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Mosyakin S.L., McNeill J., Boiko G.V. 2019. Comments on proper type designation for names of taxa validated by Turczaninow in his
Animadbversiones, with case studies. Ukrainian Botanical Journal, 76(5): 379—389.

Abstract. General recommendations regarding proper type designation of names of taxa described by Turczaninow in his Animadversiones series
of articles (as well as in some other publications) are provided. It is concluded that, as clearly indicated in the protologues, all (or almost all)
taxa described in these publications are based on specimens from the private herbarium of Turczaninow which was donated in the 1840s to the
Kharkiv University (CWU) and in the 1940s was transferred to the Institute of Botany in Kyiv (KW). Consequently, holotypes and syntypes of
these taxa are now almost exclusively in KW. Several cases of correct and incorrect type designations are discussed, specifically of some South
American Brassicaceae, Geraniaceae and Hypericaceae, Central American Malvaceae, and southern African Polygalaceae. Information on the
re-discovered holotype (KW) of Abelmoschus achanioides Turcz. (now accepted as Malvaviscus achanioides (Turcz.) Fryxell, Malvaceae) is
provided, and an earlier lectotypification of that name with a specimen from G is considered ineffective. The holotype of Stenocalyx involutus
Turcz. (now considered a synonym of Mezia includens (Benth.) Cuatrec., Malpighiaceae) was originally in the Turczaninow herbarium, but
the whole folder with that specimen is now missing in KW (considered lost or destroyed), and it was already missing in the mid-1920s, when
the collection was still in CWU. Because of that the lectotype of S. involutus is designated here, the specimen from MPU, to replace the lost
or destroyed holotype. The need for thorough analysis of protologues, available original material, and associated information for correct type
designation/indication is emphasized.

Keywords: bibliography, Brassicaceae, Geraniaceae, herbarium, Malpighiaceae, Malvaceae, nomenclature, Polygalaceae, taxonomy, type,
typification
Submitted 31 July 2019. Published 31 October 2019

Mocsikin C.J1.!, MakHin Ix.?, Boiiko I B.! Horarku npo npaBuibHy THnidikauio Ha3s Takcouis, onucannx M.C. TypuaninoBuM y cepii crareii
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KoponiBebkuii My3eit Onrapio, TopoHTo, Kanazna

Pedepar. HasenieHi 3arajibHi peKOMeHIallii 111010 MPaBUJIbHOTO MO3HAYEHHS TUIIiB Ha3B TAKCOHIB, 1110 Oyu onucaHi M.C. TypuaHiHOBUM y
cepii crateii "Animadversiones..." (a TAKOX y I€SIKUX iHIIUX HOTO IMy6TiKalisx). Ha ocHOBI 4iTKMX BKa3iBOK y TTPOTOJIOTaX 3p00IeHO BUCHOBOK
npo Te, 1110 yci (abo Maiixke BCi) TAKCOHU, OMUCAHI B IIMX IMyOIiKallisx, 6a3yloThcsl Ha 3pa3Kax 3 MpuBaTHOTo repbapito TypuaHiHOBa, SIKU
y 1840-x pokax OyB momapoBaHuii HUM XapKiBcbkomy yHiBepcuteTy (CWU), a y 1940-x pokax mepeminieHnit 1o [HCTUTYTY GOTaHIKU Y
Kuesi (KW). OTxe, roJOTUIM Ta CUHTUITM 1IMX TAKCOHIB 3apa3 3HaXOIAThCsl Mailxke BUKIIOUHO y repbapii KW. O6roBoproroThes aeKiibka
BUIAIKIB TMPAaBWIBHUX Ta HEMPAaBUIBHUX TO3HAYCHb THUINIB, 30KpeMa, Ul NEesIKUX ITiBICHHOAMEPUKAHCHKUX TPENCTaBHUKIB POIUH
Brassicaceae, Geraniaceae ta Hypericaceae, 1ieHTpaibHOaMepuKaHCbKUX Malvaceae Ta niBneHHoadpukaHcbkux Polygalaceae. HaBeneHa
indopmaris nipo BinHatinenuii y KW ronoturn Abelmoschus achanioides Turcz. (3apa3 Bu3HaHwmii min Ha3Boto Malvaviscus achanioides (Turcz.)
Fryxell, Malvaceae), a nonepeanst nekrorurnicdikallis 11iei Ha3BM 3pa3koM 3 repdapito G BusHaHa HelilicHowo. Tonotun Stenocalyx involutus
Turcz. (HUHI PO3TIIAIAEThCS SIK CHHOHIM BU3HAHOI Ha3BU Mezia includens (Benth.) Cuatrec., Malpighiaceae) paHiie 3HaXonuBcs y repoapii
TypuaniHoBa, ajie Bciel manku 3 uuM 3paskom y KW 3apa3 Hemae; BoHa BBaXKa€ThCsl BTpayeHOIO i BxXe Oyna BincyTHs1 y cepeanHi 1920-x
POKiB, KoM KoJeKirist 1ie mepeoyBana B CWU. 3 miei mpuunnam HasBa S. involutus nextoturmidikoBaHa TyT 3pa3koM 3 repbapito MPU, Ha
3aMiHy BTpauy€HOro abo 3HUIIEHOTro royoTuIy. Harosolyerscsi Ha HEOOXiTHOCTI PETEIbHOTO aHali3y MPOTOJIOTIB, HASIBHOTO OPUTiHAIIBHOTO
Marepiaiy Ta acolliiloBaHoi iH(opMalii 11 npaBuIbHOI TUTTiiKaLii.

Kurouosi caoBa: Brassicaceae, Geraniaceae, Malpighiaceae, Malvaceae, Polygalaceae, 6ioniorpadisi, repbapiii, HOMEHKJIaTypa, CUCTeMaTHKa,
TUM, TUTTidiKaris

© 2019 S.L. Mosyakin, J. McNeill, G.V. Boiko. Published by the M.G. Kholodny Institute of Botany, NAS of Ukraine. This is an open
access article under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
use, distribution, and reproduction in any medium, provided the original work is properly cited
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Introduction

Nikolai S. Turczaninow (1796—1863; Hukomnaii
CrenmaHoBuu TypuyanuHoB in Russian, Mukona
CremanoBuu  TypuaniHoB in  Ukrainian, also

sometimes transliterated as Turczaninov, Turchaninov,
Turtschaninow, or Turczaninoff), despite his amateur
background (professionally he was a government
administrator), was a prolific plant taxonomist of the
19t century who described numerous new taxa of plants
from almost all parts of the world, especially Asia, South
and Central America, southern Africa, and Australasia.
Only a few species were described by him from Europe
and North America north of Mexico. The number of
plant names validated by Turczaninow isestimated at 172
genera and 1563 species (Myakushko, 1976; Myakushko
et al., 1979; Shiyan, 2011), but these figures may be
incomplete. The search in the /PN database (https://
www.ipni.org/, accessed 16 May 2019) resulted in 4170
records (including nomenclatural combinations), but
some of those records are duplicates.

Many new genera and species were described by
Turczaninow in three articles of his Animadversiones
series published in five issues of Bulletin de la Société
Impériale des Naturalistes de Moscou (Turczaninow,
1855, 1858a, 1858b, 1859, 1863). The complete
bibliography is available from Stafleu and Cowan
(1986: 541); however, there are several still remaining
bibliographic problems. For example, the first article
was probably released as a separate preprint in 1854
before its publication in the journal in 1855. Sometimes
these publications are cited incorrectly or incompletely,
partly because of a specific and potentially confusing
system of pagination used in volumes of the journal in
the mid-19* century. In those times each volume of
Bulletin... often consisted of two separately paginated
parts, each with two issues ("numbers"). Thus, when
citing publications in volumes of Bulletin de la Société
Impériale des Naturalistes de Moscou with separate
pagination of parts, it is important to indicate not just
the issue number, but also the part number, and the
issue and part numbers should not be confused. For
example, the last article of the Animadversiones series
(Turczaninow 1863) was published in part 1, issue 2
of volume 36, but not in part 2, as it was erroneously
indicated in Stafleu and Cowan (1986: 541).

Almost all new taxa described by Turczaninow in
his Animadversiones articles were based, unless noted
otherwise, on specimens from his personal herbarium

380

that he donated in the late 1840s to the Imperial
Khar'kov [Kharkiv] University (now V.N. Karazin
National University of Kharkivy, CWU') in exchange
for a modest annual pension from the University
(unfortunately, soon cut down and then cancelled by the
university authorities) and the possibility to continue
his studies and curation of the herbarium. The fact that
Turczaninow used exclusively (or almost exclusively)
the specimens from his collection is properly reflected
even in the titles of his articles: Animadversiones
ad primam partem herbarii Turczaninowiani, nunc
Universitatis Caesareae Charkowiensis (Turczaninow,
1855), Animadversiones in secundam partem herbarii
Turczaninowiani,  nunc  Universitatis  Caesareae
Charkowiensis [Animadversiones Part 2, published in
three issues] (Turczaninow, 1858a, 1858b, 1859), and
Animadversiones ad catalogum primum et secundum
herbarii  Universitatis Charkowiensis [Addenda to
Animadversiones Parts 1 and 2] (Turczaninow, 1863).
Thus, Turczaninow in fact explicitly stated that his
Animadversiones constitute an annotated catalogue
of selected (most interesting from his viewpoint)
specimens from his personal herbarium, since the 1840s
kept in CWU and in the 1940s transferred to KW.

The Turczaninow historical collection (informally
referred to as KW-TURCZ) is now deposited at the
National Herbarium of Ukraine in Kyiv (KW). It
was transferred from Kharkiv (CWU) to Kyiv at the
end of World War II (for history of the Turczaninow
herbarium, see Myakushko, 1976; Myakushko et al.,
1979; Marchant, 1990; Kamelin, Sytin, 1997; Shiyan,
2011; Mosyakin et al., 2018; and references therein).
The specific circumstances of this transfer from CWU
to KW remain insufficiently known.

The collection is kept separately from other KW
collections and is estimated to contain at least 150 000
(more probably 170 000 or more) specimens representing
ca. 53 000 plant taxa from all parts of the Globe (see
Shiyan (2011), and references therein). The exact
number of specimens is difficult to estimate because the
main part of the collection remains unmounted, kept
as it was originally maintained by Turczaninow (which
is important for maintaining the original arrangement
of plant material and associated labels and folders for
further research), and many sheets contain two or more
specimens with associated labels.

! Herbarium acronyms are given following Index Herbariorum
(Thiers 2008—onward).
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Inthe 1970s the curatorial staff of KW led by Taisia Ya.
Myakushko [Omel'chuk-Myakushko] started activities
aimed at inventory, cataloguing, and mounting of types
of taxa validated by Turczaninow. By 1979 the managed
and mounted part of the type collection contained ca.
1120 specimens, also systematized in a card catalogue.
The plant families best represented in the catalogue were
Myrtaceae (128 species), Asteraceae (109), Fabaceae
(78), Verbenaceae (72), Sterculiaceae (62), Malvaceae
(44), Tiliaceae (39), Rutaceae (39), Apocynaceae (38),
Apiaceae (22), etc. (Myakushko et al., 1979, 1981).

Since then, additional type specimens were
revealed and added to the type collection, and all these
specimens were digitized and databased in the course
of implementation of three projects supported by The
Andrew W. Mellon Foundation during 2007—2016
within the framework of the African Plants Initiative,
Latin American Plants Initiative, and the Global Plants
Initiative. Now these digital images and associated data
are available through JSTOR Global Plants (https://
plants.jstor.org), as well as other identified type
specimens from KW.

It should be noted that in older literature the
Turczaninow types were often cited as definitely or
supposedly held in St. Petersburg (LE) or Moscow
(MW). Those herbaria indeed contain numerous
specimens collected by Turczaninow, especially the
main part of his Siberian collection, which is best
represented in LE (see Lipschitz, Vasilchenko, 1968;
Myakushko et al., 1979; etc.). The LE and MW herbaria
also contain many duplicates of worldwide gatherings,
specimens of which (those kept in his herbarium)
were used by Turczaninow, but not the holotypes or
syntypes of the names validated in Animadversiones
and some other Turczaninow's publications; those
holotypes and syntypes are now almost exclusively
in KW. Seregin (2010: 71) commented on that as
follows: "There is a misbelief (see, for instance, the
web-version of Cyclopaedia of Malesian Collectors),
that MW or/and LE possess Turczaninow's holotypes.
In the case of MW this belief is largely based on the
fact, that his protologues were published in Bulletin
de la Société Impériale des Naturalistes de Moscou
(this serial is still continued as Byulleten' Moskovskogo
Obshchestva Ispytatelei Prirody, Otdel Biologicheskii).
The personal collection of Turczaninow with numerous
authentic specimens was conserved for a long time in
the Kharkov University. Nazi decided to move this
treasure to Germany as a war trophy in 1940s, but due

Yipaincokuit 6omaniunuii ncypran, 2019, 76(5)

to a logistic mistake the railway carriage had not arrived
to the destination point. Turczaninow's herbarium was
completely returned by restitution to Kiev soon after
the end of World War II. Now this historic collection
is conserved in the Kholodny Botanical Institute, Kiev
(Ukraine) as a separate unit, and the holotypes should
be searched for there" (see also comments in Mosyakin,
de Lange, 2019).

Mosyakin and co-authors have already briefly
discussed the problem of the type status of original
specimens and type designation for plant names
validated by Turczaninow in his Animadversiones, using
the case of two names in Celastraceae considered in our
proposal to conserve the name Tontelea attenuata Miers
(1872: 384) against Maytenus amygdalina Turczaninow
(1858b: 451) (Biral et al., 2019), and the cases of four
taxa of Geraniaceae described by Turczaninow from
New Zealand and Australia (Mosyakin, de Lange,
2019).

Here we provide general recommendations
regarding type designation for the names published
by Turczaninow, specifically those validated in his
Animadversiones. These recommendations should
not, however, be applied uncritically to taxa described
by Turczaninow in his other publications in which no
clear statement of the usage of specimens from his own
herbarium was present, such as his Flora-Baicalensi-
Dahurica [see details and bibliography in Stafleu
(1969) and Stafleu and Cowan (1986)], and to taxa
based on his own field collections in Siberia because
it is documented that the author during that period of
his activities widely shared his duplicates with many
persons and institutions, and his original specimens
are now present in many other herbaria, especially G,
LE, K, MW, etc. (see Stafleu, Cowan, 1986). Also, it
is evident that, for example, in his Decas... series (e.g.,
Turczaninow, 1843, 1847, 1852, etc.; see bibliography
in Stafleu, Cowan, 1986) Turczaninow used mainly
or exclusively material from his herbarium; however,
there is no explicit statement on that in the protologues,
with some exceptions. For example, when describing
Holopetalum pumilum Turczaninow (1843: 51) he
cited "Reseda n. 7533 in Drége coll. pl. Capens.", and
Drége collections from southern Africa are present in
many herbaria. However, Turczaninow (1843: 52) also
indicated that seeds in his specimens are immature
("Semina in speciminibus meis immatura"), which can
be viewed as a reference to his herbarium.
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General guidelines for identification of the type status
of original specimens and for typification of plant names
validated by Turczaninow in his Animadversiones

The following general guidelines provide more detailed
recommendations and are based on relevant provisions
of Art. 9 of the ICN [here and below the ICN articles
refer to the Shenzhen Code (Turland et al., 2018),
unless noted otherwise], and also explanations and
recommendations by McNeill (2014) specifically for
holotypes.

(1) For all taxa described by Turczaninow in his
Animadversiones and some other publications that
were explicitly based, unless noted otherwise in the
protologue, on specimens from Turczaninow's private
herbarium donated first to CWU (in the 1840s) and then
transferred to KW (in the 1940s), all (or almost all) types
(holotypes or syntypes) are now in KW. Exceptions are
very few, and for those exceptional cases Turczaninow
usually clearly indicated that he has seen also specimens
from other herbaria.

(2) If Turczaninow indicated or mentioned in
the protologue just one specimen, and if there is just
one corresponding specimen in KW-TURCZ, that
specimen should be considered the holotype and that
type designation is final (Art. 9.1 of the ICN).

(3) However, "the possibility that the author used
additional, uncited specimens or illustrations (which
may have been lost or destroyed) must always be
considered” (Art. 9.1, Note 1 of the ICN). For such
specific cases McNeill (2014: 1113), to ensure validity
of type designations on or after 1 January 2001,
recommended the following: "It is, therefore, wise for
authors who are doubtful asto whether or not a particular
specimen in one herbarium is the holotype to cite it as:
"Lectotype, designated here (or perhaps holotype)".
Thus, if Turczaninow indicated in the protologue just
one gathering, and if there is just one corresponding
extant specimen in KW-TURCZ, that specimen is
most probably the holotype. If that KW specimen was
cited/designated as the holotype, lectotype, or just
"type" prior to 1 January 2001, that type designation
should stand even if an additional original specimen
or specimens studied by Turczaninow is/are found in
KW. In that case the specimen first designated as the
"holotype" or "type" should be corrected to "lectotype”
following Art. 9.10 of the ICN. However, if no type
designation for a particular Turczaninow's taxon has
been made prior to 1 January 2001, it is possible (or
in some cases even advisable) to cite the only existing
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original specimen from KW-TURCZ with the type
designation as "Lectotype, designated here (or perhaps
holotype)", following the recommendation of McNeill
(2014).

(4) If Turczaninow indicated in the protologue one
gathering but there are two or more corresponding
specimens in KW-TURCZ, these specimens are
syntypes (Art. 9.6 of the ICN). The lectotype should
be selected preferably from these syntypes (Art.
9.11 and 9.12 of the ICN). However, if two or more
corresponding sheets in KW-TURCZ have just one
original label, are clearly cross-referenced (for example,
as "Sheet 1" and "Sheet 2", or "I" and "II", or "a" and "b",
etc.), and belong to one taxon (i.e., do not represent a
mixed collection), they may constitute one specimen
mounted on two or more sheets (Art. 8.2 and 8.3 of the
ICN). Such cross-references, and often also additional
curatorial labels (copies of original labels), were usually
added by the curatorial staff of KW in the 1970s—1980s
(and occasionally later) when the Turczaninow type
specimens were pulled out from his mainly unmounted
original collection, catalogued on paper cards, and
mounted (see Myakushko et al., 1979). If there is just
one original specimen in KW-TURCZ mounted on two
or more sheets, that specimen is the holotype (but see
paragraph (3) above). Examples of such type specimens
mounted on two sheets are Maytenus amygdalina Turcz.
(holotype on KW001001094 and KWO001001095; see
Biral et al., 2019) and Erodium peristeroides Turcz.
(holotype on KW001001021 and KW001001022; see
Mosyakin, de Lange, 2019).

(5) If Turczaninow indicated in the protologue two or
more gatherings, all corresponding specimens in KW-
TURCZ are syntypes (9.6 of the ICN). The lectotype
should be preferably selected from these syntypes (Art.
9.11 and 9.12 of the ICN). The possibility that one of
the original gatherings present in KW-TURCZ is in fact
one specimen mounted on two or more sheets should
be also critically considered (see paragraph (4) above).

(6) If no original material (as defined in Art. 9.4 of the
ICN) is currently present in the Turczaninow herbarium
at KW (i.e. presumably lost or destroyed), a lectotype
may be selected from other original material that is
extant in other herbaria (usually isotypes or isosyntypes,
i.e., duplicates of the types or syntypes indicated by
Turczaninow in the protologue and belonging to the
same gathering or gatherings). However, if the lost
holotype is rediscovered, the lectotypification will
have no standing because the holotype always takes
precedence over a lectotype.
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(7) If no original material (as defined in Art. 9.4 of
the ICN) is known to be present in the Turczaninow
herbarium at KW and in other herbaria (i.e., if all
original material is presumably lost or destroyed), a
neotype may be selected (Art. 9.8 and 9.13 of the ICN).
However, a neotype serves as the nomenclatural type
only as long as original material is missing. If any part
of the original material is found to exist (rediscovered),
a lectotype should be designated from it because a
lectotype always takes precedence over a neotype [Art.
9.13 of the ICN, except as provided by Art. 9.16 and
9.19(¢)].

Consequently, any lectotype of a Turczaninow's
taxon name validated in Animadversiones (as well as
in some other publications by Turczaninow) that was
designated by any author not from specimens housed
at KW-TURCZ but from another herbarium without
considering Turczaninow specimens will have no
standing if it is demonstrated that the holotype ("the
one specimen... either (a) indicated by the author(s)
as the nomenclatural type or (b) used by the author(s)
when no type was indicated"; Art. 9.1 of the ICN) of that
taxon is extant in KW. If there are two or more syntypes
in KW, a lectotype should be preferably selected from
those syntypes.

However, the current wording of Art. 9.12 of the ICN
makes syntypes and isosyntypes in fact equal in lectotype
designation: "In lectotype designation, an isotype must
be chosen if such exists, or otherwise a syntype or
isosyntype if such exists". Thus, formally, if an isosyntype
from some herbarium (but not a syntype from KW) has
been designated by some author(s) as a lectotype of
Turczaninow's taxon described in Animadversiones, that
designation should stand. In our opinion, the specimens
cited in the protologue (syntypes; see Art. 9.6) should be
always preferred in lectotype designation over uncited
specimens (isosyntypes; see Art. 9.4, footnote).

It would be also advisable to formalize that provision
in the next edition of the Code and to ensure that
a syntype should always take precedence over an
isosyntype. In our opinion, it can be achieved through a
proposal to amend the first sentence of Art. 9.12 of the
ICN as follows: "In lectotype designation, an isotype
must be chosen if such exists, or otherwise a syntype
if such exists, or otherwise an isosyntype if such exists"
(as compared to the current wording: "In lectotype
designation, an isotype must be chosen if such exists,
or otherwise a syntype or isosyntype if such exists").
The relevant proposal to amend the Code has been
prepared, and it will be formally submitted as soon as

Yipaincokuit 6omaniunuii ncypran, 2019, 76(5)

the procedures and timetable are published in 7axon
(expected late 2019 or early 2020).

Thus, we urge all plant taxonomists working on
type designation for taxa described by Turczaninow
(especially those validated in his Animadversiones series
definitely and explicitly based on his private herbarium,
now in KW) to consult first the specimens available
in KW-TURCZ and/or their digital images (mainly
available from JSTOR Global Plants: https://plants.
jstor.org).

Additional explanation should be provided for
specific cases of lectotypification of taxa validated
by Turczaninow. If in KW-TURCZ there is just one
original specimen of a particular Turczaninow's taxon
originally described in the protologue with an indication
of Turczaninow's herbarium, that specimen is most
probably the holotype (see details above). However,
both before and after 1 January 2001 lectotypifications
of names with such specimens are not erroneous (see
the South American Geranium case discussed below).

Consequently, for the cases considered above, all
duplicates of the KW holotypes (or probable holotypes
that were indicated or designated as lectotypes by
typifying authors) belonging to the same gathering
but housed in other herbaria are in fact isotypes (or
isolectotypes, if formal lectotypifications based on KW
specimens have been done).

Taking into consideration the above arguments,
we provide below the nomenclatural examples (with
some corrected typifications) for selected plant names
validated by Turczaninow in his Animadversiones.

Selected case studies

Brassicaceae: South American Draba

An example of the correct type designation/indication
of Turczaninow's plant names is the recent treatment of
South American taxa of Draba Linnaeus (1753: 642) by
Al-Shehbaz (2018), who in all cases accepted unique
specimens from KW-TURCZ as holotypes of the names
validated by Turczaninow (1855). However, if, for any
particular taxon of Draba currently represented in KW-
TURCZ by just one specimen, any additional original
specimen definitely studied by Turczaninow is found
in KW (which is rather improbable), lectotypification
will be necessary because the holotype indication was
made by Al-Shehbaz (2018) after 1 January 2001, and
there is currently no option in the ICN for automatic
correction of the indication of a supposed holotype
to the designation of a lectotype, unless the words
"designated here", "hic designatus”, or an equivalent
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(Art. 7.11 and Art. 9 Note 6 of the ICN) were used by
the typifying author after 1 January 2001 (see McNeill,
2014).

Geraniaceae: South American Geranium

Four currently recognized South American taxa of
Geranium described by Turczaninow (1858b) were
lectotypified by Aedo et al. (2003; see also Aedo,
2012) with the specimens from KW, based on images
(photographs) studied. For each of these four names,
only one original specimen currently exists in the
Turczaninow herbarium, and thus these four specimens
can be considered holotypes of the four names. These
lectotype designations with the words "here designated"
made by Aedo et al. (2003) instead of indications of
holotypesare, however, acceptable and correct underthe
current Shenzhen Code (Turlandetal., 2018), asthey were
also under the previous Melbourne Code (McNeill et al.,
2012; see also McNeill, 2014) and earlier Codes. Digital
images of these four lectotypes (or, in fact, holotypes —
cf. Art. 9.1 and 9.10 of the ICN) of Geranium names
are now available online from JSTOR Global Plants:
Geranium lindenianum Turczaninow (1858b: 417;
https://plants.jstor.org/stable/10.5555/al.ap.specimen.
kw001000002); G. multiceps Turczaninow (1858b:
417, https://plants.jstor.org/stable/10.5555/al.ap.
specimen.kw001000001); G. subnudicaule Turczaninow
(1858b: 418; https://plants.jstor.org/stable/10.5555/
al.ap.specimen.kw001001017), and G. velutinum
Turczaninow (1858b: 417; https://plants.jstor.org/
stable/10.5555/al.ap.specimen.kw001001018).

Malpighiaceae: Stenocalyx involutus

The generic name Stenocalyx Turczaninow (1858b: 393)
and the species name Stenocalyx involutus Turczaninow
(1858b: 394) were validated by a single description
(descriptio generico-specifica, Art. 38.5 of the ICN;
Turland et al., 2018).

Unfortunately, the generic name proposed by
Turczaninow is a latter homonym of Sfenocalyx
O.Berg (1856: 309) belonging to Mpyrtaceae, and
thus the currently accepted name for the genus of
Malpighiaceae proposed by Turczaninow as Stenocalyx
is Mezia Schwacke ex Niedenzu (1890: 58); see further
taxonomic and nomenclatural details in C. Anderson
and W.R. Anderson (2018) and Cuatrecasas and Croat
(1980).

The following provenance was cited for Stenocalyx
involutus in the protologue: "In provincia Caraboba
Venezuelae, prope St.-Estevan, alt. 1000 ped. Funck
et Schlim n. 518". Judging from the handwritten
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Turczaninow's catalogue of his herbarium currently held
at KW (see Diachenko et al., 2015), the corresponding
specimen (or specimens?) was (were) held in Folder
83. However, this whole folder is missing, and it was
already missing in 1924—1925, when an inventory of
the Turczaninow herbarium has been done in CWU
by E.M. Lavrenko and others (Diachenko et al., 2015:
276, 278).

C. Anderson and W.R. Anderson (2018: 355) assumed
that the type of Stenocalyx involutus is deposited in KW
(which is not the case, as reported above) and provided
the following type information: "Type: Venezuela,
Carabobo, 'St. Estevan' [San Esteban, 10°26" N,
68°00" W], 1845—46, Funck & Schlim 518 (holo KW?;
iso G, MPU*)".

Thus, they indicated the presence of other original
specimens in herbaria of Geneva and Montpellier, and,
since the holotype from KW cited by Turczaninow is
lost or destroyed, a lectotype should be selected from
other extant original material (Art. 9.12 of the ICN), in
that case an isotype (or isosyntype). We thus designate
here the specimen from MPU (barcode MPU021273)
as the lectotype of Stenocalyx involutus.

Mezia includens (Benth.) Cuatrecasas (1958: 450) =
Tetrapterys includens Bentham (1848: 133) = Diplopterys
includens (Benth.) Niedenzu (1928: 226).

Type: FRENCH GUIANA: 'Cayenne': Martin s.n. K —
Bentham Herbarium [vide Anderson and Anderson
(2018: 355), cited as the holotype; isotype in K —
Hooker Herbarium], non vidi.

= Stenocalyx involutus Turczaninow (1858b: 394) =
Diplopterys involuta (Turcz.) Niedenzu (1928: 226).

Type: VENEZUELA: "No. 518 | Stenocalyx involutus
| Turczan. [identification probably added later, in
another hand] | fl. jaunes | San Estevan (Caraboba)
| Funcke [Funck] & Schlim | Coll. 1845—6", MPU,
barcode MPU021273 (lectotype, designated here to
replace the lost or destroyed holotype originally held
at CWU; image available from https://plants.jstor.
org/stable/10.5555/al.ap.specimen.mpu021273 and
https://herbier.umontpellier.fr/zoomify/zoomify.
php?fichier=MPU021273).

Malvaceae from Central America

Dorr (2017: 25) cited the following type information for
the name Cybiostigma sidifolium Turczaninow (1852:
155, as "sidaefolium"), the basionym of the currently
accepted name Ayenia sidifolia (Turcz.) Hemsley
(1979: 135): "Cybiostigma sidifolium Turcz., Bull. Soc.
Imp. Naturalistes Moscou 25(3):155. 1852. Ayenia
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mexicana Turcz., Bull. Soc. Imp. Naturalistes Moscou
36(2):569. 1863, nom. superfl. Type: Mexico. Oaxaca:
savannah near the Pacific, 3000 ft, 1840 (f1), H. Galeotti
326 (lectotype, as "tipo" designated by Cristobal
1960: G [G00358304 as image!]; isolectotypes:
BR [BR0000005423101 as image!], K [K000543778]!,
K [K000543779]!, KW [KW001000156 as image!],
P [P02286136 as image!])".

Thus, he accepted the type (in fact, the lectotype,
image  available  from  https://plants.jstor.org/
stable/10.5555/al.ap.specimen.g00358304) designated
by Cristobal (1960), and formally did it correctly, even
despite the fact that the unique original specimen
studied and annotated by Turczaninow is present in
KW (image available from https://plants.jstor.org/
stable/10.5555/al.ap.specimen.kw001000156), because
there was no explicit indication of a particular specimen
or herbarium in the protologue (one of Turczaninow's
Decas... articles, see above). However, this case is not
the best typification practice: the KW specimen was
evidently the best option for designation of a lectotype
because it bears the annotation by Turczaninow,
belonged to his personal herbarium, and was definitely
studied by him.

Fryxell (1979: 253) proposed a new combination
Malvaviscus achanioides (Turcz.) Fryxell based on
Abelmoschus achanioides Turczaninow (1858a: 196)
and cited the type as deposited in Geneva: "Linden 8§38
[938] (G as photo NY)". Indeed, the G herbarium has
two supposedly original specimens (one mounted on
two sheets) of probably the same gathering, but with
the collection number reported as Linden 9381, and/or
938 on an envelope on one sheet (images available from
https://plants.jstor.org/stable/10.5555/al.ap.specimen.
200353129 and https://plants.jstor.org/stable/10.5555/
al.ap.specimen.g00353130). However, the holotype
(Fig. 1) was recently found by the first author (Sergei
Mosyakin) in the general unmounted part of the
Turczaninow collection in KW, it is well preserved and
rather complete (a branch with four leaves, one flower,
and buds). That specimen has not been added earlier to
the collection of mounted types, most probably because
Turczaninow's original identification "Abelmoschus
achanioides Turcz." was written directly on the folder
but not on a label. Such identifications on the folder
only were sometimes practiced by Turczaninow,
especially during later years of his life. The collection
number on the original label is clearly given as Linden
838, exactly as in the protologue. It is thus definitely the
one specimen cited in the protologue. The proper type
designation is provided below.
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Malvaviscus achanioides (Turcz.) Fryxell (1979: 253)

= Abelmoschus achanioides Turczaninow (1858a: 196)

= Hibiscus achanioides (Turcz.) Hemsley (1879: 121).

Type: MEXICO: "Hibiscus | [shrub sign] fl. rouge | forét
de Teapa | Mexique, Etat de Tabasco | Hauteur 2000 p
[feet]| 1839 Linden 838", KW, barcode KW001003068
(holotype), Fig. 1.

Several other holotypes and syntypes of
Turczaninow's Malvaceae that were previously
considered lost (e.g., see the list in Fryxell, Krapovickas,
1990) have been recently re-discovered by Sergei
Mosyakin and Ganna Boiko among unmounted
specimens in the Turczaninow Herbarium (KW-
TURCZ), including the holotypes of Malva mathewsii
Turczaninow (1863: 563), M. scorpioides Turczaninow
(1863: 562), and Sphaeralcea galeottii Turczaninow
(1858a: 186). These and some other type specimens of
Malvaceae newly found in the Turczaninow Herbarium
will be considered in a special article.

Polygalaceae: southern African Polygala

In their checklist of southern African taxa of Polygala
Linnaeus (1753: 701), Figueiredo et al. (2013) correctly
indicated the types (holotypes) of Turczaninow's taxa
as deposited in KW and corrected the earlier type
(lectotype) designation made by Paiva (1998) for the
name P. ciliatifolia Turczaninow (1855: 347) [considered
a synonym of P. umbellata L.: Linnaeus (1771: 259)] to
the holotype in KW (KW001000268, image available
from https://plants.jstor.org/stable/10.5555/al.ap.
specimen.kw001000268): "Although Paiva designated
the M specimen as lectotype (Paiva 1998: 271), it
is considered that all types of Turczaninow are at
Kiew (KW), Ukraine" (Figueiredo et al. 2013: 5).
As we discussed above, not all types of Turczaninow
are in Kyiv, but those of almost all taxa described in
Animadbversiones (including P. ciliatifolia) are certainly
at KW.

Hypericaceae: South American Hypericum

In his taxonomic treatment of Hypericum L. (Linnaeus,
1753: 783) sect. Brathys (L. fil.) Choisy (1821: 58)
[= Brathys L.f. (Linnaeus fil., 1782: pl. 43, 268)],
Robson (1987) in all cases indicated the types of the
names validated by Turczaninow as deposited in LE
(as four holotypes and one lectotype). In fact, all these
taxa were published in Animadversiones (Turczaninow,
1858b) and their types (holotypes, or syntypes if two
or more specimens or gatherings were indicated in the
protologue) are in KW-TURCZ. Images of most of these
KW specimens of Hypericum are available online from
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JSTOR Global Plants, with some exceptions of a few
supposedly missing specimens. We were able to locate
recently these previously unaccounted specimens in the
unmounted part of the Turczaninow collection, and the
herbarium citations with corrected typifications will be
published in a separate nomenclatural note (Mosyakin
et al., in preparation).

Concluding remarks

Many additional examples of correct and incorrect
indications or designations of types of plant names
validated by Turczaninow in his Animadversiones and in
some other publications can be provided. Some specific
cases will be discussed in more detail in forthcoming
articles. In any case, a critical analysis of the protologue,
available original material, and associated information
is crucial for correct type designation/indication for
Turczaninow's names, as well as names published by
any other author. It is much easily done now than it
used to be before, mainly because of the growing online
availability of digitized protologues and herbarium
specimens.
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Abstract. The analytic orientation of this paper is intended as a replacement for the antiquated but still prevalent phylogenetic inferential models
and techniques of the late 20" century that are focused entirely on shared descent. Serial descent, that is, progenitor to descendant, may occur
at the species or infraspecies level. In molecular systematics, species level paraphyly occurs when two examples of the same species are separated
on a cladogram by a second species. This implies linear macroevolution of the second species from the first. Molecular cladograms often
show cladistic structure (branching) among examples of the same species. If well-supported, such indicates a potential for evolution. A range
of infraspecific and intraspecific cladistic structure in species of Pottiaceae (Bryophyta) was demonstrated in previously published molecular
cladograms and data sets of other authors. This includes well-supported cladistic structure of molecular strains, and well-supported paraphyly
involving other species. Large numbers of base pair changes among strains are considered here evidence of evolvability and increasing age of
a species. Infraspecific strains are apparently lost in older species through speciation and extinction. Cluster analysis using DNA metadata of
Oxystegus species matched published molecular cladograms to a large extent. The fact that apparent molecular strains are present in both non-
paraphyletic and paraphyletic species, about half the species studied, shore up the theory that internal racial differentiation at the molecular level
leads to or signals serial descent of multiple extant morphotaxa. It is because much infraspecific molecular cladistic structure exists that newly
speciated taxa are already strongly cladistically dichotomized. Thus, the ultimate source of molecular paraphyly is internal to each species,
and does not imply polyphyly by convergent species or cryptic taxa. Molecular systematics cannot effectively model progenitor-descendant
radiation. Species with many strains are potential sources of future biological diversity. Recognition of differential evolvability may allow
facilitation of complex, interactive, diverse ecosystems successfully tracking climate change.

Keywords: age, Bayesian posterior probabilities, cladogram, linear descent, macroevolution, metadata, paraphyly, presorted molecular strains, races
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Miccypiiicbkuit 6oTaHiYHUMI cal,

Cenr-Jlyic, Miccypi 63166-029 CIIIA

Pedepar. AHaniTuHa CIPSIMOBAHICTb 1Ii€T CTATTi MOJISITAE y MPAarHEHHI 3aMiHUTU 3aCTapii, ajie Bce 1€ MOoLMpeHi (iloreHeTuuHi Moaeni
Ta MeToAu KiHug 20-ro CTOJITTA, SIKi TTOBHICTIO 0a3ylOThCs Ha KOHILICMIIl CHiJIBHOTO MOXOMKeHHs. [1ocmiqoBHe TMOXOMKEHHS, TOOTO Bil
MOTepeIHiX MPeaKiB 10 HalllalKiB, MOXe BifOyBaTHUCs Ha PiBHI BUIiB a00 BHYTPIIHbOBUAOBUX TAKCOHIB. Y MOJIEKYJISIDHIN cUCTeMaTuli
napadiisi Ha BUIOBOMY PiBHi Ma€ Miclie TOJi, KOJIM JBa MPEACTaBHUKYU OJHOTO BUIY PO3MiJIEH] Ha Kanorpami iHmmm BuaoM. Lle o3Hauae
MOCIiI0BHY (JIiHiIliHY) MaKpOEBOJIIOLLiI0 APYTOro BUAY Bif nepuioro. MoseKyJIpHi KJIaaorpaMy 4acTo AeMOHCTPYIOTh KIIAAUCTUUHY CTPYKTYPY
(TasryeHHsI (DiTOTeHeTUIHMX JIiHiI) cepel 3pa3KiB OMHOTO BUIY. 32 YMOB BUCOKOI MATPUMKH, 1I¢ BKAa3y€ Ha €BOIOLINHUN MOTEHITIa.
CriekTp MiXBHUIOBOI Ta BHYTPITHHOBUIOBOT KJIAMUCTUIHOI CTPYKTYpPH Y BUMIIB ponuHu Pottiaceae (Bryophyta) 6yB IpONeMOHCTPOBAHUI Y
paHilie ony0J1iKOBaHUX MOJIEKYJISIPHUX KJIaorpaMax Ta JaHUX iHIIKX aBTopiB. Lle BKItoyae nodpe miaTpuMyBaHy KJIAQAUCTUYHY CTPYKTYPY
MOJIEKYJISIPHUX JIiHil Ta oOpe MminTpuMyBaHy napadisiro momo iHmmxX BUAiB. 3HaYHA KiJTbKICTh 3MiH HYKJICOTUIHUX TTAp Cepel JIiHii OMHOTO
BUJY Y TAKOMY BUTIAJIKy BBaXKAETHCS TYT CBITUEHHIM €BOJIOLINHOI CIIPOMOXKHOCTI Ta 301/IbLIEHHS Yacy iCHyBaHHS BUAY. BHYTpillTHbOBUI0BI
¢inoreHeTnyHi JMiHIT y cTapumx 3a BiKOM BUJiB, OYEBUIHO, BTPAYAIOThCS Yepe3 BUIOYTBOPEHHS Ta BUMMpaHHs. KiacrepHuii aHaii3 i3
BukopuctanHsim Metananux JJHK BumiB Oxystegus 3Ha4HOIO Mipoto 30ira€Thest 3 OMyOIiKOBAHUME MOJIEKYISIPHUMY Kiamorpamamu. Toi
axr, 1110 oueBUIHI MOJIEKYJISPHI JiHIT HasgBHI K y HernapadileTUUYHUX, TaK i y napadileTHYHUX BUIIB (3arajioM MPUOIN3HO y MOJOBUHU
3 IOCIIIKEHUX BUIIB), MIATBEP/KYE TiMOTEe3y PO Te, 110 BHYTPIIIHS pacoBa AudepeHIialliss Ha MOJEKYISIPHOMY PiBHi TTPU3BOAUTH JI0
MOCJIiIOBHOTO IMOXO/KEHHS 0araTboX HMHI iCHYlI0UMX MOP(OTaKCOHIB, a00 X CBiTUUTH PO el ITpotiec. HOBOyTBOpEeHi TAKCOHU BXE € CUJIBHO
KJIaJJUCTUYHO TUXOTOMi30BaHMMU CaMe TOMY, 1110 Y MeXax MPeAKOBUX BUIIiB iICHYIO€ 3HaUHa BHYTPIlIIHbOBUI0OBA MOJIEKYJISIPHA KJIAAUCTUYHA
CTpYKTypa. TakMM YHMHOM, OCHOBHE JIKEPEJIO MOJIEKYJISIpHOI napadiiii € BHYTpillIHIM (eHOMEHOM [UIsi KOKHOTO BUIY, a TOMY BOHO HE
000B'SI3KOBO CBITUUTH MPO MO0 3aBISIKN WMOBIPHOMY iCHYBaHHIO KOHBEPTEHTHUX BUIIB UM KPUNITUIHUX TAaKCOHIB. MoseKysipHa
cucTeMaThKa He MoxXe e(heKTUBHO MOIENIOBAaTH JAuBepcudiKallilo y cucremi "mpemok-Hamanok'. Buau 3 Gararbma (imoreHeTHUHUMU
JIiHISIMU € TTOTEeHUIHHUM JDKepesioM MailOyTHBOTO 0i0JIOTiYHOTO pi3HOMAaHITTS. BusHaHHS nudepeHuiioBaHO1 €BOTIOLIHHOI CTPOMOXHOCTI
MOXe€ CITPUSITU YTBOPEHHIO Ta PO3BUTKY CKJIAIHUX, IHTEPAKTUBHUX, PI3HOMAHITHUX €KOCUCTEM, SIKi YCIILITHO pearyroTh Ha 3MiHU KJIiMary.

Kumrouosi ciioBa: GaiiecoBa arnocrtepiopHa MMOBIpHICTb, BiK, qudepeH1iiioBaHi MOJIEKYJISIPHI JIiHi1, KJlamorpamMa, MakKpoeBOJIIOLIisl, MeTaaaHi,
mapadisisi, MoCiI0BHE MOXOIKEHHS, PaCH
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Introduction

In the past few years, genera of the moss family
Pottiaceae have been analyzed with macroevolutionary
methodology (Zander, 2013, 2019a) to infer serial
evolution (Jenner, 2018) of stem taxa on a branching
tree or caulogram. These include Anoectangium (Zander,
2017a, 2019a), Didymodon (Zander, 2014a,b,c, 2016),
Exobryum (Zander, 2019b), Leptodontium s.lat. (Zander,
2018), and Oxystegus (Zander, 2017b).

