mix piBHeM ¢parmeHTaudii OHK cnepmaTtosoigie Ta napametrpamu
crnepmorpamu y YoroBiKiB 3i 3HWKEHHSIM PenpoayKTMBHOI QyHKUii (Tabn. 2). BTiM cepefgHii piBeHb
dparmeHTadii AHK cnepmatosoigiB B eskynsaTti 6yB 3HA4HO BULWMIA Yy rpyni MaUEHTIB 3i 3HMXKEHHAM
¢hepTUNBLHOCTI ¥ NOPIBHSHHI 3 rpynoto koHTposto (18,6£12,5 % npotn 5,5+2,1 %, p<0,05, BignosigHo).
Tabnuusa 2. 3B'a30k piBHA dparmenTauii JHK cnepmarto3oigis B edkynaTi 3 KnacM4HMMK napameTpamu
crnepmMorpamMm y YonogikiB 3i 3HWXXEHOI penpoayKTUBHOK YHKLIED

Table 2. The correlation between the level of sperm DNA fragmentation in the ejaculate and the
classical parameters of the spermogram in men with low reproductive function

MNapameTp cnepmorpamu o o
Cepeare KinbkicTb CepenHin piBeHb
HaliMeHVBaHHS 3HAYEHHS, yonogikiB | dparmeHTauji AHK I's Rip p
y e , N cnepmarosoigis, %
+ My
PyxnuBicTb, % 50,6+14,1 42 18,6£12,5 -0,14 0,329 p>0,05
Ko”;‘ﬁ:jmu"" 55,8+30,7 42 18,6£12,5 024 | 0329 | p>0,05
Mopdonoris, % 14,2+10,9 42 18,61£12,5 -0,27 0,329 p>0,05

lMpumimku: p — piBeHb 3HaYyLLOCTI, s — koedilieHT kopenauii CnipmeHa

Notes: p — significance level, rs — Spearman coefficient
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Vo
= -

Puc. 1. Cxema BM3Ha4YeHHsI piBHS OKCUAATMBHOMO CTPECy B eKynsTi 3a gonomoroto Habopis Oxisperm (Halotech
DNA, IcnaHist): N1, N2 — Husbkuin Bnnve APK; N3 — cepegHin Bnnve APK; N4 - Bucokuin Bninms AOK

Fig. 1. Scheme for determining the level of oxidative stress in the eculeate using Oxisperm kits (Halotech
DNA, Spain): N1, N2 — low exposure to ROS; N3 — average exposure to ROS; N4 - high exposure to ROS

N1 N2

Puc. 2. JocniopxeHHa piBHA dparmeHTadil AHK y cnepmaTtosoigax metogom gucnepcii xpomaTtuHy, MeToq
¢a3oBoro KoHTpacTy. 36inbweHHst x400

Fig. 2. Investigation of the level of DNA fragmentation in spermatozoa by the method of chromatin
dispersion, the phase contrast method. Magnification x400

OxcvpaTvBHUI CTPEC € OOHMM 3 PaKTOPIB 3HWKEHHS penpoayKTuBoi oyHKuii y yonoBikiB (Aitken,
2013; Aitken, 2016; Asadi, 2017). [JaHe gocnimkeHHA Nokasano, Wo MNiABULLEHWUI piBEHb aKTUBHMX HOPM
KACHIO B €SKYNATI HeraTMBHO BMMBAE Ha PYXMKMBICTb, KOHLEHTpauilo, Ta MOPEOMOoriyHi BracTUBOCTI
cnepmato3oigis. OTpumaHi y faHin poboTi pe3ynbTaTv NigTBEPIKYIOTE 3HAYHY POSib CUCTEMU AETOKCUKaLLl
y NiATPUMLI HOpManbHUX MIKPOCKOMiIYHKUX MoKasHUKIB cnepmorpamu (Benkhalifa, 2014; Bisht, 2017). Hapaasi
He Oyno BusIBNeHO kopensuii mMixk piBHem cparmenTauii JHK cnepmato3oigis Ta Bucokum piBHeM APK y
PO3rNSHYTIN rpyni NaLieHTIB 3i 3HWKEHHsIM dpepTunbHocTI. BTim Oyno nokasaHo, Lo YacTka cnepMaTo3oigis
3 pparmeHToBaHow OHK 3HayHO Buwa y 6e3nnigHWX NauieHTIB y MOPIBHSAHHI 3 rPynol0 YOMOBIKiB 3
HOpManbHUMK MOKa3HMKaMu pPenpodyKTUBHOI YHKUii. A OTXKe, BUCOKUWA piBeHb parmeHTadii OHK
crnepmMaTo30igiB B eAKyNATi TAaKoXX MOXKHA BBaXKaTu OAHIEI0 3 MPUYMH 3HWXKEHHS YOMNOBIYOI (DepTUNBHOCTI.
[oBegeHo, WO nNiABULLEHUA piBEHb aKTUBHUX ()OPM KUCHIO B edAKynaTi Befe A0 3HWXKEHHSA
PYXNMBOCTI, KilbKOCTi Ta [0 MOpyLWeHHss mopdponorii cnepmarosoigiB. [lokasaHo, WO 4acTka
cnepmaro3oigiB 3 oparmeHToBaHo [HK cTatucTMyHO BMLLA Y NAUEHTIB 3 NOPYLUEHHAM (DEPTUNBHOCTI Y
MOPIBHSIHHI 3 YONoBiKaMU 3 HOPManbHUMWU MOKa3HUKaAMW PenPoayKTUBHOI (PyHKUil. BusHauyeHHA piBHS
OKCUOATMBHOIO CTPECY B €SKYNsATi MOxe OyTWM [OUiNbHUM y YOMOBIKIB 3i 3HWKEHMMMW MnapameTpamu
cnepMorpamMmu Ang BU3HAYEHHSA MOXIUBOT MPUYNHU 3HUKEHHS MOKa3HUKIB PepTUMNbHOCTI.
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The effect of increased levels of reactive oxygen species in ejaculate on

parameters of reproductive function in men with low fertility
0. Feskov, Ye. Zhylkova, I. Feskova, H. Ivanova, O. Blazhko

A high level of reactive oxygen species (ROS) in the ejaculate is one of the reasons for the failure in male reproductive
function. Oxidative stress is defined as an imbalance between the formation of reactive oxygen species and the ability
of the antioxidant system to detoxify them. An excess of reactive oxygen species in sperm can initiate pathological
changes in spermatozoa, causing oxidative damage to cell membranes, proteins and DNA. Measurement of the content
of reactive oxygen species is hindered by the lack of standardization. This study determined the effect of oxidative
stress on standard microscopic parameters of the spermogram and the DNA fragmentation level of spermatozoa in the
ejaculate of men with reduced reproductive function. The obtained results confirm the significant role of the
detoxification system in maintaining normal microscopic parameters of the spermogram. A negative effect of a high
level of reactive oxygen species in the ejaculate on the sperm motility, concentration and morphology of spermatozoa
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in men with reduced fertility was established (p<0.05). It is shown that the level of oxidative stress in the ejaculate is
statistically significantly higher in patients with reduced parameters of the spermogram, compared with this indicator
for men with normal indicators of reproductive function (p<0.01). No influence of men's age on microscopic indicators
of ejaculate was found. No correlation was established between the level of reactive oxygen species and the
percentage of spermatozoa with fragmented DNA in the ejaculate. However, it was shown that the proportion of
spermatozoa with fragmented DNA is significantly higher in infertile patients compared to the group of men with normal
reproductive function (p<0.05). Therefore, a high level of sperm DNA fragmentation in the ejaculate can also be
considered as one of the reasons for the decline in male fertility. The necessity of determining the level of oxidative
stress in men with reduced spermogram parameters as part of an examination to find out the causes of infertility in a
couple has been proven. In the future, it is necessary to standardize the rules for taking the material and performing
the analysis for determining the level of reactive oxygen species in the ejaculate.