The analysis of these taxa was essentially
morphological with the explanation that molecular
paraphyly, both extinct and extant, confounded
evaluation of evolution by expressed traits. The
value of molecular phylogenetics in tracking actual
speciation was limited to molecular paraphyly that
implied progenitor-descendant serial evolution
(Brummit, 2002, 2008; Dayrat, 2003; Horandl 2010),
and sufficient distance on a cladogram such that non-
monophyly was probable, i.e. molecular paraphyly
probably did not overlap between species. Was this
justified? The concept of a dissilient genus (radiating
descendants from a progenitor) presupposes multiple
generation of daughter species. What evidence for the
practicing taxonomist is there supporting multiple
radiation of descendants? That is, aside from direct
study of population genetics. Examples of identification
of paraphyletic taxa as ancestral are given by Futuyma
(1998: 456, 470), who cited Moritz et al. (1992),
where coastal and Sierran Californian subspecies of
the salamander FEnsatina eschscholtzii appear to have
been derived from subsp. oregonensis. Rieseberg and
Brouillet (1994) discuss mechanisms for evolution of
monophyletic daughter taxa from paraphyletic parental
taxa through geographically local models of speciation.

The macroevolutionary analysis of Didymodon
species by Aubert (2017) derives a caulogram using a
computerized methodology involving replacing nodes
on a morphological cladogram of maximum parsimony
with extant ancestors in the data set, with estimates of
character reliability using a consistency index. Aubert
asserted that his parsimony method is more explicit
(more algorithmically constrained) than that of Zander,
whose method relies on expert familiarity with trait
stability. The lability of traits used by Aubert, however,
was evaluated with the number of trait transformations
in a cladogram by consistency index and successive
weighting, and his analysis is founded on a cladistic
tree involving the splitting of sets of traits, not a process
in nature. Quite positively, however, his results for
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Didymodon were much like those of Zander (2013,
2014a,b,c). The number of appearances of a trait among
related species (not nodes, but species), in my opinion,
is certainly of importance in determining the degree of
serial nesting of species, and Aubert's contribution is of
considerable interest. Aubert's method ignores, on the
other hand, the identification of closed causal groups
(Zander, 2018: 36) that eliminate much irrelevant data
from consideration.

The present paper evaluates data from previously
published molecular cladograms, and also comparison
of actual sequences from two or more exemplars of the
same species in an attempt to investigate the connection
of infraspecific cladistic structure with paraphyly in a
systematics context. If cladistic structure (meaning
a branching clade) equivalent to paraphyly (Funk,
Omland, 2003) can be shown to be exhibited between
molecular strains of the same species, at times including
different species among the strains and even different
genera, then the mechanism of molecular strains of
the same species giving rise to different species or even
different genera as suggested by Darwin (Haskell,
Adhikari, 2009) is supported as an evolutionary process.
Increasing numbers of tracking traits should parallel
increasing numbers of neutral mutations with potential
for future adaptive evolution (Lee, Marx, 2019). This
also supports the idea that molecular paraphyly implies
ancestor-descendant serial generation of species,
and advances the concept of the dissilient (radiative)
genus (Zander, 2013: 92, 2018: 170) as an empirically
supported scientific reality.

There are, of course, alternative processes that
affect intraspecific differentiation, such as lateral
gene transfer, reticulate evolution, and hybridization
(Gophna, 2013; Ignatov et al., 2019; Morrison, 2014;
Thompson, 2013: 323), and future study may well
involve network analysis (Morrison, 2010). This is,
however, a first look at what evidence we have in support
of molecular strains as critical for serial interpretations
of evolution in Pottiaceae.

The processisserial macroevolution, in phylogenetics
ascribed to a short-term incomplete differentiation
of two new species from an unknown shared ancestor
(lineage sorting). Phylogenetic interpretation is here
criticized as based on shared descent alone with the
methodological necessity of disappearance of a shared
ancestor. Extant or extinct or unsampled molecular
paraphyly, however, explains much incongruence
between morphological and molecular cladograms
or other diagrams of evolutionary relationships. This
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paper attempts to demonstrate a range of paraphyly
from simple or well-supported infraspecific cladistic
structure through species level paraphyly and short-
range molecular apparent polyphyly using metadata
from other authors’ previously published molecular
studies of taxa in the moss family Pottiaceae
(Bryophyta). Short-range apparent polyphyly is simply
paraphyly encompassing two or more apophyletic
(descendant) species in a cladogram. Strains of taxa as
tracked by molecular mutations are here considered the
fundamental ground of biodiversity (Haskell, Adhikari,
2009).

In macroevolutionary systematic analysis (Zander,
2013, 2014a,b,c, 2016, 2019a,b), information from
morphological analyses is preferred over that of mole-
cular data. This is because variation in molecular data
from different samples of the same taxon is common,
while there is no species concept entirely native to
molecular data beyond cladistic clustering of similar
sequences. The species concept used in the present
study is that of the standard taxonomic morphospecies.
Becausegeographicdistributionandsubstrate preference
are also at least indirectly relevant, a morphospecies is
perhaps better termed a "phenospecies” alluding to the
use of all expressed traits.

In addition, Bayesian support for morphologically
based serial evolution can be very strong (Zander, 2016,
2018: 31, 174). If molecular variation is more than
just simple heterozygosity, it may reflect somewhat
isolated molecular strains that propagate through serial
descent. Evidence for this is cladistic structure at the
infraspecies level. If demonstrably well-supported as
distinct, and geographically or otherwise well-isolated,
then the populations may be termed strongly supported.
Most papers on molecular variation, that which is not
particularly correlated with clear species differences in
expressed traits, have to do with gene differences within
a species, or with molecularly based cryptic species
(Shaw, 2000, 2001; Shaw et al., 2003).

Molecular cladograms of the authors of papers having
to do with the Pottiaceae have in the past been examined
(Zander, 2008a,b; 2009, 2010, 2013; 2014a,b,c) for two
kinds of evolutionary information helpful in devising an
evolution-based classification. (1) Heterophyly, meaning
paraphyly or short-range apparent molecular polyphyly,
which is taken to imply serial macroevolution, that
is, one taxon giving rise to another of equal or higher
rank. (2) Patristic distance, in which two exemplars,
species or genera are sufficiently distant on a molecular
cladogram that paraphyly through extinct or unsampled
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molecular strains is doubtful, and therefore contrary
morphological conclusions must be re-evaluated.
Properly, this should be "distance with an excuse," such
as extreme reduction that masks morphological traits
tracking linear relationships.

Past evidence from inspection of published cladograms.
Evidence of molecular strains often includes
incongruence of morphological and molecular
cladograms, sometimes difficult to assess because of
phylogenetically imposed taxonomic splitting and
lumping by previous researchers. Absence of molecular
strains should be characteristic of recently evolved
species or of ancient species with much extinction of
strains and biotypes. Moderately old species are more
likely to have geographic strains because isolation and
drift should be able to establish unique sets of DNA
sequences in the separate populations.

The possibility of informative heterophyly (two or
more molecular strains somewhat distant on a cladogram
with branches of other taxa between) that is now extinct
may be judged by (1) the frequency of paraphyly among
extant species (as viewed by inspection of cladograms),
and (2) the degree of sequence variation in taxa that
are molecularly monophyletic (by comparing actual
sequences). For instance, several exemplars of one
species can all end terminally in a group in a cladogram
but may have multiple variants among the DNA tracking
traits sampled. Variation is determined on a cladogram
by dichotomous branching (i.e., not a multifurcation)
among three or more of the exemplars of the species.
which implies shared traits, or by looking for differing
sequences.

A range of possible effects of variation in molecular
sequences in a phylogenetic tree is given in Figure 1.
These cladograms are contrived, and are of two, three
or four samples, being part of an imaginary larger
cladogram of other species not shown. Examples A
through F are of specimens of the imaginary species
Aus bus (see Clark et al., 2009). Examples G and H add
one or two species of other taxa. Examples C through
F imply infraspecific paraphyly, the beginning of a
monophyletic series. Because well-supported, examples
E and F suggest a series of one strain microevolutionarily
descending from another. Examples G and H imply
intraspecies paraphyly as a macroevolutionary series.

In detail, example A shows clustering of two samples
of Aus bus, with no indication of molecular variation.
Example B is a multifurcation implying the three
samples of Aus bus have identical sequences, which is

Ukrainian Botanical Journal, 2019, 76(5)



A B
—— Aus bus 1
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1.0 Aus bus 2

Figure 1. Evolutionary processes inferred from inspection of molecular cladograms. A, B: Samples of the same species with
identical or unshared if different sequence data. C, D: Cladogram structure with indication of molecular variation between
the samples (C is a phylogram). E, F. Strong support for molecular strains or races possibly tracking infraspecific evolution
of expressed traits. G, H: Heterophyly (paraphyly and short-distance apparent molecular polyphyly) implying linear
macroevolutionary transformation at the species and genus levels. See text for details

in fact rare. Example C is a phylogram with different
terminal branch lengths reporting variation in the
molecular sequences. Example D is a cladogram that
implies that sample 1 and 2 are more similar to each
other than to sample 3. This may occur simply with one
base change, which would leave the other two identical
and only apparently possessing a synapomorphy. The
structure of Example E, however, does demonstrate well-
supported (1.00 BPP) molecular variation in species
Aus bus, where BPP is Bayesian posterior probability.
Example E has Bayesian posterior probability support
of statistical certainty (unity). This means that samples
1 and 2 share sufficient shared traits that these are not
probabilistically due to random variation, but imply
shared infraspecific ancestry. These may be at least
tentatively termed two races, particularly if there seems
to be a geographic difference between strains. This
indicates that mutations are tracking microevolution.

Yipaincokuit 6omaniunuii ncypran, 2019, 76(5)

Example F shows that strain 3 is part of the variation of
Aus bus and not to be confounded with another sample
elsewhere in the cladogram but not shown. Example
G shows molecular paraphyly of Aus bus, suggesting
that it is the direct ancestor of the species Aus eus.
Example H shows short-distance apparent molecular
polyphyly. In this case, both Aus eus and a species of a
different genus, Dus fus, need to be examined to see if a
hypothesis of linear macroevolutionary transformation
may be applied at both the species and genus levels by
examining information not in the molecular data set.

If the data reflect the kinds of evolutionary processes
detailed in Figure 1, then it may be concluded that there
is infraspecific paraphyly or microevolution that is part
of the process of serial macroevolutionary generation of
aspecies from an ancestral species extant today. Also, it is
then possible that such infraspecific paraphyly, if extinct
or unsampled, can contribute to incongruence between
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Figure 2. UPGMA cluster
analysis with Euclidean
similarity ~ index  for
Oxystegus  species and
strains. Aligned nrITS
sequence data  from
Alonzo et al. (2016)
were imported into
PAST (Hammer, 2018).
Infraspecific strains have
numbers of site changes
gradually ranging from
zero to equal to numbers
of differences between
species.  The  species
Oxystegus recurvifolius
and O. tenuirostris (in
boldface) overlap in being
analogically paraphyletic
to O. daldinianus and
O. minor in this evaluation
of overall similarity of
sequences. The former two
species may be inferred to
be ancestral to the latter
two, with O. recurvifolius
being most ancestral in the
lineage
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molecular and morphological cladograms. If paraphyly
is commonly extinct or unsampled, then imposition
of strict phylogenetic monophyly is inappropriate as a
basis for classification.

Evidence of possible molecular strains was
given inadvertently by Grundmann et al. (2006) in
a molecular study of taxa related to Pleurochaete
(Pottiaceae). Using data from a combined nrITS and
cpDNA data set (concatenated analysis), several
species had branches within their monophyletic
group. For Chionoloma bombayense, what might have
been a molecular race in Malawi was separated from
one in Comores; this data, however, is doubtful as
it is based on wrong identifications of specimens at
(BM), see discussion of Werner et al. (2005) below. For
Pleurochaete squarrosa, three strains were distinguished,
one for North America, one for Germany, and another
for a broad area in Europe. Tortella fragilis evinced
distinct molecular differences between Russia and
Greenland, while T. flavovirens showed distinctions
between Spain and Australia. Tortella tortuosa
demonstrated possible microevolutionary evolution
with exemplars from Canada (British Columbia and
Newfoundland) paraphyletic to one from Italy. There
was no macroevolutionarily informative taxon-based

heterophyly.
Spagnuolo et al. (2009) published a study sampling
molecular genetic variation in Mediterranean

populations of Pleurochaete squarrosa in which
considerable inter- and intra-population diversity was
noted with some cladistic structure.

Werner et al. (2014) produced a cladogram of a
nrlTS study of various species of 7ortella that showed
considerable well-supported cladistic structure in
Tortella flavovirens, namely (1.00 Spain (1.00 Greece
(0.97Australia, Netherlands))), with BPPs given in
boldface. Note the geographic disjunction of the
Australia and Netherlands strain (or if two strains,
then at least the shared portion of the sequence). The
specimens from Spain, Australia and the Netherlands
were identical to those used in a previous publication
by Grundmann et al. (2006), thus the similar branching
pattern is not an independent sampling.

The study of Barbula (Pottiaceae) by Kucera et al.
(2013) is somewhat more informative in that their
cladogram is a phylogram that shows, with different
length branches, differences between any two sister
group strains of the same species. Unfortunately,
few duplicates at the species level were included.
Examination of the phylogram for the rps4 dataset
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revealed little heterophylybut considerable dichotomous
branching within species, including differences between
terminal sister-group pairs. Implied molecular strains
may be noted for Barbula indica (Australia versus India),
B. gregaria (Mexico versus India), and B. unguiculata
(Austria versus USA).

A relevant metadata study. Studies by molecularly
oriented systematists have revealed numbers of
molecular strains within species of bryophytes. A
metadata study has been conducted by Zander (2019b)
of the number of molecular strains per species in the
Pottiaceae (these all termed "races” in that study).
The data for this study was based on several recent
publications (Alonso et al., 2016; Cano et al., 2009;
Grundmann et al., 2006; Kockinger et al., 2010;
Kucera, Ignatov, 2015; Kucera et al., 2013, 2018;
Werner et al., 2005, 2009, 2014). Molecular strains were
inferred when two exemplars of the same species share at
minimum one trait not shared by a third exemplar of the
same species, i.e., an internal node with two exemplars
terminal and one more basal. These species were called
"multiracial.” Molecular paraphyly was identified
as a different species inserted on a node between two
exemplars of one species, each then taken as a separate
molecular strain. All entries that showed no evidence of
molecular strains were ignored because they either were
of one exemplar or the branches to several exemplars
of one species are multifurcations without internal
branches. Because cladograms only recognize shared
traits, only a multifurcation to multiple exemplars of a
single-species with one or more internal branches was
taken as evidence of more than one molecular strain.

The study (Zander, 2019b) by inspection of
cladogram structure (ignoring geographic ranges)
showed 71 entries of multiracial species including 46
different species. The total number of molecular strains
among the 46 multiracial species was 208. The average
number of molecular strains for the 46 species (i.e.,
the number of internal cladogram nodes interpretable
as signaling differently composed sequences in any
one species) was 4.52, for both paraphyletic and non-
paraphyletic species.

The total number of paraphyletic instances among
the 71 entries was 29. The number of paraphyletic
species was 22, or 0.41 of the 46 different known (from
cladogram structure) multiracial species. The number
of different apophyletic species (those on a lineage distal
to a paraphyly) in all sequences was 79. The average
number of apophyletic species per paraphyly was
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3.59. A total of 133 nodes were maximally distant (on
the cladogram) between paraphyletic exemplars. The
average number of nodes between maximally distant
paraphyletic exemplars of the same species was 4.50.
Thus, (1) large numbers of species have molecular
strains, (2) those with sufficient data to determine the
numbers of molecular strains average 4.52 molecular
strains, (3) a large percentage (0.41) of all demonstrably
multiracial species are also paraphyletic, (4) the many
apophyletic species (an average of 3.59) per paraphyly
indicate that an inferred progenitor-descendant
relationshipcommonlyinvolves manyspeciesormultiple
radiation from one ancestor, and (5) the large number
of nodes between most-distant paraphyletic exemplars
of the same species (4.50) implies that phylogenetic
differences between species on a molecular cladogram
must take into account possible paraphyly by extinct or
unsampled material of any one species. This means that
every species represented by only one exemplar on a
molecular cladogram must be expected to have a circle
of possible paraphyly, i.e., of monophyletic uncertainty,
of an average of 4.5 contiguous nodes in all directions.

Past evidence from direct sequence comparison. Prior
study (Zander, 2013: 62) of sequence data published by
otherauthors indicated that there was often considerable
molecular variation among specimens of the same
species. Examination of the Werner et al. (2004) aligned
data set for their chloroplast rps4 molecular study
of the Pottiaceae, which was graciously provided by
Olaf Werner, showed that Anoectangium aestivum and
Gymnostomum viridulum differed by seven sites (2 first
position, 2 second, 3 third), while Erythrophyllopsis
andinum and E. zanderi differed by six sites (3 first
position, 1 second, 3 third). On the other hand, the two
exemplar specimens of Splachnobryum obtusum (the
only species of which two specimens were analyzed)
differed by fully 21 sites (4 first position, 7 second, 10
third). Although the rates of transformational changes
at sequence sites, especially in the codon, surely differ,
variation between exemplars of the same species in the
same studied sequence is informative. It is doubtful
that the two samples of S. obtusum are not in the same
species, or that G. viridulum is a misidentification.
Clearly, molecular variation in a cladogram within a
species may be unappreciated evidence of the age of the
species and of possible extinct strains. Throughout this
paper, authorities for the taxonomic names given may
be found in the papers cited.
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Materials and Methods

Pre-aligned sequences, on which previously published
molecular cladograms of the Pottiaceae (Alonso et al.,
2016; Cano et al., 2009; Werner et al., 2005) were based,
were kindly made available to the present author. These
were examined for evidence of molecular variation that
may imply operation of an evolutionary process. Also,
infraspecific evidence of cladistic structure was taken to
imply serial descent of molecular strains. Such evidence,
especially if associated with geographic disjunction, is
indication of molecular races (coherent allopatric sets
of strains) that imply past or present speciation.

There are two sources of information on molecular
cladistic structure. First, simple inspection of a
cladogram may show branching in a lineage leading to
three or more exemplars of one species. This implies
that two exemplars share at least one trait not found in
a third. Second, direct comparison of DNA sequences
allows discovery of differences between infraspecific
sequences that represent populations with at least
that amount of distinction. Species that either show
complex branching on a cladogram or are clearly
distinct in actual DNA base pairs are both termed here
multiracial, whether well supported or not. Sometimes
one or more different species are inserted among the
branches from one species. That one species is termed
paraphyletic, and the evidence implies it is ancestral to
species in the same lineage but which are more distal on
the cladogram. These species bracketed by branches on
the cladogram are termed apophyletic species, meaning
descendant in a phylogenetic context.

The same sequences for exemplars of the same species
were checked for molecular variation between exemplars
and between geographic regions. The examination
technique was visual inspection. When all bases were
given (rather than just exceptions from the first line),
the first three letters of the difficult-to-distinguish
ATCG were globally changed to ., |, and x (full stop,
vertical bar and the letter x). Microsoft Wordpad was
used with word wrap off to visually compare lines. Rows
of exemplar data of the same species were "selected"” to
render them in blue for ease of comparison and scoring
of differences. Only those DNA sites with bases evident
for all samples of a species were scored, that is, a gap in
any one of the exemplars of the same species eliminated
that DNA site. Total differences were divided by
number of exemplars to determine average number of
base changes per species.
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Table 1. Metadata information on species with infraspecific cladistic structure from publications of various authors, showing
support and amount of variation. Provided are species name; first author and date published; molecular sequence; Newick format
cladistic structure and collecting localities of samples (some abbreviated) with Bayesian posterior probabilities in boldface; kind
of structure where S = same sequences, M = multiracial, P = paraphyletic; number of exemplars (specimens sequenced); total
number of site changes for all exemplars; average number of changes per exemplar for that one species; and total number of sites
in sequence. "Combined cpDNA" analysis used atpB-rbcL, trnG, and trnL-F data). In the structure column, the locales are given
for the name in the second column, and both name and locale for any other taxa included in the clustering
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1 Hennediella heimii Cano 2009 nrlTS (0.95 Bolivia, Chile, Antarctica, Estonia) M | 4 35 8.75 973
2 Hennediella longirostris | Cano 2009 nrlTS (1.00 Ecuador, Bolivia) M |2 13 6.50 973
3 Hennediella platyphylla | Cano 2009 nrlTS (1.00 Chile, Chile) M |2 3 1.50 973
4 Hennediella polyseta Cano 2009 nrlTS (0.97 Bolivia (1.00 Ecuador, Peru)) M |3 19 6.33 973
S | Hennediella stanfordensis | Cano 2009 nrlTS (1.00 Australia (0.98 USA, Greece)) M |3 4 1.33 973
6 Hyophila involuta Alonso 2016 nrlTS (1.00 China, India) M |2 23 11.50 | 1171
7 Oxystegus arboreus Alonso 2016 nrlTS (Brazil2 (0.99 Brazill, O. duidense Guyana)) P |2 4 2.00 1171
Oxystegus arboreus Alonso 2016 combined (1.00 Brazill,2) S |2]| 0+0+0 0.00 1838
cpDNA
8 Oxystegus crassicostatus | Alonso 2016 nrlTS (New Caled1,2) M |2 4 2.00 1171
Oxystegus crassicostatus | Alonso 2016 Cg:)ng;lzd (1.00 NewCaled1,2) 2| 3+0+0 1.50 1838
((Norway (O. recurvifolius UK1( 1.00 Ireland1,2,
9 Oxystegus daldinianus | Alonso 2016 nrlTS Japan, Switz, China))) (O. tenuirostris UK1,2) P |7 26 3.71 1171
(1.00 O. tenuirostris Réunion, Comoros))
combined (0.99 (O. tenuirostris Réunion, Comoros) (1.00
Oxystegus daldinianus | Alonso 2016 O. recurvifolius Nepal (1.00 Ireland2, Norway P |5 6+1+2 1.80 1838
cpDNA .
(0.99 Japan, Switz))))
. (1.00 Suriname (O. arboreus Brazil2 (0.99
10 Oxystegus duidense Alonso 2016 nrlTS 0. arboreus Brazill, Guyana))) P |2 15 7.50 1171
. combined (1.00 (Suriname (1.00 O. arboreus Brazill,2)
+1+ .
Oxystegus duidense Alonso 2016 cpDNA (1.00 Guyana, Venezuela))) P | 3| 0+1+1 0.67 1838
. . (1.00 UK (1.00 Nepal (0.97 Irelandl1,3 (0.97
11 Oxystegus hibernicus Alonso 2016 nrlTS Ireland2.4.5)))) M |7 10 1.43 1171
Oxystegus hibernicus | Alonso 2016 | €OmPined (1.00 Nepal, Irelands) 2| 24140 | 150 | 1838
cpDNA
12 Oxystegus minor Alonso 2016 nrlTS (0.99 Austria (1.00 UK1, UK2)) M |3 9 3.00 1171
13 | Oxystegus recurvifolius | Alonso 2016 nrlTS (UK1) (UK2) [distant on cladogram] M |2 18 9.00 1171
combined (DomRep, Panama) (0.99 Réunion,
14 Oxystegus tenuirostris Alonso 2016 cpDNA O. recurvifolius Nepal) (1.00 Brazil, Ecuador, P [ 10| 0+14+3 | 1.70 1838
p India, China (UK1 (France, Sweden)))
(India, UK2, Nepal ((1.00 Brazil, Ecuador) (0.98
Oxystegus tenuirostris Alonso 2016 nrlTS Panama, France, China, Sweden))) [and distant] | M | 10 21 2.10 1171
(DomRep)
Oxystegus tenuirostris Werner 2005 nrlTS (Germany, Germany) M |2 16 8.00 1204
Oxystegus fenuirostris | 162016 | nriTS (0.97 UK, Ireland) S |2 0 0.00 | 1171
var. holtii
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15| Pachyneuopsis miyagii | Alonso 2016 nrlTS (1.00 Japan1,2) S |2 0 0.00 1171
Pachyneuopsis mivagii | Alonso 2016 Czl')“];’;lzd (1.00 Japanl,2, Vietnam) M | 3] 0+1+0 | 033 | 1838
16 Pseudosymblepharis Alonso 2016 Al TS (Il"ldla) SPNewGulnea) (M.alaysm (0.95 P |4 10 250 1171
angustata P. schimperiana Honduras, China)) [scattered]
. . (Malaysia (PNewGuinea (China (7. dubiumNe
Pseudosymblepharis | ;2016 | OO | Caled] 2, PNewGinea))) {separated] (1.00 | P | 5 | 2+2+2 | 120 | 1838
angustata cpDNA .
Nepal, India)
Pseudosymblepharis . .
17 . Alonso 2016 nrlTS (China (Peru, P. angustata India, Comoros)) P |3 5 1.67 1171
duriuscula
Pseudosymblepharis . . .
18 i . Alonso 2016 nrlTS (Mexico (1.00 PuertoRico, Belize2)) M |3 3 1.00 1171
richardsii
jg | [Feeudosymblepharis | 1 2016 | COMPInCd (1.00 Brazil1,2) s | 2| o+o+0 | 0.00 | 1838
schlimii cpDNA
20 Tortella fragilis Werner 2005 nrlTS (Greenland, Russia) M |2 4 2.00 1204
21 Tortella humilis Werner 2005 nrlTS (SAfrica (Eur (NAm, SAm))) M |4 32 8.00 1204
Tortella humilis Alonso 2016 nrlTS (1.00 Brazil, Spain) M |2 16 8.00 1171
22 Tortella tortuosa Werner 2005 nrlTS (NAm, Africa) M |2 1 0.50 1204
23 Trichostomum Alonso 2016 |  nrITS (Spain1 (1.00 Bolivia (Spain2, Portugal))) M|4] 21 525 | 1171
brachydontium
Trichostomum Alonso 2016 | €Ombined (Spain1,2, Portugal, Bolivia) M | 4| 2+4+2 | 200 | 1838
brachydontium cpDNA paiit, Bl ’
24 | Trichostomum crispulum | Alonso 2016 nrlTS (1.00 France, Spain) S |2 0 0.00 1171
Trichostomum crispulum | Alonso 2016 ngnggzd (1.00 France, Spain) s | 2| o+o+0 | 0.00 | 1838
25| Trichostomum dubium | Alonso 2016 nrlTS (0.97 NewCaled2 (NewCaledl, PNewGuinea)) | M | 3 4 1.33 1171
Trichostomum dubium | Alonso 2016 C;’;“];’I‘\’]id (NewCaled1,2, PNewGuinea) M | 3] 1+0+1 | 067 | 1838
Trichostomum (Peru, Brazil, (0.97 T. dubium NewCaled2
26 o Alonso 2016 nrlTS (T. dubium NewCaled1, PNewGuinea))) (Brazil3,| P | 6 14 2.33 1171
leptocylindricum R
Venezuela, P. angustata (Brazil3,4))
Trichostomum combined (1.00 Venezuela, Brazil3 (1.00 Brazill,2) (1.00
1 201 P 1+15+7 . 1
leptocylindricum Alonso 2016 cpDNA Peru (Brazil4, Pseudosymblepharis sp. Peru))) 6 > 383 838
27 Trichostomum sweetii | Alonso 2016 nrlTS (1.00 USAL,2) S |2 0 0.00 1171
28| Weissiacondensa | Alonso 2016 | €OmPined (1.00 Spainl 2) M [ 2] o+o+2 | 1.00 | 1838
cpDNA
29 Weissia controversa Werner 2005 nrlTS (Australia (Eur (NAm, Eur))) M |4 17 4.25 1204
30 Weissia jamaicensis Werner 2005 nrlTS (NAm, CentAm) M |2 13 6.50 1204
Weissia jamaicensis Alonso 2016 nrlTS (1.00 Brazil (Peru, Venezuela)) M |3 8 2.67 1171
Weissia jamaicensis | Alonso 2016 cg;g’;\r]‘zd (1.00 Brazil (1.00 Peru, Venezuela)) M | 3| 0+0+2 | 0.67 | 1838
31 Weissia longifolia Werner 2005 nrlTS (Africa, Eur) M |2 5 2.50 1204
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Table 2. Two data structures informative of radiative or linear
evolution. Complex 1 shows Species A as progenitor with
Species B through E radiating from the progenitor because
they have no other shared traits. Complex 2 shows Species F as
progenitor, but the remaining species building on shared traits
to yield a fully linear progression of progenitors. Numbers
refer to different traits or sets of traits that distinguish a
morphospecies

Complex 1 Traits Complex 2 Traits

Species A 1{0[O0[0]O0 SpeciesF [ 1 [0 [ 0] 0|0

Species B 112(0]0]0 SpeciesG | 1 [2 0|00

Species C 1|{0|3[0]0 SpeciesH | 1 [ 2300

Species D 110[0]|4]0 SpeciesI [ 1 [2 3[40

Species E 110[0]|0]|S5 SpeciesJ [ 1 |23 [4]|5
Results

The present metadata re-interpretation of other
authors’ work focused on the moss family Potfiaceae.
Data from sequence comparison and from inspection
of cladogram branching are given in Table 1.

(1) The first point to be taken is that apparent
molecular strains are present in both non-paraphyletic
and paraphyletic species. This supports the theory that
internal racial differentiation signaled by differences
in DNA sequences leads to or is causally associated
with serial descent of one or more extant taxa from
the paraphyletic taxon. Thus, molecular paraphyly is
important information about the evolutionary process,
and should not be suppressed by the phylogenetic
practices of taxonomic synonymy or splitting into
cryptic taxa to preserve strict monophyly. Examples of
such unnecessary synonymy and splitting are given by
Vanderpoorten and Shaw (2010).

(2) The second major conclusion is that because
considerable cladistic structure exists at the infraspecific
level, progenitor taxa are already strongly cladistically
dichotomized molecularly. Thus, the ultimate source of
molecular paraphyly is internal to each species and does
not reflect polyphyly. The average number of contiguous
nodes that such internal paraphyly spans is 4.5.

(3) A third major conclusion is that molecular
analysis cannot track multiple radiation from a
single progenitor, because any one progenitor has its
strains molecularly already pre-branched and often
well supported. The data set in expressed trait (i.e.,
morphology) macroevolutionary analysis is expected to
ideally be a mix of two informative structures, simplified
in Table 2. Complex 1 shows Species A as progenitor
with Species B through E radiating from the progenitor
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because there are otherwise no shared traits among the
descendants; thus, macroevolutionary formula = A >
(B,C,D,E). Complex 2 shows Species F as progenitor,
but the remaining species building on increasingly
shared traits to yield a fully linear progression of
progenitors; thus, formula=F>G>H>1>]J. Molecular
data cannot support or falsify the relationships between
morphospecies suggested by Complex 1 in Table 2. This
is a major short-coming of molecular analysis because
adaptive evolution and distinctive implications of
nearly neutral differentiation both occur at the level of
expressed traits.

Results from inspection of cladogram structure. Alonso
et al. (2016) demonstrated (Table 1) both classical
taxon-level molecular heterophyly and intraspecies
dichotomous branching indicative of microevolutionary
intraspecies heterophyly. Heterophyly at the species
level (macroevolution) was shown by Trichostomum
leptocylindricum strains in South America generating two
strains of 7. dubium in New Caledonia and Papua New
Guinea. Oxystegus daldinianus in Comoros apparently is
closely related to O. tenuirostris in La Réunion, and may
have been generated from O. recurvifolius in Nepal or
perhaps elsewhere. Oxystegus tenuirostris exhibited many
strains but no informative cladistic structure. Oxystegus
arboreus generated Oxystegus duidense and vice versa
in confounding data. A microevolutionary scenario is
implied by dichotomous branching in Trichostomum
brachydontium with European populations apparently
generating a different strain in Bolivia, which itself gave
rise to another European strain (a dubious result).

An analysis of the genus Hennediella (Pottiaceae) by
Cano et al. (2009) using nrITS data found dichotomous
branching within the species Hennediella polyseta
(Bolivia versus Ecuador and Peru), and H. stanfordensis
(Australia versus USA and Greece).

The Werner et al. (2005) study showed Tortella humilis
having North and South American strains derived from
a European strain, itself derived from a South African
strain. It is probable that increased sampling will tell
if this is a straight-forward inference or part of a much
more complicated infraspecific pattern. The same odd,
doubtful geographic relationship is shown with Weissia
condensa strains in North America and Europe derived
from a different European strain, itself derived from an
Australian strain.

Other geographic relationships in cladograms from
the Alonso et al. (2016), Cano et al. (2009) and Werner
(2005) studies show strains of the same species present
in both sympatric (same country), and short and long
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distance allopatric situations. Given the small sample,
additional analysis is needed.

Results from sequence comparisons. Recent publi-
cations are a source of information on DNA sequence
heterogeneity within species. Because a species’
published sequences may be reused (e.g., from GenBank
sequence database) by multiple authors, the same
conclusions in different studies may not be significant
in all respects in that differences in branching among
different samples of the same species are partially
masked by the duplicate data. For instance, the study
of Alonso et al. (2016) used 19 sequence samples
previously used in the Kockinger et al. (2010) study.
All of the possible evolutionary relationships shown in
Fig. 1 were found in the data examined. The following
discussions are based on the information in Table 1.

Variation was found by Cano et al. (2009) using
nrITS data to be extensive among four samples of the
species H. heimii, with 35 of the 973 sites of the sequence
having variation and no gaps. There was no evidence of
cladistic structure (as shared variation) or of geographic
molecular races in H. heimii. Scoring only sites with a
variant in one particular geographic locale alone, there
were two base changes for Estonia, seven for Antarctica,
nine for Bolivia, and four for Chile.

Heterophyly that indicated molecular strains of taxa
somewhat distant on a molecular cladogram was quite
common in the study of Werner et al. (2005) using nrITS
data (Table 1). The cladogram included many taxa of
Pottiaceae with duplicate exemplars among the same
species. The multiplicity of molecular strains implied
by this analysis indicates considerable complexity in
evolutionary pathways and, in addition, complexity
foreboded by possible extinct molecular strains that
further complicate an inferable evolutionary tree.

According to O. Werner (pers. comm.) in that
2005 study, re-identifications post-publication found
Chionoloma bombayensis (Malawi) was actually
Tortella xanthocarpa; the same from China was
Pseudosymblepharis angustata; the same from Comoros
was Tortella vernicosa; and the same from South
Africa was Tortella humilis. In addition, Trichostomum
tenuirostre 2 (Germany) was Tortella bambergeri,
T. tenuirostre 3 (UK) was T. tenuirostre 2 (Germany).
The sequence data on which the variability in Table 1
was based is for the corrected identifications, and seems
firm.

The sequence data given in Table 1 significantly
enlarge upon inferences obtained from visual inspection
of cladogram nesting:
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(1) There were 159 exemplars of 31 species studied,
with an average of 2.92 site changes per exemplar.
The number of site changes among strains in any one
species is large and variable as given in "total changes per
sequence", that is, the more exemplars are studied, the
more strains are discovered.

(2) Samples of the same species with identical
sequence data are uncommon. Three species and one
variety (Oxystegus tenuirostris var. holtii, Pachyneuropsis
miyagii, Trichostomum crispulum, T. sweetii) showed no
nrITS molecular variation, although sampling was small
(two exemplars each). The geographic provenances
were not globally distant, as most species had only short
distances between sample sites.

(3) Eleven species showed molecular variation
in the sequences studied but no cladistic structure.
The differences may be stochastic, and unrelated as
descendant and progenitor.

(4) Cladogram structure with little indication of
geographic distinctions between the strains was rare.
Two species showed structure in the cladogram implying
molecular variation but no strong support against
random distribution. These were Tortella humilis and
Weissia controversa, globally common and widespread,
probably of old distribution, and may represent genetic
relicts.

(5) Strong support at Bayes posterior probability
of 0.95, 0.99 or 1.00 for molecular races was shown
for 7 of the 31 species in the metadata study. The fact
that one-fourth of the species demonstrate molecular
races supports inference of pre-speciational sorting of
molecular lineages. There is some correlation of well-
supported groups and geographic provenance of the
samples. Additional study is needed for clarification.

(6) Species level paraphyly and short-distance
apparent molecular polyphyly implying linear
macroevolutionary transformation at the species and
genus levels is found in another 8 of the 31 species
studied, again with some correlation of geography and
clusteringofmolecularstrains. Thus, 15 ofthe 31 species,
about half, show evidence of DNA changes tracking
infraspecific differentiation of populations pre-sorted
before speciation. There seems to be sufficient evidence
to warrant further study of this implied gradation
between infra- and intra-species serial descent.

(7) In Table 1, base changes in DNA sequences of
each exemplar of one species are not given. Instead,
the relevant information on evolution due to shared
traits is given in column 4: cladistic structure. The ten
species with the largest average number of site changes
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in nrITS per exemplar were: Hennediella heimii (8.75),
Hennediella longirostris (6.5), Hyophila involuta (11.5),
Oxystegus daldinianus (7.5), Oxystegus duidense (7.5),
Oxystegus recurvifolius (9), Oxystegus tenuirostris (8),
Tortella humilis (8), Trichostomum brachydontium
(5.25), and Weissia jamaicensis (6.5). These taxa may
or may not have well-supported (by BPP) cladistic
structure; names of those that do are boldfaced. One
might make the tentative conclusion that, given the
many accumulated mutations, the light-faced species
above are ancient, and, through speciation, have been
stripped of well-supported molecularly isolated groups,
while bold-faced species are less old, and are still
evolving. This complements Darwin's "manufactory
hypothesis" (Haskell, Adhikari, 2009) that speciose
genera should be comprised of species made up of many
varieties or incipient species such that new species are
generated from such infraspecific variation.

(8) The Oxystegus molecular species data from
the Alonso et al. (2016) study was imported into the
software PAST (Hammer 2018; Hammer et al., 2001).
Cluster analysis with UPGMA and Euclidean similarity
index for the Oxystegus species generated a dendrogram
(Figure 2) similar to the cladogram of the Alonso et al.
original study as reflected in the formulae for Oxystegus
species in Table 1. The same multiple differentiation of
infraspecific strains was shown. There was also evident
molecular paraphyly (or the analogic equivalent in
terms of UPGMA overall similarity of sequences) of
Oxystegus recurvifolius with both O. daldinianus and
O. minor as apophyletic, and O. fenuirostris paraphyletic
to the apophyletic O. daldinianus and O. minor. One
might infer that inasmuch as the range of molecular
variation in O. recurvifolius is more inclusive than that
of O. tenuirostris, an initial inference would be that
the former is more representative of the more ancient
species in the genus.

(9) The aligned sequences of Oxystegus species
(Alonso et al., 2016) were shortened by eliminating sites
with identical or uninformative data, then they were
compared. Differences between species were rather
large, mostly by 11—13 sites, but ranging to 22 (between
O. hibernicus and O. tenuirostris. Differences among
infraspecific strains were smaller, largely 0—14 site
differences. The number of mutations of infraspecific
strains are, as expected, zero ranging to the number
of differences shown between species in Oxystegus.
From the above observations, molecular heterophyly
is a natural additive phenomenon, providing a clue to
true monophyly of many species rendered distant on a
molecular cladogram.
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Discussion

This paper addresses in part two problems affecting
modern systematics. (1) Cladistic analysis is of
transformations of sets of shared traits rather than
of direct, serial transformation between a known or
inferred ancestor and its descendant. (2) Molecular
systematics ignores extinct paraphyly as a source of
hidden morphotaxon monophyly. Properly, molecular
paraphyly implies evolutionarily monophyletic serial
macroevolution (taken to an extreme, a series of
molecularly paraphyletic species). Several species
demonstrate (Table 1) paraphyly of other species among
extant strrains, and the extent of such extant paraphyly is
an indication of the past frequency of extinct paraphyly.
All problems are fundamentally due to a modern
reliance on mechanical methods of evolutionary
analysis involving hypothetico-deductivism (generating
dichotomous cladograms from data on shared descent)
as opposed to both deduction and scientific inductive
inference involving discursive logic (generating
evolutionary trees and filling in missing links from data
on direct, serial descent) as described by Zander (2013,
2014a.b,c, 2019).

All the above evolutionary inferences are
hypothetical, but hypothesis and theory are the basis
for scientific analysis. Acceptable analysis of the
directions of macro- and microevolution require in-
depth sampling and study. The past use of molecular
information for creating evolution-based classifications
has been to simply treat molecular markers as traits in
the classical manner (no matter what technique is used
to create the cladograms). It is quite possible that much
information may be obtained on evolution if paraphyly
were ultimately recognized by phylogenetic systematists
as informative of evolutionary direction.

How do we distinguish geographic strains as pre-
speciation races from simple sympatric heterozygosity?
In some cases, molecular variation was found within
the same country, giving the possibility that no
geographic isolation exists. Genetic heterozygosity
may initiate paraphyly, but in itself does not imply
separate evolutionary paths—one of which may speciate
another taxon and the other not or a different taxon.
Isolated molecular strains of the same taxon, however,
have that potential. In cladistics, paraphyly is to be
methodologically avoided, but in macroevolutionary
systematics it is a desideratum as it indicates direction
of linear descent, progenitor to descendant. Clearly,
dense sampling similar to that done by Spagnuolo et al.
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(2009) or Shaw (2000) is needed. Given great molecular
variation among strains, the finding of sufficient
similarity in terms of high Bayesian support to separate
two terminal strains from a third strain on a lower branch
allows the hypothesis that there are indeed molecular
races showing microevolutionary linear descent among
the variation.

Kockinger et al. (2010: 45) suggested that "high
genetic variability often simply reflects the old age of a
species. The lack of selection due [in mosses] to mainly
vegetative propagation may have led to the co-existence
of several ancient and also more modern genotypes over
the whole Tertiary distribution area within millions of
years." They speculate that the nearly identical ITS
sequences of samples of Oxystegus tenuirostris var. holtii
is probably due to the young age of the taxon, and they
discuss a possibly ancient haplotype for O. minor.

Following this line of reasoning, I find it probable
that the large variation in the sequences of Tortella
humilis and Hennediella heimii, and to a lesser extent
Weissia controversa, is due to the great age of these
species. There also seems little well-supported
infraspecific cladistic structure in these wide-spread
and common species. This may be due to descendant
species carrying away past cladistic molecular clustering
or nesting through speciation or the paradoxically
similar process of extinction. It is important to note that
the studied sequences are traits that track evolution and
are not generally themselves (supposed to be) directly
affected by selection (but there are occasionally minor
correlation of genetic strains with selection associated
with different environments, Magdy et al., 2015). For
this reason, molecular traits are not alone appropriate
for classification. There is no practical species or genus
concept based solely on molecular traits because they
may or may not track evolutionarily linked expressed
traits. High Bayesian support for taxa clustered by
molecular tracking traits is not support for species
distinctions representing expressed adaptations to
separate evolutionary challenges or even expressed but
adaptively neutral fixed distinctions between isolated
populations. This is because that support may be for
ancient races of a now extinct progenitor.

Molecular variation in Hepaticae. Liverworts, too,
exhibit evidence of geographic strains in cladograms.
The study of Feldberg et al. (2010) demonstrated
internal dichotomous cladistic branching among three
or more samples of monophyletic groups of the following
species: Cryptocolea pseudocclusa (New Zealand
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versus Chile versus Argentina), Cuspidatula contracta
(Tanzania versus Mauitius), C. monodon (Australia
possible microevolutionary derivation of New Zealand
population), Jamesoniella purpurascens (heterophyly for
a Madagascar strainpossibly generating South African
population), J. colorata (Australia versus South Africa
versus Chile), Pseudomarsupidium decipiens (Mexico
versus La Réunion), Syzygiella securifolia (Indonesia
possibly generating Malaysia population), S. anomala
(Ecuadorof3strainsversus Costa Ricaversus Colombia),
S. tonduzana (Ecuador populations generating Costa
Rican population), S. geminifolia (Ecuador versus
Tanzania versus La Réunion), S. concreta (four strains in
Andes generating Democratic Rep. Congo population),
and others not discussed here. There was no classical
supraspecies-level molecular heterophyly in spite of the
abundant molecular variation and thus no evidence of
direct macroevolution. This means either that extinct
molecular paraphyly is not a particular issue with this
group or that prior nomenclatural enforcement of strict
phylogenetic monophyly has hidden it.

This homogeneity is not the case with a molecular
study of Lophozia and related taxa by Vilnet et al.
(2008). In that sludy of nr ITS1-2 and chloroplast
trnL-F sequences, a phylogram revealed much
infraspecific cladistic structure, including species
level paraphyly. Heterophyly implied the descent of
Schistochilopsis incisa from S. opacifolia, Protolophozia
debiliformis from L. sudetica, and Lophozia
propagulifera from L. excisa, and both L. schusteriana
and L. silvicola from L. wenzelii. Molecular divergence
of geographically remote populations of some species
was discussed by those authors in terms of comparative
numbers of substitutions. Except for the anomalous
position of L. sudetica, one could hypothesize that
the genus Lophozia descended from some species of
the genus Schistochilopsis, which is an evolutionarily
important possibility to be considered but was reported
only in the authors’ observation that the latter genus is
paraphyletic.

Conclusion

What is the greater import of these findings? The present
time is that of an extinction event of increasingly deadly
climate change and associated apparently inexorable
global catastrophes of extinction, drought, heat waves,
wildfires and rising sea levels. To mitigate the effects,
science should have a good predictive handle on
expected disturbance in the biosphere. This means that

Ukrainian Botanical Journal, 2019, 76(5)



efforts should be made to estimate future evolution
of species and ecosystems as they adapt (or not) to a
much changed environment. Clearly, those species that
are presently capable of adaptation to expected new
conditions must be protected or encouraged. Natural
regeneration may be impossible in highly dissected
landscapes subject to climate change, and introduction
of adapted or preadaptive species may be necessary to
promote complex ecosystems.

The recourse is then to resilience ecology (Lake,
2012; Palmeretal., 2006). Simple ecosystem restoration
requires a return to a previous state and this implies a
no-longer-hoped-for static environment. Given the
burning climate crisis and a tide of other disturbances
(e.g., Harris et al., 2006; Perry et al., 2015), restoration
must take place within a moving target and may
never be complete in the historical sense. New
concepts are replacing already complex techniques
for restoration, including "assisted migration" that
attempts to overcome a lack of corridors; "no analogue
ecosystems" that, for survival, must integrate otherwise
foreign floral and faunal elements; "de-extinction"
in which genetic methods recreate or approximate
extinct species or resolve regional extirpation with
transportation and re-introduction; and a focus on a
hoped-for "historical continuity" which rejects a static
concept of ecosystems but foresees the establishment
of self-sustaining workable complexity changing over
time. Thus, "restoration” in context of climate change
now necessarily means an aim to support holistically
complex, resilient ecosystems not necessarily consisting
of historically associated species.

Evolvability is the capacity of a species for adaptive
evolution, thus survival of its lineage. This is affected
by the hidden evolutionary potential in a species
genome, which determines the generation of candidate
phenotypes on which natural selection can act. Signs
of great evolvability of a species are multiple biotypes,
signaled by apparent isolation of multiple strains, races,
and subspecies, as discussed in the last chapters of
Zander (2018) and by Zander (2019) for Anoectangium
(Pottiaceae). Heritable modifications in infraspecific
molecular sequences are concomitant with isolation
leading to phenotypic variability. A large literature is
accumulating on this subject, see Hansen and Houle
(2008), Kirschner and Gerhart (1998), Messer et al.,
(2016), and Pigliucci (2008). Changing ranges of
tolerance may be tracked by highly evolvable taxa both
anagenetically and through rapid speciation.
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Core generative species (Zander, 2013: 83)
demonstrating descendant species adapted to a new
world climate regime might be distributed or salted in
isolated habitats that have largely lost or will have lost
their biological diversity. Ancient species of broad range
but little genetic variation and evolutionary potential
are of less long-term import than species (such as those
bold-faced above) that are evolutionarily potent. Some
apparently derived or descendant taxa that seem quite
specialized compared to their putative extant ancestral
species may have evolutionary prospects (Day et al.,
2016), and are not evolutionary "dead ends" as suggested
by Zander (2013: 81). The apparently highly specialized
Hennediella stanfordensis, Oxystegus arboreus, and
O. duidense are examples showing well-supported
cladistic structure. Given the ability of at least the
first species to thrive in harsh and arid habitats, these
taxa may have important evolutionary consequence
for further speciation into a future new world climatic
regime. This projection—that future floras are to some
extent customizable as new, complex integrations
that will change biotype or even species composition
while tracking climate change—is under the last-ditch
assumption that, in maximally impacted areas, present
or newly evolved biotype-rich species may contribute
to the long-term mitigation of world-wide impact
by expected vegetational and floristic devastation.
An integrated biologically multicultural ecosphere
will enhance human survival. One might hope that
techniques to establish sustainable complexity that
reverses climate warming can be developed faster than
the time the Earth takes to evolve into a smoking Venus.
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Abstract: Updated information on geographic distribution patterns and hosts of Loranthus europaeus in Ukraine is presented as a list of known
localities and a schematic map based on data of field observations, herbarium collections, and literature sources. The field study areas with eight
localities directly surveyed by the authors included: Chernivtsi Region (Hertsayivs'ky and Kelmenets'ky districts), Zakarpattia (Transcarpathian)
Region (Rakhivs'kyi District) and Khmelnyts'kyi Region (Kamianets-Podils'ky District) of Ukraine. In Ukraine L. europaeus has been recorded
since the 19" century. In total, it was reported from ca. 30 localities in Ukraine, mostly in the southwestern regions of the country at the northeastern
limits of the Eastern European part of its range. The records from Kyiv Region and Crimea remain questionable. Within its range in Ukraine,
L. europaeus parasitizes Quercus species as its primary hosts. In our opinion, this mistletoe species is not expected to become a noxious pest causing
considerable damage for the Ukrainian forests, unlike the European mistletoe, Viscum album. Moreover, L. europaeus is recommended for special
protection in Khmelnyts'kyi Region and is included in the list of regionally rare plants of administrative units of Ukraine.
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Kpacuenko 10.A."2, Tite6 P.1O.*>*, Bonyua O.[1.>° 2019. Loranthus europaeus (Loranthaceae) B YpaiHi: orisix 0Co0IMBOCTEI NOIMHPEHHS TA
pocaun-rocnonapis. Ukrainian Botanical Journal, 76(5): 406—417.

'LleHTp GiOTEXHOIOTIYHUX Ta CLTHCHKOTOCITOAAPCHKUX JOCTIIKEHD PerioHy XaH's mpu YHiBepcureTi [1amanpkoro B Onomoyiri

Byi1. Inexriteny 27, Onomoyir 783 71, Yecbka Pecniyoitika

21V "IHcTuTyT XapuoBoi 6ioTexHosIoril Ta reHoMiku HatioHanbHoi akanemii Hayk YkpaiHu"

BYyJI. OcunoBebkoro 2a, Kuis 04123, YkpaiHa

SKapmatchkuii 6iocepHuUit 3amoBiTHUK

ByJ1. Kpacue ITneco 77, Paxis 90600, Ykpaina

*HauioHanbHuii 6oTaHigHui can imeHi M.M. Ipumika HAH Ykpainu

ByJ1. TimipsizeBcbka 1, Kuis 01014, Ykpaina

SYepHiBellbKUii HaLliOHaNbHUE YHiBepcuTeT iMeHi I0pis denpkoBuya, [HcTUTYT Giosorii, ximii Ta 6iopecypcis, Kadenpa 60TaHiKu, TiCOBOTO
i caJloBO-TIaPKOBOTO TOCIIONAPCTBA

Bys1. ®enpkoBuya 11, YepHisui 58022, Ykpaina

*XOTMHCHKUI HALIIOHATGHUI TIPUPOIHUIA TTApK

ByJ1. Onimmiiicbka 69, Xotun 60000, YepHiBelibka 0011, YKpaiHa

Pedepar. Y ctarTi HaBeleHO OHOBJICHI BiZIOMOCTI 100 MOUIMPEHHS Ta POCIMH-TOCIIOAAPIB PiIKiCHOroO CTeOJOBOrO HariBnapasuTa 1yooBoi
oMeNH €BporeiicbKoi (Loranthus europaeus) B YKpaiHi y BUIJISII TIepesTiKy JIOKATITETIB Ta CXeMaTUYHOI Mary, CKJIaJeHOI Ha OCHOBI MTOJTbOBUX
CIIOCTEPEKEeHb, OMpalllOBaHHS repOapHMX 300piB Ta JIiTepaTypHUX Jxkepes. ABTopamu OyJo Oe3rnocepeHbO JOCTIIKEHO OJM3bKO BOCHBMU
nokaritetiB y YepHiriBebkiii ([epiaiBebkuii Ta KenmpMeHebkuii paitonn), 3akaprnarchbkiil (PaxiBchkuit paitoH) Ta XMerbHULBKIN (KaM'sHerb-
[Moninecbkuii paiton) obnactsix. [lepiui 3Haxinku L. europaeus B Ykpaii Binomi 3 19 ct. 3aranom, Leit Buz 3HaiiaeHo y 6au3pko 30 jokatiterax
TepeBakHO Y TBIEHHO-3aXiIHWI1 YacTUHI YKpaiHW, Jie BiH repeOyBae Ha MiBHIYHO-CXiMHIIT MeXi CXiTHOEBPOMEICHKOTO apeairy. 3HaXimKu y
Kuiscbkuii o6acti Ta KpuMy notpeOyroTh minTBepmkeHHs. [o1oBHUMU rocrniofapsiMu L. europaeus B YKpaiHi € pizHi Buau ayo6iB (Quercus
spp.). Lleit Bun omenu, Ha BinMiHy Bim omenu 6inoi (Viscum album), He 3aBmae CyTTEBOI IIKOIM JlicaM YKpaiHW i Hapa3i BOHA He BBaXXA€EThCS
(itokapaHTUHHUM BUOM. Binbl Toro, L. europaeus peKOMEHIOBaHO OXOPOHSITU Ha periOHAIbHOMY PiBHi Y XMeJIbHULIbKiI 001acTi.

Kumouosi ciioBa: apeast, oMmera, MOUIMpPeHHs, pOCIMHU-TOCTIoNapi, CTe0I0BI HalliBIIapa3suTu, YKpaina, Loranthus, Quercus
© 2019 Yu.A. Krasylenko, R. Gleb, O. Volutsa. Published by the M.G. Kholodny Institute of Botany, NAS of Ukraine. This is an open access
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Introduction

Mistletoes, which is an English vernacular name for
many species of obligate hemiparasitic plants belonging
to several currently recognized genera (e.g., Viscum L.,
Arceuthobium M. Bieb., Tupeia Cham. & Schltdl.,
Phoradendron Nutt., Strutanthus Mart., Loranthus
Jacq., etc.) and even families of Santalales (e.g.,
Viscaceae, Santalaceae, Loranthaceae, etc.), are aerial
hemiparasites of woody plants distributed widely from
tropical to boreal physiographic zones (Beylin, 1986;
Aukema, 2003; Mathiasen et al., 2008; Nickrent, 2010;
Kuijt, 2015). Their role in forests and other habitats/
ecosystems is considered to be ambivalent, or even
contradictory. First, mistletoe fruits, due to their
persistence in cold seasons in temperate regions, are
usually consumed by birds and other animals. At the
same time, mistletoes compromise trees’ water balance
and photosynthetic activity as pests by pirating water
due to the haustorial connection of their endophytes to
the host vascular system (Watson, 2001). Ornithochory
favors an aggregated spatial distribution of infected trees
(Glatzel, Geils, 2008). The infestation patterns are
mostly discrete and distance-dependent (Matula et al.,
2015).

The taxonomic circumscription of Loranthus Jacq.
(Loranthaceae) considerably changed over time, and
it remains problematic even now. Various authors
recognized in the genus from ca. 500 or even 600
species (Kriissmann, 1977, and earlier authors) to
ten (Nickrent et al., 2010) or just two (Kujit, 2015)
species. In earlier literature the genus encompassed
most species of mistletoes parasitizing representatives
of phylogenetically distant taxa (Kriissmann, 1977).
Recently, according to the fundamentally revised
phylogenetic classification of Santalales by Nickrent
et al. (2010) based on nucleotide sequence data, it
is widely accepted that subtribe Loranthinae Engl.
includes just two genera: monotypic Cecarria Barlow
with the only species C. obtusifolia (Merr.) Barlow
inhabiting the Philippines, New Guinea, New Britain,
and the Solomon Islands, and Loranthus Jacq. with
ca. ten species occurring from Europe to southern
China, and Sumatra. This classification is supported by
palynomorphological data, since the genus Loranthus
from subtribe Loranthinae, clade G, have pollen of
Type B (Grimsson et al., 2018). However, Kuijt (2015)
recognized only two species of Loranthus. Moreover,
phylogenetic analysis of L. europaeus mitochondrial
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genome performed for the studies of the mitochondrial
genome evolution places this species in the Santalales as
sister to Gaiadendron G. Don (Loranthaceae) (Zervas
et al., 2019), though the taxonomic classification
of Nickrent et al. (2010) separates Loranthus and
Gaiadendron into different clades, and places these
two genera in two different tribes, Lorantheae Ta
Gaiadendreae, respectively.

The only European species of this genus, Loranthus
europaeus Jacq. (synonyms: L. dioicus Stokes, Hyphear
europaeum (Jacq.) Danser; vernacular name: yellow or
yellow-berried mistletoe) is a widespread deciduous
hemiparasitic plant (Uotila, 2011—onward). Primary
hosts of L. europaeus are species of Quercus L.
(Fagaceae), such as Q. pubescens Willd., Q. cerris L.,
Q. robur L., Q. petraea (Matt.) Liebl., though it may
also occur on Castanea sativa Mill. (Fagaceae) and
rarely on Olea europaea L. (Oleaceae) (Kriissmann,
1977; Elias,1985; Zebec, Idzojt, 2006; Kumbasli
et al., 2011; Saraj et al., 2015). It was reported that in
Croatia it parasitizes several native and introduced oak
species (Q. robur, Q. petraea, Q. cerris, Q. pubescens,
Q. frainetto Ten., Q. rubra L., Q. palustris Miinchh.)
and Castanea sativa (Fagaceae), and also Carpinus
betulus L. (Betulaceae) (Zebec, Idzojt, 2006). In
Slovakia L. europaeus was also found on Q. pubescens,
Q. cerris, Q. petraea, Q. robur, Q. dalechampii Ten.,
0. virgiliana (Ten.) Ten., Q. rubra (Fagaceae), and on
Betula pendula Roth (Betulaceae). Some additional hosts
were reported, but these records remain unconfirmed:
Acer campestre L., Castanea sativa, Carpinus betulus,
and Crataegus monogyna Jacq. (Elias 2002). In Slovenia
(Kogelnik, 2002) L. europaeus parasitizes three native
species of oak (Q. petraea, Q. pubescens and Q. robur)
and Castanea sativa. The infestation rate (also known
in literature as "infection rate") was greatest on
Q. petraea and lower in Q. frainetfo; no infestation
was detected on Q. cerris in Turkey (Kumbasli et al.,
2011). In the early publication by von Tiibeuf (1923),
several resistant non-host species for L. europaeus were
mentioned, since the attempts to infect artificially were
unsuccessful: Populus balsamifera L., Malus domestica
(Suckow) Borkh. (reported as Pyrus malus L.), Prunus
padus L., and Laburnum anagyroides Medik. (reported
as Cytisus laburnum L.). Furthermore, hyperparasitism
(epiparasitism) of Viscum album L. subsp. album
on L. europaeus was described as well (Grazi, Urech,
1986).
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Loranthus europaeus is widely distributed in Central
and Southeastern Europe, the Eastern Mediterranean
region, and also has several isolated populations in
Asia Minor (Glatzel et al., 2016). In Ukraine, records
of L. europaeus are quite scarce. These issues are
addressed in the present article based on our revision of
available specimens in the Ukrainian herbaria, relevant
literature, and field observations made during 2005—
2019.

Materials and Methods
Herbaria

The specimens from the main Ukrainian herbaria: KW
(National Herbarium of Ukraine, M.G. Kholodny
Institute of Botany, National Academy of Sciences
(NAS) of Ukraine, Kyiv), KWHA (M.M. Gryshko
National Botanical Garden, NAS of Ukraine, Kyiv),
KWHU (0O.V. Fomin Botanical Garden of Taras
Shevchenko National University of Kyiv, Kyiv), LW
(Institute of Ecology of the Carpathians, NAS of
Ukraine, Lviv), UU (Uzhhorod National University,
Uzhhorod), MSUD (I.I. Mechnykov National
University of Odessa, Odessa) and CHER (Yuriy
Fedkovych Chernivtsi National University, Chernivtsi)
were studied. It has to be noticed that specimens
of L. europaeus have not been found in or reported
from KWU, LWKS, YALT, ASCN, LBE, SIBS, CSAU,
SIMEF, PHEO, DSU, ZAU, KRW, KRWI, MELIT,
LUM, and LUU.

The following herbaria were visited by the authors
of the present article, and all specimens of Loranthus
from Ukraine available in these herbaria were physically
examined: KW, KWHA, and CHER.

We also received digital images of and/or information
on available specimens from some other herbaria;
that information was provided by their staff or other
colleagues (see Acknowledgments), in particular:
KWHU, LW, MSUD, and UU.

In the list of localities below we cite (1) herbarium
specimens (the specimens physically studied in herbaria
are marked with "!" following the herbarium acronym);
(2) digital images of herbarium specimens provided from
some herbaria (accompanied by the word "image"); (3)
reliable publications (with relevant references given);
(4) original observations of the authors of the present
article, and (5) personal communications ("pers.
comm.") of colleagues.

Herbarium acronyms are given following Index
Herbariorum (Thiers, 2008—onward) and, if necessary,
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Index Herbariorum Ucrainicum (Shiyan, 2011).
Specimens from the herbaria of the neighboring
countries (e.g., Poland, Czech Republic, Slovakia) have
not been studied. We hope that they will be analyzed in
our further studies.

The survey areas

The field study areas directly surveyed by the authors
included: Chernivtsi Region (Hertsayivs'’ky and
Kelmenets'ky districts), Zakarpattia (Transcarpathian)
Region (Rakhivs'kyi district) and Khmelnyts'kyi
Region (Kamianets-Podils'ky district) of Ukraine. Ca.
8 localities were attended during route and area surveys.

Mapping

The distribution range of L. europaeus is presented on
a map according to the subdivision of Ukraine into
administrative regions (in Ukrainian, singular: oblast,
obaracms) and districts (rayon, paiion). Chorological
data (herbarium specimens, literature data and original
observations) are presented here as a list of localities
(alphabetically arranged within administrative units).

Results and Discussion

Morphological characteristics and biological peculiarities
of Loranthus europaeus related to its hemiparasitism,
distribution and dispersal

The occurrence of this deciduous mistletoe on host
stems and/or branches can be diagnosed from the
distance as it forms spherical tufts (clutches) ca. 60—80
cm in diameter, scattered on the host branches and/or
stems (Fig. 1; Fig. 2, A, B, C).

Fusiform malformations are present at sites of the
old aerial exophyte (outer part) entry on host terminal
branches (Fig. 2, B (arrow), F). Loranthus europaeus is
green from early spring to late autumn (Fig. 2, A, B, E,
G), then it loses leaves (Fig. 2, C, F) and bears yellow
berries in winter (Fig. 2, D, O).

Fragile dark brown aerial shoots of L. europaeus have
sympodial pseudodichotomous branching, are 1.0—5.0
cm in diameter near the base, narrowing at younger
branches (Fig. 2, E, G) (Morozyuk, 1987; Kubat,
1997).

Flowering in Ukraine occurs in May—August, fruits
ripenin November and persist during winter (Morozyuk,
1987). The seeds covered with sticky viscin ("bird glue")
(Fig. 2, L, M, N) are dispersed by birds, such as the
common blackbird (7urdus merula L.), mistletoe trush
(T. viscivorus L.), and jay [Garrulus glandarius (L.)]
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Fig. 1. An exophyte of hemiparasitic Loranthus europaeus on its primary host (Quercus sp.). A: staminate (&) and pistillate ()
flowers; B: fruits; C: seed. Graphical drawings by Katefina JanoSikova.
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Fig.3. Distribution map of Loranthus europaeus in Ukraine. Designations: ® — authors' observations during 2005—2019;
O — observations from personal communications; m — data from the literature and herbarium specimens; 0 — unconfirmed data

within the European range of L. europaeus (Cramp,
Perrins, 1994).

Patterns of distribution of Loranthus europaeus in
Ukraine

In the continental part of Ukraine L. europaeus
occurs at the northeastern boarder of its range in
Eastern Europe mostly in natural oak forests in Western
and Central-Western Ukraine (Fig. 3). As compared
to the continental climate of the most of Ukraine,
in southwestern part it is milder, with snowy winters
and average temperatures below freezing and higher
precipitation during warm season (Peel et al., 2007).

List of localities:

Chernivtsi Region. Hertsayivs'’ky District: near
Kulykivka village, silviculture, on Quercus rubra,
14.09.2013, 09.06.2014, O. Volutsa (CHER!); near
Kulykivka village, on Q. rubra and Q. robur, 08.11.18,
O. Volutsa (CHER!); Hlybots'kyi District: "Im Walde
bei Terescheni auf Eichen" [in forest near Tarashany on
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oaks] (Herbich, 1853); "In Walde zwischen Tarescheny
und Oprischeny parasitisch auf Eichen" [in forest
between Tarashany and Oprisheny parasites on oaks]
(Herbich, 1859); Dubivtsi (Herbich) [now Oprisheny]
(Bordzilovskyi, Lonachevskyi, 1952); Opriseni,
Prevoroche [Oprysheny and Pryvoroky villages] (Topa,
1936); between Tarashany and Valya Kuzmina villages,
oak-beech forest along the old route, on Q. robur,
09.03.19, O. Volutsa, K. Korzhan (CHER!); [Note:
this locality should be considered as one site, since this
population parasitized hosts in the same forest, along
which are the villages mentioned above are located.
Moreover, this population, observed by us in 2019,
might be the one recorded by Herbich in 1853 and
1859); Kelmenets'ky District: near Hrushivtsi village,
Kelmenetske forestry, on Q. petraea, 21.05.2005,
O. Volutsa, A. Tokaryuk, T. Nykyrsa T. (CHER!) [now
Khotyns'ky National Park]; Ivanivtsi village, Carpinus—
Quercus forest, on Q. robur, 18.11.2018, O. Volutsa
(CHER!); Sokyrians'’ky District: Lomacin-Pietrosul
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[Lomachyntsi village], 29.04.1935, E. Tsopa (CHER!);
"Pietrosul" Lomacenet jud. Hotin (Topa, 1936); slopes
of the Dnister Reservoir near Lomachyntsi village,
10.06.1985, [I. Kh.] Udra (KW009260!); Khotyns'ky
National Park, forest near Korman’ village, 15.04.2012,
D. Svyrydiuk (48°34'9.22" N 27°10'33.01" E,
pers. comm.); Khotyns'’ky National Park, between
Kulyshivka and Korman villages, Romankivets'ke
forestry, oak forest on the slope of the Dnister River,
parasitic on Q. petraea, 11.08.2014, V. Budzhak,
1. Chorney, A. Tokaryuk (CHER!).

Zakarpattia Region. Berehivs'’ky District: Berehy
village, in oak forest on Q. robur, 19.05.1947,
[?] Sladkevich, (KWHA!); in oak forest near Kvasove
village, parasitizing Q. robur, 17.06.1948, F. Gryn (KW!);
Kvasove (FE. Gryn) (Bordzilovskyi, Lonachevskyi, 1952);
near Berehove and Velyka Bakchta, [05.06.1951],
I. Sydorenko, S. Fodor (UU); Berehove, in forest
Atak (F. Gryn) (Bordzilovskyi, Lonachevskyi, 1952);
Volcanic Carpathians, Golden Mountain in Berehove
city environs, SE slope, 16.08.1965, V. 1. Chopyk (KW!);
near Dobrosillya (=Bene) village, above the Borzhava
River, 24.07.1985, 1. Kh. Udra (KW!); Mukachevs'kyi
District: near Verchniy Koropets village, 20.05.1952,
I. Sydorenko (UU, image); Muckachevo city environs,
near monastery, 06.09.1972, O. M. Dubovyk (KW!);
near Mukachevo city, Lovachka Mt., (48°27'34.7" N
22°42'00.7" E), 11.07.2018. V. Loya (UU, pers. comm.);
Rakhivs'kyi District: oak forests, suburbs of Velykyy
Bychkiv, Transcarpathia, 06.02.2016, R. Gleb (pers.
comm., image); oak forests of Q. robur and Q. petraea,
Svydovets Ridges, 500—600 m a.s.l. (47°58'28.32" N
24°2'21.42" E), 05.11.2018, R. Gleb (pers. comm.,
image); Uzhhorods'kyi District: near Onokyvtsi village
(circa 48°40'05.2”" N 22°20'03.7" N), 07.06.1946,
[?] Pavlova, ID 058614 (LW, image); near Onokyvtsi
village, Q. sessiliflora (Q. petraea) forest, 07.06.1946,
[?7] Pavlova (KW!); Onokivtsi village environs,
11.09.1950, S. Fodor (UU, image); Onokyvtsi (Pavlova)
(Bordzilovskyi, Lonachevskyi, 1952); Uzhhorod city,
oak forest, 15.06.1951, 1. Sydorenko, S. Fodor (UU,
image); near Kholmets’ (Helmech) village, 28.06.1956.
[?] Higanets’, S. Fodor (UU, image).

Khmelnyts'kyi Region. Quercus—Carpinus forest,
natural and planted Q. petraea oak forests, Podils'ky
Tovtry National Nature Park (Novosad, Krytska,
Lyubinska, 2009). Chemerovets’kyi District: Cherche
village, Sadova Tovtra, 23.07.1963, 18.10.1967, 10.09.1968,
LI. Moroz (KWHA!); Dunaivtsi District (Lyubinska,
Yuhlichek, 2017): Gorchychna (Lapchynskyi) [now
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Girchychna]; Syvorogy (Makovetskyi) (Bordzilovskyi,
Lonachevskyi, 1952); between Syvorohy and
Kuzhelevo villages (Schmalhausen) (Schmalhausen,
1886; Bordzilovskyi, Lonachevskyi, 1952); Minkovtsy
[?] Podolie [?] de Nouo-Vuschitsa dans le bois [in
the forest] de Kovtonne sur un vieux chéne [on old
oak tree], pllante] parasite, pl[ante] rare, 14.08.1881,
[V.V.] Montresor (KW!) [between Mynkivtsi village and
Nova Ushitsya]; (Schmalhausen, 1886; Bordzilovskyi,
Lonachevskyi, 1952); on old oak trees near Minkovtsy
and Otrokova villages (Montresor, 1886); near Nova
Ushitsya by postal road to Yampil (Montresor, 1886);
Minkovets'ke forestry, on oaks, 25.06.1985, [1. Kh.] Udra
(KW! KW 009259); Kamianets-Podils'kyi District
(Lyubinska, Yuhlichek, 2017): between Demshyn and
Kytayhorod villages near mouth of the Ternava River
(Makovetskyi) (Bordzilovskyi, Lonachevskyi, 1952);
near Nygyn village, on oaks, at Tovry, 22.07.1935, OI.
Sokolovsky, V. Schidlovsky (KWHU!); "Cykivs'ky"
landscape protected area (Kovalchuk, 2017); Podils'ky
Tovtry National Nature Park, near Vyhvatnivtsi village,
25.01.2018. D. Svyrydiuk, pers. comm. (48°40'05.2" N
26°51'47.0" E); Novoushitsky District: slopes of the
Dnister Reservoir near Rudkovtsy village [0]6.06.1985,
[I. Kh.] Udra (KW! KW009258).

Vinnytsya  Region.  Haysynskyi, Lypovetskyi,
Bratslavskyi  Districts (Balkovsky) (Bordzilovskyi,
Lonachevskyi, 1952); Mohyliv-Podilskyi (Vilchyn-

skyi) (Bordzilovskyi, Lonachevskyi, 1952); Murovano-
kurvlivets'ky District: Vyscheolchadayiv village, Vysche-
Olchadayivska sugarmill, at oaks at the edge of a forest,
Mohylivs'’ka Ring Road, 30.09.1926, N.O. Verner,
M. Bilozor (KW!); Nemyrivs'kyi District, Bratslav city,
"...distributed exclusively....in our forests..." (Zhuravl,
1929); Sharhorodsky District: Kropyvna (Rogowitsch)
(Bordzilovskyi, Lonachevskyi, 1952); Derebchyn
(Vilchynsky) (Bordzilovskyi, Lonachevskyi, 1952);
Yampil's’kyi District: Bezvodne village, 21.06.1969,
D.S. Ivashin, I.I. Moroz (KWHA!).

Kyiv Region. Kagarlyts'’ky District: Lipovets village.
"3361. Kiew, pr. Lipowez", 10.08.1857, Rogowitsch
[Rogovich]. Herb. Ed. Lindemann (MSUD,
image); "Kyiv Lipovetsky uyezd near Zabory farm in
Ometyn'skyi forest" [Kues. Jlumos. y. okono xyropa
3a6opsl B OMeTuHCKOM Jiec| (Schmalhausen, 1886).

Kyiv Region (unconfirmed). Kyiv environs, "...very
rare...on Quercus robur L. branches..." (Stankov, Taliyey,
1949; Atlas Florae Europacae, 1976).

Crimea (unconfirmed). "...on Fagaceae..." (Beylin,
1986; Morozyuk, 1987; Golubev, 1996).
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According to Fodor (1974), this hemiparasitic
species resides mainly in the Transcarpathian Lowland,
Foothills and the lower forest belt. Probably localities
in Ukraine are in the northeastern border of the range
of L. europaeus in Europe, and its distribution is limited
by climatic factors.

Zawadzki in his Enumeratio plantarum Galiciae et
Bucowinae (Zawadski, 1835) reported L. europaeus as
parazitizing oaks near Lviv ("Auf Eichen um Lemberg®),
though this record has not been confirmed later
(Bordzilovskyi, Lonachevskyi, 1952), or probably the
species has already disappeared in that locality. Thus,
the first reliable and confirmed record of L. europaeus
in Ukraine was published by Herbich in his Stirpes
rariores Bucovinae... (Herbich, 1853), where the species
was reported "Im Walde bei Terescheni auf Eichen"
(Hlybots'kyi District, Chernivtsi Region). In his later
overview of the flora of Bukovina, Herbich (1859)
confirmed the locality of L. europaeus mentioned in his
previous publication: "Im Walde zwischen Terescheny
und Oprischeny parasitisch auf Eichen". Moreover, in
his book on plants of Galicia (Galychyna) and Bukovina
Ueber die Verbreitung in Galizien und der Bukowina
wildwachsenden Pflanzen Herbich (1861) summarized
the data on plant species composition in this region,
referring to his earlier works as well as to works of other
botanists, including the publication of Zavadsky, who
reported L. europaeus from Lviv (see above).

In turn, the first known records of L. europaeus
in Ukraine were reported by V.V. Montresor, who
collected it on 14 August, 1881 in Podillya (Latinized
as Podolia) near Nova Ushytsya (see the cited specimen
above). Montresor (1886: 59) reported Loranthus
europaeus only for the current Khmelnyts'kyi Region
as "Growing on old oaks near Mynkovets and Otrokova
villages of Nova Ushitsya county (uyezd — ye30); near
Nova Ushitsya by a postal road to Yampil city. August.
Flowers yellow-greenish, fruits yellowish. The plant is
parasitic [the archaic word "uyaxcesdnoe" was used in
the original Russian text], rarely occurring” (translated
from Russian: Montresor, 1886). It is noteworthy that
the hemiparasite persisted in the same area for more
than 100 years, since it was recorded there also in
1985. In Murovanokurylivets'’ky District, at Vysche-
Olchadayivska sugar mill of Vyscheolchadayiv village,
L. europaeus parasitized oaks at the edge of a forest
near Mohylivs'ka ring road, what was observed on 30
September 1926 by N.O. Verner and M. Bilozor. The
easternmost confirmed locality of L. europaeus in
Ukraine and in Eastern Europe in general is in a "pure”

Yipaincokuit 6omaniunuii ncypran, 2019, 76(5)

(monodominant) oak forest near Bezvodne village
(Vinnytsya Region, Yampils'kyi District), where the
species was found on 21 June 1969.

Schmalhausen (1886) provided general data on the
range of L. europaeus and some localities in Kyiv and
Khmelnyts'kyi regions: on oaks, rarely, Lipovetsky
uyezd near Zabory farm in Ometyn'skyi forest near
Novoushytskyi uyezd between Syvoroha and Kuzhelivka
villages, Minkovtsy — in Koltun forest (Montresor!)
[Ha ny6ax; penko. Kwues. JIumoB. y. OKOJO XyTOpa
3abopsl B OMeTHHCKOM Jecy noa. Hooyiil. y. Mexiy
nn. CuBopora m KyxkeneBka! MUHBKOBIIBI — B JieCy
Kontyn (MonTpesop!)].

The early collections of L. europaeus in the western
part of Ukraine were done by the Romanian botanist
Emilian Tsopa (Topa) in 1935 from the environs of
Lomachyntsi village (Sokyrians'ky District, Chernivtsi
Region); he reported it as a supposedly new species
for the regional flora [of North Basarabia] (Topa,
1936). This locality was also recorded by Udra in
1985. Loranthus europaeus from Chernivtsi Region
is also known from the Prut-Dnister interfluvial area
(Prut-Dnistrovske Mezhyrichchya) in Kelmenets'ky
and Sokyrians'ky districts and in Bukovynian Cis-
Carpathia (Bukovyns'ke Prykarpattia) in Hertsayivs'ky
and Hlybots'ky districts. Only 70 years after that record,
a new locality of L. europaeus parasitizing Q. petraea
was revealed near Hrushivtsi village (Kelmenets'ky
District) in 2005 (Volutsa, Nykyrsa, Tokaryuk, CHER),
then in 2012 by D. Svirydiuk near Korman’ village,
in 2013 in Kulykivka village (Hertsayivs'’ky District)
(Volutsa, CHER), and in 2014 — between Kulyshivka
and Korman’ villages (Sokiryans'ky District) (Budzhak,
Chorney, Tokaryuk, CHER).

One of the Ilargest surveyed populations of
L. europaeus in Chernivtsi Oblast was revealed recently
near Kulykivka village (Hertsayivs'ky District). The
total area of parasitized 15—25 m-high stands of
Quercus rubra was ca. 600 m? (150 x 50 m?) located
at the northern slopes (30—40° steepness). Besides
Q. rubra, the forest comprised other trees and shrubs,
such as Q. robur, Carpinus betulus, Acer platanoides L.,
Fagus sylvatica L., Populus tremula L., and Cerasus
avium (L.) Moench (Prunus avium (L.) L.). It should be
noted that one of exophytes of L. europaeus was 1.5—2
m in diameter, and many residual parasitic stems on the
swollen host branches were revealed. However, only one
parasitized tree of Q. robur with a low rate of infestation
by L. europaeus was found in this locality, as compared
with Q. rubra; though, at the plain part of that hill three
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more trees of Q. robur resided at the edge of a mixed
Quercus—Fagus forest, having several L. europaeus
exophytes on the upper thirds of trees. Thus, a tree 18
m tall and 30 cm in diameter had three yellow mistletoe
exophytes, while the other two trees, being 15—18 m tall
and 25—28 cm in diameter, had only one exophyte each.

A new site was revealed recently near Ivanivtsi
village (Kelmenets'ky District, Chernivtsi Region) on
18 November 2018, where L. europaeus parasitized
Q. robur trees (25—30-m tall and 50—100 cm in
diameter) forming the first layer of a Carpinus — Quercus
forest with the admixture of young Carpinus trees at the
second one located at the comparatively flat top of the
hill at the outskirts of the village towards Sokyryans'ky
District. This population of L. europaeus occupied ca.
5 ha (100 x 500 m?) of the forest with the central part
with small growing trees lacking the parasite due to
recent cuttings. Some exophytes reached 50—80 cm in
diameter, and, additionally, had abundant maturating
berries. The relative density of the infected trees was
ca. one plant per 25—50 m?. Regarding the relatively
rare occurrence of L. europaeus in Ukraine, and its
residence at the northeastern boarders of the Eastern
European part of the species range, this hemiparasitic
species is recommended to be protected at regional level
in Chernivtsi Region.

It is noteworthy that L. europaeus has been already
included to the list of rare, relict and endemic species
of the Eastern Podillya Region, namely, at the Cykivs'ky
landscape protected area, Khmelnyts'kyi Region
(Lyubinska, Yuhlichek, 2017). In turn, the yellow dwarf
mistletoe was revealed at Kamianets-Podil's’ky Region
on oaks near Nygyn village, at Tovtry by Ol. Sokolovsky
and V. Schidlovsky on 22.07.1935, also nearby, in
a Quercus—Carpinus forest, natural and planted
Q. petraea oak forests in Podils'’ky Tovtry National
Nature Park (Novosad et al., 2009), and recently, on
25 January 2018, by D. Svyrydiuk, in the same national
park. In Chemerovets'kyi District, near Cherche village
this hemiparasitic species parasitizing Q. robur was
recorded several times (23 July 1963, 18 October 1967,
10 September 1968). In Novoushitsky District I. Udra
collected L. europaeus at slopes of the Dnister Reservoir
near Rudkovtsy village on 6 June and 25 June 1985.

In the Carpathians Mountains, two adjacent
L. europaeus populations were recorded by R. Gleb on
11 May 2018 in the oak forests (50 x 25 m?) comprised
of Q. robur and Q. petraea located at one of ridges of the
Svydovets’ (near Velykyi Bychkiv village, Rakhivs'kyi
district) at altitudes of 500—600 m a. s. 1. Circa 30%
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of old Q. robur and Q. petraea trees on western slopes
(steepness 10—20°) were parasitized mostly in the
upper part of trees, ca. 5—10 aerial shoots per a host
tree. It is noteworthy that most of old oaks survived
cuttings. At the edge of a Fagus—Quercus deciduous
forest, two infected trees of Q. robur located at some
distance from each other were revealed on the western
slope (steepness 5°). Six heavily infected Q. robur trees
bearing 8—12 aerial shoots of L. europaeus at upper part
of the crowns were found by the edge of a 90 m-long
and 10—15 m-wide woodland belt on a northwestern
slope (steepness 5°). Moreover, at the eastern slope
(steepness 5—10°) at the edge of the oak forest, one
Q. robur tree was parasitized by 5—10 L. europaeus
individuals. In turn, on the western slope (steepness
5°) 8—10 hemiparasites were recorded on the upper
part of Q. robur and Q. petraea tree crowns (8 trees in
total). Furthermore, the largest L. europaeus samples
(more than 50 cm in diameter), 8—12 individuals per a
host tree, were observed on four Q. robur trees growing
at the edge of Fagus—Quercus forest on western slope
(steepness 5°).

In the Carpathian Biosphere Reserve, Chorna Hora
Botanical Reserve (Vynohradivs'kyy district, near
Vynohradiv city), L. europaeus was recorded in Q. robur
and Q. petraea oak forests mixed with Fagusby R. Glebon
25 February 2016. This population of the parasite resided
at northern slopes (steepness 5—25°) at 230 m a.s.l., and
circa 30% of the hosts were bearing L. europaeus aerial
shoots. It is worth mentioning that approximately 50%
of oaks were concomitantly infected by a transverse
cancer accompanied by the massive wilting of oak trees
in this locality.

The hemiparasite was also recorded at Mukachevo
city environs, near the monastery, on 6 September
1972 by O.M. Dubovyk. Several individuals of a
yellow mistletoe parasitized solitude Q. robur growing
at the side of road H09 (Muckachevo-Rohatyn) in
Zaluzhzhya village environs (Zakarpattia Region,
Muckachevs'ky district) on 13 November 2018. It was
collected by I. 1. Moroz also at Berehivs'ky District at
Berehy village, on 9 May 1947, on Q. roburby E. Grynin
an oak forest near Kvasove village on 17 June 1948, and
by I. Sydorenko and S. Fodor in Berehove and Velyka
Bakchta environs on 5 June 1951. The species occurs
also in Volcanic Carpathians, namely at southeastern
slopes of the Golden Mountain near Berehove city,
where it was recorded at 16 August 1965 by V. 1. Chopyk,
and later, on 24 July 1985 at Dobrosillya (=Bene) village
environs above the Borzhava River, 24 July 1985, found
by I.Kh. Udra.
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Unconfirmed and/or erroneous records

Loranthus  europaeus from  Vinnytsya Region
(Nemyrivskyi District, Bratslav city) was mentioned in
the Flora of Tultsyinshyna by Zhuravl (1929); however,
no herbarium specimens were found. In Kyiv Region,
the species was recorded on 10 August 1857 by A.S. [P.S.]
Rogovych [Rogowicz] in Kagarlyts'ky District, Lipovets
village, and the corresponding specimen is deposited
at MSUD (personal collection of E.E. Lindemann),
mentioned by Stankov and Taliev (1949) and later
in the Atlas Florae Europaeae (1976): "...on Quercus
robur branches — very rare, recorded for Kyiv environs.
Hemi-parasite". Finally, the most challenging task still
remains to confirm the observations from the Crimean
Peninsula on Fagaceae mentioned by Morozyuk (1987)
and Golubev (1996).

Generally, our data indicate that native (auto-
chthonous) deciduous species of oaks are primary hosts
for L. europaeus in Ukraine. Forty years ago the area
of oak forests in Ukraine embraced 26% of the total
forest cover in Ukraine (Shelyag-Sosonko, 1974), but
now they declined due to several anthropic and natural
factors. Species of Quercus often host both L. europaeus
and Viscum album L. in the western regions of the
country.

It is evident that this mistletoe species is not expected
to become a noxious pest causing considerable damage
tothe Ukrainian forests, unlike Viscum album. Moreover,
in Khmelnyts'kyi Region L. europaeus is even included
in the list of regionally rare species (Kovalchuk, 2017).
Following the Second Addendum to the Decision
of the 5™ Session of the Council of Khmelnyts'kyi
Region (Oblastna Rada) of 20 December 2006, No. 18-
5/2006, L. europaeus is present in the "List of species
recommended for special protection in Khmelnyts'kyi
Region" (see Andriyenko, Peregrym, 2012).