Key words: reactive oxygen species, oxidative stress, male infertility, reproductive function, DNA fragmentation
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BikoBi BigMiHHOCTI BNNIMBY NepepuBYacToro rosioayBaHHs Ha

Mopd¢ocyHKLiOHaNbHI NOKa3HMKK NiALWYHKOBOI 3a5no3u WwypiB
P.B. AHko

EcbekTuBHicTb 3acTocyBaHHsA nepepueyactoro ronodysanHs (M7 ana aktmeadii dyHKUii nigwnyHkosoi 3anosm (M3) He
€ 0f/HO3HaYHUM. OQHVMM 3 MPUYUNH LibOro MOXYTb BYTW BIAMIHHOCTI Y BUKOPUCTaHHI pexxumy [, TpuBanocti gocnigy,
a TakoX 3any4yeHHs 40 eKCNepMMEHTY TBApUH Pi3HOTO BiKy. Takox 3anuwaeTbCs BiKPUTUM NUTaHHA NPO Te, HACKINbKN
BUpaxeHUM € edpekT 3actocyBaHHA M7 Ang nigBuLLEHHA dYHKLUioOHanbHOT aktuBHocTi 13 y ocib noxunoro Biky. MeToto
poboTtn 6yno gocniauTy i NopiBHATM MopdodyHKUioHanbHI 3MiHM M3 wypis pisHoro Biky nicna snnvey M i ouiHUTK
NepcnekTUBHICTb NOr0 BUKOPWUCTaHHA B AKOCTi 3acoby Ans KOpEKLii BUPaKEeHMX BIKOBUX 3HWKEHb (YHKUIT 3amnosu.
EkcnepumeHTn 6ynu BukoHaHi Ha 40 wypax-camusax 3- i 15-mic Biky. MiggocnigHi TBapuHM 3asHaBanu Bnnuey I, a
came — 1 poba noBHe ronoayBaHHs / 2 1obu cTaHaapTHUIA BiBapHUiA pauioH. [JocTyn Ao Boau 0yB BinbHWIA. TpuBanicts
pocrigy ctaHosuna 28 pi6. 3 TkanuHu 13 BMroToBNANM FiCTONOrYHI nNpenapaTtv 3a CTaHAApTHOK METOOUKOH).
lcTomopcomeTpito 3aiMCHIOBanNy 3a AOMNOMOrOK KOMM'IOTEPHOI nporpamn «lmage J». JocnigxeHHs nposoavnu
BiQMNOBIAHO A0 NOMOXeHb «EBPOMENCHKOI KOHBEHLii NPO 3axucT XpebeTHMX TBapwH, O BUMKOPWCTOBYKOTHCA ANSA
eKcnepyMeHTanbHuxX Ta iHWmuX HaykoBmux uinewn» (Ctpacbypr, 1986). BuasneHo, wo snnue MM npotarom 28-mu Ai6
Np13BOAUB [0 MOSIBY YITKO BUpaXXeHUX MopdodyHKLIOHaNbHNX O3HaK MiABULWEHHSA akTMBHOCTI 13 y gopocnux wypis.
OcobnunBo 3pocTana eHOOKPWMHHa YHKLis 3anos3u, nNpo Lo CcBigYMno BiporigHe 36inblUeHHst BigHOCHOT NoLL;
€HOOKPUHHOI YacTunHU (Ha 108%), cepeHbOi KinbkocTi ocTpiBLiB JlaHrepraHca (Ha 44%), po3mipiB OCTPIBLLB, KifbKOCTI
PO3MILLEHMX Y HUX eHAOKpMHOUMTIB (Ha 20%) Ta 3HWXKEHHS KOHLeHTpaLii rmoKo3n B KpoBi. Y MONogux TBapuH,
HaBnaku, NI 3HMXKyBana akTMBHICTb AK €K30-, TaK i eHAOKPUHHOI (Binblo Mipol) YacTuHu 3anosu. Bnnue MM
3HMXKYBaB KiNbKiCTb CnomnyyHoi TkaHuHu B 13 wypis pisHoro Biky. OTpumaHi AaHi MoxyTb ByTn BMKOpWCTaHi Ans
nigsuLeHHs dyHkuii M3 y gopocnux i ocib noxunoro Biky, a TakoX Npu NPoginakTvLi BIKOBUX XPOHIYHNX 3aXBOPIOBaHb
3ano3u, Lo CynpoBOOXKYTLCS NosiBoto hidpo3dy. Toai sik BukopuctanHs NIy monogomy Biui He HGaxaHe.

Knio4oBi cnoBa: nepepusyacme 205100ys8aHHs, MiOWIlyHKo8a 3as03a, 8iK, eicmomMopghornoais, wypu

HumyeaHHs: SlHko P.B. Bikosi eiOMiHHOCMI ernugy nepepug4acmoz20o 20/100y8aHHs Ha MOp@OyHKUiOHaIbHI
roKasHUKU ridwilyHKO8OI 3a03u wypis. BicHUK XapkieCbKo20 HauioHanbHo20 yHigepcumemy imeHi B.H.KapasiHa.
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BeTtyn

3aranbHoOBIgOMO, WO TpuBane nepepuByacte ronogysaHHsa (M) 3gaTtHe 3meHWwyBaTU Macy Tina,
NoJoBXyBaTU TPUBANICTb XUTTH, 3HWXKYBATU CepLEBO-CYAMHHI (akTopy Ppu3MKy Ta 3ananbHUW CTaH
OopraHiamy (LUMSIXOM perynoBaHHA MeTaboniYHMX CUrHanbHUX LWNASXiB), 36iMbliyBaTv YyThAMBICTL A0
iHCYniHY, CTUMynOBaTK (PyHKLUi0 MiTOXOHApIR, Towo (Duregon et al., 2021; Song et al., 2023; Brandhorst
et al., 2017). Npwn INI" B opraHiaMi akTUBYIOTLCHA Pi3HOMAaHITHI MexaHi3aMu, ski NPU3BOAsATb 4O NMOKPALLEHHS
Ta OHOBMEHHS MOro pisHMx cuctem (Jaramillo et al., 2023).