Conclusions

The geographic distribution range of the aerial
hemiparasitic plant species Loranthus europaeus in
Ukraine is confined to the southwestern regions of the
country. In total, this species was reported from ca. 30
localities in Ukraine, though the records from Kyiv
Region and Crimea remain unconfirmed. Loranthus
europaeus parasitizes Quercus species as its primary hosts
within its range in Ukraine. Due to its hemiparasitic
nature and limited distribution, L. europaeus is not
expected to become a noxious pest; on the contrary,
it is recommended to be protected in Ukraine at the
regional level.
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Bezusko L.G., Tsymbalyuk Z.M., Mosyakin S.L., Nitsenko L.M. 2019. Participation of Ceratocarpus arenarius (Chenopodiaceae)
in the Late Glacial and Holocene palynofloras of the plain part of Ukraine. Ukrainian Botanical Journal, 76(5): 418—426.
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Abstract. Results of our analysis and generalization of paleofloristic (paleopalynological) data on the participation of pollen
grains of Ceratocarpus arenarius (Chenopodiaceae) in 18 palynofloras of deposits of the last climatic phases of the Late Glacial
(Allered, Late/Younger Dryas) and the Holocene of the Forest, Forest-Steppe, and Steppe zones of Ukraine are presented. For
the first time the spatiotemporal patterns of occurrence of C. arenarius in the plain part of Ukraine are reconstructed. It has been
established that in the Allered and the Younger Dryas, participation of this species in the plant cover was determined mainly by
various natural factors. In the Holocene, changes in the distribution patterns of C. arenarius occurred under the influence of
both natural and anthropogenic factors. The obtained paleofloristic material shows that the influence of the latter factors on the
changes in the composition of the vegetation is registered starting with the Middle Holocene, and it significantly increases during
the Late Holocene. At this time, the boundaries of the natural (native, not influenced by human activities) range of C. arenarius
in the plain part of Ukraine are difficult to outline. In most cases the species participates in the formation of plant communities
of synanthropic vegetation, mainly in the southern part of Ukraine. Diagnostic characters of pollen grains of C. arenarius are
discussed and specified. The following characters are recommended for using in practical paleopalynology: dimensions of pollen
grains and pores, number of pores, distance between pore margins, exine texture and thickness, and distinctness of columella.
The characters that distinguish pollen grains of C. arenarius from pollen of Krascheninnikovia ceratoides (belonging to the same
tribe) are reported, as well as their shared characters.

Keywords: Allered, Ceratocarpus, Holocene, paleofloristics, pollen morphology, Ukraine, Younger Dryas
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Bbesyceko JI.T., Lnmobamok 3.M., Mocsakin C.JI., Huuenko JI.M. 2019. Yuacte Ceratocarpus arenarius (Chenopodiaceae) y
Mi3HbO/IbOJOBMKOBMX TA IOJIONEHOBUX HAMHOGIOpPAX PIBHUHHOI YacTHHH YKpaiuu. Vkpaincoxui 6omanivnui wcypran, 76(5):
418—426.

Pedepar. [lpencrasieHi pesynbTaTv aHallidy Ta y3arajJbHEHHS Taleo(MIOPUCTUYHMX TaHUX TPO Y4YacThb MHUIKOBUX
3epeH Ceratocarpus arenarius (Chenopodiaceae) y cknani 18 maniHodyiop BinkIaniB OCTAHHBOTO KJIIMAaTUYHOIO PUTMY
TMi3HBOJILOJIOBUKIB'S (ayiepen, Mi3HiM apiac) Ta romoueHy JlicoBoi, JlicoctemmoBoi Ta CrernoBoi 30H Ykpainu. Brepiie
PEKOHCTPYIIOBAaHO TIPOCTOPOBO-YacoBY nudepeHuiamiro mnomupeHHs C. arenarius Ha PIBHUHHIM YacTUHiI YKpaiHU.
BcranosneHo, 1o B ajuiepei Ta Mi3HbOMY Apiaci y4acThb 1IbOTO BUIY B CKJIaJli POCIMHHOTO TTOKPUBY BM3HAYaB ITEPEBaKHO
KOMIUIEKC MPUPOAHUX (PaKTopiB. ¥ rojioleHi 3MiHKM B niominpeHHi C. arenarius BinOyBaquCh Mill Ti€10 SIK TPUPOAHUX, TaK i
aHTpornoreHHUX (akropiB. OTpuMaHi najaeoGIOPUCTUYHI MaTepiaiv CBiT4aTh, 110 BIIMB OCTAHHIX Ha MepeOyIOBH y CKIaIi
POCIMHHOTO MOKPUBY (PiKCYETHCS MTOYMHAIOUU 3 CEPEAHBOTO FOJIOLIEHY i CYTTEBO 30iIbLIYETHCSI BIIPOJLOBXK Mi3HBOI'O FOJIOLIEHY.
VY ueii yac Mexi npupogHoro apeany C. arenarius Ha piBHUHHIN YacTUHI YKpaiHU BU3HAUYUTU JOCUTh BaXKKO. Y OIJIbLIOCTI
BUINAJKiB BUI Oepe ydacTb y (HDOPMYBaHHI POCIMHHUX YIPYIIOBaHb CMHAHTPOIHOI POCIMHHOCTI. HaBeneHi miarHOCTUYHI
o3Haku UKy C. arenarius, sIKi MOXKHa BAKOPHUCTOBYBATH B ITPAKTUILi TTAJICOMATiHOJIOTIYHUX JOCTiIKEHbB: PO3MipH IMJIKOBOTO
3epHa Ta Mop, KiJIbKICTh MOp, BilCTaHb MiXX iXHIMU KpasiMU, TEKCTypa, TOBIIMHA €K3MHM Ta YiTKiCTb CTOBIMYMKIB. [TokazaHO
O03HaKH, 3a SKUMU NMUIKOBI 3epHa C. arenarius HalOLIbII ONIOHI Ta BiIpi3HAIOTbCS Bil NMUIKY Krascheninnikovia ceratoides
(BUIY 3 Ti€l X TpUOM).

KurouoBi ciioBa: aiepen, rojoleH, rnajeodaopucTika, natiHoMmopdoJoris, misHiit apiac, Ykpaina, Ceratocarpus
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Beryn

Ceratocarpus arenarius L. (yctenu-mionie TillaHe)
Hajexutb A0 poauHu Chenopodiaceae Vent. 3
nopsinky Caryophyllales Juss. ex Bercht. & J. Presl
(Mosyakin, 2013; Hernandez-Ledesma et al., 2015).
3 (inoreHeTUYHOI TOYKMU 30pYy CIIOPITHEHUMU 10
Ceratocarpus L. € ponn Axyris L. Ta Krascheninnikovia
Guldenst., sKi HelllOJABHO pa3oM Oyau BMillleHi 10
Tpudbu Axyrideae G. Kadereit & Sukhor. (= subtrib.
Axyridinae Heklau = subtrib. FEurotiinae Moq.,
nom. illeg.) (Kadereit et al., 2010). OguH 3 aBTOPIB
(Mosyakin, 2003) Takox oOrpyHTYBaB BUIIJIEHHS L€l
3K TpMOM 1 3aTTpornioHyBaB i Hel Ha3By Ceratocarpeae
Mosyakin (nom. inval., provis.), sika, mpoTe, OyJa
HaBeJeHa y AucepTallii Ha IpaBaxX pyKoOII1CY i He Oysa
BaJIiIN30BaHa.

Ha Tteputopii VYkpainu Ceratocarpus arenarius
3pOCTA€E TMEPEeBaXXKHO Y MilIaHUX CTEIax, Ha BUTOHAX,
nosix i roponax JlicocrenoBoi Ta CTernoBoi 30H i Ha
teputopii Kpumy (Iljin, 1936, 1952; Skripnik, 1987,
Gusev, 1996), TparuieTbest IK 'y MPUPOAHMX, TaK i
CUHAHTPOITHUX POCIMHHUX YTPYIMOBaHHSX. Y CKIai
cuHaHTpornHoi (aopu C. arenarius BU3HAYEHUI
gK eBarnodit (BUO, SKUA YacTKOBO a0O IOBHICTIO
MepeiInoB M0 CKJIaay AaHTPOIOTeHHUX EKOTOIIiB)
(Protopopova, 1991). 3aznauumo, mo C. arenarius €
OJIHUM i3 OiarHOCTUYHUX BUIiB acouniaiii Hordeetum
murini (cow3 Bromo-Hordeion murini), momupeHoi
MepeBaKHO Ha IMIIAHUX Ta CYIMIIAHUX YIIITbHEHUX
cyOcTpaTax Ha MiBOHI IpaBOOEpeXXHOI YaCTUHU
CrenoBoi 300U Ykpainu (Solomakha et al., 1992).

Hnst Ykpainu (KpaitHiii miBaeHb, 30kpeMa Kpum)
kpim C. arenarius S. Str. iHKOJM TaKOX HaBOAUBCS
Ipyruii BuA poxny (Bimomuii mig HazBamu C. utriculosus
Bluket ex Krylov a6o C. turkestanicus Sav.-Rucz.
ex lljin) ane, Ha Hally OyMKy, 1Ii BKa3iBKU CTOCY-
10Thesl Juie aesikux MopdotuniB C. arenarius, SKi
1IOHAMOITbIIE MOXYTh PO3TJISIATUCS Y BHYTPIllIHbO-
BUIOBOMY paH3i (Hampukian, sik C. arenarius subsp.
utriculosus (Bluket ex Krylov) Takht., a0o sIK pi3HOBUL).
Tyt Mu posrismaemo C. arenarius 'y IHAPOKOMY
PO3YMiHHI, K €AMHUI (ayie ToNiMOpGhHUIA) BUL POILY
Ceratocarpus (Mosyakin, 2003; Zhu et al., 2003).

BaxxnuBoro cki1agoBOK  IiABUILEHHSI  CTYIIEHS
OOIPYHTOBAHOCTI Ta CYTTEBOI JeTaii3allil peKOHCT-
PYKILi mMoeTamHMX 3MiH Yy CKJIali POCIMHHOIO
MOKPUBY IIJIEHCTOLIEHY Ta TOJOLEHY € HasBHICTh
BUIOBUX BHU3HAYEHb TMWJIKOBUX 3€PeH POAUHU
Chenopodiaceae (Pashkevich, 1977; Monoszon, 1985;
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Grichuk, 1989; Velichko et al., 1991, 1999; Bezusko
et al., 1992, 2003, 2011; Bolikhovskaya, 1995; Komar,
2004; Andreeva, 2011; Shovkoplyas, Pashkevich, 2011).
IneHTHdikalliss BUKOMHOIO MNWJIKY MPEICTaBHUKIB
1€l poOOMHU 10 BHUAOBOTO piBHSI 0a3yeTbcsl Ha
BUKOPUCTAHHI CHELiaIbHUX MaiHOMOPGMOIOTIYHUX
po3pobok (Monoszon, 1973; Tsymbalyuk, 2005;
Tsymbalyuk et al., 2005; etc.). AKTyaJIbHUM € TaKOX
MPOBEACHHS JOCTiIKEHb i3 y3aralbHeHHS KOMILIEKCY
MIaTHOCTUYHUX O3HAK IMJIKOBUX 3€PEH UIST OKPEMUX
BuAiB poauHu Chenopodiaceae (Mosyakin et al., 2017;
Bezusko et al., 2018). BimmiTuMo, 110 pe3ynbraTtu
ineHTudiKallii BUKormHoro nmuwiky C. arenarius BaXJIMBO
BpaxoByBaTU IIpYM MPOBEJCHHI PEKOHCTPYKIIN SIK
MPUPOTHMX, TaK i aHTPOTIOTEHHUX 3MiH POCIMHHOTO

MOKPUBY  MUHYJIOTO. OTpuMaHi  pe3yibTaTu
COPUATUMYTb  OOIPYHTYBaHHIO Ta  JeTadi3allil
nayeo@IOPUCTUYHNX,  MMaeodIiTOLEHOMOTIYHNX i

MAJIEOEKOJIOTIYHUX PEKOHCTPYKIi TUIEHCTOLEHY Ta
TOJIOLICHY.

Mertoto Hamoi poOoTu OyJi0 MOpoaHaldizyBaTU
CMUCKU BMUIOBOTO ckiamy poauHu Chenopodiaceae
y namiHodJiopax BiIKJIamiB  ajuiepeay—TOJIoLeHy
Jlicopoi, JlicocteroBoi Tta CtenoBoi 30H YKpaiHWu;
BU3HAYUTHU NATiHOMIOPpH, B IKMX Oepe yJacTb MUI0K
C. arenarius; PEeKOHCTPYIOBaTH TIOIIMPEHHSI BUIY B
MpOCTOpPi Ta Yaci; y3aralbHUTHU OiarHOCTUYHI O3HAKU
mukoBux 3epeH C. arenarius, sKi € BaXJIMBUMHU TIPU
MPOBEACHHI MaJeonaJiHOMOTIYHUX JOCTiIKEHb.

Marepianu Ta MeTOAM

B po6oTi Oynu BUKOHAHI KOMIUIEKCHi Tajieodaopu-
CTMYHI Ta  MajJiHOMOP(MOJOriyHi  JOCIiIKEHHS
C. arenarius. ba3zoBUM MeTOOOM MpPHU TMPOBEACHHI
mareo@IOPUCTUIHUX — OyB  CITOPOBO-TIIMIKOBUIA
anamiz. [Ilunok poaunu Chenopodiaceae 4acTo
BXOIUTH IO CKJIAAy ITaJliHOJOTiYHMX XapaKTEePHUCTUK
noBepxHeBUX TMpod TIpyHTIB JlicoBoi (Arap, 1974,
1976), JlicoctenoBoi (Arap, 1972; Bolikhovskaya,
1981) ta CrenoBoi (Zubets, 1971; Bezusko et al.,
2011) 30H VYkpainu. Hamum Oynm mpoanHajizoBaHi
YHCEJIbHI MaAJTIHOJIOTIYHI XapaKTepUCTUKU BiIKJIAIiB
ajulepeay—rojIoleHy PiBHMHHOI YacTMHMU YKpaiHU
(Jlicoma, JlicocrenioBa, CteroBa 30H1). BcTaHoBieHO,
10 B MepeBaxHill OiMbIIOCTI MyOaiKaliid MUIKOBI
3epHa  Chenopodiaceae pi3HUMU  OOCITiTHUKAMM
iIeHTUGhIKYBAIUCH JIMILE [0 POAWHHOIO piBHA. Y
cKyIam cyoMOCHMIBHMX CIOPOBO-TIMJIKOBUX CIICKTPiB
ITpaBobepexcks Ta JliBodepexoks cyyacHoi CTernoBoi
30HU Ta B MaJliHOJOTIYHUX XapaKTepuCTUKAaX
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BiIKJIaliB aylJiepely—rojoleHY PiBHMHHOI YacCTUHU
VYkpainu nunok Chenopodiaceae Oyno BU3HAYEHO SIK
10 POIOBOro, Tak i A0 BMIOBOro piBHiB (Andreeva,
2011; Bezusko et al., 2011). Mwu uizecnpsiMoBaHO
30cepensii yBary Ha TUX NajliHoduopax BiaKJaiiB
ajulepeay—ToJIOleHY, B SKUX IO BHUIOBOIO CKJIAdy
Chenopodiaceae BxomuB C. arenarius (14 boHOBHUX
pO3pi3iB Ta YOTUPU apXEOJIOTiUHi MaM'ATHUKH).
OCHOBHMMM MeTOAaMHU IIpU IIPOBEACHHI MaiHO-
MOP@OJIOTIYHUX JOCTiIXKEHb OYJIM TOPIiBHSIIBHO-
Mop(doJIOTiUHMIA, CBiTJIOBAa Ta CKaHyBaJbHa CJIEKT-
poHHa Mikpockoris. ByB BuKopucTaHUIT MaTepial
3 HamionamsHOro repbapito  YKpainu (repOapiro
Incturyty Oortaniku im. M.I. XonomHoro HAH
Vkpainu — KW). AxkpoHimMu HaBeaeHO 3a [ndex
Herbariorum (Thiers, 2008 —onward). Jlist nocimkeH-
HS TIMIKOBUX 3€peH IIiJl CBITJIOBUM MiKpOCKOIIOM
(Biolar) Matepian oOpo0JIsIN 32 3araIbHOMPUNHITUM
aneroiizHuM  MetomoM  (Erdtman, 1952). s
BUBYCHHS IWJIKY Il CKaHYBAJIBHUM €JICKTPOHHUM
MikpockorioM (JSM-6060 LA) matepian ¢ikcyBaniu
y 96%-My eTaHOJI Ta HAIMWJIIOBAJIM IIApOM 30J10Ta 3a
CTaHIapTHOIO MeTOIMKOW. OnucyBaIu MUWIKOBI 3epHa
3 BUKOPUCTAHHSIM 3araJIbHOMPUIHSATOI TePMiHOJIOTIT
(Punt et al.,, 2007) 3 oxpeMumu MoaudikaisMu
(Tsymbalyuk, 2005). ITocriiiHi mpenapaTy TUJIKOBUX
depeH C. arenarius 30epiraloTbcsl y mnajliHOTeLi
HauionansHoro repoapiro Ykpainu (KW-P).

PesynsraTi Ta 00roBOpEHHS

Hamu Ta iHIIMMM gocaifHUKaMu OylIu ompalboBaHi
Ta y3arajbHEeHi OTPUMAaHi MaJTiHOJIOTIYHI XapaKTepu-
CTUKM ITOBEpXHEBUX MpoO IpyHTiB (Zubets, 1971;
Arap, 1972, 1974, 1976, Bolikhovskaya, 1981; Bezusko
et al., 2011) Tta BigKJIamiB amiepeay—rojoLeHy
PIBHMHHOI 4aCTMHU YKpaiHu, SIKi MICTWIM TUJIKOBI
3epHa Chenopodiaceae (Artyushenko, 1970; Dinesman,
1977; Pashkevich, 1977, 1981; Artyushenko et al.,
1982; Kremenetski, 1991, 1995; Bolikhovskaya, 1995;
Gerasimenko, 1997; Velichko et al., 1999; Elovicheva,
2003; Kalinovy¢ et al., 2006; Andreeva, 2011; Bezusko
et al., 2011; Shovkoplyas, Pashkevich, 2011; Chumak,
2012). 3asmaummo, mo muinok C. arenarius OYI0
HaMU iIeHTU(hIKOBAaHO Ta BKJIIOUEHO IO BUAOBOTO
ckany naitiHOMIOp BiIKIadiB ajuiepeay—rojoLeHy
(14 doHoBuUx po3spiziB). [Tunkosi 3epHa C. arenarius
TaKOX YacTKOBO (opMyBaanl BHUIOBY CKJIAIOBY
ponunu Chenopodiaceae y mnaniHodaopax BiaKJamiB
apXeoJIOTIYHUX TMaM'aToK (Heomity — YamaiBka,
Kam'sstna Moruna; eneomity — PosmonpHe, Kam'sHa

420

Moruna) (Bezusko, Kotova, 1997; Bezusko et al.,
2011) ta B mamiHodaopi 3 OpraHiYHMX PEUITOK
BMICTY HUTYHKY TEJSTU 3i CKi(ChKOTO MOTWJIbHUKA B
ypouuii IlepemenunHo (ITonraBchka 06:71.) (Bezusko,
Tykhonenko, 1999).

V3aranbHeHi naneodIopuCcTUIHI
JTIO3BOJISIIOTH PEKOHCTpPYyIOBaTH
C. arenarius y mpocTopi Ta yaci (Tadauiis).

HasBHi Ha 1eit yac nmaseodaopucTuyHI MaTepiaau
cBimuath npo yuacth C. arenarius y cKJ1aJi IPUPOTHUX
ditolieHO3iB Ha TepuTopii cydacHux JlicoBoi Ta
JlicocreroBoi ~ (JIiBoOepexxksi)  30H  YIPOIOBX
OCTAaHHBLOTO KJIIMATUYHOTO PUTMY ITi3HbOJIbOAOBHKIB'S
(MixcTamian ajiepes Ta cTaaian mi3Hii apiac). Y nbomy
KOHTEKCTI HOBIi J1aHi € JOAATKOBUM MiATBEPIXKEHHSIM
MIPOCYBaHHSI B IIBHIYHOMY HampsIMKy OCSIKHMX
BUIIB CyYaCHHUX CTEIOBOI Ta JicocTenoBoi ¢Jop,
sKi B  Ti3HbOJILOJOBUMKOBUM 4yac  opmyBaiu
MEePUTTISILLAIbHUIA TUIT POCIMHHOIO IIOKPUBY, abo
XK MOpPUHAUMHI Opaid akTUBHY Y4YacTb Yy CKJIai
TOMILIHBOI MepUrIsLiaabHOol pocauHHocTi (Mosyakin
et al., 2017; Bezusko et al., 2018). BcranoBieHo, 110
C. arenarius TparuisIBCs y CKJalli pOCAUHHOTO IMTOKPUBY
I1IpaBoGepexckst JIicoBoi 30HU B cepeIHbOMY TOJI0LIEHI
(SB yac). Bun 6paB yyacTtb y GopMyBaHHI POCIMHHUX
yIpyIloBaHb Ha TepuTOpii cydyacHoi JlicoBoi 30HU
B mi3HbOMy rosoneHi (SA wac). Moro ywacts y
CKJIaJi pOCIMHHOCTI 3adikcoBaHa 1 Ha TepUTOpii
ITpaBobepexcks JlicocTenoBoi 30HM BpoAoBX SB Ta
SA yaciB ronoueHy. Bcranosneno, mo C. arenarius
TakoXx 3poctaB Ha JliBoGepexxi JlicocTenoBoi 30HU
B paHHboMy (PB uac), cepennbomy (AT, SB uacu)
Ta mizHboMy (SA uac) rosoieHi. Bin OpaB yuacTthb y
¢opMyBaHHiI POCIMHHMX YrpylnoBaHb Ha TePUTOPIi
cydacHoi CTeIroBoi 30HM B cepeaHbOMY TOJIOIIEHI (Ha
ITpaBobepexki — B AT Ta SB uacu; Ha JIiBoOepexoki —
B AT wuac). IlancodmopucTuyHi Matepiaad ITOCUTH
YiTKO OOIPYHTOBYIOTb HasBHicCTb C. arenarius 'y
CKJadi pOCAMHHUX YIpyloBaHb Ha pPiBHUHHIMI
YacTUHI YKpaiHM BMOPOJOBX Ti3HBOTO TOJIOLEHY
(SA yac). MoxHa OPUMIYCTUTH, 110 HA TOH Yac y
OiIBIIOCTI MiCLIE3pOCTaHb L€ BUM BXOAUB 0 CKJIALy
CUHAHTPOITHUX POCIMHHUX YTPYIOBaHb i, BiIMOBITHO,
HaJIeXXaB 10 CUHAHTPOMHOI GJopu. Aje 3arajiom
YOPOAOBX TOJOLEHY MeXi IPUPOAHOrO apeany
C. arenarius B YKpaiHi BUBHAUNTU JOCUTH BaXXKO came
yepe3 Moro iMoBipHe CMHAHTponHe po3ceyneHHs. [Tpu
OOIpYHTYBaHHI ydacTi BUAY B CKJadi CMHAHTPOIHOI
(iopu Ta POCIMHHOCTI BaXJIMBO TaKOX YPaxXOBYBaTU
HasgBHICTh Y CKJIali BMKOITHUX MNaJiHOMJIOP iHIIMX

MaTepiaau
TTOIINPEHHS
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Tabnuus. Yuactb muaky Ceratocarpus arenarius y najiiHoduopax BinkinagiB amepeay—roJoueny Jlicooi, Jlicocremosoi Ta

CrenoBoi 30H YKpainu

Table. Participation of pollen of Ceratocarpus arenarius in palynofloras of the Allerad—Holocene deposits of the Forest, Forest-

Steppe, and Steppe zones of Ukraine

. TManiHodaopu BiakiamaiB anaepesy—roJoueHy
Po3pi3 / obnactb
*SA | sB | ar | Bo | PB | DR-3 | AL
Jlicosa 30na, [IpaBoGepexiks
Jopouiis / JIbBiBcbKa o ok — — _ + +
CsepuioButa b—46 / JIbBiBCcbKa + — — — — — _
3Beniropoa-Koirypiscbke / JIbBiBcbKa + — — — — _ _
IxBa—I / TepHominbcbka + + — — - + +
JlicoBa 30Ha, JliBoOepexKs
PomanbkoBo / Cymcbka | + | - | — | — | — | — | —
JlicocTenosa 3ona, IIpaBodepexaks
Kitororosebke / KuiBebka | + | + | — | — | — | — | —
JlicocTenosa 3ona, JliBoOepexiKks
Yyrmak / Yepkacbka + - + — + + +
Jlomanbcbke / XapKiBebKa + — — — — _ _
KomapiBka / XapkiBcbka + + — — _ _ _
Ckiebkuit MorunbHUK (Kyprad Ne 1) B ypouniii 4 _ B B B B B
MepewenuHo / [Monrascbka
CrenoBsa 3012, [TpaBodepexKs
€naneus I1 / Mukonaiscbka + — — — — _ _
€naneun | / MukonaiBcbka + — — — — _ _
Tpoiubke 11 / MukosaiBcbka + + + — _ _ _
Crenosa 30ua, JIiBoOepexKs

Kaprammnceke 11 / XepcoHcbka + — — — — _ _
Bnacuxa / XepcoHcbKa + — — — — — _
PosznonbHe / JloHelbKa — — + — _ _ _
Kawm'ssHa Moruna / 3anopisbka — — + — — - —
YamnaiBka / 3arnopizbka — - + — — — _

IManinodaopu BigkiamiB: *SA — cybarianTuyHoro, SB — cydbopeanbHoro, AT — atnantuuHoro, BO — 6opeanbHoro, PB —

npedopeanbHro vaciB rosoueHy, DR—3 — mi3Hboro npiacy, AL — aniepeny;
": BIICYTHICTh MMMJIKOBUX 3€PEH Y BUKOITHMX IMasliHO(IOpax.

naniHogopax; ***"—

*% "+ yqacTh MUJIKOBUX 3€PEH y BUKOITHUX

Pollen floras of deposits: *SA — Subatlantic, SB — Subboreal, AT — Atlantic, BO — Boreal, PB — Preboreal phases of the

",

Holocene, DR—3 — Late/Younger Dryas, AL — Allerad; ** "+": presence of pollen grains in fossil palynofloras; *** "—": absence

of pollen grains in fossil palynofloras.

iHAMKATOPHUX BUIIB TOCHOAAPCHKOI  AisSIbHOCTI
monuHu. Hanpukian, C. arenarius MOXHa poO3TJIsIaTA
SIK iHAMKATOP MOPYIIEHHS TPaB'THUX 1IEHO3IB i T1i€10
CcIlacyBaHHSI, a OCOOJIMBO BUTOITYBAHHSI CBiliICbKUMU
tBapuHamu (Bezusko, Tykhonenko, 1999; Bezusko et
al., 2011). LixaBo BigMituTH, 1110 C. arenarius BXOAUTH
IO TUX BUIIB, Ki 4acTO HOPMYIOTh (DIIOPOKOMITIIEKCH
Ha IITYYHO HaMUTHUX mickax. Hampuknan, y 3amiasi
p. [lecuu (cyuacHa JlicoBa 30Ha) 10T0 TIOSIBI B CKJIafi
¢dJaopu crpusiia TIoBHa TpaHcdopmMallis OOJOTHOIO
exkorony. lle cnpUUYMHMIO CYTTEBI MNEpeOYAOBU Y
CKJIali POCIMHHOTO MOKPUBY, 30KpeMa OOYMOBUJIO
oMM peHHS BUAIB Oyp'stHOBOI dhitopu (Lukash, 2008).
IIpoBeneHHs MogaablIMX AOCHIIKEHb 3 ifeHTUdiKaLlil
BuKomnHoro muwiky C. arenarius TO3BOJUTH BHOCHUTH

Yipaincokuit 6omaniunuii ncypran, 2019, 76(5)

KOPEKTUBM JIO TIOTIEPEAHBO  PEKOHCTPYWOBAaHOL
HaM{ KapTUHU TTOIIUPEHHS 1IOTO BUIY B ajlIepemi—
TOJIOLEHI Ha piBHUHHIA vacTuHi Ykpainu. Tomy
aKTyaJbHUM 1 TIEPCIIEKTMBHUM € YTOYHEHHS Ta
y3araJbHEeHHS MOP(hOJIOTIYHUX O3HAK TTUIKOBUX 3€peH
C. arenarius nJsl iJei CIOPOBO-TIMJIIKOBOTO aHaJIi3Yy.

Hwxuye HaBogMMO [eTaJbHY XapaKTepUCTUKY
nuiKoBux 3epeH C. arenarius.

CeimnoBuii mikpockon (puc. 1, A—H). [Tunkosi 3epHa
22—38-10poBi, chepoiganbHi 3a GopMoI0, B oOpHcax
OKpyryi, mo kpato piBHi. diamerp 18,6—26,6 MKM.
ITopu 4iTKi, OKPYIJIi, 3 TOHKOIO, YiTKOIO 00JISIMiBKOIO.
Hiametp mtop 2,0—4,0 MxkM. BigcTanb MixX KpasgMu mop
3,3—5,3 MKM, MiX LeHTpaMu — 6,4—9,3 MkM. Ex3uHa
1,3—2,7 mxM 3aBTOBIIKM. CTOBIMYMKHU YiTKi, KOPOTKIi,
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Puc. 1. [Tunxosi 3epHa Ceratocarpus arenarius (CBiTI0BUi1 MikpocKorl). A—D: 3aranbhuit Bursa; E, F: ckynbntypa ek3uHu;
G, H: TexcTypa eK3HM Ta OKaHTOBKa. MaciutabHa JiHiiika: 10 MKM

Fig. 1. Pollen grains of Ceratocarpus arenarius (light microscopy). A—D: general view; E, F: exine sculpture; G, H: exine texure

and border. Scale bars: 10 pum

TOBCTi, pPO3TalllOBaHi HepiBHOMipHO. EHIexk3uHa
TOHKa, 4iTKa, piBHOMIpHO TIOTOBIIeHa. TekcTypa
€K3MHU 4YiTKa, 3pigKa HeuiTKa, BeJIMKOKpamyacTa.
CKynbNnTypa viTKa, IUIUKYBaTa.

CkaHyBaJIbHHi €JIEKTPOHHMIA MiKpockon (puc. 2,
A—D). CkynbnTypa eK3WHU [piOHOIIUIMKYBATa,
MoKpuB 3 ApioHuMM nepdopauismu. Iunuku 3
TOCTPOIO BEPXiBKOIO, PO3TALLIOBAHI LIIIbHO, OUIbLI-
MeHIlI piBHOMipHO. [lopu mnepeBakHO 3 MiTHSITOIO
MeMOpaHoI0, 3pinKa i3 3aHypeHolo. [TopoBi MemOpaHu
3 eKTeK3MHOBMMU YAaCTUHKAMM, Ha SIKUX PO3MIillleHi
JpiOHI IIUMWKU, B KiTbKOCTI 8—17, nesIKi 31MBalOThCS,
pO3TallloBaHi HEPIBHOMIPHO.

Hocnimkeni 3pasku: 1. Opecbka 00i1., I3Mainb-
cbkUii p-H, c. O3epHe, JecoBi cxunm Ha 03. Ammyr,
28.VI 1972. JI.1. Kpuupka (KW). 2. KpbimMckast 00i1.,
®deonocuiickuii p-H. [lo mopore or OMOCTAHLIMKA
no 1. Cearoit (Kapapar). 12.VI 1978. A.I1. HOunyx
(KW). 3. M. Yurupun Ha KwuiBmmHi [Temep
Yepkacbka 06:.]. Topa. 23.VII 1923. 1. 3epoB (KW).
4. BopommunoBrpanackas [remep Jlyrancbka] o0:.,
MenoBckoil p-H, 3amoBegHMK "CTpelenkast CTEIb",
pacnaxaHHasl rpaHuma 3anoBenHuka. 25.VIII 1951.
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3. CaprerueBa (KW). 5. CramiHcbka okpyra [Temep
Jonenpka o06i1.], ¢. bemeBo [Terep CrapobOeliene].
6.VII 1930. 3i6p. I1. Okcitok, Bu3H. B. Xp:kaHOBCbKUI
(KW).

Hamu y3aranbHeHi MOp(ONOTiuYHI 03HAKM TTHIKO-
Bux 3epeH C. arenarius, sIKi MOXXHa BUKOPHCTOBYBAaTH
IIJIsI iXHBOI iAeHTU(IKalil TpU MTPOBEIeHHI CIIOPOBO-
MUJKOBOTO aHaJli3y: po3Mipu 3epHa Ta IMop, KibKiCTh
Mop, BiACTaHb MiX IXHIMM KpasMM, TeKcTypa i
TOBIIMHA €K3WHU Ta YiTKiCTh CTOBIYMKIB. 3a IIUMU
o3HakKaMu MnujkoBi 3epHa C. arenarius 1OCUThb 100pe
BiIpi3HSIOTBCS Bil MNWJIKY IHIIMX TMPEACTABHUKIB
ponunu Chenopodiaceae (Mosyakin, Tsymbalyuk,
2002, 2004; Tsymbalyuk et al., 2005; Mosyakin
et al., 2017; Lu et al., 2018). 3a miameTpom mop,
YIiTKICTIO OOJIIMiBKM, TEKCTYpOlO Ta TOBIIMHOIO
eK3MHU muiakoBi 3epHa C. arenarius TIOHiOHI 10
muiky Krascheninnikovia ceratoides (L.) Gueldenst.,
ajle BOAHOYAC i BiIPi3HSIOTHCS 3a ACSIKUMU iHIIUMU
o3HakaMM. 3o0kpeMa, NuiakoBi 3epHa C. arenarius
MaloTh AEII0 MEHIIi PO3Mipy, MEHIIY KiUIbKiCTh MTOP
i OiIbIIY BiACTaHb MiXX KpasMu Ta LIEHTpaMu Top, a
TaKOX YiTKillli CTOBIMTYMKU €K3UHMU.

Ukrainian Botanical Journal, 2019, 76(5)
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Puc. 2. Tunkosi 3epHa Ceratocarpus arenarius (CKaHYBaTbHUI eNEKTPOHHUN MiKpockorn). A, B: 3arampHuii Burisn; C:

CKYJIBIITYpa eK3uHM; D: mopa

Fig. 2. Pollen grains of Ceratocarpus arenarius (scanning electron microscopy). A, B: general view; C: exine sculpture; D: pore

Bucnosku

Vrmepiie 3a  pesyasraTaMd  MaueoMIOPUCTUIHUX
JOCIIiIKEHb OOIPYHTOBaHi OCHOBHiI TEHIEHLil B
nomupeHHi C. arenarius Ha pPIBHUHHINA 4YacTUHI
YKkpaiHu BOpPOIOBX ajiepeny—royolieHy. BcraHoB-
JIEHO, 1110 BUJ OpaB ydyacThb y CKJIadi NepUriIsiiaabHOl
POCIMHHOCTI Ha TepuTopii cydacHux JlicoBoi Ta
JlicocTenoBoi (JliBoOepexoksi) 30H B aiepelni Ta
Mi3HBOMY Jpiaci. 3 po3magoM NepUTISIiaJbHOTO
KOMILIEKCY TpuaaTHi MicuespoctanHst C. arenarius
CKOPOYYIOThCSI 200 U 30BCiM 3HUKAIOTh 31 CKIamgy
MPUPOJHOI POCAUHHOCTI Ha Teputopii JIliBoOepexKs
JlicocTernoBoi 30HM BOPOAOBX MEPIIOT MOJOBUHU

Yipaincokuit 6omaniunuii ncypran, 2019, 76(5)

panHboro (PB uac) rosoueHy. ¥Y3arajbHeHi maneo-
daopucTUYHI AaHi AO3BONWIN HiATH BUCHOBKY, IO
nowpeHHss C. arenarius Ha pPiBHUHHINA 4YacTUHI
YKpaiHu BIpPOAOBXK ajjiepely—royiolieHy BU3HavaIu
K TPUPOAHi, TaK 1 AaHTPOMOreHHi (aKTOpHU.
ITocTtynoBe 3pocTaHHS poOJii OCTaHHIX (PaKTOpiB Y
cepenaboMy (AT, SB wacm) Ta misHbOMY (SA dac)
TOJIOLIEHI CBiTUUTH MPO T, 10 MMOBIPHO y OiMLIIOCTI
BunankiB C. arenarius OpaB ydacTb y (OpMyBaHHI
CHHAHTPOITHUX POCIMHHUX yTPyNOBaHb. Y3araJlbHEeHO
KOMIUIEKC KUIBKICHUX Ta SIKICHUX IIarHOCTUYHUX
o3HaKk mnwikoBux 3epeH C. arenarius, IKi JOBOISIThb
MNEePCNeKTUBHICTh IXHbOIO BUKOPUCTAHHSI IPU BUIOBIi
ineHTUdiKallii BAKOITHOTO MUJIKY.
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Abstract. Hemileccinum depilatum (Boletales, Basidiomycota) is currently known from Western and Central Europe, the
Mediterranean, the Balkan Peninsula, and Asia (Azerbaijan and Turkey). The fungus is rare throughout its range and is included
in the Red Lists in several European countries. In Ukraine, the species is known since 2006. Formerly, H. depilatum was found
on the South Coast of Crimea, in the Mountain Crimea, Western Forest-Steppe and the Carpathians. The species was recorded
only in five localities in three regions of Ukraine: Khmelnytsky, Transcarpathian, and the Autonomous Republic of Crimea.
Over the recent years, the fungus has been also reported from the following five regions: Cherkasy, Ivano-Frankivsk, Kyiv, Lviv,
and Ternopil. Thus, by now the total number of the species localities increased from 5 to 14. However, the number of records
grows due to additional data recently provided from field observations by amateur mycologists, rather than it can be considered
as a result of an increasing population trend of the fungus. Undoubtedly, H. depilatum is a rarely occurring species in Ukraine
and is to be protected. A preliminary assessment of the species at the national level using the IUCN criteria and categories is
provided. Today, the main threat to its existence is collection of the fruit bodies by local population. Therefore, it is proposed
to continue searching for new localities of the fungus and to protect those sites at least at the regional level, as well as to provide
public outreach, primarily through social networks, which nowadays bring together tens of thousands of amateur mycologists
in Ukraine.
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Temora B.I1.!, AckoB B.2, Taitosa B.I1.' 2019. TTommpenns B YKpaini Ta monepeaust ouiHka piakicHoro rpuda Hemileccinum
depilatum (Boletales, Basidiomycota). Yxpaincokuii 6omanivnuil wcypran, 76(5): 427—433.

'THctutyT 60Taniku iM. M.I. Xonoagnoro HAH Ykpainu
ByJ1. TepewenkiBcbka 2, Kuis 01004, Ykpaina

2JHCTUTYT GiOPi3HOMAHITTS Ta EKOCUCTEMHUX JOCIIIKEHb, AKaneMis HayK borapii

By lOpis larapina 2, Codia 1113, bonrapist

Pedepar. Hemileccinum depilatum (Boletales, Basidiomycota) tpannsietbes y 3aximHiii Tta LleHTpanbHili €Bpori,
CepenzemHoMop'T, Ha bajakaHCcbKOMY ITIBOCTPOBI, a TaKOX B A3ii (A3zepOaitmkaH i TypeuunHa). CKpi3b BiH € piIKiCHUM, Y psidi
KpaiH €Bpony BHECEHMIT 10 TPUPOTOOXOPOHHMX CITUCKiB. B Ykpaini BiH Bizomuii 3 2006 p. [pu6 3Haxonuiu Ha [TiBaeHHOMY
oepesi Kpumy, y Iipcbkomy Kpumy, 3axinnomy Jlicocreny ta Kaprarax. JIo uboro mociimkeHHs1 B YKpaiHi Oyio BizomMo
JIMIIE IT'SITh OT0 MiClie3HaXOKeHb, pO3TallloBaHMX B ABTOHOMHIM PecmyGumimi Kpuwm, 3akaprmarcbkiit i XMeTbHUIBKIi
00J1aCTSX. YIIPOIOBX OCTaHHIX POKiB rpu0 OyB 3apeecTpOBaHMI 1€ Yy IT'SATH obnacTax — IBaHo-PpaHKiBebKiit, KUIBChKii,
JIbBiBCbKil, TepHOMiNbCHKIN i YepKachKiii, a KiJbKiCTh BiIOMUX JIOKATITETIB BUAY 3pociia 3 5 1o 14. OmHak 1ie 30iJIbILeHHS
MOB'sI3aHe HacaMIiepe 3 IMMPOKUM 3aTydeHHSIM J0 MOIIYKiB JaHOTO BUAY MiKOJIOTiB-aMaTOpiB, a HE € HACIIIKOM TeHICHIIii
o 30iTBIICHHS YncebHOCTI Tpuba. Otke, H. depilatum € pinkicHuM B YKpaiHi BUAOM i TTOTpeOye OXOpOHU. 3AilicCHEHO
MOTMepeIHIO OLIIHKY BUJly Ha HalliOHAJIbHOMY PiBHi i3 3acTocyBaHHSIM KpuTepiiB Ta kareropiit MCOII. Ha cboroHi rooBHoO0O
3arpo3olo il Moro icHyBaHHsSI € 30ip IUIOAOBUX TiJl HaceJeHHsIM. ToMy MPOIOHYEThCS MPOJOBXYBATH IMOILIYK HOBUX
MiclIe3HaXo/IKeHb 1IbOr0 PiAKiCHOro rpuba, OpaTu iX ITiJ OXOpPOHY Xoya O Ha perioHajJbHOMY PiBHi, a TaKOX 3[ilICHIOBaTU
PpO3'CHIOBAJIbHY pOOOTY 3 HACEJICHHSIM, HacaMIiepe/ Yepes colliaabHi Mepexi, siKi Ha ChbOroJHi 00'€IHYIOTh B YKpaiHi 1eCITKU
THUCSY MiKOJIOTiB-aMaTopiB.

KimouoBi ciioBa: Boletaceae, Boletus, Hemileccinum impolitum, Leccinum, Xerocomus, MCOII, oxopoHa rpu0iB, piaKicHMi1 Tpu6
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Hemileccinum Sutara is one of the smallest genera of
the Boletaceae (Boletales, Basidiomycota) currently
comprising five species (http://www.indexfungorum.
org/names/Names.asp). The genus was described by
J. Sutara (2008) to include two species then placed in
Xerocomus Quél., as H. depilatum (Redeuilh) Sutara and
H. impolitum (Fr.) Sutara. Formerly they were regarded
by different authors as belonging to three genera,
Boletus L., Leccinum Gray, and already mentioned
Xerocomus. However, the two species were transferred
to Hemileccinum, once it was noticed that anatomical
structure of the peripheral stipe layers in both species
is of the leccinoid type (i.e. corresponding to that of
Leccinum) (Bertault, 1980; Sutara, 2008). Therefore
these species could be referred neither to Boletus,
nor to Xerocomus. This conclusion was supported by
molecular phylogenetic analyses; moreover, studies on
phylogenetic relationships have demonstrated that both
species are also rather distant from Leccinum (Binder,
Besl, 2000; Bakker, Noordeloos, 2005). Thus, a new
genus was proposed based on distinct morphology and
phylogenetic data. Morphologically, the genus appears
similar to Leccinum, but its species differ in having the
yellow hymenophore, unchanging in color context,
iodoform odor, and violet macrochemical reaction
of the pileus surface with NH, vapour (éutara, 2008).
Furthermore, multigenous analysis of highly informative
genetic markers showed a distinct phylogenetic linecage
and clearly supported Hemileccinum as a separate genus
(Wuet al., 2014).