MpoTte, niTepatypHux gaHux wogao snnuey NI Ha MOpOdYHKUiIOHaNLHY aKTUBHICTb MiALLIMYHKOBOT
3anosu (IN3) HegocTaTHLO, a OTpMMaHi pe3ynbTaTh YacTo HeoaHo3HauHi (Munhoz et al., 2020; Test et al.,
2023). Lle moxe 6yTu NoB'A3aHo 3 pisHUM pexnmom 3actocyBaHHs I, TpMBanicTio NpoBeAeHHs gocniay,
a TaKOX BUKOPUCTaHHSA TBapwH pi3HOro Biky. Amke BigoMo, wo 3 BikoM M3 (sK i GinblicTb opraHis) no
pi3HOMY pearye Ha pi3Hi cTpecoreHHi daktopu. BikoBa gectpykuia 3 nondrae B po3BUTKy 3MiH CyauH
opraHy 3 ix 3BY)XEHHSM, CKMeposi CTIHOK MPOTOKiB, ix OBCTpykKuii, nponidepadii enitenito, 3amilleHHs
CEKpPETY4YMX KMiTUH CMOSYYHO TKaHMHO. 3aranbHa KinbKiCTb aumHapHoi TkaHnHm M3 3HuxyeTbes go 30-
40%. IHBOMOUIVHI 3MiHM NpPU3BOAATE OO0 3HWXKEHHA epmeHTaTuBHOI akTuBHocTi 3 Ta obcary
NaHKpeaTU4HOro coky. [loriplyeTbcsa iHTEHCUBHICTL Ta SKICTb TPaBrfEHHs: BigOyBaeTbCA HEMOBHE
nepetpaBneHHs OGinkie, xwupiB, Byrnesogis (Lohr et al., 2018). Kpim Toro, 3 Bikom cnocTepiraeTbcst
3MEeHLUEHHS KiNbKOCTi Ta akTUMBHOCTI 3-KNiTWMH ocTpiBueBoro anaparty 13 Ta yucna peuenTopis Ao iHCYniHy,
LLIO NPU3BOAWTL 4O PO3BUTKY iIHCYNIHOPE3UCTEHTHOCTI 3 NOAanbLUIMM NOPYLUEHHSAM 0OMiHY pedoBuH (Kehm
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et al., 2018). Tomy, nowyk mMeToaiB i WnNAXiB, ki Mornn 6 y pasi NoTpedu CTUMYSOBaTU aKTUBHICTb
(BTpayeHy 3 BikoM) N3 € akTyanbHUM HaNPSIMKOM OOCTIiIXEHb.

BinbwicTb pobiT NpucBAYeHa BNnMBY ronogyBaHHSA Ha eHAoKpUHHY dyHkuito N3 (Cheng et al., 2017;
Munhoz et al., 2020). Togi, ik 3MIHIOETbCA €K30KPUHHA akTUBHICTb 3ano3u npu I Ta sk BnnvBae Ha
OTPUMaHi pe3ynbTaTh Bik TBApWH HE BiZOMO.

MeTa poboTun — gocnianTu i NopiBHATM MOpdOYHKLUiOHaNbHI 3MiHK y M3 wypis 3 i 15 mic Biky nicns
BnnmBy 28-mu go6osoro NI i OUiHUTN NEPCNEKTUBHICTb MOr0 BUKOPUCTAHHS B IKOCTi 3acoby Anst kopekuii
BUPAKEHMX BIKOBUX 3HMXKEHb OYHKLLIT 3a5103M.

Martepianu Ta meToaun focnimxeHHsA

B pocnigax 6yno BukopuctaHo 40 wypis niHii Bictap Bikom 3 1a 15 mic, oTpumaHux 3 BiBapito
IHCTUTYTY dpisgionorii imeHi O.0. boromonbua HAH Ykpainu. LWypis yTpumyBanu npu temnepatypi 21°C i
Bonorocti 40-60% 3 12-roAMHHMM LMKNOM CBITNO/TemMpsiBa. TBapvHM 3HaXOAUMNUCS OKPEMO B KniTKax i3
ciTyacTMmn neperopogkamu, o6 MiHiMidyBaTh CTpec Bif couianbHOi i30nsLii. Yci TpoTOKONM NOorogKeHi
KomiTeToM 3 GiomeguuHOI eTuku Jornsay Ta BUMKOPUCTAHHA TBapuH IHCTUTYTY dpisionorii im. O.O.
Boromonbuss HAH Ykpainu. Lypis BuBogunu 3 eKCnepMmeHTy LUASXOM AekaniTauii nig isognypaHoBoo
aHecTesieto BignoBigHO 40 €BpoNeicbKoi KOHBEHLii MPO 3aXUCT XpebeTHUX TBAPUH, LLIO BUKOPUCTOBYHOTHCS
B eKCNepuMeHTarnbHKX Ta iHWKX HaykoBux winen (Ctpactypr, 1986).

LLypw 6ynu posnogineHi Ha 4 rpynu (no 10 TBapuH y KoxHin): | i lll — koHTponbHI TBapuHK 3- i 15-mic
BiKy BignosigHo, Il i IV — gocnigHi wypw monogoro Ta 4opocnoro BiKy, siki nepebysanu Ha 1IN, a came — 1
poba nosHe romogyBaHHA / 2 gobu cTaHgapTHWW BiBapHuM pauioH. [loctyn oo Boau OyB BiNbHUW.
Tpueanicte gocnigy craHoBuna 28 gib. Ampke 3a Takum nepiog 4dacy BigOyBaeTbCsi NEBHUM CTYMiHb
aganTauii TBapuH OO HOBMX YMOB iCHYBaHHS, aKTMBHICTb MeTaboniyHux npoueciB cTabinisyetbca Ha
HOBOMY PiBHi, @ OTpMMaHi pe3ynbTaTh CTalTb BiNblL BUPaXKEHUMMU.

Bynn BuMKOpUCTaHi FiCTOMOrYHI, MOPAOMETPUYHI, CTAaTUCTUYHI MEeToOM AOCHIMKEHHS, a TaKoX
BM3HAYEHHA rNoko3n B Kposi. 3 Tina M3 koxHoro wypa 6panu 5 3paskiB TKaHUHW, 3 AKUX BUFOTOBMANN
ricTonoriyHi npenapaTtn 3a cTaHOapTHOW MeToauKkow: pikcyBann B piguHi byeHa, 3HeBoAgHIOBanu B
cnupTax 3pocTardoi KOHUeHTpauii, 3anuBanu B napadiH. Ha caHHomy wmikpotomi (MC-2) pobunm
napaciHOBI 3pi3n, TOBLMHA SIKMX cTaHoBUNa 5-6 Mkm. 3abapBneHHs 3pisiB 34iNCHIOBaN reMaToKCUNiHOM
Bemepa i eo3nHom, a Takox no metoay Ban-li3oHy (Rehfeld et al., 2017). 3 BukopuctaHHaM UMDPOBOT
Kamepu MikponpenapaTu potorpadbysanm Ha mikpockoni «Nicon ECLIPSE E100» (AnoHis). MopdomeTpito
3[i/icHIOBanu1 3a 4onomoror KoMmmn'toTepHoi nporpamu «lmage J» (Yanko., 2023).

Ha rictonoriyHux 3pizax 3 npoBoaunu ricToMopdOMETPUYHMIA aHani3. Y €K30KPUHHIA 4acTuHi
3ano3u BuMipOBanu diameTp i Nnowly nonepeyHoro nepepisy auuHycis, BUCOTY eniTenito, nnowyy
€K30KpMHOUUTIB, X aaep i yutonnasmu, nigpaxoByBanu KinbKiCTb saepelb B sapax €K30KPUHOUUTIB i
KiNbKICTb KNiITUH B aunHyci. B eHOOKPUHHIM YacTuHI 3ano3u paxyBanu KinbKicTb ocTpiBLiB JlaHrepraHca Ha
oovHuulo nnowi (0,25 MM?2) i KiNbKiCTb PO3MILLEHMX Y HWUX KMiTWUH, BUMIptoBanu nnowy i gdiameTtp
nonepevyHoro nepepisy OcCTpIiBLUiB, BU3HaAYanu LWiNbHICTb po3TallyBaHHA KNiTMH. MeTogom HaknagaHHs
TOYKOBMX MOPCHOMETPUYHUX CITOK BUPaAXOBYBanM BIQHOCHY MIOLLY €K30- i EHOOKPUHHOT YaCTMHK, a Takox
cnony4YHol TKaHuHKM B 3ano3i (Hossain et al., 2014; Yanko et al., 2020).

3a gonomororo cTaHgapTHUX Habopie peakTueiB ("®inicut-LiarHocTrka", YkpaiHa) Ha BioxiMiYHOMY
aHanisatopi ("Sinnowa", KHP) B cupoBaTLi KpoBi BU3Hayarnu KOHLEHTpaL,ito rmioKo3u.

OTpumaHi paHi obpobnsanu metogamu BapiauiiHOI CTAaTUCTUKM 3a OOMOMOrOK MpOorpaMHOro
3abesneveHHs "Statistica 6.0 for Windows" (StatSoft, USA) ta "Excel 2010" (Microsoft, USA). Oawi
npeacTtaeneHi Sk cepegHe + SEM npu HopmansHomy po3nogini. JOCTOBIPHICTb BiAMIHHOCTEN MK rpynamm
oujiHtoBanu 3a t-kputepiem CtblogeHTa. 3HadeHHs p<0,05 Beaxanu BiporigHum. ['pynu Takox aHanisysanu
3a JONOMOrot0 OAHOCTOPOHHLOIO ANCMNEPCINHOTO aHanisy.

Pe3ynbTtaT Ta 06roBopeHHA

FicmomopgbomempuyHi 8idMiHHocmi 8 13 KOHMPObHUX Wypie Pi3HO20 8iKY

Mpun NOpiBHAHHI ricTO-MOPHOMETPUYHUX MOKA3HUKIB 13 KOHTPOMNBHUX LLYPIB BUSBNEHO 3HUXEHHS 1T
aKTUBHOCTI 3 BikOM. Tak, y €K30KPUHHI YacTKHI 3ano3un 15-Mic LWypiB cnocTepirany MeHLUy NroLLly aunHycCiB
Ha 27% (p<0,05) Ta nnowy ek3okpuHouuTiB Ha 13%, Hix y 3-mic TBapuH (Tabn. 1; puc). EHOokpuHHa
yactuHa 3 3a3HaBana we 6inbmx BiKOBUX 3MiH. Tak, y 4OPOCNUX TBApWH BigMiYanum BipOrigHO MeHLlY
BiQHOCHY NOLLY €HOOKPUHHOI YacTuHM (Ha 32%), MeHLIy cepefHIo KinbKiCTb OCTpiBUiB JlaHrepraHca (Ha
22%), ix nnowy (Ha 31%) Ta KinbKiCTb PO3MILLLEHUX Y HUX eHAoKpHouuTiB (Ha 18%) nopiBHAHO 3 MONOAMMU
wypamu (Tabn. 2; puc). Takox y N3 gopocnux wypiB cnocTepiranu GinbLuy KinbKicTb CNOMYYHOI TKAHWUHN,
a came: BiporigHo GinbLly BigHOCHY nnowy ctpomu Ha 20% Ta cTpoMarnbHO-NapeHXiMaTo3HUI iHOEKC Ha
28%, 6inblly LWIMPWHY NPOLUAPKIB MiKYACTOYKOBOI Ta MiKauWHYCHOI crnomny4Hoi TkaHuHu Ha 21 i 30%
BiAMNOBIOHO, HiK y Monogmx TBapuH (Tabn.1). Lle Bignosigae 3aranbHii 3aKOHOMIPHOCTI 3HMKEHHS
aktmsHocTi 13 3 Bikom (Kehm et al., 2018; Léhr et al., 2018).
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Age-related differences in the effect of intermittent fasting on the morphofunctional parameters of the rat's pancreas

Ta6bnuusa 1. MopdoMeTpUUHi NOKa3HUKU €K3OKPUHHOI YaCTUHMU NiAWyHKoBOI 3ano3u (Mtm; n=10)
Table 1. Morphometric indicators of the exocrine pancreas (Mtm; n=10)

MokasHukm \ Indicators 3-mic wypwn \ 3-month-old rats 15-mic wypu \ 15-month-old rats
KoHTponb \ MepepuyacTte KoHTponb \ MepepuByacTte
Control ronogyBaHHs \ Control ronogyBaHHsi \
Intermittent Intermittent
fasting fasting
BigHocHa nnoLua eK30KpUHHOI
YactHu, % \ Relative area of 76,1£1,5 78,9+1,3 73,2+1,7 75,6+1,9
the exocrine part, %
BigoHocHa nnowa ctpomu, % \
Relative area of the connective 20,1+0,9 17,410,3 24,2+1,5** 19,0+1,5*
tissue, %
CrpomarbHo-napeHxiMaTosHuiA N
innexc \ Stromal-parenchymal | 0,25:0,03 0,2120,02 0,32+0,02** 0,2320,03
index
LLnpuHa npoLuapkis criosny4Hol
TKaHWHK, Mkm \ Width of the *x *
e smes . | SIEOLL | 2gets | asueaz | 2res
MixdacToukosa \ interlobular e R R R
MiXaumHycHa \ interacinus
[iameTtp auuHyca, Mkv \
Diameterpof thegcinus, um 30,3+0,9 29,5 +0,6 27,70,7 28,9+0,5
NrnoLwa nonepeyHoro nepepisy
alvHyca, MKv?\ Cross-sectional | 952426 831213 692+16* 784219
area of the acinus, ym?
Mnowwa, Mmkm?\ Area, pm?: 139,2+3,7 111,0£3,0* 120,6+2,5 121,3+4,9
€K30KpuHoLmTa \ exocrinocyte 19,1£1,0 19,510,4 17,610,1 19,810,2
sgpa \ nucleus 120,1+3,7 91,5+2,9* 103,0+2,6** 101,5+4,3
uutonnasmm \ cytoplasm
AnepHo-umTonnasmaTtnyiHe 0,160+0,003 0,211+0,004* 0,170+0,006 0,201+0,006*
cniBigHoLLeHHs \ Nuclear-
cytoplasmic ratio
KinbkicTb saepeupb B *
EK3OKDUHOLAT LIJTF\) Number of 1,57+0,02 1,77+0,03 1,48+0,05 1,91+£0,07
nucleoli in an exocrinocyte, pcs
Buicota enitenito aumHyca, MKM
\ Height of the epithelium of the | 12,40, 1 10,740,1 11,240,2 11,9£0,4
acinus, um
KinbKicTb eK30KpUHOLMTIB B
aLwHyci, wT \ Number of 8,7+0,2 7,6£0,2 7,840,2 7,5¢0,2
exocrinocytes in the acinus, pcs

lpumimka: mym i 8 mabnuui 2 *p<0,05 — gipoziOHicmb ropigHsIHO 3 KoHMporsnem; **p<0,05 — gipoecidHicmb
r10PIBHSIHO 3 KOHMpoeMm 3-mic wypis.