Subsequently, based on molecular phylogenetic
evidence and morphological data (Halling et al., 2015;
Wu et al., 2016), other two species, the Southeast Asian
Boletus indecorus Massee [Corneroboletus indecorus
(Massee) N.K. Zeng & Zhu L. Yang] and the North
American B. subglabripes Peck, were transferred to
Hemileccinum; in addition, a new species, H. rugosum
G. Wu & Zhu L. Yang, was described from south-
western China. Thus of the currently known five
species of Hemileccinum, only two are native to
Europe, H. depilatum and H. impolitum. The latter
is quite widespread, while H. depilatum is a rarely
occurring species. It has been reported from Western
and Central Europe, the Mediterranean, the Balkans
(http://e-ecodb.bas.bg/rdb/bg/voll/Boldepil.html)
and Asia (Azerbaijan and Turkey) (Dogan et al., 2012;
Mustafabayli, Aghayeva, 2019). Due to its rarity, the
species was included in the Red Lists of fungi in several
European countries. In Bulgaria, H. depilatum is red-
listed as Endangered (EN B2ab(iii)) (Gyosheva et al.,
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2006; Assyov, Denchev, 2015). In the fungal Red List
of the Czech Republic it is categorized as Vulnerable
(Holec, Beran, 2006; Sutara et al., 2009), in the Red
List of Fungi for Great Britain — as Data Deficient
(Ainsworth et al., 2013). In Poland, only two records
of H. depilatum are known and the species is included
into the "List of Rare and Endangered Species of
Fungi" ("Rejestr gatunkdéw grzybow chronionych i
zagrozonych" (GREJ), https://www.grzyby.pl/gatunki/
Boletus_depilatus.htm#GRE]J).

In Ukraine, until recently only one species of this
genus was known, H. impolitum, a quite widespread
mushroom commonly gathered in forests by local
population. It has been recorded in Central Polissya,
West, Right Bank and Left Bank Forest-Steppe, Left
Bank Grass-Meadow and Grass Steppe, as well as
Crimea (Zerova et al., 1979; Akulov, Prydiuk, 2007;
Sarkina, 2018). The second species, H. depilatum,
was found for the first time in Ukraine by I.S. Sarkina
(2014a, b) in 2006 in Mys Martian Nature Reserve
(South Coast of Crimea). The second and third finds
of the fungus in 2008 were reported by the first author
from Western Forest-Steppe (Heluta, 2012). After that,
H. depilatum was recorded in the Mountain Crimea
(Sarkina, 2014b) and the Carpathians (Berkela,
Pokynchereda, 2015; Gleb, 2016). In 2016, a single
fruit body collected in Central Polissya was brought by
amateurs to the M.G. Kholodny Institute of Botany,
NAS of Ukraine, for identification. Since recently,
more observation data on the occurrence of this species
have been provided through "Fungi of Ukraine", a social
network group (https://www.facebook.com/groups/
Hryby.Ukrayiny/?ref=bookmarks). Consequently,
distribution areca of the fungus in the country was
expanded to include the Right Bank Forest-Steppe, as
well as several new localities were added to the earlier
reported regions mentioned above.

Here we provide a description and illustrations of
H. depilatum (Fig. 1), followed by a list of all currently
known localities in Ukraine and a distribution map
(Fig. 2).

Hemileccinum depilatum (Redeuilh) Sutara, Czech
Mycol. 60(1): 55. 2008. — Bas.: Boletus depilatus
Redeuilh, Bull. Soc. Mycol. France 101(4): 389. 1986
[1985]. — Syn.: Leccinum depilatum (Redeuilh) Sutara,
Ceska Mykol. 43(1): 4. 1989. — Xerocomus depilatus
(Redeuilh) Manfr. Binder & Besl, Micologia 2000
(Trento): 85. 2000.

Pileus 4—10(—15) cm wide, hemisphaerical, later
convex, plano-convex to flattened cushion-shaped,
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Fig. 1. Fruit bodies of Hemileccinum depilatum collected in Khmelnytsky Region (A—E); pileus pseudoepithelium composed of
ellipsoid to subglobose cells (F). Bar: 50 pm
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@® Hemileccinum
depilatum

Fig. 2. Distribution of Hemileccinum depilatum in Ukraine (CF — Carpathian Forests, CP — Central Polissya, MC — Mountain
Crimea, RFs — Right Bank Forest-Steppe, SC — Southern Crimea, WFs — Western Forest-Steppe, WUF — Western Ukrainian

Forests)

surface uneven, slightly wrinkled or pitted, mostly
glabrous, but at early stages finely tomentose in pits
and at pileus margin, later completely glabrous, at first
yellow-brown, then chestnut-brown, fading to ochre
or tinged to flesh color (Fig. 1, A—D). Pileipellis non-
separable. In young fruit bodies pileipellis is composed
of two layers, the upper soft trichoderm consisting of
loosely intertwined filamentous hyphae and the lower
layer formed by dense somewhat saddle-shaped hyphae.
Soon after, as the upper layer starts to disappear, the
lower one becomes a pseudoepithelium composed of
ellipsoid to subglobose cells (Fig. 1, F). Hymenophore
near stipe apex slightly depressed, sometimes almost
free. Tubes up to (10—)15—20 mm long, deep yellow
when young, olive-yellow with age. Pores minute,
0.5—1 mm in diameter, rounded, concolorous with
the tubes, unchanging when bruised. Stipe 6—15 X
2.5—4(—4.5) cm, relatively fleshy, elongate clavate or
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elongate subfusoid, tapering, occasionally spindle-
shaped toward base, often distinctly curved, covered
with scabrosities as in Leccinum, but less conspicuous,
light-colored and not darkening, later partly collapsing;
stipe surface light-yellow or whitish, in old fruit
bodies sometimes with brownish to burgundy spots or
reddish band. Stipe base covered with white or whitish,
occasionally yellow-olive to brownish tangled basal
tomentum. Partial veil and annulus absent. Context of
stipe and pileus whitish, light-yellow, often more deep
yellow above tubes and under stipe surface, at stipe base
or all over the stipe in old fruit bodies sometimes with
brown or brown-red spots (Fig. 1, E), or completely
red-brown (Fig. 1, C), color unchanging when cut,
odor unpleasant resembling iodoform, particularly in
the lower part of the stipe, taste mild.

Macrochemical reactions. Pileus surface: NH,OH —
violet.
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Spore print olive-brown. Spores (10—)12—14(—17) X
4.5—6(—7) pm, fusoid-ellipsoid, smooth.

Deciduous forests, predominantly under hornbeam,
on alkaline soils. Solitary, very rare. July—August. Edible
mushroom of low quality due to unpleasant odor.

Distribution in Ukraine. Autonomous Republic of
Crimea, Bakhchisarai Region, Male Sadove village,
21.07.2013, N.O. Bagrikova (Sarkina, 2014b); Yalta City
Council, Nikita Botanical Garden, Mys Martian Nature
Reserve, 05.07.2006, 1.S. Sarkina (Sarkina, 2014a,
b). — Cherkasy Region, Lysianka District, Pochapyntsi
village, 27.07.2017, V. Shulha. — [Ivano-Frankivsk
Region, Horodenka District, Daleshove village, 23.09.
2017, A. Yemchuk. — Kyiv Region, Borodyanka District,
near Klavdievo-Tarasove settlement, 04.08.2016,
collected by amateurs. — Khmelnytsky Region, Vinkivtsi
town, 03.09.2019, N. Marysyk; Horodok district,
Ivankivtsi village, 17.08.2019, V. Kydanchuk-Dronska;
Kamianets-Podilskyi District, Kytaihorod village,
24.08.2008, V.P. Heluta; Lenivka village, 21.08.2008,
V.P. Heluta, V.P. Hayova; Krasyliv District, Krasyliv
town, 24.07, 20.08.2019, V. Kydanchuk-Dronska. —
Lviv  Region, Zolochiv District, Yaktoriv village,
16.08.2019, O. Stepko. — Ternopil Region, Zalishchyky
town, 28.09.2015, L. Burdeina-Domarad; Chortkiv
town, 16.07, 19.08.2019, S. Flekey. — Transcarpathian
Region, Rakhiv District, Carpathian Biosphere Reserve,
Kisvyanske branch, 2015 (Berkela, Pokynchereda,
2015; Gleb, 2016).

Hemileccinum depilatum in its general appearance
is quite similar to H. impolitum but differs in pitted, or
hammered, pileus surface and microscopic structure
of pileipellis. In H. impolitum, pileipellis hyphae are
cylindrical and filamentous, with only a small number
of terminal cells slightly broadened at the top. In
H. depilatum, pileus surface undergoes conspicuous
changes during its development. Initially, the pileipellis
consists of two layers, the upper layer of loosely
intervowen filamentous hyphae and the lower one
with densely arranged hyphae. At this stage, the pileus
surface appears finely tomentose. However, it becomes
completely glabrous, as soon as the filamentous hyphae
in the upper layer disappear. In the originally lower
layer, gradually broadening hyphae become more or less
inflated, so that the pileipellis eventually is composed
of predominantly ellipsoid to subglobose cells. Thus
the two species can be easily distinguished by this
micromorphological character.

Yipaincokuit 6omaniunuii ncypran, 2019, 76(5)

Hitherto, H. depilatum was recorded in Central
Polissya, Western and Right Bank Forest-Steppe,
Carpathian Forests, Mountain Crimea and Southern
Crimea. According to administrative divisions in
Ukraine, the species was reported from the Autonomous
Republic of Crimea, Cherkasy, Ivano-Frankivsk, Kyiv,
Khmelnytsky, Lviv, Ternopil and Transcarpathian
regions. At present, in total 14 localities of the fungus
are known in the country. However, the number of
records increased due to additional data recently
provided by amateur mycologists as a result of their
field observations, rather than growing population
trend of the fungus. Undoubtedly, H. depilatum is a
rarely encountered species which is to be protected at
the national level. It has been already recommended to
include this species into the Red Data Book of Ukraine
(Heluta, 2012). However, it is necessary to assess its
conservation status nationally.

Nowadays, the red-listing system developed by the
TUCN is widely internationally recognized (IUCN...,
2012). This system is based on assessing conservation
status of all species against standard criteria applied to
estimate extinction risk for the species and to assign
it to one of the recommended categories (IUCN...,
2019). We have made a preliminary evaluation of the
status of H. depilatum in Ukraine using the [TUCN
Red List categories and criteria, in accordance with
special guidelines for fungal red-listing (Dahlberg,
Mueller, 2011). This is a tentative assessment since the
species was only recently recognized in the country (in
2006), therefore due to insufficient recording time for
an ectomycorrhizal fungus, its population size cannot
yet be estimated. However, based on the concept of
functional individual (Dahlberg, Mueller, 2011) and
current distribution of the fungus in the country, we
can apply criterion D for its evaluation. The number of
mature individuals in the known up to now 14 localities
can be estimated as minimum 140, but maximum
actual number of the localities can be increased in
future, apparently not exceeding 100. Thus, for the time
being the species is assessed as Vulnerable (VU) under
criterion D1.

At present, the main threat for H. depilatum is
collecting its fruit bodies by local population. Therefore
for conservation purposes it is important to protect
already known sites, at least at the regional/local level,
and to continue searching for new localities of the
fungus in appropriate habitats. It is also essential to raise
public awareness and to engage local people, primarily
through social networks connecting professional
mycologists with tens of thousands of amateurs.
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Abstract. Protection of the diversity of plant communities as a functional basis of the biosphere, and particularly of its rare component, remains
one of the priorities among major conservation issues. It is emphasized that the state of the rare plant communities in Ukraine has significantly
changed over the last few decades. The main tendencies of the changes in rare phytocoenoses due to human activity are outlined. Three main
groups of the consequences of transformation of rare phytocoenoses into derivative groups are as follows: 1 — within the same autochthonous
formation; 2 — within other formation of the same vegetation type; 3 — within other formation of the other type of vegetation. For the each
group, the key factors of the threats are presented and examples of the changes in the rare communities of the main vegetation types in Ukraine
are provided. In the present article, natural changes of rare communities of the forest, steppe, meadow and marsh vegetation are characterized.
In this context, authors consider changes in rare plant communities and formation of the altered vegetation due to successions in natural
conservation areas under conditions of the continuous regime of strict protection. It is noted that conservation of rare phytocoenotic diversity
requires transition to the system of preventive and direct methods as well as various conservation regimes, depending on a vegetation type and
communities homeostasis. The authors propose to introduce changes into documents on nature conservation regarding the use of various
protection regimes in the areas under strict protection. They should be used as regulatory measures to prevent degradation of natural ecosystems
and progressing loss of zonal phytocoenotic diversity.
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Yerumenko [1.M., TMomosuu C.10., Iyouna J1.B. 2019. Cy4achi Tenaennii muaamMiku paputeTHux (itonenosis Ykpainu ta 3viHa mapaaurMu
a0CoI0THOT 3aN0BiTHOCTI. Yipaincokuii Gomaniunuil ycypnan, 76(5): 434—444.

Pedepar. BinmiueHo, 1o cepen 6araTbox MPUPOJOOXOPOHHMX MPOOGJIEM MPiOPUTETHOIO 3aJUIIAETbCs 30epexeHHs (iToleHohOHIY SIK
¢byHKUiOHATBHOI OCHOBU Oiocdepu, i, Hacammepen, paputeTHOro ¢itoueHodoHmy. BcTaHOBIEHO, 1110 CTaH PAPUTETHUX POCITUHHUX
yrpynoBaHb YKpaiHM 3a OCTaHHi KiJibKa AECSTUIIITh CYTTEBO 3MiHMBCA. 3a pe3yJbraTaMu 0araTopiuHUX AOCHIIXKEHb Ta aHaJli3y JiTepaTypu
HaMiuY€HO OCHOBHI TeHJEHIi 3MiH papuUTeTHUX (PiTOLIEHO3iB BHAC/IIIOK rOCMIOAAPCHKOI AisTbHOCTI. BuaisieHi Tpu OCHOBHI Ipynu HaciaKiB
TpaHchOpMyBaHHSI papuTeTHUX (ITOLIGHO3IB y MOXiAHiI yrpyrnoBaHHs B Mexax: (1) Tiei X aBTOXTOHHOI KOpiHHOI ¢dopmallii; (2) iHIIoi
(opwmaiiii Toro x TUITy pocTMHHOCTI; (3) iHII01 hopMallii iHIITOTO TUITY pOCAUHHOCTI. J{J1s1 KOXKHOI TpyTY HaBeIeHO TOJTOBHI YMHHUKY 3aTPO3
Ta MPUKIAAM 3MiH PapUTETHUX YIpyroBaHb OCHOBHUX THIIiB POCIMHHOCTI YKpaiHU. XapaKTepu3yHTbCs MPUPOIHI 3MiHU PapUTETHUX
YIpyNoOBaHb JIICOBOI, CTEMOBOI, JTYYHOI Ta OOJOTHOI POCIMHHOCTI. Y 1IbOMY KOHTEKCTi PO3IJISIAl0ThCS 3MiHM PapUTETHOI POCIMHHOCTI i
¢dopMyBaHHs iHIIOI 32 XapaKTepoOM POCIMHHOCTI BHAC/iZOK pe3epBAaTOrEHHUX CYKIECid Ha MPUPOAHO3AMOBIIHUX TEPUTOPISIX B YMOBaX
3amnoBinHOro pexxumMy. Harosoiiryetscs, 1110 30epekeHHs papuTeTHOI (DiTOLEHOTUYHOI PI3HOMaHITHOCTI MOTPeOY€e NMEPEXOLy A0 3aCTOCYBaHHS
CUCTEMU MPEBEHTUBHUX i MPSIMHUX CIOCOOIB Ta PEXUMIB 30€pekeHHsI 3aJeXHO BiJl TUITy POCIMHHOCTI Ta TOMEOCTa3y YrpynoBaHb.
[TporoHy€eThCST BHECEHHST 3MiH 10 HU3KU TTPUPOTOOXOPOHHUX TOKYMEHTIB CTOCOBHO BUKOPUCTAHHS Pi3HUX (DOPM PEeKUMIB 30€peskeHHS Y
MPUPOJ03ATOBITHUX 00'EKTaX CyBOPOI OXOPOHH, SIKi JOLIJIbHO 3aCTOCOBYBATH SIK PETYJISITOPHI 3aX0/M 10 TPUPOIHUX EKOCUCTEM 3 O3HAKaMU
pe3epBaTOreHHOI IeCTPYKIIii Ta TPOrpecyrouMMU BTpaTaMU 30HATbHOTO (DiITOLEHOTUYHOTO Ta 0iIOTUYHOTO Pi3HOMAHITTS.

Kirouosi ciioBa: 3arposu, papureTHuit hitolieHohOH 1, pe3epBaTOreHHi CYKIIeCii, POCTMHHICTb
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Beryn

HisiIbHICTh JIOAMHU 3a TeMllaMK Ta Maclitabamu
MEPETBOPEHb MPUPOAHOTO CEPEeaOBUILIA BUIEPEIKAE
npupofHi mpouecu. Ha cydyacHOMy TeXHOreHHOMY
eTari po3BUTKY BOHUM € BU3HAYAJbHUMU Y KiJIbKICHUX
1 IKiCHMX 3MiHaxX CTPYKTYpU MPUPOJAHUX €KOCUCTEM,
i TeplI 3a Bce, B IXHbOMY HAaHOiJbIl CEHCOPHOMY
KOMIIOHEHTI — pocamHHOMY cBiTi (Shelyag-Sosonko,
2001; Didukh, 2010, 2017). AHTpOIIOreHHUIi BIJIUB —
1€ CTYMiHb MpsIMOi a0 OMocepeaKOBaHOI AisIbHOCTI
JIIONMHU Ha 3arajibHy CTPYKTYpPY 3B'SI3KiB Ta CTaH
KOMIIOHEHTIB eKocucteM. BiH cCynpoBOIXYEThCS
30iIHEHHSIM aBTOXTOHHO1 (hJI0OpU, SMEHIIIEHHSIM TUIOIIL,
3aHSATUX IPUPOTHUMHU (PITOIIEHOCHCTEMAaMHM, 3MiHOIO
CTPYKTYPHO-(PYHKILIIOHAJBHUX XapaKTEPUCTUK €KO-
CUCTEM, BTpaTol OIOPI3BHOMAHITHOCTI  3arajoMm.
VYopogoBX ~ KiJIbKOX — JeCATUPiY  OCOOJUBICTIO
CY4aCHOTO PO3BUTKY POCJIMHHOIO CBiTY YKpaiHu
€ aKkTuBizallid Horo aHTpoINoreHHux 3MmiH. Tomy 3
METOI0 OOI'PYHTYBaHHS CUCTeMHU €(DEeKTUBHUX 3aXO/iB
30epeXkeHHs  (PITOUEHOTUYHOI  Pi3BHOMAHITHOCTI
OYEBUIHOIO € HEOOXimHICTh 3'scyBaTH TPUYMHHU,
IO 3yYMOBJIOIOTH  30igHeHHS  (iToLeHOMOHTY,
CMIPOTHO3yBaTW MOro JAWHAMiyHi TeHIEHUii Ta
OLIIHUTU HAaCJiIKM Takux 3MiH. Y JiTepaTypi 3a
XapakTepoM il eKohaKTOpiB BUILISIOTH BTOPUHHI
MPUPOAHI (CIIOHTAHHI), IPUPOTHO-AHTPOIIOTECHHI,
aHTPOITOTEHHi, a TaKOX TEeXHOTeHHi, CHPUYMHEHI
¢izmyHUM Ta XiMIYHMM 3a0pyOHEHHSM JTOBKiJLIS
3MiHM. YacTo croocTepiraeTbCs CyMicHa Jisl LMX
ynuHHUKIB (Stojko et al., 1998; Popovych, 2002).

Cepen  06aratboX IIPUPOIOOXOPOHHUX 3aBIaHb
NpiOPUTETHUM €  30epeXeHHs  (PiTOLEeHODOHIY
JK (yHKIioHATbHOI (TIepemyciM, €HEepPreTUIHOI)
OCHOBM Oiocdepu, i, Hacamrepel, pPapUTETHOIO
dirouneHodonay. OcTaHHIi BKJIOYaE pPi3HOMAaHITHI
3a (QITOUEHOTUYHUM, (PITOICTOPUUHUM, OOTaHIKO-
reorpaiuyHUM, €KOJIOTIYHMM 3HAUYE€HHSIM YIpyIo-
BaHHSI, $IKi MalOThb HAyKOBO-MpPaKTUYHE 3HauYeHHSI
st 30epekeHHsT (DiTOLEHOTUYHOI Pi3HOMAHITHOCTI
POCJIMHHOTO CBIiTY Ta 3a0e3MeuyloTh CHOHTAHHUU
Xim  (iTOLIEHOreHETUYHOTO TIPOliecy, HeOoOXiIHOro
I THATPUMAHHSL  CTAJIOTO  PO3BUTKY  (PiTOOIOTH.
3arpo3o0  papuTeTHOMY  (DITOLEHOPI3HOMAHITTIO
€ TOoCIoJapchKa MisUTBHICTh, $IKA IIPU3BOAUTH 10
MOSIBU B HaBKOJMIIIHBOMY CEPENOBUIII UYMHHUKIB,
ypaxXaunx pOCAWHHI yrpyroBaHHS. PesynbraTu
0e3nocepeTHbOro BIUIMBY  Ha LIEHOCUCTEMU
3ajiexkaTh Bif CTyIEeHsI 3MiH iXHiX KOMIIOHEHTiB. I3

Yipaincokuit 6omaniunuii ncypran, 2019, 76(5)

OCHOBHUX KOMIIOHEHTIB €KOCUCTEMU — (DIiTOLICHO3Y,
efaadoToIly, KJIiMaToIy, 3001LeHO03Y, MiKpo0biolleHO3y —
HaMOiIbIIOro Oe3rnocepeIHbOr0 BIUIMBY JIOJUMHU Ha
KOXHIil KOHKPETHIl MiIgHII 3a3HaloTh (hiTOLEHO3
ta enadoron. Came OUIBIIICT AaHTPOMOTEHHUX
JIOKaJIBbHUX CyKIeciii 3ymoBiieHo HUMU (Stojko et al.,
1998; Stojko, Sheliah-Sosonko, 2005).

YCTaHOBIEHO, IO CTaH PapUTETHUX POCIUHHUX
yIpynoBaHb YKpaiHW 3a OCTaHHi KiJibKa AECATUJIITD
CYTTEBO 3MiHUBCS. 3HAYHO 3MEHINMJIACS KiJIbKiCTh
JIOKANITEeTiB i3 papuUTeTHUMU (hiTOLEHO3aMU, SIKi
3aBISIKU CBOIM €KOOIOTUYHHUM OCOOJIMBOCTSIM Ta
MOXOPKEHHIO € YYNIMBIIIUMU JO aHTPOIIYHOTO
BrinBY. HacaMmmepen 3MiHUBCS iXHii (DiTOLIEHOTUIHUIA
ckuan (Stojko et al., 1998; Stojko, Shelyag-Sosonko,
2005; Ustymenko, Dubyna, 2015a, b). Lle pooutb
aKTyaJbHUM aHali3 ICHYIOUMX 3MiH papUTEeTHUX
POCIMHHUX YTPYyNOBaHb YKpaiHU.

Marepianu Ta MeTOAM

MeTonoJiorisi BU3HAY€HHS PapUTETHOI (iTOLIEHO-
TaKCOHOMIYHOI pi3HOMAaHITHOCTI 0a3y€eThCSI HA METOI1
iHBEHTapu3allil CMUHTAaKCOHIB Ta MaTPUYHOMY METO.i
cuH(piTOCO30J0TiUHOI OLiHKK (itoneHodoHmy. ITin
yac TMOJbOBUX pPOOIT HaMM 3aCTOCOBAHO OCHOBHI
reo0OTaHiYHI METOOM  HOCHIMKEHb (MapIIpyTHi
PEKOTHOCIIMPYBaIbHI, IeTaJbHO-MapIIPyTHi, Teo-
0OTaHIYHOIO OITUCY, IPOCTOPOBO-YACOBMX IHUHA-
MiUHMX €KoJoro-diToueHOTUYHUX psaiB). Ilim yac
KaMepaJbHOro eTaly BUKOHAHO CHCTeMaTHu3allilo
MaHuxX Ta cuHdiToco3oyoriyHuii aHaniz. Pobora
0a3yeThCsl Ha OPUTiHAIBHMX MaTepiajgax MOJbOBUX
TOCTiMKeHb, IpoBeAeHUX yrponosxk 2010—2018 pp.

Ha3Bu CUHTaKCOHiB TMONAlOThCS  BiAMOBIAHO
0 TIpaBWwI, HaBemeHuMX Yy KHHM3i "[Ipompomyc
pacturenbHOocTH YKpauHbl' (Prodromus..., 1991) Ta
npoekti "Komekc ¢iToeHOTMYHOI HOMeKJIaTypu'"
(Ustymenko, Dubyna, 2015a, b), HomeHKIaTypa
TaKCOHIB — TIepeBaxkKHO 3a 3BelleHHsIM "Vascular plants
of Ukraine. A nomenclatural checklist" (Mosyakin,
Fedoronchuk, 1999).

Pe3synsraTi Ta 00roBOpeHHS

VY pobori 3a pe3yasraTaMu 0araTopiyHuX AOCTiIKEeHb
Ta aHaji3y BiAIOBIAHOI JiTepaTypy HaBeAeHi OCHOBHI
TeHAEeHIii 3MiH papuTeTHUX iToleHo3iB. BoHu
BilHECEHI A0 TPbOX OCHOBHMX TIpPYyIl HaCJiAKiB
iXHBOrO TpaHC(OPMYBAHHSI y TOXiIHiI yrpyrOBaHHS
B 00cs3i Ti€l X aBTOXTOHHOI KOpPIHHOI (opmallii;
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iHIIOI (hopMallii TOTO X TUITy POCIMHHOCTI Ta iHIIOI
dopmalliii iHILIOTO TUITY POCTUHHOCTI.

@opmyBaHHA NOXITHMX acomiamiii y Mexax
aBTOXTOHHOI chopmanii pociuHHOCTi. Takuii BapiaHT
XapaKTepu3yeTbCcsl 3MiHAMM B MeKaX  OJHOTrO
paputeTHoro ¢iToneno3y, sKi He MPU3BOMASATH O
MOCTiIOBHOI 3MiHU eAM(hiKaTOPiB yTrpyIOBaHHS, Pi3KUX
3MiH MOr0 BHIOOBOTO CKJIaAy, CTPYKTYpPW Ta iHIINMX
ocobauBocTel. OCHOBHUM aHTPOMiYHUM YUHHUKOM Y
Jlicax € pyOKH, BHAC/IiIOK YOTO BiAOYBalOThCS iCTOTHI
3MiHM B CTPYKTYpi Ta CKJali CHiBAOMiHYyYUX YU
CYIYTHIX BUAIB JAepeBOCTaHy i KOH(MEKTOPIiB HMKHIX
SpYyCiB papUTeTHUX (DITOLEHO3IB 3a 30epeKeHHS
JIICOTBIpHOTO 3HaueHHsT eaudikaTopa. XapaKTepHUM
MPUKJIATOM TaKUX 3MiH MOXKYTb OYTH Ti, SIKi TPOBEIEHO
i1 BIUIMBOM BUOipKOBUX PYOOK Y pAPUTETHUX JTiCOBUX
YIPYIOBAaHHSIX, MEPeBaXHO 3BUYAHOAYOOBUX JIiCiB,
HampuKJiaz i3 JOMiHYBaHHSIM Y Ha3eMHOMY ITOKpPUBI
Hedera helix L. Y @irolieHO3axX KJIaciB acollialiit
Querceta (roboris) swidosa (sanguineae), Querceto
(petraeae)—Querceta (roboris) swidosa (sanguineae),
Fraxineto  (excelsioris)—Querceta (roboris) swidosa
(sanguineae) BWOIPKOBI pyOKM TIPU3BOASTH IO
OCBITJICHHSI IepeBOCTaHy (3iIMKHYTICTh KpoH 0,5—0,6),
i, IK HACJIimoK, o0 po3pocraHHs mimiicky (0,6), 1o
CTIPUYMHIOE TIPUTHIYEHHS, a B OKPEMHUX BUITIaIKax
BUIIaJaHHs TpaB'sSHO-4arapHMYKOBOTO Spycy Ta
(opMyBaHHS CepiiHUX HETPUBAIUX PiIKOTPABHUX
VIpyNoBaHb 3BMYAHOAYOOBMX JIiCiB i BTpaTi IXHHOTO
(ditoueHocozonoriuHoro  3HayeHHsa  (Ustymenko,
Dubyna, 2015a, b).

JlokanbHO TpaHC(OpMye papUTETHi yrpynoBaHHS
i  ¢iro3abpyaHeHHs. BukopucTtaHHS  3HAYHOTO
0o0cAary @diTopecypciB 3yMOBWJIO INIMOOKY CUHAHT-
pomi3alilo POCAMHHOTO TOKPUBY, V T. 4. ¥ papu-
TEeTHUX yrpymnoBaHb. lle cnpuumHWIO 30iIbIICHHS

Pi3HOMAHITHOCTi ~ aIBEHTUBHMX  BUJIB  POCJUH,
YUCEJbHOCTI BUJIB 3 BUCOKUM CTyIeHEM
HaTypaJizaliii, TMOCUJIEHHS CTiliKOCTiI IXHiX

MOMYJISILIA Yy HOBOMY [JII HUX (DITOLICHOTUYHOMY
CEepeloBUIli Ta TEHIEHIIIO J0 PO3IIUPEHHS TLIOIII.
HaitHeraTuBHIIIMM y LILOMY MIPOLIECi € iHCYAsIpU3allist
MOMYJISALIN aOOPUTeHHUX BUJIB Ta iXHE MPUTHIYEHHS
iHBa3iiiHMMK Buaamu pociuH (Protopopova et al.,
2003). OcTaHHi € 0COOMMBO HEOC3MCUHUMM IS
papuTeTHUX (ITOLEHO3iB, OCKiAbKM HE JIUILe
IIBUAKO PO3CENISIOThCS B AHTPOITIYHO TTOPYIICHMX
YTPYIIOBaHHSIX, a M CTalOTh JOMiHAHTaAMU, BUTiCHSIOUN
MIPUPOAHI BUIM, Ta HATYPali3ylOThCSl B IPUPOTHUX
eKOoTOIax, 3MIHIOIOYM  CO30JIOTiYHE  3HAYEHHS
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BUXITHNX papUTeTHUX (BiTOILIEHO3iB. Acer negundo L.,
Elodea canadensis Michx., Impatiens parviflora DC.,
Impatiens glandulifera Royle, Bidens frondosa L.,
Parthenocissus Planch. spp. Ta 6araTo iHIIMX BUIiB
IIMPOKO po3cenuaucsg adbo MarwTb TEHIECHIII 10
3aWHSTTS OUTBIIINX IJIOIIL Y PAPUTETHUX YTPYITOBAHHSIX,
BOHM 3MiHMJIM iXHiii OOJIiK i CO30JIOTiYHY LIiHHICTb.
ABTOpamMU HaBedeHi TpaHchopmallili papUTETHUX
yrpynoBaHb Querceto (petraeae)—Quercetum (roboris)
impatientosum  (parviflorae), Batrachietum (rionii)
elodeosum (canadensis), Nymphoidetum (peltatae)
elodeosum (canadensis) Ta in. (Ustymenko et al., 2015).

®opMyBaHHsI NMOXIAHUX acomiamiii y mexax iHION
¢opmanii Toro Xk THmy pocimHHOCTI. OCHOBHUMU
AHTPOITIYHUMM  YMHHUKAMM,  SKi  HalOinbie
BIUIMHYJIM Ha CTaH papUTETHOI POCIMHHOCTI, CTalu
pyOKM, BUITacaHHSI, OCylllyBaJibHa Mejiopallisi. Bonu
TaKOX € HaMIMOIIMPEHIIINMHU 32 HaCTiAKaMu iXHbOTO
BIUIMBY. 30KpeMa, JiCOeKCIUTyaTallilHuiA BIUIUB Ha
MPUPOAHI papUTeTHi (PiTOLEHO3M TPU3BOAUTL O
po30asaHCyBaHHS BIKOBOI Ta LIEHOTUYHOI CTPYKTYypU
LMX JiciB, a came: N0 MOCTIIOBHOI YU IIBUIAKOL
3MiHN  eau(dikaToOpiB  yrpylnoBaHHSI, 3MEHILEHHS
iXHbOI MPOAYKTUBHOCTI, MOCnabJeHHs OiOCTIAKOCTI,
no30aBjieHHs JKeped BigZHOBIEHHS eaudikaTopa,
CUHaHTporMi3auii LeHo(I0pH.

Haii6inbimx 3MiH 3a3HajId papuUTETHI yIPYITOBaHHS
JiciB dopmMatiii Querceta roboris. BeaeHHs1 JicOBOTroO
TroCToapcTBa 3 METOI0 BUJIYYEHHS 3 JIEpPEeBOCTaHY
TOJIOBHOTO JlicOTBipHOTO BUAy Quercus robur L.
npusBeso A0  (OPMYBaHHS  TPUBAIOMOXiITHUX
GiTOLIEHO3IB 31 3MiHEHOI CTPYKTYpPOlO JepeBO-
CTaHy iHIIMX JIicOBUX opmaliii 3 MEHIIOIO
¢iToco30/10TiYHOIO 1iHHicTIO. [IpukiaagomM 1LbOMY
€ HasIBHICTh TaKUX YIpYyIOBaHb Y HU3ILi MPUPOTHO-
3aIOBITHUX 00'€KTIB. YCTaHOBIIEHO, IO (DiTOLIEHO3U
Carpineto  (betuli)—Quercetum (roboris) hederosum
(helicis) Ta Carpineto (betuli)—Quercetum (roboris)
scopoliosum (carniolicae) na I'oainii micas BUGIpKOBUX
pyooOK TpaHC(OpPMYBaIUCI B JIOBrOTPUBAJIOIOXIiIHI
yrpyrnoBaHHs iHmux (opmauiit: Carpinetum (betuli)
hederosum (helicis) ta Carpineto (betuli)— Fraxinetum
(excelsioris) scopoliosum (carniolicae) (maHmmadTHI
3aKa3HUKU 3arajJibHoJePKaBHOTO 3HaYEHHS
"Benuka i Mana byraixa", "Ypoummie Cosuii sp”,
"KapMemiokoBa ropa” Ta iH.). YHacCIOOK pi3HUX
¢opM  JicorocnogapChbKoro BIUIUBY — 30eperyimcs
quire (pparMeHTH papUTETHUX YrpyrnoBaHb Abieto
(albae)—Querceta (roboris) B OMHOMY i3 TBOX aHKJIaBiB
KOJIMIIHBOTO IXHBOTO TIOIIMPEHHS Ha TiBHIYHil
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bykoBuHi. Yepes mnpoBeneHi pyOKu y aepeBocTaHaxX
Ha Po3Trouui He BUSBAEHO paHillle OMNUCAHUX
papuUTETHUX YIPYIIOBaHb OLMOSTUIICBUX JiciB Fageto
(sylvaticae)—Abieta  (albae),  Pineto  (sylvestris)—
Abieta (albae). Y nepiioMy BUTIAAKY cOpMyBaIucs
MOXiTHi 3BUYATHOrPabOBO-JIiCOBOOYKOBI 4
YUCTi JIiICOBOOYKOBi yYIrpymoBaHHS, y JAPYromMy —
YUCTi 3BUYAMHOCOCHOBI YW  3BUYAHOrpaboBO-
3BUYAfHOCOCHOBI jicu. OKpiM TOro, cy4yacHUMU
TIOCTiIXKEHHSIMHA He ITiATBEPIKEHO MiCIIe3HAXOMKEeHHS
Ha pIBHUHHIA TepuTopii VYKpaiHM oOMUCaHUX
JIMIIe B OMHOMY Micli Ha 3axoni OpecbKoi o6acTi
papuTeTHUX yrpyrnoBaHb Querceta (pubescentis) acerosa
(tatarici), axi Oynu mpexacTtaBiieHi B "3eieHill KHU3I
Ykpainu" (Zelena..., 2009) acomiamisimu: Quercetum
(pubescentis) aceroso (tatarici)—poosum (angustifoliae),
Quercetum (pubescentis) aceroso (tatarici)—caricosum
(michelii), Quercetum (pubescentis) aceroso (tatarici)—
brachypodiosum (pinnati), Quercetum (pubescentis)
aceroso (tatarici)—caricosum (praecocis). Ha ixHbomy
Micili chopMmyBaTuCsS TIOXioHI yTrpyroBaHHS i3
JIPYTOPSOHUX TIOpiJ 3 MOOJMHOKOI ydyacTio ayO0iB
3BUYAHOTO Ta ITyXHACTOTO.

Jewo iHIIMM XapakKTepoM 3MiH BiA3HauyarOTbCs
TpaB'ssHi papuTeTHi ¢diTtoueHo3u. Ha rteputopisx 3
pPapUTETHUMU CTeNOBUMU (DiTOLIEHO3aMU TMOOIU3Y
HaceJIeHUX MYHKTiB BOHU MTOTePIIal0Th Bill HAAMipHOTO
BUIIACaHHS, 10 MPU3BOIUTD 10 3HWKEHHST BUOBOTO
OaraTcTBa, iXHBOI TPOAYKTUBHOCTI, a MicUsIMM ¥
70 epo3ii IPYHTOBOrOo MOKpUBY. IXHs Jerpajanis
3a3BMYaii  MPOXOAUTHL YOTUPU YMOBHI  CTaii:
MEPBUHHUX (MPUPOJHUX) AOMIHAHTIB, BTOPUHHMX
(IMacOBUIIHUX) JIOMiHAHTIB, TUITOBUX BUJIiB
(T1aTieHTiB) IMacOBUIN i 30MTHX TTacoBuIl. [TackBaabHa
nurpeciss  diroueHosiB Cariceta humilis, Seslerieta
heuflerianae y TipuaHICTpOBCHKiil yactmHi [lomimrs
MpU3BeJIa 10 MOBHOI 3MiHU (PiITOLEHOTUYHOI KOPiHHOT
CTPYKTYpH CTeIiB. 3pocjia IUIOIIA YrpylnoBaHb
Bothriochloeta ischaemi, Festuceta valesiacae, Koelerieta
macranthae 3a paXyHOK 3MEHIIIEHHS ILTOII papUTETHUX
diToueHo3iB, nepeayciM yrBopeHux Bugamu Stipa L.
3a yMOBM MIPUITMHEHHS il 30BHIIIHBOTO eKo(pakTopa
CIOCTEPIraloThCsl BiTHOBIIOBAIbHI 3MiHM CTEMOBMX
diTouieHO3iB, 30KpeMa yrpymnoBaHb Stipeta capillatae.
3a3Bnuail TIepBUHHUN OOMiHAHT Stipa capillata L.
BUTICHSIE BTOPWMHHI  yIrpyNoOBaHHS, MOYMHAIOUU
3 4YETBEPTOTO POKY IIPUITMHEHHs BWITacaHHS. 3a
npoBeaeHuMu Ha [lomimn gociimKeHHSIMU 3MiHU
BIiKOBOI CTPYKTYpM JIOKaJIbHUX IIOMYJISILIN OKpeMUX
JIOMiHAHTIB CTEMOBUX YIPYNMOBaHb PErioHy B Pi3HUX
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€KOTOIaxX, a TaKOX 3a BHUBUYCHHSM PEIPOXYKTHUBHOI
3M1aTHOCTI monyasiuii Stipa capillata. S. pulcherrima
C. Koch, S. tirsa Steven ycrtaHoBieHo, mo 3 21
TIOMTYJISILT  JIMIIIE YOTMPM MAalOTh ITOBHOCTAHHUI
BikoBMIi crniekTp. BusiBieHa BiICyTHICTH Y CTPYKTYpi
IHIIMX TOOMyJsALiiA CyOCEHITbHUX, CEHUIbHUX i
repeBara BipriHiJIbHUX OCOOMH, 1110 CBiIYUTh PO IXHil
iHBa3iiHUI TUIT i AeMyTaliiHUI XapakTep AMHAMiKU
crernoBoi pocanHHOCTI (Stoiko et al., 1998; Ustymenko
etal., 2018).

[HTeHCHBHMX 3MiH YHACIiOK OCYIIEHHS 3a3HalIu
Me30TpodHi Ta olirome30TpodHi OOJOTHI papUTeTHI
YIpyHoBaHHS Ha TEPUTOPisAX, IO Oe3mocepeaHbo
MEXYIOTh 3 MeJiopaTuBHOIO Mepexer. Henpsmuit
(omocepenKOBaHWIA) BIIMUB HA PApUTETHI (PiTOLIEHO3U
3MiCHIOETbCS uepe3 iHII (paKTopu, IO MOXKYTb
caMoOCTiitHO a0 X yepes iHLIi Ailovi areHTU BIUIMBATU
Ha ¢iTolleHO3U B IIiyioMy. Tak, TpaB'SHO-MOXOBI
YIpymnoBaHHS TpaHC(HOPMYIOTbCSI Yy 4YarapHUKOBI
yy JjicoBi Oojota. Ha gminsiHkax 3 yrpynoBaHHSIMU
paputeTHOi  acomianii  Cariceto  (lasiocarpae)—
Scheuchzerietum (palustris) sphagnosum (S. cuspidatum)
Ha YkpaiHncekoMmy [Ilomicci (PiBHeHchkmit I13,
IMonicekuit  I13) mim BIUIMBOM  MPUMEXKOBUX
MeTiopaTUBHUX CHCTEM BigOymacs 3MmiHa emadoTomy
3 TIONAJBIIMM YCUXaHHSIM C(harHoBOTO TIOKPUBY,
3MEHIIWIACS KiJIbKiCTb POCIUH TiZpodiTbHUX BUIIB,
pi3ko 3MmeHInuiaocss MOKpUtTs (10—15%) BuximHUX
IOMiHaHTIB TpaBocTow Carex lasiocarpa Ehrh. i
Scheuchzeria palustris L., a Takox Bimdymocs ixHe
3MillIEHHS y 3HUXKEHI eIeMEeHTU MiKpopeabedy. 3HaUHO
30UTbIIMIIACS KUIBKICTh YarapHUKiB (30€01UIbIIOTO
Salix cinerea L., S. rosmarinifolia L.) Ta nepeB Betula
pubescens Ehrh. Pi3ke mopymieHHSI piBHSI TPYHTOBHX
BOI Y 3B'SI3KY 3 TiIpOMEJiOpaTUBHUMH pPOOOTAMMU,
BUIOOYTKOM TOpdy Ha TMPUJIETINX OO0 MiCIIe3HAXOI-
JKeHHsSI yrpyrnoBaHb Betuleta humilis TepuTopisix,
MMPU3BOIUTHh O TIPUCKOPEHHS ITOCTMENTiOpaTUBHUX
3MiH. Ha ixHboMmy wMicui (opMmyroTbecs 3apocCTi
yarapHMKOBMX BepO 4M  JicoBa  POCIUHHICTb
(Andrienko et al., 1986).