Note: here and in Table 2 *p<0.05 — significant compared with the control; **p<0,05 — significant compared
with the control 3-mounth old rats.

CmpykmypHi 8idMiHHOCMI 8 eK30KPUHHIL YacmuHi 13 wypie pisHo20 8iKy, siki 3a3Haeanu ennusy I~

Mapenxima M3 wypis, ski 3Haxogmnuca Ha MIM, 36epirana disionoriyHy cTpykTypy. 30BHI 3ano3a
MOKPUTA TOHKOK CMOJTYYHOTKAaHMHHOI Kancyrnoto. MapeHxiMa opraHy po3gifieHa Ha YacTOuKW, MK SKUMK
PO3TaLLOBYOTLCA CMOSyYHOTKAHWHHI MEPErOpoaKM 3 KPOBOHOCHUMW CyAMHAMW, HEPBaMW Ta BMBIOHUMMU
npotokamun. Ek30kpuHHaA 4YacTuHa npeacTaBneHa CTPYKTYPHO-(OYHKUIOHANbHUMU — OOMHMUAMU  —
alMHycamu, a TakoX CUCTEMOK NMPOTOKIB. ALUMHYCYU Manu NepeBaxxHO OKpyrny dopmy i cknaganues 3 7-10
€K30KpMHOUMTIB nipamigansHoi popmu (puc.).

Y 15-mic wypie, ski nepebyBanu Ha MMl nnowa auuHyciB M3 Oyna Ha 13% 6inbLIo, HiX Y
KOHTPOIbHUX TBapWH. TeHaeHujilo A0 3pocTaHHA (Ha 13%) Mana Takox nrowla saep eK30KPUMHOLMTIB, Lo
Npu3Beno A0 3pOCTaHHSA SAEePHO-LMTONNasMaTUYHOro cnieeigHoweHHst Ha 18% (p<0,05). MNnepTpodia sgpa
i 30iMNblUEHHA SAEpPHO-LMTOMNa3MaTUYHOrO CMiBBIOHOLIEHHS CBigYUTb, Mepw 3a BCe, MPO MNiABULLEHHS
dyHKUiOHanNbHOI akTMBHOCTI KNiTUHK (Koda et al., 2006). KinbkicTb gaepeub B 9Apax eK30KPUHOLIUTIB Y LMX
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JocnigHux wypis 6yna BiporigHo 6inbLioto Ha 29%, Hixk y KoHTponi (Tabn. 1). OcKinbkuM 40 OCHOBHUX (OYHKLLN
saepeub BigHocATb cuHTe3 pPHK, 3 sikoi yTBOpHOKOTLCA CyOOAMHNMLI prOOCOM, BBaXatoTb, LLO rinepnnasis
soepelpb BKasye Ha MigBULLEHHS BiNMOKCUHTETUYHOI akTUBHOCTI ek3okpuHouumTie (Dubois et al., 2016).

PucyHok. MikpodoTorpadis niaLlwnyHKOBOI 3a5no3u wypa KOHTPOJIbHOI rpynu (A — 3-mic, B — 15-mic)
i nicnsa BnnuBy nepepuB4yacToro ronoayBaHHA (b — 3-mic, ' — 15-mic).

lpumimka: 1 — ocmpigeub JlaHeepaaHca; 2 — ayuHyc; 3 — 8ugiOHUU MPOMOK; 4 — MiXK4acmo4koea crosly4yHa
mkKaHuHa. 3abaperieHHs1 2eMamoKcusiH-eo3uH. *200.

Figure. Photomicrograph of the rat’s pancreas of the control group (A —3 months old, B- 15 months
old) and after exposure to intermittent fasting (b — 3 months old, I' — 15 months old).

Note: 1 — Langerhans islet; 2 — acinus; 3 — pancreatic duct; 4 — interlobular connective tissue. Hematoxylin-
eosin staining. *200.

Y eKk3oKpuHHIn 4YactuHi T3 3-mic wypiB, ki 3a3Hasanu Brnuey [, cnocTepiranu
ricToMopOMETPUYHI 0O3HAKM 3HUXKEHHS 1T akTUBHOCTI. Tak, Npo Le CBigYMno MeHLla nnoLla auuHycis (Ha
13%), nnowia eksokpuHouutie (Ha 20%; p<0,05) Ta ix yutonnasmu (Ha 24%; p<0,05)), meHwa BucoTa
eniTenito aumHycis (Ha 14%) Ta KinbKiCTb eK30KPpUHOUUTIB Y HUX (Ha 13%) NopiBHSAHO 3 KOHTponewm. MNpoTe,
KiNbKiCTb sigepeub Yy unx TBapuH byna 6inbwoto Ha 13% (Tabn. 1). Takum YnHOM, XapakTep i CTyMiHb
BUPAXXEHOCTI 3MiH JocnimpKeHnx MopdomMeTpryHnxX nokasHukis M3, nicns snnusy M7, moxe cBiguMTK Npo
3POCTaHHS aKTUBHOCTI il EK30KPUHHOI YacTuHW Y 15-MiC TBApPWH, i 3HMKEHHSA — Y 3-MiC LypiB.

Pe3ynbrati Hawmnx JocnigkeHb NoKasanu 3HWKEHHS KiNbKOCTi CMOMYYHOIT TKaHUHW 9K Yy 3-MiC, TaK i
B 15-mic (B GinbLwin mipi) wypis, siki nepedbysanu Ha M. Tak, y TkaHuHi M3 gocnigHux gopocnux Lypis
nrowa CTpoOMM i CTpOMasnbHO-NAPEHXIMaTO3HUI iHOEKC Byny OOCTOBIPHO MEHLUMMMU, HiXK Y KOHTPOJSbHUX,
BignosigHo Ha 21 i 28%. WnpuHa npoluapkiB MiXKY4aCTOYKOBOI i MiXKaLMHYCHOT CNONYYHOI TKAHUHWN Y LnX
TBapuH Oyna [OCTOBIPHO MeHLOW BignoBigHo Ha 28 i 34%. Y 3-mic gocnigHux TBapuyH TakoX Bigmivanm
3HWXKEHHS BigHOCHOI nnowli ctpoMu (Ha 13%), cTpomanbHO-NnapeHxiMaTto3Horo iHgekcy (Ha 16%) Ta
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LMPWMHM NPOLUAPKIB MiXKYaCTOYKOBOI CMOSTYYHOI TKaHuHM (Ha 17%) NopiBHSAHO 3 KOHTponem (Tabn. 1).
3MEHLUEHHST KINIbKOCTi CMOSTYYHOTKaHUHHUX eNEMEHTIB y TKaHuHi 13 MoxHa po3rnsagaty Sk OgHy 3 03HakK
akTuBaLii it PyHKLUIT | NiaBULLEHHS pereHepaToOpHUX MOXMIMBOCTEN, a TaKOX sIK OAWNH 3 BaXNMBUX haKTopiB.,
LLIO CNPUSiE NONINWEHHI0 0BMiHY PEYOBUH MiX auuHycamu.

Tabnuusa 2. MopcdomMeTpUyHi NOKa3HUKM €HAOKPUHHOI YaCTUHU NiawnyHKoBoi 3ano3un (Mtm; n=10)
Table 2. Morphometric indicators of the endocrine pancreas (Mtm; n=10)

MokasHukm \ Indicators 3-mic wypw \ 3-month-old rats 15-mic wypwm \ 15-month-old rats
KoHTponb \ MNepepuByacTte KoHTporb \ MepepuB4yacTte
Control rorniofyBaHHsi \ Control rornoayBaHHsi \
Intermittent Intermittent
fasting fasting

BigHocHa nnowa, % \
Relative area, %
KinbkicTb ocTpiBLIB
(Ha 0,25 mm?2), wT \ Number of 1,1540,11 1,2610,13 0,90£0,05** 1,3+0,1*
islets (by 0.25 mm?), pcs
lMnowa nonepe4vHoro nepepisy
ocTpiBka, MkM? \ Cross- 138161121 9027+132* 9538+92** 12543+103*
sectional area of the islet, um?
HiameTp ocTpiBka, Mkm \ Islet
diameter, um
KinbkicTe eHOOKPUHOLMTIB B
octpiByj, wT \ Number of 145,9+4,3 113,8+19,3* 119,8+10,8** 144,247 ,6*
endocrinocytes in the islet, pcs
LLinbHICTE po3MiLLIEHHSA
€HOOKPMHOLMTIB B OCTpIBL,
WwT/1000 mMkm?2\ Density of 11,0£0,7 13,1+0,5* 13,0£0,1**
placement of endocrinocytes in
the islet, units/1000 pum?

3,80,7 3,7+0,4 2,6+0,5** 5,4+0,7*

114,1£3,1 87,6+£2,7* 93,8+4,9** 111£7*

11,1£0,3*

MopagpogbyHkuioHanbHi eidMiHHOCMIi 8 eHOOKPUHHIU YacmuHi 13 wypig pisHozo siky nicns ennusy NI

EHOoKpuHHa yacTuHa npeacraBneHa ocTpiBusaMY JlaHrepraHca, Wwo nexaTb MK aumMHycamu. dopma
OCTpiBLiB OKpyrna abo oBarbHa, ane TakoXx BOHW 3ycTpivanucst CTpivkonodibHoi Ta sipyacToi hopmu (puc.).

BuasneHo BikoBi BIAMIHHOCTI Y FiCTOMOPGOMETPUYHMX NOKa3HUKaX akTUBHOCTI €HOOKPUHHOI YaCTUHU
M3 wypis, aki 3Haxogunuca Ha M. Y 15-mic gocnigHux TBapuH cnocTepirany CyTTeBe 3pOCTaHHS aKTUBHOCTI
€HOOKPUHHOI ¢hyHKUji 3amn03u. po ue cBigumno BiporigHe 3pOCTaHHA Bi4HOCHOI NIOLL €HOOKPUHHOT YaCTUHMN
(Ha 108%), cepeaHbOI KinbkoCTi ocTpiBuiB JlaHrepraHca (Ha 44%), Ginblla nnoLa nonepeyvyHoro nepepisy
ocTpiBuiB (Ha 32%) i ix giameTp (Ha 18%) Ta Binblua KiNbKICTb PO3MILLIEHNX Y HUX eHAOKPUHOLMTIB (Ha 20%)
MOPIBHSAHO 3 KOHTporiem. Y 3-Mic AocnigHuX LypiB, HaBnaku, cnocrepirany 03HaKU 3HWXKEHHSA akTUBHOCTI
E€HOOKPUHHOI yHKLUii 3anosn. NMpo ue ceigumnu BiporigHO MeHLi po3mipu ocTpiBuiB (nnowa — Ha 35%,
AiameTp — Ha 23%) i KiINbKICTb PO3MILLLEHMX Y HUX KNITWUH (Ha 22%), HiX y KOoHTponi (Tabn. 2; puc.).

Mpo 3pocTaHHsA yHKUiIOHaNbHOT aKTUBHOCTI €HAOKPUHHOT YacTuHu N3 gopocnux gocnigHux Lwypis
BKa3ye BiporigHe 3HWXKEHHS KOHLEeHTpauii rnioko3n B cuposaTui kpoBi Ha 20% nNOpPIBHAHO 3 BUXIOHUM
piBHeM. Y 3-MiC LypiB KOHUEHTpauis rnioko3n, Hasnakn, byna Ginbwot Ha 10%. Takvui xapaktep 3MmiH
MOPOYHKLiIOHANBHNX MOKAa3HMKIB MOXE CBIiAYMTM NPO aKTMBaUito eHAOKPUHHOI YacTuHu M3 y gopocnnx
TBAPWH, i 3HWKEHHS il aKTMBHOCTI y Monoamx wypis nicns nepebyBaHHs ix Ha T,

lNopieHsiIHHA pe3ynbmamig 3 nimepamypHuUMU 0aHumMu

3 niTepatypu BigoMO, WO obOMeXeHe xapyyBaHHSA BWKIMKAE i3ionoriYHi 3MiHM eHOOKPUHHOI
YyactuHu M3, a came — 3mMiHU B cekpeLii iHcyniHy, meTaboniami ocTpiBLiB JlaHrepraHca Ta peokc-cTaHi B-
kniTnH (Bonassa et al., 2018). B pgocnigax Ha muwax 3 LyKpoBuMM fAiabeTom, siki nepebyBanu Ha
aniMeHTapHiv genpwvBsadii, BASBNEHO 3HKEHHSI CMMMTOMIB 4aHOI NaTororii, akTuByBanacs nponigepadis
B-kniTuH, BigHOBMOBaNack cekpeuis iHCyniHy i romeocTas rnoko3n (Cheng et al., 2017). B iHwin poboTi
BMSIBMEHO, LLIO LLYPW, SIKi OTPMMYBanu pauioH 3HWXeHUn no kanopiiHocTi Ha 30%, manu GinbLUy akTUBHICTb
B-KNiTWH, NPO WO CBIAYUTE paHHS CeKpewis iHCYNiHy Npu BHYTPILULHBOYEPEBHOMY TECTi TONIePaHTHOCTI A0
rnoko3un. [Npu Lubomy 3pocTanu po3mipy B-KNiTUH i iX KiNbKICTb y ocTpiBusax JlaHrepraHca (He et al., 2012).
HocnigpkeHo, Wo obMeXeHHs xapvyBaHHs 3anobirae po3BMTKY HOBOYTBOpEHb B 3anosi (Lanza-Jacoby et
al., 2013). Takox BusiBneHo, wo NI mae 3Ha4yHO GiNbLWWIN NPOTUNYXNUHHUIA edbekT y M3, HiXX nocTiHa ais
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ronoagyBaHHsi (Chen et al., 2016). NokasaHo, LWo obMexeHHs xapyyBaHHs Ha 40% BnnmBae Ha B-KNiTUHHY
ONCOYHKLIIO | pE3NUCTEHTHICTb A0 iHCYMiHY, BiHOBMNIOE rOMEOCTa3 rMoKO3W, akTUBYe ayTodarito B-KniTuH y
muwen (Gao et al., 2015). JocnigxeHo, wo NI niaBuLLYy€E BWKMBAHHA (B-KNITUH i CTUMYIIOE Mapkepu
pereHepadii npu giabeTi, BUKNMKaHOMy oxupiHHAM (Liu et al., 2017). Takox BUSBNEHO i HeraTueBHUN edpekT
Big . Tak, NI B pexumi 1 geHb noBHe ronoayBaHHA / 1 AeHb 3BUYANHUIN paLioH, NPOTAroM 12 TUXHIB,
3meHwye Macy [13, 36inbllye npoaykuilo akTUBHUX (OPM KUCHIO, aKTMBYE arnonTo3 B OCTPIiBLAX
JlaHrepraHca Ta cnpusie ancdyHkuii B-knitnH (Munhoz et al., 2020). lNMpoTe MexaHi3m, 3a 4OMOMOro SIKOro
M BnnuBae Ha (yHKUiO B-KNiTWH, OOCI 3anMIaeTbcst He3'dacoBaHMM. TOMy, OOUIMbHICTL NMPOBEAEHHS
noAanbLlUnX JOCHiIKEHb B JAHOMY HaMNpPsIMKY € aKTyaribHOH0.