@opmyBaHHA NOXITHMX acomiamiii y Mexax
dbopmaniii inmux TUNIB POCAMHHOCTI. Y 1IbOMY BapiaHTi
3MiH OCHOBHMMHU  aQHTPOIIYHUMU UYUHHUKAMHU,
SKi HaiOiblIe BIUIMHYJM Ha CTaH papUTETHOL
POCIMHHOCTI, CTaJI pyOKU, 3aTiCHEHHSI, OCYyIIlyBaJlbHA
MeJtiopallisi, 3aKjagaHHs CiUIbrOCIYTiAb TOIIO.

Y pesyabTaTi CyLiJIbHUX PYyOOK MPUPOAHi JIiCOBi
papuTeTHi (iTOLIEHO3U TPaHC(HOPMYIOThCS B JIyUHI
yrpyrnoBaHHsi. Haityactime 1i 3MiHU (DiKCylOTbCSI B
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gmicax YkpaiHcbkux Kapmar. IngukatopamMu Takux
MPOLIECiB € HASIBHICTh Y TPABOCTOI MiC/sUTICOBUX JIYK 3a
BJIIyYHUM BUCHOBIIOBaHHIM b.M. Mipkina "penikTiB
gmicoporo wMwmHygoro” (Mirkin, Naumova, 2012),
30KpeMa i JOMiHAHTIB TPaBOCTOIO JTICOBUX PAPUTETHUX
yrpynoBaHb Lunaria rediviva L.: Fagetum (sylvaticae)
lunariosum (redivivae) Ta Matteuccia struthiopteris (L.)
Tod.: Alnetum (incanae) matteucciosum (struthiopteris).
HaromicTh Ha piBHMHHII TepUTOPIi MiCas CYLiTbHUX
PYOOK TPaILISTIOTHCS AUTSTHKY YarapHUKOBHUX 3apOCTEI,
copMOBaHUX MTOMiHAHTAMM IMIJICKY PapUTETHUX
yrpyroBaHb Juniperus communis L.: Pinetum (sylvestris)
Jjuniperoso (communis)—cladinosum), Rhododendron
luteum Sweet (Pinetum (sylvestris) rhododendroso
(lutei)—moliniosum (caeruleae) Tta Cornus mas L.:
Quercetum (roboris) cornoso (maris)—aegonychonosum
(purpureo-caerulei).

VHacnigok 3ajlicHeHHSI CTenoBMX (DiTOLEHO3IB,
Ha SKMX YacTO CTBOPIOIOThCS JIICOBI HAacCaIKEHHS,
BimOyBa€eThCcsa Jaerpanaiiss 30HaJbHUX YIPYMNOBaHb.
VY TlpumHicTpoB'T Ha MiCIi CTEMOBUX YIPYyIOBaHb
Cariceta humilis, Stipeta capillatae, S. pennatae
MIPaKTUKYIOTHCS ITOCaIKU 3BUYATHOAYOOBUX,
3BUYAfHOCOCHOBUX Ta KPUMCBKOCOCHOBHX JIiCOBHX
KyJabTyp. 3 PO3BUTKOM IIMX HACaIKeHb, a TaKOX
YyarapHukiB, 1O cdopMmyBaaucsd y MiXPSAIX,
CTBOPIOIOTHCSI OYEBUJIHI HECIPUSTIMBI €KOJIOTIYHI
YMOBU 1JIs1 BUIIB Stipa. PociMHU 1IbOro poay Terep
TPAIUISIOTHCS JIMIIE PO3PIIKEHUMU (pparMeHTaMu y
BiKHaX HacaIXeHb. 3BUYAHO OYEBUIHUM € Te, IO
Hajami BimOyBaTUMETbCSl Jerpaaallis 3aJUIIKiB LIMX
YTPYIIOBaHb, i BCE 3aBEPIINTHCS ITOBHUM 3HUKHECHHSIM
CTEMOBOTO TUITY (hiTOLIEHO3iB.

VYV cydacHHMX yMmMOBaxX POCIWHHUII TTOKPUB BOJIOTHUX
ekoromiB (00T, 3a0OJOYEHUX  JIiCiB, CHUPUX
JIyKiB) 3a3Ha€ OCOOJMBO 3HAYHUX 3MiH BHACHIIOK
MPOBEJECHOI Ha TaKUX TEPUTOPISIX OCYIIYyBAJIbHOI
MeJtiopallii, 1o Ha (OHi MOCYIIUIMBUX JIITHIX CE30HIB
€ OCHOBHUMM €K30T€HHUM 3 KyMYJSTUBHUM e(heKTOM
YUHHUKOM 3MiHM PapUTETHUX YrpymnoBaHb. EX3oreHHi
3MiHUM PApUTETHUX YTPYNOBaHb €BTPOGMHUX OOJIT
M BIUIMBOM OCYIIYBaJIbHOI MeJliopallii TpU3BeIn
o (opmyBaHHS MeHII TigpodilbHUX (QITOLEHO3iB.
V pesynbrari 3MEHILEHHSI TUIOLI TMEPE3BOJOKEHUX
€KOTOIIiB BOHM TPaHC(HOPMYIOTCA B HAIPSIMKY
ITOCTYIIOBOTO ~ YTBOPEHHSI  TOP('SHUCTUX  JIYKIiB.
TumoBMM MPUKIAZOM MOXYTh CIYTyBaTH 3MiHH,
SKi  cTajgucsg 3 PapUTETHUMM  YIPYITOBaHHSIMH
Schoeneta  ferruginei, Cladieta marisci, Cariceta
davallianae y meniopoBaHUX BepXiB'sX p. 3axigHuit
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Bbyr y mexxax KonTiBchKoi yIoroBuHu (HallioHaJIbHUMA
npuponuuit mapk "IliBHiune ITomiyuts”, JIbBiBCchbKa
0011.). JlocmimkeHHSIMU BCTaHOBJICHO ITOCTIA0JICHHS
LIEHOTUYHOI (noMiHyto4oi) podi rirpodirtiB Cladium
mariscus (L.) Pohl, Carex davalliana Smith i
Schoenus ferrugineus L. Y pe3ynbTaTi IbOTO TIPOLIECY
3MEHIIWJIMCS TUIOII PapUTETHUX YTPYIOBaHb, IXHS
MO3aiyHiCTh 1 BigOynacs Jokamizalisi B JIenpecisx
penbedy. B MuHysoMy Taki 6ojioTa Oyau MOLIMpPEHi
mo Bciit monuHi p. 3aximamit Byr Ta ii unMcmeHHHMX
MPUTOK Yy Mexax Tacma. Ha 1e Bkasye KiJlbKiCTb
ixHix 3amumkiB (Big 1—2 mo 100 m?), saxi 36eperaucs
Bil. OCYLIEHHSI y HaWOiLIbIl OOBOAHEHUX YacCTHMHAX
3aruiaBu (okomuui  cim KonriB, Omakm, Pyna-
KonrtiBcbka, CaciB, bip, Ipaboso). Ha Hernmboko
OCYLLIEHMX €KOTOMAax i3 MEXXeHHUM PiBHEM I'PYHTOBUX
Bog 50—100 cm 30inblIMIMCS TUIOLLI YIpyNOBaHb
TOpd'SHUCTUX JYK, TMPEICTaBICHUX 3Ae0iNbIIOro
dopMmauisgmu  Deschampsieta caespitosae, Molinieta
caeruleae. Ha no0pe ocylieHuX rpyHTax y Me30(iTHUX
yMoBax c(hOpPMYyBaIMCS YIPYIIOBAaHHS —CITPaBXHIX
nyk (Dactyleta glomeratae, Agrostideta ftenuis). Y
peXXMMi HEBUKOPHUCTAHHS TaKUX YTiZb (DOPMYIOTHCS
yarapHUKOBi yrpyrnoBaHHs Saliceta cinerea (Kuzyarin,
Kahalo, 1991; Kuzyarin, 2008; Ralo, 2012). [lis
HETaTUBHMX AaHTPOIIYHMX UYMHHUKIB ITiICHITIOETHCS
eKCTpeMaJbHUMU IIOTOJHUMM Ta TiIpOJIOTIYHUMU

YMOBaMM.
IlepeTBopeHHsT  3HAYHOI  YaCTUHM  CTEITOBUX
€KOCHCTeM Ha arpapHi TIUIONI MpPU3BEJIO 1O

MacIITaOHOTO TMOPYIIEHHS iXHbOI (PITOLIEHOTUYHOI
CTPYKTYpHW, pyHHYBaHHs, @parMeHTalii Ta [0
noBHoro ixHboro 3HuiIeHHs (Tkachenko, 1992). Bin
arpapHOTO IIEPETBOPEHHS 3a3HAIOTh pPYHHYBaHHS
TaKOX i papuTeTHi JiicoBi iToueHo3u. Ha 3akapmnarti
(beperiBchkuii p-H, 3akapmaTcbka OOJI.) Ha MicCIIi
0COOJIMBO PIAKICHUX 1s1 YKpaiHU MMOBCTUCTOJIUITOBUX
1 MOBCTUCTOJUIIOBO-CKEJILHOAYOOBUX JIiCIB HMHI
¢yukuionyoTs BUHOrpagHuku (Ustymenko et al.,
2015).

3a 0Oe3mocepenqHbOI AHTPOMIYHOI arpapHoi Mii
Ha enmadgoTom iHTEHCUBHICTb 3MiH pPapUTETHUX
(¢iToneHo3iB € pizHow. Yacrime BigOyBaeTbCA
KOpiHHAa 3MiHa OKpeMHUX BJIACTUBOCTEl emadoTomy,
SIK 1I€ CIOCTEepiraeThbcsl 3a eBTpoikallii BogoiM Ta
ocyuryBajibHOI  Menioparii. Taki TpaHcdhopmMmaiii
CIIPUYMHIOIOTH mepeOyIoBy YCBOTO emaco-
TiAPOJIOTiYHOTrO KOMILUIEKCY i BemyTh 10 (popMyBaHHS
HOBOTO €KOTOIly. YMOBHO cJja0Ke IIOpyLIeHHS
enadoToIly CIpPUSE BUHUKHEHHIO JTUTPECUBHUX
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acouianiin Tiei xx ¢dopmarii. HacrmigkoM KopiHHOTO
BIUIMBY € TIOXiHi yTPYNOBaHHS iHIIOTO TUITY
POCJIIMHHOCTI.

3a3BuUyail aHTpOINOreHHe eBTPO(YBaHHHS BOAONM
BimOyBaeTbcsg HabaraTo IIBMUIIIE HiX TPUPOIHE,
0CO0JIMBO Y BOJOIMAaX 3 TMOBIJIBHUM BOJOOOMiHOM —
03epax, BOJAOCXOBUILAX, CTaBKax. 3a0pyAHEHHS BOAU
MPOSBISIETbCSA Y 3MiHiI (Di3UYHUX, OPraHOJENTUYHUX
BJIACTUBOCTEN (TIOpYILIEHHS TPO30pOCTi, 3abapB-
JIEHHSI, 3a1axy, CMaKy), 30iJbllIeHHi BMiCTY CyabdarTiB,
XJIOPUIiB, HIiTpaTiB, TOKCMYHHUX BaKKUX MeETalliB,
3MEHIIECHHI PO3YMHEHOTO Yy BOAI KHUCHIO, TIOSIBI
paioaKTUBHUX €JIEMEHTIB, XBOPOOOTBIpHUX OaKTepiit
i BipyciB Toio. 3a0pyAHIOBaYeM BOIOWM MOXe OyTU
Oyab-sKWii  (i3WYHUI areHT, XiMiYHa pevyoBMHA
abo Buj GiopizHoMaHITTSA. KOXHUIT i3 TaKuUX BUIIB,
MOTPAIUIAIOYN Yy BOIHE CEPEelOBULIE, 301/IbIIYE CBOIO
YUCENbHICTh OCOOWH, $IKa BMXOAUTb 3a 3BUYalHI
MEXi — TIPUPOOHUX KOJIMBaHb ab0 CepemIHbOTO
npupoaHoro pocty. EBTpoikaliis BomoiimM CipuunHIOE
3MiHY POCJIMHHUX YrpynoBaHb. JlOCITiIXKEHHIMU
BCTaHOBJICHO, 10 MEPIIMMM 3HUKAIOTh pPapUTETHi
ditoueHo3Mu, copMoBaHi PETIKTOBUMM BUIAMU —
Aldrovanda  vesiculosa L., Nymphoides peltata
(S.G. Gmel.) Kuntze, Salvinia natans (L.) All., Trapa
natans L. Tono. BoHU 3MiHIOIOTbCS Ha PO3pPilKeHi
yrpynioBanHs1 Ceratophylleta demersi, C. platyacanthi,
Lemneta trisulcae ta iH. (Dubyna, Shelyag-Sosonko,
1989; Dubyna et al., 2003).

Ipuponni  3MiHM  papuUTETHOI  POCIMHHOCTI
BUOKPEMUTH HAA3BUYAHHO CKJIaAHO BHACIiIOK
IMOBCIOAHOTO AaHTPOITIYHOTO BIUTUBY. ToMY BUIISINCS
3MiHM, SKi BigOyBalOThCSl M03a MisTBHOCTI JIIOAWHU
YM 3a il He3HAYHOTrO BILIMBY. Po3risgHemMo mpukiaau
takux 3MiH. Ha . Typkyn y HopHoripcbKoMy MacuBi
Vkpaincekux Kapmnat y 1980 p. KLA. MaanHOBCEKUM
(Zelenaia..., 1987) Oyno omucaHo €auHe B YKpaiHi
yrpynoBaHHs1  ¢dopmauii  Oreochloeta  distichae,
npencrapieHe acouialieto Oreochloetum (distichae)
juncosum (trifidi). Tlporsirom octraHHix 20 poKiB
BimOyJiocsl 3HaUHE 3MEHILEeHHS YUCebHOCTI OCOOMH
i o monynsii Oreochloa disticha (Wulfen) Link
Ta 3MiHAa [EHOTUYHOI pOJi BUAY 3 JIOMiHAHTHOI
Ha acekTaTopHy. TpuBalOThb TMPOLECU CTapiHHS
Ta 3HWXXEHHS KMTTEBOCTI TMOIMYJSLil LILOTO BUIY.
LIBiTiHHSI Ta TJIOAOHOILLEHHST HeperyasapHi. YacTuHa
nomynsuii  eniminyBajia. YwucenbHicTh AgOMiHaAHTa
ckopotusacst 10 120—130 ocoOuH, 110 BKPUBaIOTh
rwromty 10 2 M2. ToMy BxXe HeMae TificTaB BKJIIOYaTH 11i
YrpyIHoBaHHSI 10 HACTYITHOTO BUIaHHS "3eJIeHOi KHUTH
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Vkpainn" gk Taxki, mo 3Hukiau. [onymnsuis Oreochloa
disticha 3anuiaeTbesi 00'ekToM oxopoHu "UepBoHOi
kuuru Ykpainu'" (Chervona..., 2009).

B VYkpaini Ha piBHUHHUX TEpUTOpPIAX i B ropax
BimOyBa€TbCAd CMIbBATU3ALIS JIYYHMX 1 OKPEMUX
CTEMOBUX MNUISHOK 3 PapUTETHUMU (DiTOLIEHO3aMU.
ILle moB'13aHO 3 MNPUNMHEHHSIM Takoi ¢GopMu
aHTPOITIYHOTO BIUIMBY Ha HMX, SIK BUKOIITYBaHHS 9M
BUITaCaHHS, 10 TOPYIIYE YCTaJeHUN XiA CyKIIeci,
IXHIO CHOpPSIMOBaHICTb 1 cIpusie TpaHcdopmallii
(diTolIeHO3iB Y YarapHUKOBI Ta JCOBi YrpynmoOBaHHSI.
Temnu cunbBaTM3allii € PpI3HUMU: Ha CTEIMOBUX
TSTHKaX OISl CTiHM Jicy (ITPUPOAHOTO MOXOMKEHHS
YU JIICOBUX KYJBTYp, HaBiTh 3 HEAOOPUTEHHUX BUIIiB)
abo y mpuYarapHUKOBUX CMYyrax BOHU MPUCKOPEHi,
Ha BimgajJeHUX OiISTHKaX — ymnoBilbHeHi. HuHi Taki
MUISSHKYA ~ TlepeOyBaloTh Ha PI3HUX CYKIECiHHUX
cramisx (opMyBaHHS (paHEepOdITHOI POCIMHHOCTI —
Bill JiJSTHOK 3 HE3HAYHOIO KiJIBKICTIO MOJIOJMX AEPEB
Ta YarapHWKiB 10 TYCTUX 3apoCTeil 4YarapHUKiB 3
TOOTWHOKUMH ACPEBAMM, PiIKOJIICCS 91 10 YTBOPESHHS
MOJIOAOTO JIiCYy.

HwuHiBce yacrTillie papuTeTHI pOCIMHHI yIpyIIOBaHHS
MOTepIarTh Bil MNPUPOAHUX CTUXiil. BHacmimok
CTUXIHOTO JnXa, gKe ctanocs B aucronani 2000 p. y
MiBAEHHO-3aXiAHil 4YacTUHiI YKpaiHW 3HA4YHi TLJIOLI
papUTETHUX YIPYMOBaHb 3a3Haaud TpaHchOpMalIiil.
Pizke BTOprHEHHS XOJOTHUX apKTUYHUX ITOBITPSHUX
Mac y Tpu3eMHHUI IIap aTtMochepu CIPUUMHUIO
IIBUAKE  3aMep3aHHs  JOIIOBUX  Kpareiab i
37IeICHiHHSI, HAJUIAaHHS CHIiTy Ha JepeBax i Kylax
Ta JlaMaHHS TiJIOK JepeB Bil HaBaHTaXeHHs. byio
MOIIKOMXEeHO TMoHan 357 Tuc. ra jgiciB. Y LeHTpi
CTUXIMHOTO JMXa ONWHWIMCA HaWIiHHIII JiCOBi
YIPYIOBaHHS 3 JOMiHYBaHHSIM Yy MiAJiCKy Ta TPaBOCTOI
3aXiTHOEBPOIIEICHKNX,  IIEHTPATbHOEBPOIIECHCHKIX
Ta CcyOCepeaIHOMOPCHKMX BMJIB, $Ki HajexaTb H0
CTEHOEKOTOITHMX i BpasnuBux JiciB (Shelyag-Sosonko
et al., 2002). HaitnmocTpaxmaiuMu BHACTiIOK L€l
CTUXii CTaJIu JIICOBI papUTeTHI yrpynoBaHHs1 Querceto
(petraeae)—Querceta (roboris), Querceta (petraeae)
cornosa (maris) i Querceta (roboris) cornosa (maris).
Ixni nmepeBocTaHM 3a3HANTM  HE3BOPOTHUX 3MiH.
CryIiHb MOIIKOIKEHHST KpoH Oyma Big 50 go 100%.
3iMKHYTICTh KpPOH AepeB 3MeHImmIacs mo 0,5, 1o €
KPUTUYHUM [JIs1 IXHbOTO iCHYBaHHS. SIK Haclimok,
KYMYJISITUBHUI BIUTUB HU3KW €KOJIOTIYHUX YMHHUKIB
(3MiHa CBITJIOBOTO PEXMMY, BOJIOTOCTi Ta TPO(HOCTI
I'PYHTY) CIPUYMHUB HaAMipHUI PO3BUTOK HU3KU BUJIiB
JIEPeBHOTO, YarapHUKOBOTO Ta TpaB'sHOTo sipyciB. Lli
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JTiCY BTpaTWIIM Oi0JIOTIYHY CTiMKIiCTh, BinOyIMcs 3MiHI
B iXHiil CTPYKTYpi, IEHOTUYHUX 3B'sI3KaX i BUTICHEHHS
PapUTETHUX BUIIB TPUBIAJbHUMU EKCIIAHCUBHUMM
pumamu. Ilim HaMeTOM IepeBOCTaHY aKTMBHO ITOYaB
(opmyBarucs npyruit sipyc i3 Acer campestre L., y
mimticKy 30inbluuaacs ydactb Euonymus verrucosa
Scop. Ha wmicui BKazaHUX JTCiB HUHI (DOPMYIOThCS
VIPYIIOBaHHS  iHIIMX cyOdopmauiit —  Acerefo
(campestris)—Querceto (petraeae)—Querceta (roboris),
Acereto (campestris)—Querceta (petraeae) cornosa (maris)
i Acereto (campestris)—Querceta (roboris) cornosa (maris)
(Ustymenko et al., 2018). Haitommkunmu pokamu
CJIiI OYiKyBaTH MOIAJIBIIOTO MOTIPIICHHS CTaHY LIMX
niciB. JlicotBipHi Bunu Quercus petraea (Matt.) Liebl.
i Quercus roboris ocnabieHi, ypaxeHi XBopoOaMu i
BCHUXAlOTh, BiOYBAE€ThCA €KCMAHCiI MaJIOL[iIHHUX BUIIiB
(Acer campestre, Carpinus betulus 1..) y nepeBocTaH, a
B TPaBOCTOI 30iJIbIIYEThCS y4acTh Geum urbanum L.,
Urtica dioica L., Galium aparine L. To1110.

Benuka KidbKiCTh papUTETHUX YrpyrnoBaHb B
VkpaiHi 3HaXOgUTbCS Ha MPUPOIHO-3AMOBITHUX
TEpUTOPISIX 3 PIBHUMU pekuMaMu  30epeskeHHs
(Zelena..., 2009). IIporte micsa BBeACHHS 3aIlIOBITHOTO
peXrMy Ha TaKuUX TEPUTOPisIX BUHMKIM HOBi, TOCI
11l HEeBUPpIIIIeHI MMUTAaHHS, MOB'I3aHi 3 pe3epBaTHUMU
3MiHAMM POCJIMHHOIO TMOKpHWBY, 1 Hacamrepen
pPapUTETHUX YIPYHOBaHb, I 30€peXKeHHS IKUX BOHU
CTBOPIOBAJIUCSI.

CBiTOBMI1 JOCBiA 3acBiguye, 110 30iIbIIEHHS
KIJTBKOCTI Ta TUTOII TPUPOTHO-3AITOBITHNX O00'€KTIB
€ HEeIOCTaTHbhOIO YMOBOIO [JJId 30epexXeHHs i
BiIHOBJIEHHSI 0iOpi3HOMAHITTSI. Heo0ximHo
BOPOBAIXyBaTU  3axOAM, $Ki MOXYTb CYTTEBO
MMIBUIIATH €(PEKTUBHICTb YIPaBIiHHS/KePYBaHHS
MPUPOAHUMU TIpoLieCAMM, OCOOJMBO JAMHAMIKOIO
pOCIMHHOIO NMoKpuBy. Take ympaBiiHHS i Harjisa 3a
MPUPOTHUMHU KOMIUIEKCAMH, 11O OXOPOHSIIOThCSI,
Mae 0Oa3zyBaTHUCS Ha €KOCUCTEMHOMY TIPUHLIMIII
(Didukh, 2017; Stetsenko, 2017). BcraHoBaeHO
OPUYMHU 1 TEeMIIM 3HUXKEHHsI Oi0pi3HOMAaHITHOCTI.
PyuiiiiHoto cuioro ii pO3BUTKY € 3MiHA €eHEPTETUYHOTO
MoTeHIliany exkocucremMu. HanmipHe HakomuuyeHHS
SHEepPreTUIHOIO 3aIacy NPU3BOIUTH IO CTaHY, KU
He BiAmoBimae 30BHilIHIM yMmoBaMm. Tomy, 1100
30€perTy iCHYIUMii cTaH eKOCUCTeMU, MU TMOBMHHI
3a0upaTu, BiAUyXXyBaTU TMEBHi 3amacu e€Heprii, He
no3Boysity  iif HakommuyBatucs (Didukh, 2014).
st boro HeoOXigZHO BBECTM BIAIOBIIHI 3aXx0aM 3i
30epekeHHs Oiopi3HOMaHITHOCTI. 30KpeMa, HaeThcs
Mpo  BIPOBAaIKEHHSI  HAyKOBO  OOIPYHTOBaHMX
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PEeXUMIB 1100 30epeXeHHsI yrpynoBaHb, OCOOJIMBO
PapUTETHOI CKJIafoBO1. TaKoX MOTPiOHO OYTU FOTOBUM
MpPUITMAaTH CKJIaJHi pillieHHS — Y1 3a00pOHUTH TTOBHE
HEBTPYYAHHS JIIOAWHM Y XiI IIPUPOIHUX IIPOLIECiB
(abcomoTHA 3arloBiAHICTh), YM 3aCTOCOBYBATH TIEBHi
00MexXeHHs (peryjiboBaHa 3arfoBiJHICTb) Ha KOPUCTb
TOrO YW iHIIOrO BHUAY, LieHo3y. Hapasi BaxiuBO
BU3HAUUTU, $SKi camMe MalTh OYyTHM OINTUMAaJbHI
pillieHHs Ta SKUM YMHOM iX 3acTocyBaTu. BupilieHHs
IIbOTO TIUTAHHS 3aJICKUTHh Bil ITOCTaBJICHOI METH Ta
pPiBHS HayKOBMX 3HaHb, TEXHIYHUX MOKJIMBOCTEH,
a TaKoX MOTHBAllii XXEepTBYBaTU ONHUM 3apaau
iCHYBaHHS iHIIIOTO.

Y wupektuBax €EBpocoio3dy Mpo 30epeskeHHs
MPUPOJHOTO CepeOBUILA iICHYBaHHS, TUKOI (hJopH i
daynu (Ne 92/43/€C) (OcenumHa JupekTuna), sKi
€ TOJIOBHUMHU TPUPOTOOXOPOHHUMU HOPMATUBHO-
MPaBOBMMU aKTaMM B KpaiHax €Bpoco103y, BKa3y€EThCS
Ha HEeOOXiIHICTb JOCSITHEHHS CIPUSITIUBOIO CTaHy
30epekeHHs BUAIB Ta OCEJMII Y MEBHUX perioHax. Y
crarti 6(1) OcenuuiHoi JIMPEeKTUBU aKIEHTYETHCS
yBara Ha MOTpedy MPOBENEHHS MPUPOIOOXOPOHHMX
3aXO/iB, 10 BKJTIOYAIOTH "YIIPaBJIiHHS, IKe MOXe OyTH
aKTUBHUM a60 MpodilaKTUYHUM i MICTUTU Taki Iii,
K TpamuiliiiHe MPUPOIOKOPHCTYBAHHS: BHMIIaCaHHS
XyIoOuW, BUKOIIYBaHHSI, YacTKOBE BUPYOYBaHHS, a
TaKOX aIMiHiCTpaTUBHI 3aX0au: (pi3UUHE IJIaHyBaHHS,
OIliHKa EKOBIUIMBY Ta KOHTpoib'. OKpiM Toro, Ha
TepUTOPisIX 0co0aMBOI oxopoHM (Special area of
conservation) Tex "3OiMCHIOIOTHCS HEOOXiTHI 3aX0mm
1IOJ0 30epeskeHHs Ta BiATBOPEHHS HAJIEXKHOTO CTaHy
oceuill Ta/abo MOy BUIIB, 3apau 30€peKeHHS
sgKux Oyya BuU3HaueHa 1 teputopis” (Hamor, 2017).

Pesynbratu OaraTopiuHUX  JOCJiIXEHb Ha
TEPUTOPISIX MPUPOAHO-3aMOBiNHOTO (hoHAY YKpaiHu
CBimyaTh TIPO TE, IO BIPOBAIKECHHS PEXUMY
abCOJIIOTHOI  3aMOBiMHOCTI Yy ©OaraThbOX BMITIaAKax
MMPU3BOAUTH [0 TIOBHOI BTpPaTHM TUX TIPUPOTHUX
00'eKTIB, 3apaan SKUX BOHM BJIACHE i CTBOPIOBAIMCS.
Sx 3aznHauvae A.I1. dinyx (Didukh, 2014), npobaema
MOJSITAE B TOMY, 110 POCAWHHI YrpYNOBaHHSI B
CBOEMY PO3BUTKY HE BiITBOPIOIOTH cOOi MOMIOHUX, a
XapaKTepPU3YIOThCS TIEBHUM 3MIlllEHHSIM, HAIIPSIMOK
i IIBUAKICTb SIKOTO PETYIIOETLCS BIJIMBOM 30BHIlIIHiX
YMHHUKIB. HaBiTh Npu 10OCATHEHHI NIEBHOI piBHOBAaru
3a BiTHOLLIEHHSIM J0 30BHIlLIHiX YMOB (CTiliKOI'O CTaHy)
BOHU TTPOIIOBXKYIOTh 3MiHIOBATHCS, a B pE3YJIbTaTi IXHS
MEePIIOOCHOBA PYUHYETHCSA i TMEPEeXOAUTh Yy SIKiCHO
IHIIMI CTaH, SIKWK nependayuTd HEMOXJIMBO 4Yepes
CKJIaHY B3a€EMOJII0 i KyMYJISTUBHUI €(EKT BIUIUBY
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30BHIIIIHIX (haKTOPiB, 110 TPOIOBXKYIOTh 3MiHIOBATHCS.
IIpn 11BOMy OOOB'SI3KOBO 3MIiHHUTBCSI SIK CTPYKTypa
ditoneHocucremMu (ropucTnUHUn cKiam, OymoBa
1IeHO03Y), TaK i 11 TUII.

He BukiIMKae XOOHUX CYMHIBIB HEOOXiIHICTb
MPaKTUYHOTO BTIJICHHS HA TEPUTOPISIX TMPUPOTHO-
3aIOBiIHMX OO'€KTIB iIei CIIOHTAHHOIO PO3BUTKY
JIICOBOI POCIMHHOCTI, i B TeEpUly 4Yepry Mpaicis,
POCIIMHHOCTI  CyOaJbIliAChKOTO MOsICY 3a YMOB
HEeIOTOpKaHOCTi. Pa3oM 3 TWM BCTAHOBJIEHO, IO
HENPUMHATHAM €  3alpOBAIXECHHS  MPUHLIMITIB
a0COJTIOTHOI  3aMOBITHOCTI JJIsI  TpaB'THUX TUITIB
opratiszailii pOCJIMHHOCTI piBHUHHOT YaCTUHU KpaiHU,
y Meplly 4epry CTeInoBoi, JIydHOi, OOJIOTHOI, BMUIIOL
BomHOI pociauHHOCTI (Andrienko et al., 1986; Tka-
chenko, 1992; Stojko et al., 1998; Didukh, 2014;
Ustymenko, 2017). Haiibinbii nepeKOHJIMBUMU
apryMeHTaMHu TYT MOXYTb OyTU TPUKIAAU CTETIOBUX
3anoBigHuKiB. B.C. Tkauenko (Tkachenko, 1992)
BCTAHOBUB, 10 eTar AecTadiii3alili € CYTTEBUM Y
XOIi pe3epBaTHUX ITEPETBOPECHD, SIKi XapaKTepH3YIOTh
KOHBEPIeHTHY CTalil0 CcaMOpPO3BUTKY (iTolleHO-
CHCTEeM, TIO3HAYalOUM KPUTUIHUI TEepion pPO3BUTKY.
BiH 1oBiB, 110 €HAOTEHHE PO3LIMPEHHS PECYPCiB
CHCTEeMU Ta BWIIagaHHSA 3i cepd KOHKYPEHTHUX
B3aEMOBITHOCUH JCPHOBUHHUX 3JIaKiB 3HIKYIOTh
CTiliKicTh 1 (piToueHOTUUHUI Oap'ep PiToLEeHO3IB
Ta 3YMOBJIOIOTH iXHE po3MukaHHsI. OmHOYacHO
(GOPMYIOTBCSI HOBI SIKiCHI XapaKTEPUCTUKU €KOTOITIB,
SIKi CTalOTh MIPeagalTOBAaHUMU 10 CITIPUIAHSTTS iHIINX,
SKiCHO HOBHUX 3a pPsIOM BiOJEHTHOCTI OioMopd.

IlosiBa ocTaHHIX 3HIMA€ HAKOIMYEHI B CHUCTEMi
Hampy>XeHHs 1 HEBIOMOBIAHOCTI Ta 3abe3mneuye
(GopMyBaHHSI  MPOTrPECUBHIILIMX  LIEHOKOMILIEKCIB

MO3aiYHOro KJIiMaKCy, LJTiICHICTb SIKUX TTPOSIBJISIETHCS
Ha BWIIOMY piBHi oprasizaimii (JaHamagTHOMY).
V 1eil yac IOCTaTHBO TOSIBU BiZHOCHO HEBEIMKOL
JNOMIIIIKM YarapHUKiB Ta JepeB, 1100 3OiliCHUTU
MeBHI 3pYIIEHHS B CTPYKTYPHO-CHEPTCTUIHOMY
banaHci (ditocuctemu. Tomy ydyacTb opwmariii
yarapHMKOBUX CTeIliB i 3apoCTell CTeNnOBUX i JiCOBUX
yarapHuKiB  HaOyBa€ BUpILIAJbHOIO  3HAYEHHS
IK  TIEPCICKTUBHUX  €JIEMCHTIB POCTMHHOTO
MOKPHMBY, 3YMOBJIIOIOYM MOro BUXiL 3 KPUTUYHOTO
CTaHy pO3BUTKY. 3 TIOCWICHHSIM BEepTUKAIBHOI
IudepeHuiamii  yrpynoBaHb Yy MOJAJIbIIOMY  XOJi
3MiH TTOYMHAE 3pOCTATU POJib (PAKTOPIB, SAKi HIKOIU
He OyJauM BU3HAYaJbHUMHU B CTEMOBUX (piTOLIEHO3aX
(Hampukian, TinpoBuTpuBaiicts) (Tkachenko, Henov,
1988; Tkachenko, 1992). V¥ winomy crocrepiratotTbcs

Yipaincokuit 6omaniunuii ncypran, 2019, 76(5)

TeHAEHIII 10 Me30MOp(hHOro "HiBeIIOBAaHHS" CTEITY,
SIKi HEYXWJIbHO HapOCTaIM 3 4Yacy MPUITHHEHHS
AHTPOIIYHUX BTPYYaHb.

3a  pesyabratTaMyd  300JIOTIYHUX  JOCHiIXKEHb
nocTpaxkaana i 300KOMIIOHEHTa cTery. AOCOJIIOTHO
3aTOBIMHUI CTeM 3apocTae Oyp'sTHOM, YarapHUKamu,
3 4acoM CITyCTOIIYEThCSI, MOro MOKUAAITh Oabaku,
XOBpaxM, CTPOKATKa CTEIIOBa, IIEPECTAIOTh THI3IUTHCS
JKaiBOPOHKM Ta IeBpuK TmoiaboBuil (Havrylenko,
2017). LlimkoM 09eBMIHO, IO ITiJl BIUIMBOM iCHYIOUHX
peXuMiB  OXOpoHU  (aOCOJIIOTHO  3aroOBiAHOIO)
POCIMHHICTB i TIOB'SI3aHUI 3 HEIO 3001I€HO3 3a3HAI0Th
HACTUIBKM 3HA4yHOI TpaHcdopmallii, 110 CTEeNoBi
3aMOBITHUKN HAaBPsII YW MOXKHA pO3IISAAaTH SK
eTaJOHN  BUXIIHMX,  30€OIIbIIOr0  papUTETHUX
cTenoBUX (PITOLIEHO3IB, SIKi CTalK 00'€KTaMU IXHBOTO
30epeKeHHS Ta OXOPOHU.

YcraHOBIIEHO TakoX, 110 (OpMyBaHHS iHIIOI 3a
XapaKTepoM POCIMHHOCTI B YMOBaxX 3aroBiIHOTO
peXUMY BinOyBalOThCS Ha BiIKpUTUX Me30TPOGHUX Ta
oirome3oTpodHIX 0010Tax [1oIiChKOTO IPUPOTHOTO
3anoBinHuKa (Andrienko et al., 1986). BoHu BUHUKIN
BHACJIIIOK  TPUIIMHEHHS  TaKOTO  €K30T¢HHOTO
YUHHUKA, SIK CiIHOKOCiHHS. TyT BimOyBaeTbcs 3MiHa
PiIKiCHUX TpaB'THO-MOXOBUX ditoneHo3iB: Cariceto
(lasiocarpae)—Scheuchzerietum (palustris) sphagnosum
(S. cuspidatum), Cariceto (limosi)—Scheuchzerietum
(palustris)  sphagnosum  (Sphagnum  cuspidatum),
Menyantheto (trifoliatae)—Scheuchzerietum (palustris)
sphagnosum (S. palustris), Scheuchzerietum (palustris)
sphagnosum (S. fallax, S. flexuosum) Ta iH. Ha
YarapHUKOBI, PIAKOJIICHI Ta JIiCOBi yTpyNOBaHHS.

VY JlyHaiicbkoMmy OiochepHOMY 3allOBiZHUKY B
yMoOBax aOCOJIIOTHOTO 3amoBifaHHS 1 TPUIIMHEHHS
BUITAJIOBAaHHS TUIaBHEBOI (00JOTHOI) POCIMHHOCTI
BiOyBa€eThcs IIMpOKOMAcIITaOHa Jerpagaiisi sk
TUMOBUX YTpYIoOBaHb Gopmalii Phragmiteta australis
Ta il papuTeTHOI CKJIaJOBOI, 30KpeMa i papuUTEeTHUX
ditoueHosiB popmaii Cladieta marisci (Buczek, 2005;
Dubyna et al., 2006).

YV zanoBigHux ypouuiax ITopa biraHcbka Ta
BbeperiBcbke ropOorip'st ByMoBax 3aloBiZHOTO PEXXUMY
Ha (oHi 3MiH KJIIMATy CITOCTEPIraloThCsl CYKUECiWHI
MPOLIECHU B PAPUTETHUX PETiKTOBUX [TOBCTUCTOJIUITOBO-
CKeJTbHOAYOOBUX JlicaX, sIKi 3a octaHHi 40 pokiB 3
yacy iXHbOTO OCTaHHLOIO AOCTIIXKEHHSI B pErioHi
(Stoiko, 1972) cyrTeBO 3MiHUIU (DITOLIEHOTUIHY
CTPYKTYpy. 3a lieil mepiog 3 iXHbOTO IEPEBOCTaHY
JIesSIKMX MacCHBIB BMIIaB, a B IHIIMX 3MEHIIYE CBOIO
yuceabHicTh Quercus petraea, a Tilia tomentosa Moenh
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3a TaKWUX CIPUSATIMBHUX IS Hei KIIMAaTUIHUX YMOB
Ta BCTAaHOBJIEHOTO PEXHMMY OXOpPOHHM cdhopMmyBaia
YUCTi, Jajieki Bil BMXigHMX, YrpyrnoBaHHS, Je€ BOHa
IIoOpe BEereTaTUBHO BiTHOBIIOETHCS, MA€ TEHACHIIIIO
IO PO3IIMPEHHS IUIOLI, TNPOHUKAE Yy HaBKOJMIIHI
YTPYITOBaHHSI.

Y zanoBigHoMy MacuBi "JlonuHa HapmuciB”
(Kapnarcbkuii 6iochepHuii 3aIOBITHUK) y
pe3yabTaTi  HeperyjaspHoro (abo HEIOCTaTHLOIO)
BUKOIIIYBaHHSI TPaBOCTOI0 B PAapUTETHUX JIYIYHHX
YIPYIOBAaHHSIX 3 TOMiHYBaHHSM Narcissus angustifolius
Curt. cnoctepira€tbcsl  30iUJIbIIEHHS] UYMCEIbHOCTI
BUIIB pi3HOTpaB's. Mae Micle iXHE IOMiHYBaHHSI,
Hacamnepen Filipendula denudata (J.Presl & C.Presl)
Fritsch, Sanguisorba officinalis L., Betonica officinalis L.,
Ranunculus acris L. TIpunuHEeHHS BUKOLIyBaHHS
TPaBOCTOIO IIMX JIYK, 30KpeMa B IpUYarapHUKOBHX
CMyTax, CIPUSIIO PO3IIMPEHHIO TUIOIL YarapHUKOBOI
POCIMHHOCTI, mTepeBaxHoO Pruneta spinosae (Ha
MiIBUILIEHHSX), Ta BepOHSKiB i3 Salix cinerea (y
3HUXEHHSX). OYeBUAHUM €, 110 MPUIIMHEHHS
CTPYKTYPHOT'O PO3BUTKY LIMX 3aIMOBiTHUX (DiTOLIEHO3iB
Yy HampsMKYy KJIiMaKCOBOI CTajii caMOPO3BUTKY CTa€
MOXJIMBUM JIMIIIE 32 YMOBU ITPOBEACHHS NEPiOAMYHOTO
BUKOIITYBaHHS 3a OOpaHOIO TEXHOJIOTiYHOIO CXEMOI0
KOMITJIEKCHOTO PperyJloBaHHSI Ta peHarypamizalii
MPUPOJHUX YMOB, SIKa MOPSA i3 BUKOLIYBAHHSIM
nependayvae i momipHe BUITacaHHSI, Majd, OOMEXXEeHHS
po3Butky KyiiiB Ttomo (Ustymenko et al., 2007
Ustymenko, 2017).

Baprto 3a3HauuMTH, 1110 MEBHA YacTKa papUTETHUX
yIPYIOBaHb Ha MPUPOIHO-3aMOBIAHUX TEPUTOPISIX
3 aOCOJIIOTHO-3aIIOBITHUM PEXUMOM OXOPOHU Hece
BiIOMTOK MMHYJIMX aHTPOIOTEHHMX BTpydaHb. Tomy
BOHU 3/1€01JIbIIOTO € HEMOBHOWIEHHUMH, 1110 3HIXKYE
MOTEHIiaJl MPUPOAHOI caMOPErysilii Ta MOXIUBICTb
CIMIOHTAHHOT'O PO3BUTKY (DiTOLICHO3Y.