Takum 4vHOM, aHani3 nitepatypu LWe pa3 MiaTBEPAXYE NPO HEOOHO3HAYHICTb AAHWX CTOCOBHO
MOPAOMYHKLIOHANBEHOrO CTaHy €eHAOKPUMHHOI 4acTuHu [13 TBapuH, 4ki OoTpumyBanu obMexeHe
xapyyBaHHdA. Lle moxe 6yTu noB'A3aHO 3 pi3HMM TWUMOM rONOAYBaHHS, TPMBANoCTi MNpOBeAEHHS
eKcrnepumeHTiB, BiKy Ta cTaTi TBapuH Towo. Bce ue obymoBroe NpOAOBXEHHSA AOCAiAXKeHb Yy AaHOMY
HaNpsAMKy Ta PO3KPUTTA MexXaHi3MiB BMAMBY rofiogyBaHHS Ha akTuUBHICTb [13.

BucHoBku

Takum umHom BnmB [T npotsrom  28-mu  Oi6  npu3BoAMB OO0 MNOSIBU  BUPaXKEHMX
MOpPdOYHKUIOHaNbHMX O3HaK NiABMLLEHHS akTMBHOCTI M3 y gopocnux wypie. Y MOMoOAMX TBapWH,
HaBnaku, NI 3HMKyBano akTUBHICTb SK €K30-, TaK i EHOOKPUHHOT (BiNbLLOK MipOID) YacTMHU 3ano3n. Bnnue
MM 3HWKyBaB KinbKiCTb CNoNy4HOi TkaHWHK B 13 WypiB, He3anexHo Bia ix Biky. OTpumaHi AaHi NOTEHLiNHO
MOXYTb OyTW BUKOpPUCTaHI ONA KOpeKuil BMpaeHMX BIiKOBMX 3HWXeHb yHKuii M3 y gopocnux i ocib
MOXMIOrO BiKy, a TAKOX NpK NPoMinakTuLi BiKOBUX XPOHIYHMX 3aXBOPIOBaHb 3ar03Hu, Lo CYyNPOBOAKYOTHCA
nosiBoto ibposy. B Tow xe Yac BukopuctaHHa NIy monogomy Biui He 6axaHe
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Age-related differences in the effect of intermittent fasting on the

morphofunctional parameters of the rat's pancreas
R.V. Yanko

The effectiveness of using intermittent fasting (IF) to activate pancreas function is not clear. One of the reasons for this
may be differences in the use of IF mode, the duration of the experiment, as well as the involvement of animals of
different ages in the experiment. Also, the question of how pronounced is the effect of the use of IF to increase the
functional activity of the pancreas in the elderly remains open. The aim of the work was to investigate and compare the
morphofunctional changes in the pancreas of rats of different ages after exposure to IF and to evaluate the prospects
of its use as a means to correct pronounced age-related decreases in gland function. Experiments were performed on
40 male rats aged 3 and 15 months. Experimental animals were exposed to IF, namely, 1 day — complete fasting / 2
days — standard diet. Access to water was free. The duration of the experiment was 28 days. Histological preparations
were made from pancreas tissue according to the standard method. Histomorphometry was carried out using the
computer program "Image J". Research was conducted in accordance with the provisions of the "European Convention
for the Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes" (Strasbourg, 1986). It
was found that exposure to IF for 28 days led to the appearance of clearly expressed morphofunctional signs of
increased activity of the pancreas in adult rats. The endocrine function of the gland increased in particular, as evidenced
by a probable increase in the relative area of the endocrine part (by 108%), the average number of Langerhans islets
(by 44%), the size of the islets, the number of endocrinocytes located in them (by 20%), and a decrease in the
concentration of glucose in the blood. In young animals, on the contrary, IF reduced the activity of both exo- and
endocrine (to a greater extent) part of the gland. The effect of IF reduced the amount of connective tissue in the
pancreas of rats of different ages. The obtained data can be used to improve the function of the pancreas in adults and
the elderly, as well as in the prevention of age-related chronic diseases of the gland accompanied by the appearance
of fibrosis. At the same time, the use of IF at a young age is not desirable.
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NMPABUNA 0511 ABTOPIB
XypHany «BicHMK XapKiBCbKOro HauioHanbHOro
yHiBepcuTeTy imeHi B. H. KapasiHa. Cepis «Bionoria»

Y XypHani nybnikytoTbCsl pe3ynbTaTi JOCAIMKEeHb 3a BCiMa HanpsiMkamy GionoriyHUX Hayk.
[o ny6nikauii npunmaroTbCa:
— 3aKiH4YeHi opuriHanbHi poboTw, WO AOoCi Hige He BuaaBanucs;
— onncK opuriHanbHMX METOAIB Ta Npunagis;
— TEOPETUYHI Ta OrNsA40BiI CTaTTI;
— MaTepianu Ta NoBIJOMMNEHHS NPO NOAIT HAYKOBOTIO XUTTH;
— peueHsii Ha KHUI.
CraTTi ApYKYIOTbCS YKPaAiHCLKOIO Ta aHrMiNCbKOK MOBaMU.