BucHoBku

OcTaHHIM  YacoM  YHAaCHiIOK  pi3HUX  (dopM
AHTPOITIYHOTO BIUIMBY Ha PapUTETHi YrpyrmoOBaHHS
POCIMHHOTO MOKPUBY VYkpainu B iXHii
(iTOLIEHOTUYHINT CTPYKTypi Maiike ycix TUIIIB
POCIMHHOCTI BigOynaucsl iCTOTHI KilbKiCHiI Ta SIKiCHi
3MiHM, IO BIUIMHYJIM Ha 3aTaJIbHUM CTaH PapUTCTHUX
¢itolieHO3iB. BusiBieHo, 110 OiJbIIICTh OCHOBHMX
3arpo3 TakoMy (iTOLEHOPI3HOMAHITTIO XapaKTepHa
It Bciei Teputopii Ykpainu. Jluile He3HayHa iXHS
KIIBKICTh Ma€ BY3bKOpErioHaJIbHUI XapakTep, ado
BIUIMB Y Me3KaX IIEBHOTO TUITY eKOCHCTEM (PYOKM JTicy,
0i03abpymHeHHs). OcoOMMBO CJIif Bim3HAYWUTH, IO
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¢dparMeHTallis eKOCUCTeEM, YpOaHi3allis Ta peKpeallis,
SKi 3a CBOEIO CYTHICTIO € JIOKaJJbHUMM, HaOyBarOTh
HUHI 3HAYHUX OOCSTIB i MOXYTb PO3IJsAaTUCS SK
LIXPOKOMACILTAOHI.

30epexXeHHsT papuUTeTHOI (DITOLIEHOTUYHOI Pi3HO-
MaHITHOCTi € OIHMM i3 NpPIOPUTETHMX 3aBIaHb Y
MUTAHHI OXOPOHU GiOPi3HOMAHITTS. IXHs peanizawis
MoTpedye Mepexoay J0 TaKUX 3acaj, SIK 3aCTOCYBaHHS
CHUCTEMU TMPUBEHTUBHUX/TIPOMITAKTUIHUX i TIPIMUX
3ac00iB i pexXuMiB 30epeXeHHsI 3aJeXHO Bil TUITY
POCIIMHHOCTI Ta TOMEOCTa3y yrpyIlioBaHb.

Y KepyBaHHI TpaB'sHUMM iTOllEHO3aMU Ha
MPUPOAHO-3ATOBITHUX  TEPUTOPISIX 3  PEKUMOM
CYyBOPOi OXOPOHM HE BapTO MOKJIAaTUCS HAa TPUPOIHY
3JaTHICTb iX [0 caMOperyjloBaHHS B aBTOTEHE3i,
OCKIUJIbBKM Yy KPUTUYHMI TIepioJ, CaMOPO3BUTKY
BiICYTHICTb MOpsiA GIOTUYHO ycTajleHUX (PiTOLeHO3iB
(TToXigHMX, CepiiHUX, TUIIOBUX) MOXE I1030aBUTHU
iX Kepea TMOIOBHEHHSI BTPAuyeHOIro pPi3HOMAaHITTS
i Tpu3BeCTM [0 HE3BOPOTHUX BTpAT ETAJTOHHMX
sskocteil. ToMy Ha 3amoBiTHMX AISIHKaX HEOOXiqHO
30epiraTu BCi piBHI JAMHAMIYHOI Ta LIEHOTUYHOIL
oprasisailii (hiTOLIEHO3iB, cepell IKMX aBTOKJIiMaKCOBI
LICHOKOMIIJIEKCH TIOBUMHHI 3aiiMaTW JIMIIE TICBHY
YaCcTUHY 3aroBimHOro mMacuBy. Yepe3 HEMOXIUBICTH
CTBOPEHHSI YHiBepCaJIbHOIO PEXUMY, ONTUMAIbHOTO
IJIsT BCiX CKJIaJZOBUX €KOCUCTEM, Y MEHEIXXKMEHTI
OCHOBHY yBary Tpeba MpUALIATA ONTUMI3allil IXHbOI
MpoBigHOI JaHKMW — diToueHo3y. g JocsSrHeHHs
BCiX piBHIB 0iOTMYHOI opradizalii ¢diTocucrem
Tpeba KepyBaTHCSl TIPUHIIUIIOM iXHbBOI €BOJIIOLIIHOL
ajganTauii 10 KOMIUJIEKCHOI Oii rpynu ¢akTopiB, sSKi
npodiNoBaiM  BiAMOBiAHI  (DITOLEHOCTPYKTYpU B
MUHYJIOMY (BUIIac, BUKoiyBaHHs, manun) (Tkachenko,
1992; Didukh, 2014).

Y 3BW3KY 3 BUKIAQICHUM BUIIE, BUHUKIA
HEOOXiAHICTb BHECEHHSI 3MiH OO0 HU3KU MPUPOAO-
OXOPOHHMX TOKYMEHTIB CTOCOBHO BUKOPHUCTaHHS
pi3HUX GOpPM peXUMIB 30€pekeHHS Yy TPUPOIO-
3allOBiIHUX  O00'€KTaX CyBOPOi  OXOPOHM,  SIKi
JIOLIJIBHO 3aCTOCOBYBATH $SIK PETYJISTOPHI 3aXOAU 110
MPUPOIHUX €KOCUCTEM 3 O3HaKaMU pe3epBaTOTEHHOI
JIECTPYKIii Ta MPOrpecyiouMMur BTpaTaMUu 30HAJIbHOTO
(iTolIeHOTUYHOTO Ta 6I0OTUYHOTO Pi3HOMAHITTS.

Otxe, B YKpaiHi Ha 3MiHY MapagurMu "adbCcoI0THOL
3aIoBiAHOCTI" Ma€ MPUITU MapagurMa "peryjiboBaHoil
3aroBigHOCTI", sIKa nepeadavae moeaHaHHS TTaCUBHUX
i aKTUBHUX METOMIB 30€peXeHHS E€KOCHUCTEM.
bespisinbHicTh Y 1LIbOMY HaNpsIMKY Mpu3Beae 10
3HUILEHHSI YHIKaJbHUX, PIAKICHUX 1 3HUKAIOUMX
MPUPOIHNX KOMIUIEKCIB.
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IMonsaxu

PoGora BukonaHa 3a ¢iHaHCOBOI INiATpUMKU MiH-
OpUPOaN YKpaiHU.
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Abstract. A new for Ukraine rust fungus Puccinia bornmuelleri was recorded on Levisticum officinale in garden plots of two
villages in Kyiv Region, Ukraine in June 2019. This fungus was first collected by J. Bornmiiller in Iran in 1892 and described by
P. Magnus in 1899. Until the end of the 20™ century the species has been reported exclusively from Iran and Afghanistan, but
from 2000 onwards it has been found in several countries in Central Europe. By now P. bornmuelleri is known in Austria, the
Czech Republic, Finland, Germany, Hungary, the Netherlands, Poland, Romania and Ukraine (current report). The recent
spread of this fungus in Europe may have been accelerated by the ongoing climate change. Data on restricted distribution of
P. bornmuelleri before the 21 century give evidence in favor of the hypothesis that the natural range of L. officinale is confined
to Iran and Afghanistan. Examination by SEM revealed that echinulations of the wall surface of urediniospores are restricted
mainly to their apical parts. In addition to already known phenological data, freshly emerged spermogonia and primary uredinia
were observed in the first decade of September on the late summer offshoots of lovage. This phenomenon implies the possibility
of teliospores germination without overwintering since spermogonia can only originate from basidiospores infection. The article
is illustrated by original micrographs obtained using light and scanning electron microscopy.
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Tuxonenko FO.4., Taitosa B.I1. 2019. Ilepmi 3uaxinku Puccinia bornmuelleri (Pucciniales) B YKpaiui. Ykpaincokuii 6omaniunuii
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IncTutyT 60Taniku iM. M.I. Xonoagnoro HAH Ykpainu

ByJ1. TepewenkiBebka 2, Kuis 01004, Ykpaina

Pedepar. Hosuii ans Ykpainu ipxxactuii rpud Puccinia bornmuelleri 6yB 3apeectpoBaHuil Ha Levisticum officinale Ha cagoBux
IiNsiHKaX y IBoX cesnax KuiBcekol o6racti y uepsHi 2019 poxky. Lleit rpu6 Brepie 6y 3i6panuit Y. BopHMIowiepoM y
1892 poui Ha Tepuropii Ipany i omucanuit [1. Maraycom y 1899 poi. [lo xinis 20-ro cTomiTTs BiH OyB Bimomuii e 3
Ipany ta Adranicrany, aine 3 2000 poky BiH BinmiuaeTbes B LleHTpanbHilt €Bpomni. Ha choronHi 1ieii rpud 3apeecTpoBaHUiA
B ABctpii, Hinepnangax, Himeuunni, IMonbii, Pymynii, Yropmuni, Ykpaini (e nosimomieHHs), Pinngumii Ta Yexii.
OuyeBUIHO, HEMaBHA TOsSBa IILOTO BUAY B €BpoIli MOB'A3aHa 3i 3MiHaMM Kiimary. [aHi mipo mompeHHst P. bornmuelleri
1o 21-To CTOJNITTS CBim4aTh Ha KOPUCTH TiMOTE3H, IO MPUPOTHMIT apean L. officinale oGMeXyeTbcsl TepuTopieto IpanHy
Ta Adranictany. JlocmimkeHHsI Ml CKaHyBaJIbHUM €JEKTPOHHUM MiKPOCKOTIOM BHSIBWIM, IO IIMIMKMA Ha ITOBEPXHi
YPEAMHIOCIIOp po3TallloBaHi epeBaxKHO Y ixHili BepxHiii yacTuHi. BigMiueHa 11ikaBa heHoI0TiYHa 0COOJUBICTh Irprba, a came
PO3BUTOK MOJIOMX CIIEPMOTOHIIB i MEPBUHHUX YPEAUHIIB y MepIiiii [eKali BepecHsI, 110 CBIYUTh MPO 3AATHICTh TEJiOCTIOP
TpopocTaT 6e3 Mmepiogy 3UMOBOTO CITOKOIO, OCKIJTBKM CIIEPMOTOHIT MOXYTh PO3BUBATHCS JIUIIE TICIST 3apaXKeHHST POCTMHU
6asumiocriopamu. CTaTTs ilOCTpOBaHAa OPUTIHATBHUMU MiKpodoTorpadisMu, oTpUMaHUMM 3a JOIIOMOTOI CBIiTJIOBOTO i
CKaHYBaJIbHOTO €JIEKTPOHHOTO MiKPOCKOITIB.

KimouoBi ciioBa: ipxxacti rpuou, Mmopdoiorist, mommpeHHs, dheHooris, Levisticum officinale
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Introduction

Puccinia bornmuelleri Magnus parasitizes Levisticum
officinale W.D.J. Koch which is currently a single
species in the genus Levisticum Hill. The fungus was
first collected by J. Bornmiiller on L. persicum Freyn
& Bornm. (= L. officinale) in Persia (now Iran) in 1892
and later was described by P. Magnus (1899). After that,
the species was not observed elsewhere until 1962, when
it was recorded in Afghanistan (Petrak, 1966). Thus by
the end of the 20" century, P. bornmuelleri was only
known from these two countries. However, starting from
2000 onwards, the fungus has been observed in several
countries within Central Europe. At first, in 2000 it was
reported in Romania (Tanase et al., 2007), then since
2006 — in the Czech Republic (Miiller, Safrankova,
2007) and Poland (Wolczanska, Wojciak, 2010), since
2007 — in Austria (Plenk, Bedlan, 2009; Riegler-
Hager, 2011) and 2010 — in Germany (Ruske, Dorfeld,
2011). In 2017 the fungus was found in the Netherlands
(Boomsluiter, 2018). Moreover, images of the infected
leaves and fungal spores from additional two countries
are currently available on the internet: from Finland
(https://aphidcluster.tumblr.com/post/146318476191/
puccinia-bornmuelleri-rust-fungus-on-lovage/amp)
and Hungary (e.g. Plant Parasites of Europe, 2001-
2019).

The aim of this publication is to report the first
records of P. bornmuelleri in Ukraine and to provide
some data on its morphology and life cycle.

Materials and methods

Infected leaves of L. officinale were collected in
garden plots in Bodenky and Dudarkiv villages (Kyiv
Region, Ukraine). The specimens were studied under
a dissecting microscope, labelled and dried for further
treatment. Uredinio- and teliospores mounted in
water or lactic acid were examined by light microscopy.
Photomicrographs were taken under a Primo
Star microscope, Canon A300 digital camera and
AxioVision 4.7 software, used as well for measurements
of microstructures. For scanning electron microscopy,
samples were covered with an ultrathin coating of gold
by ion beam sputtering unit JFC-1100. Images were
obtained by a scanning electron microscope JEOL
JSM-6060 LA.

The specimens are deposited in the Mycological
Herbarium of the M.G. Kholodny Institute of Botany,
National Academy of Sciences of Ukraine (KW-M).
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Results and discussion

Epiphytotic development of rust disease of lovage was
recorded in June—September 2019 in two districts of
Kyiv Region. Morphological features of uredinial and
telial stages of the collected specimens match those of
P. bornmuelleri. A diagnosis and original illustrations of
the species, data on its morphology and phenology are
provided below.

Puccinia bornmuelleri Magnus, Verh. K. K. Zool.-
Bot. Ges. Wien 49: 94. 1899.

Spermogonia mainly hypophyllous on discoloured
spots with slightly raised margins, honey-yellow,
submerged, spherical or slightly flattened, 100—140 pm
in diameter (Fig. 1, B, C). Primary uredinia (uredinoid
aecia in ontogenetic terms) mostly hypophyllous,
first appear as surrounding spermogonia, and later
directly below them, 1.5—3 mm in diameter, round,
usually confluent into lesions of up to 4 mm long
causing deformation of host tissue, cinnamon brown,
pulverulent. Secondary uredinia develop as a result of
re-infection by urediniospores, usually smaller than
primary ones and cause less deformation of host tissue
(Fig. 1, A). Urediniospores broadly ellipsoidal, broadly
obovate to spherical, often tapered or rounded in the
basal part, 29—35 % 23—26 pum, light brown wall, about
2 wm thick, thickened to 4—5 um at the top, spiny; the
spines decrease from the apex downward, so that the
base of the spore is almost bald (Fig. 1, D; 2, A—C); germ
pores 2—3, equatorial. Telia arise from both primary
and secondary uredinia, round, 0.25—1.0 mm, black-
brown (Fig. 1, A), sometimes confluent, on petioles up
to 8 mm long. Teliospores clavate, ellipsoid to almost
oblong, 35—44 x 20—26 um, slightly constricted at the
septum, downward tapered or rounded, covered with
undulate ridges, chestnut-brown, germ pore of the
upper cell apical, without or with a flat papilla, in the
lower cell in its lower third; pedicel short, colorless,
spores deciduous (Fig. 1, E, F; 2, D—F).

Distribution in Ukraine. On Levisticum officinale
W.D.J.Koch: Kyiv Region, Vyshhorod District,
Bodenky village, garden plot, 50°50" N, 30°43" E,
14.06.2019 (KW-M71268), 15.06.2019 (KW-M71269),
21.06.2019 (KW-M71272), 28.06.2019 (KW-M71273),
02.07.2019 (KW-M71274), 09.07.2019 (KW-M71275),
23.07.2019 (KW-M71276), 07.08.2019 (KW-M71278),
07.09.2019 (KW-M71279), 08.09.2019 (KW-M71280),
leg. Yu.Ya. Tykhonenko; Boryspil District, Dudarkiv
village, garden plot, 50°26" N, 30°56" E, 19.06.2019
(KW-M71270, KW-M71271), 03.08.2019 (KW-M71277),
20.09.2019 (KW-M71281), leg. V.P. Hayova.
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Fig. 1. Puccinia bornmuelleri on Levisticum officinale (LM). A: habit of uredinia and telia on abaxial surface of leaf. B: spermogonia
on underside of leaf collected 07.09.2019; C: cross-section of spermogonia; D: urediniospores. Note equatorial germ pore in
upper urediniospore and thicker-walled echinulate apical part in each of the other two urediniospores (arrows); E: general view
of teliospores; F: two teliospores with pedicel remnants. Note wall ornamentation with undulate ridges and apical germ pore of
the upper cell in the teliospore on the right. Bars: 500 pm (B), 50 pum (C), 20 pm (D—F)
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Fig. 2. Puccinia bornmuelleri on Levisticum officinale (SEM). A: urediniospores inside uredinium; B, C: urediniospores with
one equatorial germ pore visible (B) and two germ pores (C). Note more echinulate apical part and almost smooth basal part of

urediniospores. D: teliospores inside telium; E: two-celled teliospore with remnants of short pedicel; F: wall ornamentation of
teliospore. Bars: 10 um (A, D), 5 pm (B, C, E), 1 pm (F)
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General distribution. FEurope: Austria, Czech
Republic, Finland, @ Germany, Hungary, the
Netherlands, Poland, Romania, Ukraine. Asia:

Afghanistan, Iran.

Puccinia bornmuelleri is a brachycyclic autoecious
species confined to L. officinale. Brachycyclic
species of Puccinia parasitizing plants of the Apiaceae
family, apart from the same type of their life cycle,
possess some common morphological features. Their
urediniospores have three equatorial germ pores and
a cell wall thickened at the apex, while teliospore
surface is glabrous, verrucose or covered with ridges,
in contrast to reticulate-pitted wall ornamentation
of teliospores in macrocyclic species of Puccinia on
Apiaceae. By these features P. bornmuelleri undoubtedly
belongs to the former group. However, species of these
two groups of Puccinia may have urediniospores with
similar ornamentation, for example not uniformely
echinulate wall surface. As shown by our study under
SEM, urediniospores in P. bornmuelleri are lacking
spines on their basal regions (Fig. 2, B, C). Therefore
they are somewhat similar in their wall ornamentation
to those of P. conii (FE Strauss) Fuckel, a species
associated with Conium maculatum L. Teliospores in
P. bornmuelleri are ornamented with undulated ridges
which are most apparent under SEM (Fig. 2, E, F)
and thus they also bear some resemblance to those in
P. conii. At the same time, teliospores in P. bornmuelleri
are quite similar in appearance to those in P. opopanacis
Ces. and P. phymatospora Lindr., parasitizing Opopanax
chironium (L.) W.D.J.Koch and Selinum silaifolium
(Jacq.) Beck, respectively. Relations between the
mentioned species of fungi could be resolved properly
only by molecular phylogenetic research.

The native range of the host plant, L. officinale,
is disputed. Some sources argue that it originally
comes from the eastern Mediterranean (Anderberg,
Anderberg, 2000), others consider the species as native
only to Iran and Afghanistan and therefore regard
European populations as naturalized (Blamey, Grey-
Wilson, 1989). Data on the narrow distribution range of
P. bornmuelleri before the 21 century give evidence in
favor of the latter hypothesis. The recent spread of this
fungus and its range expansion across Europe, in our
opinion, could be explained by the rise in the average
temperature of the Earth's climate system.

In the life cycle of P. bornmuelleri, teliospores
begin to develop a few days after urediniospores
start dissemination (Dorfelt, Ruske, 2011). In
our observations, abundant teliospores were also
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produced very early, shortly after initial formation
of urediniospores, so that telia completely replaced
uredinia over a short period in summer. This might
suggest that teliospores can germinate without
overwintering. Moreover, we noticed freshly emerged
spermogonia in the first decade of September on the late
summer offshoots of lovage (Fig. 1, B, C). Occurrence
of spermogonia in the life cycle of this fungus has been
reported in late April—early May (Dorfelt, Ruske,
2011). Our observations in mid-September, apart from
spermogonia, revealed primary uredinia on the same
leaves of young shoots of the examined host plants.
Development of both these stages in early autumn was
probably triggered by a very dry and hot late summer
in 2019 followed by low rainfall. However, since
spermogonia can only originate from basidiospore
infection, these observations support the hypothesis
that teliospores in P. bornmuelleri can germinate without
being exposed to freezing temperatures.

In conclusion, our study provides some previously
unknown data on morphology and phenology of
P. bornmuelleri, anewly reported rust fungus in Ukraine.
Observations by SEM led to more information about
surface ornamentation of urediniospores, in particular
revealed not uniform wall surface of urediniospores
with echinulations restricted mostly to their upper
areas. Furthermore, a distinct for rust fungi phenology
was recorded when mature spermogonia and primary
uredinia were found on the infected plants in early
autumn rather than the following spring. Thus, our
observations suggest that teliospores of this fungus can
germinate without overwintering. Further surveys are
required to gather information on the distribution and
phenology of this fungus. Finally, since P. bornmuelleri
is an autoecious species completing its life cycle
on L. officinale, it can rapidly spread across large arcas
where the host plant is cultivated or naturalized.
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Cryninb reHeTHYHO1 TudepeHmianii JOKAIbHUX MOMYJIsIIii
Schizophyllum commune (Agaricales, Basidiomycota) niBaeHHoi 4aCTHHM
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in the southern part of Kyiv. Ukrainian Botanical Journal, 76(5): 451—457.
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Abstract. Establishing genetic diversity of fungi is a fundamental issue related to the development of their conservation
strategies. The data on genetic differentiation of the local populations of Schizophyllum commune in the southern part of Kyiv
using polymorphic intracellular enzyme systems are provided. In total, fifteen allozymes were identified in three experimental
populations of the fungus for four enzyme systems. It was demonstrated that heterozygote deficiency exists for most of the
studied loci at the population level (F, = 0.390). The results show a high flow of genes between experimental populations (N |
= 7.12) and a significant contribution of the Amy?2 locus to this index. A relationship between the genetic component and
geographic coordinates of the samples was not established. Low level of genetic differentiation provides evidence in favor of
fungal dispersal mostly by the spore mass. Thus the studied local populations belong to a single natural population.
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Pedrepar. BcTaHOBIEHHS TeHETUYHOTO PiZHOMAHITTSI TPpUOiB € (PyHIAMEHTAIBHUM 3aBIAHHIM B pO3pOO0ILi CTpaTeTili IXHbOTO
30epexkeHHs. B cTaTTi HaBemeHO AaHi IIOAO0 T€HETUYHOI AudepeHIlialii JoKaabHUX MOmyasiuiii Schizophyllum commune
MiBAeHHO1 yacTuHU M. KuiB 3 BUKOpPUCTAHHSIM MOJIMOPGMHUX BHYTPILIHBOKIITUHHUX (DEPMEHTHUX CUCTEM. 3arajioM y
TPbOX MOMYJISALISX Tpuda IJ1s1 YOTUPbOX (DEPMEHTHUX CUCTEM OYJI0 BCTAHOBJIEHO 15 ano3uMHuUX BapiaHTiB. st OUIbIIOCTI
JOCIIKEHUX JIOKYCIB CTIIOCTEPIraeThes AeMilluT reTepo3uroT Ha piBHi lokanbHoi omyswii (F, = 0,390). Orpumani pesynsratu
CBilYaTh MPO BUCOKMI MOTIK IeHiB MiX HocTiKeHUME monymsiismu (N = 7,12) i 3HaYHWii BHECOK B Liei MOKa3HUK
JIOKyCy Amy2. BcTaHOBJIEHO BilCYyTHICTh B3a€EMO3B'SI3KY MiX TeHETUYHOIO KOMITOHEHTOIO Ta reorpadivHUMU KOOpIUHATAMU
JMOCTiIHUX 3pa3KiB. HU3bKMii piBeHb reHeTMYHOI AudepeHialii CBiIYUTh Ha KOPUCTb OCHOBHOIO CITOCOOY PO3ITOBCIOA-
JKEHHsI Tpuba 3a JOMOMOrol0 CropoBux Mac. OTxe, MOCHiIKEHi JIOKaJdbHi MOMYJslii € YaCTUHAMU €AUHOI MPUPOAHOT
TOTYJISLLT.

KirouoBi cjioBa: reHeTUYHE Pi3HOMAHITTS, JIOKYCHU, TPOCTOPOBA CTPYKTYpa, Schizophyllum commune

Bceryn BaHUX TPUOIB [103BOJISIE BCTAHOBUTHU TeorpadidyHy
OOMEXEeHiCThb IMOTOKY TeHiB Ta MOPUYMHM, IO 11

Po3yminHg 3akoHoOMipHOCTel (QOpMyBaHHSI TeHe-
Y P (bopyn Bukiukaiots (Hibbett et al.,, 1995; Kauserud,

TUYHOIO PI3HOMAHITTS TIpuOIB Ta €BOJIIOLIMHUX Sch her. 2003). M
. . chumacher, . MapkepamMu MOXYTb CJIYryBaTu
MpoleciB, 110 BigOyBalOThbCs, € (PyHIaMEeHTaIbHUMU ’ ) pKep yIyB

. ' . i ingaku JIHK (mpomyktu ITJ1P) abo 6iku opraHizmin
3aBIAHHSMHE, SIKi MOB'SI3aHi 3 PO3POOKOIO crpaTeriii | AAHK (npony ) P ’
. . MPOTOKOJIU ~ BUSBJIEHHSI  SIKUX  BUPI3HSIOTHCS
ixuporo 30epexeHHs (Urbanelli et al., 2003). Buxko- p b

PUCTAHES MOJEKYISPHUX MApKepiB [ JOCHTKY- JIOCTYITHICTIO Ta MOBTOPIOBAHICTIO (Xu,. 02006; Mishra
et al., 2010). Ha cTpykTypy mHomyJsliil BIUIMBAaIOTh
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Puc. 1. locaimkeHi tokanbHi monyJsiii Schizophyllum commune (popul 1 —HaltioHanbHUI MpupoaHUii mapk "losociiBebkuii”,
perioHanbHUI JaHAmadTHIR apk "Jlvuca ropa"; popul 2 — JlapHUIIbKe JlicomapKoBe rocrnogapcto; popul 3 — boraHiuHmMiz
3aKka3HuK "JlicHuku")

Fig. 1. Experimental local populations of Schizophyllum commune (popul 1 — Holosiiv National Nature Park, Lysa Hora
Regional Landscape Park; popul 2 — Darnytsia forest-park; popul 3 — Lisnyky Botanical Reserve)

baraTo (bakTopiB, y T. 4. i BlacTMBa rpubam cucrema
BEreTaTMBHOI Ta CTaTEBOI CYMiCHOCTI.
Tpub-kocmononit Schizophyllum commune Fr.:Fr. €
KCUI0TPO(DOM, 110 B OiIBIIOCTI BUTIAAKIB MTOCEISIETHCS
Ha BinMmep:iii uM nocaabiieHii xugiii nepeBuHi (Raper,
1988). Moro reHeTnuHa BapiaGesibHICTb I03BOJISIE
BUIUIATU CYOCTPYKTYPU Y BEJIMKUX TOIMYJISALISIX
(James et al., 1999). BuxopucranHs S. commune
gk MomeiabHoro ob'ekra (Ohm et al., 2010) mpu
MOCTIMXEHHSIX Ha PiBHI JIOKaJbHUX MOMYJSILIA
HamacTh 3MOTY 3HAWTHM pinki (IiHHI) TEHOTMIIA Ta
BCTAaHOBUTU UYMHHUKU, SIKi CIIPUSIOTH i30JISILiITHOMY
poLecy 3 MOXJIMBOK TMOAAJbIIOK iHTEPIIOJISILIED
pe3yJabTaTiB Ha iHWI BuUau. JlyXXe 4acTo 3MiHH,
110 BigOyBalOThCS Ha JIOKAJbHOMY piBHi, MOXYTb
MOSICHUTU 3arajibHi momnyJsuiiiHi npouecu. Tomy
METOI0 POOOTH OyJIO MOCHIZUTU TEHETUYHi OCOOJIM-
BOCTi JIOKAJbHUX TOMYJSLiNA S. commune MiBAEHHOL
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yactuHi KueBa 3 BUKOPUCTAHHSM MOJIMOPMHUX
BHYTPIITHBOKJIITUHHUX (DEPMEHTHUX CHCTEM.

Marepijau Ta MeTOIH

O0'eKTOM NOCTIIKEeHb OyJIU AUKAPIOTUYHI KYJIBTYypHU
S. commune, otpuMaHi 3 46 3pa3kiB Ga3umioKapIliB
rpubiB 3 TPbOX JIOKAJBHUX TMOMYJIALIN Ha TepuUTOpii
HaIliOHAJIbHOTO TpupoaHoro mapky "losociiBcbkuii”
(HTIIIT), perionanbHoro nganamadTHoro napky (PJIIT)
"JImca Topa" (popul 1) (25 xymsryp), JapHUIIBKOTO
JiconapkoBoro rocrogapcta (popul 2) (15 Kyasryp)
ta boraniunoro 3akasHmka (b3) "JlicHmku"
(popul 3) (6 xyabryp) (puc. 1). BumineHHsT yucTHX
JUKAPIOTUYHUX KYJIBTYP 3AiACHIOBAIM Yy aCeNTHUYHUX
YMOBax 3a METOAMKAaMU, HaBeJICHUMM HaMU paHile
(Boiko, 2018).

OTpuMaHy KyJIBTYpy BHUPOIIYBaJIA ITOBEPXHEBO
Ha pPIiOKOMY TJIIOKO30-TIEITOHOMY >KHBUJIBHOMY
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Puc. 2. Yacrora aneniB Schizophyllum commune y ToKaJbHUX MOMYJISILIsIX MiBAeHHOT yacTMHU Knesa

(aneni nokycy Eg2: 1 — Eg2'%?, 2 — Fg2'® 3 — Eg2%, 4 — Eg2%; aneni nokycy Amy2: 1 — Amy2'1, 2 — Amy2'77, 3 — Amy2'% 4 —
Amy2%; aneni nokycy Cat: 1 — Cat'”?, 2 — Cat'”’, 3 — Cat”’, 4 — Car*’; aneni nokycy Got: 1 — Got'?’, 2 — Got**, 3 — Gor™")

Fig. 2. Alleles frequency of Schizophyllum commune in local populations in the southern part of Kyiv (alleles of the locus Eg2:
1 — Eg2'2,2 — Eg2'% 3 — Eg2%, 4 — Eg2%; alleles of the locus Amy2: 1 — Amy2'1%, 2 — Amy2'77, 3 — Amy2'’, 4 — Amy2®; alleles
of the locus Cat: 1 — Cat'”’, 2 — Cat'”, 3 — Cat”’, 4 — Car*; alleles of the locus Got: 1 — Got'”, 2 — Gor**, 3 — Got™")

cepepoBuii, X' mmokos3a — 10,0; rentoH — 3,04;
K,HPO,-0,4; MgSO,*x 7H,0 - 0,5; ZnSO,x 7H,0 —
0,001; CaCl, — 0,05, sike po3nuBajIn 1Mo 25 MJ1 y KoJiou
Epnenmeitepa emnictio 100 ma. KynsruByBanu B
XuBUIbHOMY cepenouilli pH 5 3a temneparypu 28 °C
yrpoaosx 10—12 mi6.

s TicTOXiMIYHUX JOCHiIXKEeHb MilleJliii TpubiB
MomepeIHbO0 TPUYi MPOMUBAIM  JUCTUIHLOBAHOIO
BOJIOIO Ta BHUCYIIYBAJIM 3a JIOIIOMOTOI0 BaKyyMHOI
¢inpTpallii, MOTIM TOMOTEHI3yBalu B mpuc-UUTpaTHil
oydepHiit cuctemi Ta GinbTpyBanu. KoHIeHTpallio
Oiska BUMIpSUIM CIEKTPO(GOTOMETPUYHUM METOJIOM
Ha npwiagi ULAB S131UV  (Layne, 1957).
EnextpodopeTnuHe po3aijieHHsI BHYTPiIHbO-KIITUH-
HUX OUIKIB 3milicHioBaaM B 7,5- Tta 11,25%-My
noJliakpujaaMiTHOMYy Tejli 3 BUKOPUCTAHHSIM mpuc-
ninuHoBoi OydepHoi cucremu (pH 8,3). B sxocri
TeHETUYHUX MapkepiB [js1 rpuba S. commune
BUKOPUCTOBYBaAJIM HACTYMHI MoJiMopdHi ¢pepMeHTHI
cuctemu (Boiko, 2015a, 2018): karanazy (CAT) (KD
1.11.1.6), rnyramatokcaioaneraTrrpancaMinasy (GOT)
(KD 2.6.1.1), a-aminazy (AMY) (K® 3.2.1.1), enno-
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1,3(4)-B-rmokanasy (EG) (K® 3.2.1.6) (Manchenko,
2003). Iemp-mOKyMeHTYBaHHS  3IOIMICHIOBAIM 3
BUKOpUCTAaHHSIM  cucTtemu  Alphalmager 2200
(Alpha Innotech), 00poOKy enekTpodoperpaMm — 3a
JIoTIoMoroto rporpamHoro nakery "TotalLab TL 120"

[eHeTnyHe pi3HOMAHITTS MOMYJSLiil  XapaKTe-
pU3yBaIM 3a TaKUMU TIOKa3HUKAMH, $SIK. 4YacToTa
aJiesTiB, CepeHE YMCIIO ajiesliB HaToKyC (A), e(heKTUBHE
4uciIo anelniB (A,), iHaeKe pisHoMaHiTTs 3a LlleHoHOM
(I), HagBHa Ta ouikyBaHa rereposurotHicte (H_  ta
H)), inmekc cikcanii Paiita, F-cratucruka (Nei,
1978). IlpoBoauIv MPOCTOPOBUIT TEHETUYHUI aHai3
IaHUX — TecT MaHTesisl, 32 IKUM MOXHa MepeBipUTU
CTaTUCTUYHY 3aJIeXHICTh MiX reorpadiuHuMu Ta
reHeTUYHUMU aucraHuissiMu  (Mantel, 1967) Ta
aHani3 rojjopHux koopauHaT (PCoA), 110 mo03BoJisie
3HAXOAUTU Ta OyayBaTM OCHOBHi I11a0JOHU B
OaraToBapiaHTHOMY Ha0Opi JaHMX (IeKiJibKa JOKYCiB
i KinmpKa 3paskiB) (Zuur et al., 2007). PospaxyHku
3nilicHIoBanu 3a ponomoroto mporpam POPGENE32
(Yeh et al., 2000), GenAlEx 6.5 (Peakall, Smouse,
2006).
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Tabnuus 1. leHeTuuna Bapiamis AOCTIIKEHUX JOKAJIBHUX NOMyusuiii Schizophyllum commune Ta iXHs BiINOBiIHICTb PiBHSAHHIO

Xapni-Baitnoepra

Table 1. Genetic variation of the experimental populations of Schizophyllum commune and their correspondence to the Hardy-

Weinberg equation

Momynsiist Jlokyc Df c 3HaYeHHST A Ap 1 H, H,
Eg2 1 0,010 ns
Amy?2 6 1,692 ns

popul 1 3,00 1,48 0,53 0,22 0,29
Cat 3 22,371 ok
Got 3 9,298 *
Eg2 3 15,021 ok

12 Amy2 6 0,600 = 3,25 1,53 0,54 0,17 0,29

opul , s , ) s
bop Cat 6 15,600 *
Got 1 0,018 ns
Eg2 MOHOMOpPGhHMI

Amy2 3 0,240 ns

popul 3 2,00 1,45 0,44 0,13 0,30
Cat 1 6,000 *
Got 1 1,852 ns

Df — ctyninb cBOGOIN; A — cepetHe YUCIIO AJIENiB Ha JIOKYC; A, — cepelHe ePEKTUBHE YMCIIO alelliB; | — iHIEKC pisHOMaHITTA
3a lllenonom; nasisHa (H ) ta ouikypana (H,) rereposurotHicts; ns = He cyrrese. * P <0,05; ** P <0,01; *** P <0,001.

Ta6muug 2. Inpekc @ikcamnii PaiiTa 3a ajensvMu y JOKaJIbHUX NOMyIsuisax Schizophyllum commune
Table 2. Wright's fixation index for alleles in local populations of Schizophyllum commune

. Jlokyc
[Monynsuis
Eg2 Amy2 Cat Got
popul 1 -0,0204 0,0909 0,4205 0,0706
popul 2 0,6386 -0,1278 0,6578 -0,0345
popul 3 - -0,1429 1,0000 0,5556
3aranom 0,4831 0,0193 0,5887 0,2232
Tabauus 3. CTpykrypa JoKaIbHUX Nonysuii Schizophyllum commune 3a F-cTaTucTukoio
Table 3. Structure of local populations of Schizophyllum commune by F-statistics
Jlokyc Fis it st Nm
Eg2 0,523 0,542 0,039 6,127
Amy?2 -0,044 -0,026 0,017 14,365
Cat 0,683 0,693 0,031 7,742
Got 0,338 0,384 0,069 3,362
CepenHe 0,390 0,411 0,034 7,120

PesynsraTi Ta 00roBOpeHHs

3arajyioM y TpbhOX JOCTiIKEHUX JTOKAJTBHUX MOIYJISITISIX
rpuba S. commune miBaeHHOiI yacTuHU KwueBa s
JOTUPHOX (DEPMEHTHUX CHUCTEM OyJ0 BCTAaHOBJICHO
15 ano3umMHux BapiaHTiB. JlomiHywooui aneni B
Pi3HUX MOMYJSLIsIX CHiBNagaav, MpoTe iXHi 4acTOTH
KoauBanucs (puc. 2).
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Tak, mis nokycy FEg2 uactota anenst Eg2'® mae
HaWBUIIMKA TIOKAa3HUK, IO KOJMBAETHCS B MeXax
0,9—1,0. dns anenst Got'™ Bin cranosus 0,75—0,97.
Taki BHCOKI MOKa3HUKM 3a HASIBHOCTI 3arajbHoOi
MoJiMOP(MHOCTI JIOKYCy, Ha Hally AYMKY, MOXYTb
CBITUMTHU MPO MPUCYTHICTh YMHHUKIB, 1110 BIJINBAIOThH
Ha pO3MOBCIOMKCHHS TeHOTUITy. YacTKoBO IIe
MiATBEPIKYEThCS TMOPYIIEHHSIMU PIiBHSIHHS Xapmi-
BaitHGepra mist mesikux ajentiB (Ta6m. 1).
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Puc. 3. [TonoxeHHs 3paskiB Schizophyllum commune y mpocTopi NMeplIrx IBOX TOJOBHUX KOOPAUHAT
Fig. 3. Location of the Schizophyllum commune samples within the space of the first two principal coordinates
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Puc. 4. Kopenorpamu noxyciB Schizophyllum commune
Fig. 4. Correlograms of Schizophyllum commune loci
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3a cepeqHiM YMCIOM aJiesliB Ha JIOKYC Ta iHIEKCOM
pi3HOMaHITTSI popul 3 3HaYHO MOCTYIMAETHCS IHUINM,
OIHAK BHECOK CEpPeIHBOTO YKCa ajeliB y ajelibHe
pisHoMaHiITTA (1,45) 3HaxoauThesd Ha piBHI 3 popul 1
(1,48). 3aranbHUM IJIS BCiX DOCTIIKEHUX TTOMYJISIIii
OyB 3HAUHMI AeIUUT TEeTEPO3UTOT, OCOOIMBO IS
popul 3. HaitGinpmmii gediuuT reTepo3uroT y BCiX
JIOKAJTbHUX TTOMYJISIIISIX CIIOCTEPIra€Thes 3a JIOKYCOM
Cat, y popul 2 3a nokycom Eg2 ta Got y popul 3
(Tadm. 2).

Haii6inpin 306amaHcoBaHuM € JIOKyC Amy2. [TonioHi
MOKa3HUKU TEeHEeTWYHOI Bapialii xapakTepHi st
nomyJsiii - TpubiB - ypoummia @Deodanist  (Boiko,
2018), ane B Hiil, Ha BiOMiHY, crOCTepiraeThcs
HAUIMIIIOK TETEepPO3UroT 3a JokKycamu Amy2 Ta
Got. BuszHayeHHSI TEHETMYHOI BiIIaJEeHOCTI MiX
JOCTIIHUMU TOMYJISILISIMU MTPOBOAWIU 32 IOMIOMOTOIO
F cratuctuku (tadm. 3).

BcranoBneHo, mio misi OUIBIIOCTI JOCIIIKEHUX
JIOKYCiB . commune crioctepiraerbcs aediuuT
reTepO3UIOT Ha PiBHi JoKanbHOI nomynauii (F, =
0.390). ¥V cykynHiii BUOipLi TOMyMSILiA OKpeMUIA
Gasumiokapn BusiBisge 41,1% naediluTy reTepo3uroT
BUAy B uigoMy. B nmocmigHux monymsuiil CcTymiHb
nrdepeHialii reHiB 3a YacTOTaMM ajiesieii € HU3bKUM,
i e BKazye Ha Te, 1m0 96,6% ycbOro reHeTUYHOTO
PI3HOMAHITTS  3HAXOAUTbCS  BCEPEAMHI  KOXHOIL
nonyysuii. OTpuMaHi AaHi cBimYaTh MPO AOCTATHHO
BUCOKHMI TOTIK IeHiB Y NOCITIKEHUX momyJisii (N
= 7,12) i 3HaYHUI BHECOK y lieli MOKA3HUK JIOKYCY
AmyZ2. Hu3bpke TeHeTUYHEe Pi3HOMAHITTSI Ta BUCOKUI
MOTIK TEHIB CHOCTEPIra€ThCd B TMOMYJSLIsIX, SKi
MATPUMYIOTECS 32 PAXyHOK PO3IMOBCIOMKEHHS CITOP
(Dam, 2013).

3acrocyBaHHs KiacTepHoro ananizy (UPGMA
aJITOPUTM) JO3BOJIMIIO BUSIBUTHU BilOCOOJICHICTH popul
2 Bin inmmx. Kiacrtepusaliisi Moxe OyTH IMOB'si3aHa 3
(dakTOpOM OUCTAHIIIi MiX JTJOKAJTbHUMU MOMYJISILISIMU.
3 MeTOI0 BUSBIEHHS MPOCTOPOBOI CTPYKTYPOBAHOCTI
MMOMYJISLi S. commune 3aCTOCOBYBAJIM Pi3HiI METOIM.
Tak, Tect MaHTenss moOKa3aB, IO BUKOHYETHCS
HynpoBa rinore3a (R? = 0,0012), T0oOTO BiACYTHIiit
B3AEMO3B'SI30K MiX TEHETUYHOIO KOMITOHEHTOIO Ta
reorpaiuHUMU KOOpAMHATAMM JOCIiIHUX 3pa3KiB.
[Tpu 3acTocyBaHHI METOIY TOJTOBHIX KOOPAMHAT OYII0
BMSIBJIEHO B3a€EMO3B'SI30K 3pa3KiB 3a TEHETUYHUM
MarepiajoM Yy TIPOCTOpi, BCTAHOBJEHA TIOAIOHICTh
JOCTiMHUX TTOMYJISLIN Ta HalOIbIIMIF BHECOK popul 1
y Pi3HOMAHITTSI 3a APYrol TOJIOBHOI KOOPAMHATOIO

(puc. 3).
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BpaxoByouu HE3HAaYyHy BiICTaHb MiX JIOKALLiSIMU,
0yJ10 3a[lisTHO MTPOCTOPOBO-CTPYKTYPHUI aHaTi3, IKUA
JIO3BOJISIE BUSIBUTA KOPEJISIIIIIO  PO3IMOBCIOMKEHHS
TeHOTHUIIIB y MpocTopi (puc. 4).

[Ticnsg aHamizy oTpuMaHUX JAHUX MOXKHA CTBEPJIKY -
BaTW, WO XKOJHOI CTPYKTYPOBAHOCTi TE€HOTUIIiB
S. commune MixX TOCTiIKEHUMM JTOKAJTbHUMMU OIS -
LIisSIMU HE CITOCTePira€ThCsl.