TeKCT ekcnepuMMeHTarnbHOI CTaTTi Mae cknagaTucs 3 HacTynHUX po3ginis: «BcTtyny, «MeTtoanka»
(«OB’ekT Ta MeTOaAM JOcChimKeHHs»), «Pesynbtatn», «OOroBopeHHs» (MOXnMBUA 00’egHaHWI
po3ain «Pe3ynbtaT Ta 06roBopeHHs»), «lepenik nocunaHby». TeKCTM cTaTen NOBUHHI OyTW BUKOHaHI y
pegaktopi Ms Word 3 BukopuctaHHam wpudty Arial — 10 pt; ab3au — 1 cM; MikpsgkoBui iHTepBan —
OAWHApPHUI; Nonsa: BEepxHE Ta HWkHe — 3,5 cMm; niBe — 2,5 cm, nNpaBe — 2 cM. TeKCT cTaTTi
nounHaeTbesa 3 iHaekcy YOK, gani saronosok (Arial — 12 pt), iHidianu Ta npissuwa astopis (Arial — 10
pt), NOBHi Ha3BM HayKOBUX YCTaHOB, agpecu enekTtpoHHoi nowTtn (Arial — 9 pt). AHoTauis
PO3MILLYETBCA Mif «LWanko» cTaTTi MoBo opuriHany (Arial — 9 pt). INig aHoTauieo OPyKYETbCA CNNCOK
knoyoBux cnie (He Ginbwe 10). Jani gpykyoTbea aHoTadii (Arial — 9 pt) aHrMINCBKOI i YKPaiHCLKOIO
MOBaMW pPa3oM i3 TpaHCKpUMLUisMW MNpi3BuLLY, aBTOPIB, Nepeknagom Has3su poboTu i BigNOBiAHMMMU
cnuckamu knoyoBmx criB. OBCAr KOXKHOMO 3 TPbOX pe3tomMe — He MeHLW Hixx 1800 poHeTnYHMX cCMMBONIB.
Tabnuui i pucyHKn po3milLytoTbCs Y TekcTi. HazBu Tabnuub i puCyHKIB Ta NPUMITKM A0 HUX NO4ATLCH
YKpalHCLKOI Ta aHrMincbKo MoBamu. [locmnaHHa Ha nitepaTypy Y TEKCTi NOAKTLCS Y KPYIInX AyXKax
i3 BKa3yBaHHsIM Npi3BuLLa aBTopa Ta poky BuAaHHs. CnMCoK BUKOpPUCTaHMX AxXepen ohopMeETbLCS 3a
andasiTom (cnovaTKy — [MXepena Kupunuueto, noTiM — naTuHuueto), 6e3 Hymepadii.

bibniorpadiuHun onuc mxepen Ta nocunaHb Yy TEKCTI BUKOHYETLCS BignoiaHo Ao Bumor MOH
Ykpainu, 3okpema — CTY 8302:2015, ane y BapiaHTi, HabnwkeHomy 0o Hopm cturnto APA (American
Psychological Association). Npu onuci gpykoBaHoro mkepena oOOOB’A3KOBO Criig 3a3HavaTu Micue
BYAAHHA (MICTO), BUAABHULUTBO, PiK BUAAHHS, 3aranbHYy KiflbKiCTb CTOPIHOK (Y NepioguyHUX BUOAAHHAX —
CTOpiHKM cTaTTi). bibniorpadiyHnii onuc gxepen adrnincbkoto mMoBoto (References) ocdopmnioeTbes
BignosigHo Ao Hopm ctunio APA (American Psychological Association). [xepena nicna cnosa
«References» poarawoByloTbCa 3a aHrninceknm andasitoM, 6e3 Hymepadii. [Jo nocunaHb 060B'I3K0BO
Tpeba gogasatu DOI, AKLWO BiH NPUCBOEHNI.

EnekTpoHHi Bepcii cTatem HagcunawTbCa A0 pefakuii enekTpoHHow nowTtol. Pasom 3
eNeKTPOHHOI0 BepCiclo [0 pefakuii HaacunaeTbca [ApykoBaHa Konis, nignucaHa asTtopamu. Ha
OKpeMii CTOpiHUi BKa3yloTb Mpi3BuLLA Ta iHiuianu ycix aBToOpiB, MOBHI Ha3BM HayKOBWX YCTaHOB Ta
NOLUTOBI aipecn yCTaHOB, aApecu enekTPOHHOI MOLTN aBTOPIB Ta NOCUMMAaHHA Ha iX Npodini y Mepexi
ORCID. U# iHchopmauiss HaBOAUTLCA YKPATHCBKOIO Ta aHrMNincbKo MOBaMu.

CraTtTq, fka HagxoauTb OO0 pefakuil, peecTpyeTbCa Ta HanpaBnseTbCsa OO0 pPeLeH3eHTa, KU
nignvucye cTatTio 0o ApyKy abo Biaxunsie ii. MNMpu HasiBHOCTi 3ayBaXkeHb CTATTIO NOBEpPTalTb aBTOpam
Onsa goonpautoBaHHS.

Cepisi «Bionorisiy, Bun. 43, 2024
Series Biology, issue 43, 2024 ISSN 2075-5457 (print), ISSN 2220-9697 (online)
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The journal publishes research findings across all areas of biological sciences. Submissions are
accepted in the following categories:
— Completed original studies that have not been published elsewhere;
— Descriptions of original methods and instruments;
— Theoretical and review articles;
— Materials and reports on scientific events;
— Book reviews.
Articles are published in Ukrainian and English.

The text of an experimental article must include the following sections: “Introduction,” “Methods”
(“Objects and Methods of Research”), “Results,” “Discussion” (or a combined section “Results and
Discussion”), and “References.” Articles should be prepared in MS Word using Arial font, 10 pt; paragraph
indent — 1 cm; single line spacing; margins: top and bottom — 3.5 cm, left — 2.5 cm, right — 2 cm.

The article text begins with the UDC index, followed by the title (Arial, 12 pt), authors’ initials and
surnames (Arial, 10 pt), full names of scientific institutions, and email addresses (Arial, 9 pt). An abstract in
the original language of the article is placed under the header (Arial, 9 pt), followed by a list of up to 10
keywords. Abstracts (Arial, 9 pt) in English and Ukrainian must also be included, along with the
transliterations of the authors' names, the translated title of the article, and the corresponding keywords.
Each abstract must be no less than 1,800 phonetic characters.

Tables and figures should be embedded in the text. Titles, captions, and notes for tables and figures
must be provided in both Ukrainian and English.

References in the text should appear in parentheses, indicating the author’'s surname and the year
of publication. The reference list is arranged alphabetically (first in Cyrillic, then in Latin script) without
numbering. Bibliographic descriptions must comply with the standards of the Ministry of Education and
Science of Ukraine, specifically DSTU 8302:2015, adapted to APA style (American Psychological
Assaociation). Descriptions of printed sources must include the place of publication (city), publisher, year,
and total page count (or article pages for periodicals).

References in English should be formatted according to APA style and listed under “References”,
arranged alphabetically without numbering. DOIs must be included if assigned.

Electronic versions of articles should be submitted via email to the editorial office. Along with the
electronic version, a printed copy signed by all authors must also be provided.

A separate page should include the authors’ surnames and initials, full names of scientific
institutions, postal addresses, email addresses, and links to their ORCID profiles. This information must be
provided in both Ukrainian and English.

Articles submitted to the editorial office are registered and sent for peer review. The reviewer either
approves the article for publication or rejects it. If revisions are required, the article is returned to the authors
for correction.
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