IMopiBHIOIOUM AaHi 3 paHilie orpumanumu (Boiko,
2015b), Mu BUSBWIM 3arajbHi TECHICHIIII: BUCOKMUIA
MOTIK TeHiB, 10 3MEHIIYEThCA 3i 30UTbIICHHSIM
BiZICTaHI MiX JIOKQJIbHUMM MOITYJISLISIMU, Ta HU3bKUI
piBeHb T€HETUYHOI AudepeHilianii, sgKi cBigyaTh Ha
KOPUCTb OCHOBHOI'O CTOCOOY PO3IMOBCIOI)KEHHSI rprbda
3a JOMOMOTOI0 CITOPOBUX Mac.

BucHoBku
Ona  doThpboX  (EPMEHTHUX  CHUCTEM  TPHOX
JIOKAJIbHUX —TonmyJasiuin  S.  commune TMiBIEHHOI

yactuHu KwueBa 0Oyn0 BcTaHOBIEHO 15 ano3umis.
Bci mocnmimkeHi momyssitii MaJiM 3HaYHUA gediuut
rETepO3UTrOT Ta HU3BKUI CTyMHiHb AudepeHLiaLii
T€HiB, 110 € HACJiIKOM BUCOKOIO 3HAUYE€HHS MOTOKY
reis (N = 7,12). le cBimyuTh NpO OCHOBHMI
crnoci®é  MiATpMMaHHS  MOMYJSLIM 32  paxyHOK
PO3IOBCIOJIXKEHHST CIop. BusiBieHa kiacrepusallist
BipoOTiIHiIIe 3a Bce TMOB'sI3aHa 3 (DAKTOPOM IMCTAHIIil

MiX  monyiguismu.  BcraHoBlieHO — BiICYTHICTB
B3a€EMO3B'SI3KY MiXK T€HETUYHOK KOMIIOHEHTOIO
Ta reorpadiyHUMM KOOpAMHATAaMM 3pasKiB, a

IIPOCTOPOBO-CTPYKTYPHUIT aHaIi3 He BUSIBUB SKOITHOI
CTPYKTYPOBAHOCTi TeHOTUMNiB S. commune. OTXe,
OTpUMaHi HaMM Pe3yJbTaTH IITBEPIKYIOTH Te, IO
JOCITiKEH1 JJOKaJbHi MOMYJIsLil € YaCTUHAMU €IUHOT
MIPUPOTHOI TTOMYJISIIIII.
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Abstract. The processes of lipid peroxidation induced by heavy metals in leaves of woody species under the influence of an industrial
enterprise were studied. In the assimilation organs of Populus italica, a high accumulation of most compounds of heavy metals was
found (intratissue contamination was over five-fold higher than in the control), with zinc as the most abundant metal. Aesculus
hippocastanum in the zone of severe pollution most actively accumulated nickel, while Befula pendula accumulated cadmium. At
early stages of leaves development, high rates of intratissue contamination were observed for all species. In the leaves of P. italica,
during their morphogenesis, the level of secondary peroxidation products (TBA-active compounds) was lowest among the
studied species and did not exceed the control values by more than 1.8 times. This is apparently due to increased intensity of
functioning of antioxidant enzyme systems, such as glutathione and ascorbic (Halliwell-Asada cycle), and high phytochelatin
and metallothionein biosynthesis in leaves, which stipulate its highest physiological stability to altered environment. Instead, in
the leaves of A. hippocastanum and B. pendula with low levels of accumulation of most heavy metals, the content of TBA-active
products increased 2.7 and 2.9 times, respectively, comparing to the control. It has been shown that plantations of P. italica in
industrial conditions were relatively stable with a total score of assimilation organs, branches and trunk damage up to 1.3, while in
A. hippocastanum and B. pendula a longterm effect of pollutants at monitoring sites resulted in 25—40% of leaves damaged by
necroses and chloroses. Skeletal branches of both species were affected by rot, crown rarity reached more than 40%, and frost
cracks 20—25% larger than in the control occurred. Aesculus hippocastanum and B. pendula are characterized by an unstable
qualitative state of 30—60% of individuals which are at various stages of dying or significantly depressed.

Keywords: Aesculus hippocastanum, Betula pendula, chloroses, functional state, necroses, Populus italica, TBA-active compounds
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3yoposcbka O.M., Ipuniko B.M. 2019. InTencuBHicTh mponecis NepOKCUIHOT0 OKUCHEHHS JIiMiaiB Ta (YHKUiOHAIbHUI CTaH
JiepeBHUX HACAZKEeHb NPY 3a0pY/AHEHHI TOBKILIS BAXKKUMHU MeTaJaMu. Yipaincoiuil Gomanivnuil wcypran, 76(5): 458—468.

Pedepar. [IpoBeneHo AOCHIIKEHHS PO3BUTKY MPOLIECIB MEPOKCUIHOTO OKMCHEHHS JIIMiiB, iHIYKOBAaHUX HI€I0 BaKKHUX
MeTaJliB y JIMCTKaX BUIIB JePEeBHUX POCIIMH 3a Jii BUKUIIB ipoMucioBoro mianpuemctsa (ITpAT "KprBopi3bKuil cypuKOBHii
3aBon"). B acuminsauiiitnux opraHax Populus italica BCTaHOBJIEHO BMCOKY iHTEHCHUBHICTb aKyMYyJIsLlil OiJbIIOCTI CIOJIYK
BaXKHX METaliB (MOKa3HUKM BHYTPIIIHBOTKAHMHHOTO 3a0pyIHEHHS IMEepEeBUIIyBaJIM KOHTPOJb Y TMOHaA 5 pasiB), cepeld
SIKMX MaKCUMaJbHO iHTeHCUBHO KoHUeHTpyBaBcs Llunk. Toni sik Aesculus hippocastanum y 30Hi CUIBHOTO 3a0pyIHEHHS
HallakTuBHiIIe HakonnuyBaB Hikenb, a Betula pendula — Kanmiii. 3araibHOIO TEHICHIIEIO U BCiX BUAIB Ha IMTOYATKOBHX
eTariax po3BUTKY JIUCTKiB OyJia HasgBHICTb BUCOKUX MOKAa3HUKIB BHYTPIIlIHBOTKAHUHHOTO 3a0pyaHeHHd. Y nuctkax P. italica
MPOTATOM IXHBOTO MopdoreHe3y piBeHb BTOPMHHUX MpoAyKTiB nepokcunallii (TBK-akTuBHuX crioyyk) OyB HaHUXYUM
cepel JOCTiIKyBaHUX BUIIB i HE TIEPEBUIIYBaB KOHTPOJIbHI MOKa3HUKM Oiiblie HixX y 1,8 pa3a. BctaHoBieHe, ckopill 3a Bce,
MOSICHIOETBCS TiABUIIIEHOIO IHTEHCUBHICTIO (PYHKIIIOHYBaHHST aHTUOKCUAAHTHUX (PEPMEHTHUX CUCTEM, a CaMe TJIyTaTiOHOBOT
Ta acKopOiHOBOI (1K XajiBana-Acana), Ta BUCOKHUM piBHEM 0ioCHMHTe3Y (DiTOXeIaTUHIB i METaJIOTEOHETHIB Y TMCTKAaX BUILY,
110 0OYMOBJTIOBAJIO 11OTO BUIILY (Di3i0IOTiUHY CTIHKICTh y 3MiHEHMX YMOBaX HOBKiLISA. HatoMicTh y mucTkax A. hippocastanum
i B. pendula ipu HU3bKOMY PiBHI HAKOTIMYEHHS OUTBIIOCTI BaXKKMX MeTalliB BMicT TBK-akTHBHUX MPOMYKTiB TIepoKcHaaltil
3pocTaBy 2,7 i 2,9 pa3za nopiBHsIHO 3 KOHTpoJieM. [TokazaHo, 110 HacamKeHHs1 P. italica B TpOMHUCIIOBUX YMOBaX BUSIBUJIUCS
BifHOCHO cTiiikuMu. Toni K y A. hippocastanum i B. pendula nosrotpvBaia [isi MOJIOTaHTiB HA MOHITOPMHIOBUX TiTSTHKaX
npu3BoaWIa 10 ypaxkeHHs1 25—40% noBepxHi JUCTKIB HeKpo3amu i xjoposaMu. CKeJieTHi TiJIKiM 000X BUIIB ypaxkKalucs
CYAMHHUMM THWISMU, 3piIKEeHICTh KPOHU csrana moHaa 40%, a Ha cToBOypax 3ycTpidaancs Mopo300iiiHi Tpimau Ha 20—
25% Oiblii HiX B yMOBax KOHTpouo. Pociunu A. hippocastanum i B. pendula xapakTepu3yOThCsl HE3aI0BLIbHUM SIKICHUM
craHoM y 30—60% 0coOUH, 3HAXOASAThCS Ha PI3HUX CTAMIsIX BIIMUPAHHS Y4 3HAYHO MTPUTHIYECHI.

Kimouosi ciioBa: ThK-aktuBHi crionyku, GyHKITIOHAIBHWI CTaH, XJIOPO3U HEKpo3u, Aesculus hippocastanum, Betula pendula,
Populus italica
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Beryn
JlepeBHi pOCIMHU € BaXJUBUM CepeloOBUIIE-
YTBOPIOIOYMM €JIEMEHTOM Yy MicCTaX 1 CHpUSIIOTh
(GopMyBaHHIO IXHBOTO JIAHAIIAGMTHO-APXITEKTYPHOTO
BUIJISALY, BHUKOHYIOUM peKpealiliHy, CaHiTapHO-
ririeHiyHy Ta iH BaxuiuBi dbyHkuii. [Tpy iboMmy BOHU
MOXYTb BUCTYNATU iHAMKATOpaMM CTaHy HOBKIJIJISA.
Oco0MBO YyTIMBUMM JIO [ii CTpecoBuX (haKTOpiB €
ACUMINISILIIFHI OopraHu, SIKi 3HAXOASIThCSI Y HAMOiIbII
TICHOMY KOHTaKTi i3 3a0pymHIOBayaMu aepOTreHHOIO
xapaktepy (Lukina, Vasilevskaya, 2012; Ramazanova,
2012).

B ymMmoBax TeXHOreHHOro 3a0pyaHEHHSI JOBKIJLISI
Yy BEJIMKHUX IIPOMHUCIOBMX PErioHAaX 3 PO3BUHEHOIO
MEeTalypriiHO MPOMMCIOBICTIO MiCbKa POCIMHHICTb
aKyMyJIO€ B HAIJIMIIKOBUX KOHLEHTpalisX pi3Hi
€JIeMEHTU Ta CHOJIYKM, HacaMmrmepel BaxXKi MeTanu
(Gryshko et al., 2012). Take mnoiielleMeHTHE
HAKOMWYCHHS TOKCUYHUX PEUYOBUH CIPUIMHIOE
aKTHBAllil0 TPOLIECiB OKMCHIOBAJIbHOI MECTPYKIIii B
pocnunHiit kmituHi (Foyer, Shigeoka, 2011; Sima,
Fatemeh, 2013). OueBumHO, 110 OKCUAATUBHUIA
cTpec, SIK KOMIUIEKC peaklliii opraHi3miB Ha
IiI0  CTPEecoBOro YMHHMUKA, € YHiBepCaJbHOIO
BiIMOBigmI0 pocinH 1 30e6iablIoro 00'€KTUBHO
XapakTepusye ixHiii izionoriunuii cran (Gill,
Tuteja, 2010; Batsmanova et al., 2014). ¥V nepeBHUX
pPOCJMH BHACTIAOK TaKOTO CTPECOBOrO  BIUIMBY
BinmOyBaloTbcsl TpUTHiYeHHS (i3ionaoro-6ioXiMiyHMX
MPOLIECiB i 3MiHA B aHATOMO-MOP@OJIOTiuHilA O6ya0Bi
OpraHiB, IO MOXE TPU3BOAUTU [0 3HWXKECHHS
ixHbOi  (Di3i0NOTiYHOI  CTIHKOCTi, HEeKOpPaTUBHUX
SIKOCTe#l 1 3MEHILeHHs] peKpealiiiHoi e(heKTUBHOCTI
Hacamkenb (Hlukhov et al., 2006; Gladkov, 2007;
Zubrovska, Gryshko, 2016). Ha cporomHi KoMIieKcHi

JOCITiKEeHHS  (Pi3ionoriyHOTO Ta (PYHKIIIOHAJTBHOTO
CTaHy JEPEeBHUX HAcaIXeHb IMOOJU3Y MPOMUCIOBUX
MiATIPUEMCTB, Ha XaJjb, JIOCUTb OOMexeHi. BoHu
CTOCYIOTbCSl TMepeBakHO ab0 BU3HAYEHHS BIUIMBY
BaXKKMX METaJliB Ha Iepedir mpoleciB nepokcumailii,
abo BCTaHOBJEHHSI MOPGOJIOTIYHUX TMPOSBIB il
MMOJIIOTAHTIB Ha acuMinsuiiiHi opranu. HaromicTsb,
0COOJIMBUIT HAYKOBO-TIPAKTUIHUI iHTepeC BUKIMKAE
3'ICyBaHHSI OCOOJMBOCTEN aKyMyJsILiiiHOT 34aTHOCTI
JIMCTKIB AE€PEBHUX POCAUH HaA PiZHUX CTallisIX IXHBOTO
MopdoreHesy, iH-TEHCUBHOCTI OKCUAATUBHUX MPOLIECIB
1 piBHSI ypaxKeHHSI BereTaTMBHUX OpPraHiB BHACJIiJIOK
CTpecoBOi Ail BaxXKux MeTajiB. JoCHiIKeHHs 1LUX
MPOLIECIB 103BOJIATh BU3HAYUTU TPUAATHICTH BUIIB
IS O3€JICHEHHSI TPOMUCIOBUX TepuTopiii. Tomy
MeTa poOOTH TIoJiIrajia B OIHII iHTEHCUBHOCTI
BUTBHOPAAUKAJIBHUX PeaKIill y JUCTKaX JEPEeBHUX
POCIIMH 3a Pi3HOTO PiBHS aKyMVJIsii BaXKKNX MeTaliB
K OJHOTrO 3 KPUTEpiiB (PYHKIIIOHATBHOTO CTaHy
JIEPEBHUX HacalKeHb.

Marepianu Ta MeTOAM

O6'ektamMm gocmimkenb Oymu 20—30-piuHi gepesa
Populus italica Moench, Aesculus hippocastanum L.
i Betula pendula Roth., 1110 pOCTyTb y 30Hi CUJILHOTO

3a0pyaHEHHSI Ha NPOMMaNJaHYUKY TIpAT
"KpuBopizbkuii cypukoBuit 3aBom’ (tabm. 1) i
B JHeHapapii KpuBopizbkoro O6oTaHiuHOro camy

HAH Vkpainu (yMOBHUI KOHTpoOJib). s aHaiizy
BimOMpanu JUCTKU i3 cepelMHU KPOHM IIiBIEHHO-
3axiHOI eKcno3ullii y (a3i MOBHOTO PO3TOPTAHHS
JIMCTOBOI IIaCTUHKU Ta Ha 5—10-1y i 80—85-Ty modu
da3u 3aBeplleHHsI POCTY JUCTKIB, $Ki BU3HaYalIu
3TriIHO 0 3arajJbHONpUITHITUX MeToaiB (Metodika...,
1975).

Tab6muts 1. Bmict pyxomux ¢opm BaKKiX MeTAJIB (AMOHIifHO-aleTaTHA BUTSIKKA) Y IPYHTI mo0m3y KpuBopi3bKoro cypukoBoro

3aBOJIY, MI'/KT

Table 1. Content of mobile forms of some heavy metals (ammonium acetate extract) in soil near Kryvyi Rih Minium Plant, mg/kg

Bincraub Bin . Zn Ni Pb Cd
30Ha 3a0pyAHEHHS e Hamnpswm Bitpy
JKepesia eMicii, M M+m M+m Mtm M=*m
MiBIEHHO-3aXiTHUI 63,924+0,49 9,00+£0,42 6,13£0,31 2,124+0,08
CuitbHe 3a0pyIHEeHHsI 50—150 MiBHIYHO-CXiTHUI 25,7840,07 3,00+0,14 4,2740,18 0,78%0,15
cxigHuit 22,39+0,19 2,87+0,25 3,98+0,43 0,65+0,05
MiBIEHHO-3aXiTHUIA 43,07£2,31 2,52+0,01 4,05+0,02 1,47£0,01
Ciabke 3a0pyIHEHHS 250—-500 MiBHIYHO-CXiTHUIT 18,45+0,97 1,25+0,05 2,65%0,07 0,44+0,05
cxigHuit 12,85+0,75 0,98+0,01 2,08+0,01 0,40£0,04
Crizosi MiBAEHHO-3aXiTHUI 12,81£0,86 1,50£0,12 0,66+0,05 0,71£0,05
JIVIOBL KOMHEHTpat! 1000—2000 THBHIHO-CXiTHHUiT 8,35+0,52 0,480,25 0,42:£0,04 0,38:£0,03
3a0pyaHIOBaYiB

CximHui 6,2710,08 0,25+0,10 0,35+0,10 0,27+0,05
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3a JaHMMM LIEHTPaJbHOI 3aBOACHKOI J1abopaTopii
KpuBopizbkoro cypmKoBOTO 3aBOJLY ITPU BUTOTOBJIEHHI
CYpMKY 3aJli3HOrO B aTMocdepHe TOBITPSI pa3oM
3 TIWJIOBMMM BUKWIAMU TIOTPAIUISIIOTh TakKi BaxkKi
metanu, sk Fe, Zn, Pb, Cd, Ni ta Cr. IlpoBeneHi
HaMU paHillle BU3HAYEHHSI TOKCUKAHTIB y TPYyHTaX
Ha pi3Hiii BiacraHi Bin mignpueMmcTtBa (Gryshko et al.,
2012) no3BoNMIM BUOKPEMUTH 30HU 3 PI3HUM PiBHEM
3a0pynHeHHs (Taba. 1).

BMmicT Baxkux MeTaliB y pPOCIMHHOMY Marepiai
BU3HAYaJIU 3 BUKOPUCTAHHSIM aTOMHO-a0CcopOI1iiiHOTO
cnexkrpooromerpa C-115 (YkpaiHa) 3a 3arajib-
HornpuiiHaTuMu MetoaamMu (Metodicheskie..., 1989).
IToxa3HUKM BHYTPILIHBOTKAHUHHOIO 3a0pyaHEHHS
POCIIMH pO3paxoOBYyBaJIM IO BiIHOIIEHHIO BMICTy
eJIEMEHTY B JIUCTKax POCAWH 3a YMOB 3a0pyTHEHHS
JI0 BMICTY €JIeMEHTy B KOHTPOJIbBHUX POCIWH 3a
B.b. Inpinum (Ilin, Stepanova, 1979). BuszHayeHHs
BMmicty TBK-akTUBHMX TIPOAYKTIB  MPOBOIWIU
Ha cnekrpodoromerpi CP-2000 (Pocig) 3a
B.C. KamumnikoBum (Kamyshnikov, 2000), 6inky —
3a X.C. IpinGepr (Greenberg, Gaddock, 1982) 3a
peaxiiero 3 6poM@peHOTIOBUM CUHIM.

DyHKITIOHAJIBHUIT ~ CTaH  JIGPEBHUX  POCIIMH
oniHoBau 3a Mmetoaukoio JI.I. Moscecsin (Movsesyan
et al., 1978) y monudikauii B.M. Ipumka (Gryshko
et al., 2002). fxicHuii craH AepeBHUX HacaIKeHb
BU3Havayim 3a https://zakon.rada.gov.ua/laws/show/
z0182-02, ne cTaH JAepeB OLIIHIOETHCS K. JOOpUIl —
JilepeBa 3710pOBi, HOPMAJIBHO PO3BUHYTI, JIUCTS TYCTE,
PIBHOMIpHO poO3MillleHe Ha TijlKaX, JUCTS YU XBOS
HOPMAJIBHOTO PO3Mipy i 3a0apBieHHsI, HEMAE O3HAK
XBOpOO 1 IIKiAHWKIiB, paH, TOLIKOIKEHb CTOBOypa
1 CKEeJEeTHMX TiJIOK, a TaKOX Oymena; 3ad0BUIbHUN —
JiepeBa 370pOBi, ajge 3 O3HaKaMu BIIOBIIbHEHOIO
pOCTY, 3 HEPiBHOMIpHO pPO3BHMHEHOIO KPOHOIO,
Ha TiJKax MaJlo JIMCTSI, € He3HauyHi MeXaHiuHi
MOIIKOMXKEHHS 1 HEeBEJIUKI AyIula; HE3alOBUIbHUN —
nepeBa Iyxe ociabiieHi, CTOBOypM BUKPUBIECHI,
KPOHU CJaOKOpPO3BUHEHI, € CyXxi Ta TilKu, 110
3aCUXal0Th, MPUPICT OMHOPIYHUX MArOHIB HE3HAYHUIA,
MEXaHiYHO TIOIIKOMXEHi CTOBOypM, € [yIia.
CymapHuii 0ay ypakeHHSI POCIUH XapaKTepu3ye
3arajJbHull (byHKUiIOHAJIbHUIM CTaH BUAY 3a TMEBHMUX
ymoB: 0—1 0am — poCIWHU MPUTHIYEHI HE iCTOTHO,
CcTaH HacamxeHb poopwuii; 1,0—1,5 6ama — pociauHuU
3MEHIIYIOTh  JICKOPAaTUBHI  SIKOCTi, HacaIKeHHS
MnoTpedyIoTh peTesbHoro aorisany; 1,5-2,0 Gana —
pPOCJIMHU  TIPUTHIYEHi, JeKOpPaTUBHICTb 3HA4YHO
3HUXKYEThCSI, HEOOXiTHAa YacTKOBa PEKOHCTPYKIIis
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Haca/KeHb; MOHAN 2 6an — POCTUHU 3HAXOSAThCS HA
PI3HMX CTadisiX BiIMUpPaHHSI, HEOOXiIHA YacCTKOBa M
IOBHA PEKOHCTPYKIiSl HACAIKEHD.

TToBTOpHICTH Y MeXaX OKPEMOTro BapiaHTy JOCIiIy
ckinagana 10 pociauH, aHamiTUYHA TOBTOPHICTH
4-kpatHa. EkcnepyMeHTaJIbHI JaHi CTaTUCTUYHO
00poONIsSIIM 32 3arajJIbHONMPUMHIATUMU ~ METOJaMU
MapaMeTpUYHOI CTaTUCTUKU Iipu  95%-my piBHI
3HauymocTi 3a b.A. lociexoBum (Dospekhov, 1985).

Pe3yabraTi Ta 00rOBOpEHHS

Y3arajgbHeHi pO3paxyHKW ITOKa3HUKIB BHYTPILTHBO-
TKAaHUHHOTIO 3a0pyIHEHHSI JIMCTKIB BaKKMMU MeTa-
JIaMU 3a IPOMUCIIOBUX YMOB (puc. 1, A) cBimuaTh npo
Te, 10 B IucTKax Populus italica Haiibinplie cepen ycix
JIOCITIIDKEHUX TIOJMIIOTAHTIB HakomuuyBaBcs LIMHK,
SIKW HaJIEXKUTh A0 KJ1aCy BUCOKOHEOE3MEeYHMX CITOTYK
i Mae mepeBakHO (hOTiapHUI IIJISIX HAIXOKEHHS B
nepesHi pocnunu (Giniyatullin, 2007; Gladkov, 2007).
CTOCOBHO BHMCOKOTO CTYyIeHsS HakommdyeHHsT LIMHKy
B POCJMHAX BilOMO, 1[0 BiH € TUIIOBUM €JIEMEHTOM-
Gio(dizoM, KoTpuii Oepe ydacTh y 0araTbox mpoliecax
MeTabosizMy. Tomy iforo po3urMHHiI OpMU JOCTYIIHI
IJIST POCIVH, a TIOTIMHAHHSI BiIOYBA€THCS IILISIXOM
AKTUBHOTO TPAHCIIOPTY 4Yepe3 KIITUHHY MeMOpaHy
3a gomoMmorowo OinkiB-nmepeHocHukiB (CDF- Ta
ZIP-tpancnoprepiB) (Guillermo, Cogliatti, 1998;
Emamverdian et al., 2015) i 3pocTa€ 3 MiaBUILEHHSIM
koHueHTpauii LHuuky B rpyHTi (Gladkov, 2007).

Tak, mpoTsiroM Mop¢oreHe3y JMCTOBOI MIACTUHKU
BMicT LIMHKY B acCUMINSLIIHHUX OpraHax BUAY Y MOHAL
11 paziB mnepeBulIyBaB MOKA3HUKW KOHTPOJbHUX
pOCIWH, 110, WMOBIpHO, TOB'I3aHE 3 BUIOBOIO
crneurdivHicTio akymyssii LluHKy ToronsiMu, a came
3 iforo 6e30ap'epHUM HAIXOKEHHSIM IO BETETATUBHUX
opraniB (Kopylova, 2012; Vetchinnikova et al., 2013).
AHanoriuHuii  xapakTep  HakomnuyeHHs1  LluHKY
0y BcraHoBieHuil B. TomewriHi 3i cmiBaBTOpaMu
(Todeschini et al., 2011) a5 TOmoab y 30Hi Iii BUKUIIB
xiMiuHoro 3aBoay. Ak BugHo (auB. puc. 1, A), P. italica
IHTEHCHMBHO HaKOMWYYy€E B JIMCTKax e i Kagmiit, 1o,
WMOBipHO, TOB'sI3aHO 3 eheKTaMu CUHEPTi3My MiX
ionamu Kamgmiro Ta Llnuky (Kraemer et al., 2000).

Crmig 3a3HauWTH, IO I pocauH P. italica
XapakTepHa BMCOKAa iHTEHCUBHICTb  aKyMYJIsIii
MnepeBaKHOI OUIBIIOCTI CIOMYK BaXXKUX METaliB, TOMY
BiH BiHECEHUU MO I'pynu BUMAIB 3 BUCOKHUM pPiBHEM
aKyMYVJISILii TOKCUKaHTIB. BoueBuab, 1e MoB'sI3aHO 3
THM, 1110 TeKCTypa MOBEPXHi JIUCTKIB TOIOJb, a came
IXHSI OMYIUEHICTb i HasIBHICTb CMOJIUCTUX PEYOBUH i
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Puc. 1. Ingexcu BHYTPIIIHLOTKAHUHHOTO 3a0pyIHEHHS JIMCTKIB (3p“) JIEPEBHUX POCJIMH JEIKMMMU BOXKUMU METaJlaMU 3a
YMOB CWIbHOTO 3a0pynHeHHs1. A: Populus italica; B: Aesculus hippocastanum;, C: Betula pendula

Fig. 1. Indices of intratissue contamination of woody plants leaves (3 *) by some heavy metals under conditions of severe
pollution. A: Populus italica; B: Aesculus hippocastanum;, C: Betula pendula
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TEePIICHIB CIIPUSIIOTH OiJIbII iHTEHCUBHOMY HAJIMITAHHIO
IMUJIOBUX 9ACTOK, SIKi MiCTSITh CITOJTYKI BasKKHX METaJTiB
i, 1K HACiIOK, OibIIOMY (hOJTiapHOMY MPOHUKHEHHIO
TOKCUYHUX €JIEMEHTIB [0 OpraHiB acUMIIALIl
(Giniyatullin, 2007; Zubrovska, Gryshko, 2017).

3a IIpOMUCTIOBUX YMOB Y Aesculus hippocastanum i
Betula pendula, sxi O0yau BiiHeCEeHi A0 I'pyny BUIIB 3
HU3BKUM aKyMYJSILIMHUM TTOTEHIIiaJIoM, KOeillieHT
GiosioriuHoi akymyssuii Huuky ta Ilmombymy sk y
Mepios MOBHOTIO PO3rOpTaHHSI JIMCTOBOI TMIACTUHKM,
Tak i Ha 5—10-Ty 100y (ha3u 3aBepIIeHHS POCTY JTUCTKIB
He mepesuinyBaB 4,2 (puc. 1, B, C), mo iMoBipHO,
MOSICHIOETBCS AHTAroHICTUYHOIO Ji€I0 MK 10HaMU
Huuky ta Ilmomoymy (Gladkov, 2007). Ilpote, BXe
Ha 80—85-Ty noOy ha3m 3aBeplIeHHS POCTY JIUCTKIB
IIOKa3HUK  BHYTPIIIbOTKAHWUHHOTO  3a0pymHEHHS
LlyuHkOM B acMMIJISILIHUX OpraHax IepIlIoro BUAY
3pocTaB y IToHan 9 pasiB.

3aszHauumo, 1o A. hippocastanum y 30Hi CUJIBHOTO
3a0pynHeHHsT [IpAT "KpuBopisbkuii CcypuKoBUii
3aBOM" YIPOIOBX BChOTO MOpP(hOreHe3y JUCTKIB
HaliakTuBHille HakonuuyyBaB Hikenb (puc. 1, B).
HaromicTh MOKa3HMKW  BHYTPilIHbOTKAHWHHOTO
3a0pyAHEHHS JaHUM eJIeMEeHTOM Yy JUcTKax B. pendula
HE CYTTEBO TMEPEBUINYBAIM TaKi y KOHTPOJBHUX
pociuH (puc. 1, C).

Ha Binminy Bin A. hippocastanum, nnsi B. pendula
XapaKTepHe iHTeHCHMBHe HakomnmuueHHs Kagmiio sk
y (pazi MOBHOTO PO3rOpTaHHS JIMCTOBOI IJIACTUHKMU,
Tak i Ha 5—10-Ty Ta 80—85-Ty 106U (ha3u 3aBeplIeHHS
pocty ucTKiB (y 15; 6 1 4 pa3u BinmoBimHO Gijblie 3a
KOHTposb). [lomiOHa TeHAEHINS IIOA0 iHTEHCUBHOI
akymynsauii Kanmito B tuctkax B. pendula BinmiueHa y
psini po0it (Giniyatullin, Kulagin, 2009; Vetchinnikova
et al., 2013). llmmMu aBTOpaMHM BCTaHOBJICHO, IO B
yMOBax 3a0pyAHEHHSI TTPOMUCIOBUX LIEHTPiB MiBHOYI
Pocii naHuit Bua HajaeXuTh 10 BUIiB-HAKOIIMYYBayiB
Kanmiro.

He 3Baxatrouu Ha Te, 1m0 A. hippocastanum cepen

JOCHIIKYBAHUX ~ BaXXKMX MeETaliB  HalaKTUBHillle
KOHLEHTpYBaB y cBoiXx Juctkax Hikenb, a
B. pendula — Kanmmiit, TeMnm IiXHBOI aKyMYJISIIii

3 yacoM 3MmeHunyBaiucs (puc. 1). 3HUKEHHS
KOHILIEHTpalii BaXKWX MeETalliB y JIUCTKaX POCIUH
€ OaratoakTOpHUM MPOLECOM, JIO SIKOTO MOXe
MPU3BECTH, TTO-TIepllie, aKTUBHUI PiCT i MOTOBILIEHHS
JINCTOBOI TUTACTUHKM (30i7bIIeHHS 11 ¢hiToMach),
nmo-apyre, (opMyBaHHS TIPOTSTOM MOPMOreHe3y
JINCTOBOI TUIACTMHKU ITOBHOLIIHHOTO KYTHUKYJISIPHOTO
mapy, sIKUii Tepelnkomkae mpoiecaM iHTeHCUBHOTO
HaIXOIKEHHSI TOKCUKAHTIB Y JIMCTKU 3 TIOBITPSI.
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Binomo, 1m0 TokcuyHa i OUIBLIOCTI BaXKKUX
METaJIiB CIIPUYNHIOE PO3BUTOK OKCUIATHBHOTO CTPECY
i CYIpOBOIXKYEThCS MepedydoBaMU  MeETaboIi3My
POCJIVH, 00yMOBJIEHUMU K OesrocepenHiMm
OKHMCHEHHSM JIITiaiB MeMOpaH, Tak i HaKOIMUYEHHSIM
MPOAYKTIB  MepOKCcHUIallii, OCOO0JIMBO BTOPUHHMX
(Clemens, 2006; Batsmanova et al., 2014). Kinbkicth
came cnoyyk TiobapOitypoBoi kuciotu (TBK-
aKTUBHUX METa0OdiTiB) BBaXXa€TbCSl  BaXJIMBUM
ITOKAa3HUKOM BIUIMBY pi3HMX (haKTOpPiB Ha OpraHi3M,
10 JO3BOJSIE OLHUTU  (DYHKIIOHATBHUI CTaH
pocaIMH Ta iXHIO Hecneuu@iuyHy aganTaliiiHy
3natHicTh (Foyer, Shigeoka, 2011). ¥V cyuyacHux
mocrmimkenHsx (Khromykh et al., 2013; Fathi,
Barari Tari, 2016), wHanpukiaaa, TOPIiBHIOETbCS
MOXJIMBICTh BUKOPUCTAHHSI IMOKA3HUKIB  BMICTY
BTOPMHHUX TPOMAYKTIiB MEePOKCHUIAllil, aKTUBHOCTI
AHTUOKCUAAHTHUX (DEPMEHTIB Ta CITiBBiIHOIIEHHS
XJIOpo®iJliB y TUCTKAX POCIUH SIK MApKEPiB CTPECOBOT
Iii repOiLMIiB Ta IPYHTOBOI MOCYXU.

IIpencraBineHi B Tab. 2 pe3yiabTaTH CBigJaTh IIPO
Te, 1110 MiABUIIEHUI BMICT BasKKMX METaJIiB Y JIMCTKaX
JIEPEBHUX POCIVH 3a CHJIBHOTO 3a0pyIHEHHS iHAYKYE
30inblIeHHsT  KiJIbKOCTI  TBK-akTUBHUX  CIIOJYK.
OpmHak, piBeHb IXHBOI KOHIICHTpallii B OLIBIIOCTI
BUIMAAKIB 3ajieXXaB BiJ, KOHLEHTpalil MOJIOTaHTIB
B acCUMITALIAHUX opraHax Ta e(peKTUBHOCTI
yHkuioHyBaHHS  (Pi3i0J0r0-6i0XiMiYHUX  CHUCTEM
3aXHUCTY.

Hanpuknan, B acuMijsiuiiHux opraHax P. italica
BIIPOAOBXK MOp(doreHe3y JUCTKIB piBeHb BTOPUHHUX
MeTaboJIiTIB  MEePOKCUAHOTO OKMCHEHHS  JIiMidiB
BUSIBUBCSI HAMHMXKUYKM 1 HE MIepeBUILYBaB KOHTPOJbHI
IMOKa3HWKHU Oinbine, HiX y 1,4—1,8 pa3a. HamesHo,
lle TIOB'SI3aHO 3  ITIBMIICHOI IHTEHCUBHICTIO
(byHKITIOHYBaHHS AHTUOKCUIAHTHUX CHUCTEM,
30KpeMa LUKy XaniBajga-Acaga, Ta BACOKUM piBHEM
biocuHTe3y hiToxeIaTUHIB i MeTadoTeoHeiHiB (Yang,
Chu, 2011). Tak, y HallIMX MOMEPeIHIX TOCTiIKEHHSIX
(Danilchuk, Gryshko, 2003) mokazaHo, III0 B
P. italica 3a mMeHIIOrO PiBHS 3a0pYAHEHHS BaXKUMU
MeTajaMM JUIS  3aXUCTy KITUH acCHUMIiTSUiiHUX
OpTaHiB BUKOPHUCTOBYEThLCS IEePEeBaXKHO acKOpOiHOBa
KHUCIO0Ta, TOAI SIK 3a BUCOKOIO — Ill€ i TJIyTaTioH.
Hatowmicte y nmuctkax B. pendula ta A. hippocastanum
KinbKicTh TBK-akTHBHUX CIOJyK MepeBulllyBaja
ITOKa3HUKU KOHTPOJIIO BimmosimHo B 2,7 i 2,9 pa3a Ha
pizHMX (hazax MopdoreHe3y JUCTKIB, 110 Yy MEPUIOTO
BUIYy, BOYCBMIb, BUKJIMKAHE 3HAYHUMM TEeMIIaMH
OionoriyHoi akymyssuii Kaamilo, a B gpyroro —
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Ta6auus 2. Bvict TBK-akTHBHHX NPOYKTIB Y JIMCTKAX JePEBHUX POCIHH 32 KOMILIEKCHOI il BAXKKHX MeTaJIiB

(10 M MIA/mr 6isika)

Table 2. Content of TBA-active products in woody plant leaves under combined effect of heavy metals (10-¢ M MDA/mg protein)

®a3za MOBHOIO PO3ropTaHHsI 5—10-Ta 106w da3zu 3aBepiICHHS 80—85-Ta 106U (ha3u 3aBepIlIEHHS
MoHiTopuHroBa AiIsHKa JINCTOBOI MJIACTUHKH POCTY JINCTKIB POCTY JIMCTKIB
Mtm | % 110 KOHTPOJTIO M+m | % 110 KOHTPOJTIO Mtm | % 110 KOHTPOJTIO
Populus italica
‘YMOBHUIT KOHTPOJIb 2,6410,04 — 2,94+0,23 - 4,791+0,09 -
30Ha CUJILHOTO 3a0pYIHEHHS 3,68+0,21* 139,2 4,48+0,17* 152,3 8,49+0,23* 177,2
Aesculus hippocastanum
‘YMOBHUIT KOHTPOJIb 2,47+0,05 — 2,51£0,25 — 3,67+0,14 —
30Ha CMJIBHOTO 3a0pyTHEHHS 6,27+0,20* 253,8 6,80+0,04* 270,4 7,21+0,17* 195,9
Betula pendula
YMOBHU KOHTPOJIb 4,934+0,28 — 5,08%0,16 - 5,4610,35 -
30Ha CUITLHOTO 3a0pYTHEHHS 12,74%0,24* 258,6 13,87+0,18* 273,1 16,0240,51* 292,7
*CTaTUCTUYHO 3HAYYIIA Pi3HULIS BiTHOCHO KOHTPOJIIO 3a KpuTepieM CtoioaeHTa rpu p < 0,05.
Hikemro. Lle minTBepaXyeThCsl CUJIbHUM MO3UTUBHUM | BUAY [JO BIUIMBY TOKCHUKAHTIB 3a0e3IeuyeThes

KOpEeSUiiHUM 3B'SI3KOM MiXXK BMICTOM  BaXXKUX
MEeTaJliB i piBHEM BTOPUHHMX METa0OJITIiB y Mexkax
Bin r = +0,95 no r = +1,00. Leii dakT, BianoBinHoO,
00OyMOBJIIOE iHTeHCH((DIKALil0 YTBOPEHHS BIiJIbHUX
paauKaliB, sSKi MOCUJIIOIOTh MPOLIECU MEepPOKCUIAllil,
1110, IMOBIpHO, TMTPU3BOAMUTD 10 BUCHAXKEHHS MEBHUX
JJAHOK ~ aHTUOKCUAAHTHOTO  3aXUCTy  POCIAUHHOL
kiituau  (Danilchuk, Gryshko, 2003; Chipilyak,
Gryshko, 2014; Ryazanova et al., 2015).

JloBroTpuBajga cTpecoBa [isl BaXKUX MeTaliB
i PO3BUTOK iHAYKOBAHOTO HUMM TMEPOKCUIHOTO
OKHWCHEHHS JininiB CIpUYMHIOBAIA CYTTEBI
Bi3yaJIbHi MOILIKOJXEHHS OpraHiB J€PEeBHUX POCJIMH.
V3arajgbHeHy IXHI0O 3aKOHOMIpHICTh Yy HalIOMY
JIOCIIIKEHH] BigoOpaxkae oLiHKa (byHKIIOHAJIbLHOTO
CTaHy HacaXXeHb IEPEBHUX POCIIH.

AxicHuii ctaH HacagkeHb P. ifalica Ha 000x
MOHITOPUHTOBUX NUISTHKaX OLIHIOBAaBCS SIK A0OpUii
Ta 3amoBiTbHUI (TaOn. 3). JleKOopaTUBHICTH POCIUH
B YMOBHOMY KOHTPOJIi € BUCOKOIO, B 30Hi CHUJIBHOIO

PO3BUTKOM 3aXMCHUX aJallTallifHO-TIPUCTOCYBATbHIX
peakuiii MeTabogi3My, HacaMmIepea 3a paxyHOK
Nil aHTMOKCUJIAHTHUX CUCTEM Ta 3MiH Yy CTPYKTYypi
MOBEPXHEBOTO APy KYTUKYJIU JUCTKIB. Takoi JyMKU
JOTPUMYIOTbCS ¥ iHIII JOCHiAHMKM, IO BUBYAIU
MMPUCTOCYBaJbHI 3MiHM JIMCTKiB pomy Populus no
Nl HaIJWIIKOBUX KOHLEHTpalliil BaXKWX MeTasliB
(Geraskin et al., 2011; Danilchuk, Gryshko, 2012).

Y npomuciaoBux yMoBax MOLIKOIXEHHSI CTOBOYpY
P italica MoOpo300ifHMMU  TpilUHAMHU  OYJI0
HE3HaYHMM, a IXHS T[UIOIAa MEHIIOK BYETBEPO
MOPIBHSIHO 3 iHIIMMM JOCHIIXYBAaHUMU BHUIAMU.
JIunie 20% ocoOWH BUIY B 30Hi CUJIBHOTO 3a0pYTHEHHS
MaJii He3aJ0BiJIbHUI SIKICHUI cTaH i HU3bKUI piBEHb
JIEKOPAaTMBHOCTI Ta BiI3HAYaJMCSl CYXOBEpXiCTIO W
BCHUXaHHSIM CKeJIETHUX TijoK (TabJ. 3).

Hacamxennss A.  hippocastanum  3a  yMOB
KOHTPOJIIO Majy AO0O0puUii Ta 3aJ0BIIbHMIA SIKICHUM
CTaH, XO4ya MOPIBHSHO 3 IHIIMMUW BUIAMU Oilblie
MOIIKOIXKYBaTUCS MIKiTHUKaAMU, 30KpeMa MiHYIYOI0

3a0pyIHeHHS  —  cepelHbor.  [1OIIKOMKEeHHs X ’ -

HeKpo3aMu i Xioposamu JwcTKiB P. ifalica B somi | MU0 If.’:’lLL[TaHOBOIO (Cameraria ohridella Deschka
cutbHOrO  3a6pynHenns [IpAT  "Kpusopisbkuii & Dimié¢, 1986). OIL'HaK‘UOCTaHHG € .TI/IHOBI/IM
cypukoBuii 3aBon” 36inbmiyBamocs 1m0 10%, a | MOMKOIKEHHAM —aCHMUIALIMHMX —OpraHiB  LbOro

ypaxkeHHsl IIKiTHUKaMU MEPEeBUIILYBaIO0 KOHTPOJIbHI
MOKa3HUKM Ha 15% (tabax. 3, puc. 2, A, B).

K mokazaHo BUIIlE, BUCOKUI CTYMiHb 0i0J0TiYHO1
AKyMYJISIIII] BaXKKMX METaJliB y JIUCTKaX P. italica B 30Hi
CWJIBHOTO 3a0pYyIHEHHS HE TPU3BOIUB IO iCTOTHOTO
MOCUJIEHHSI  BiJIbHOpaAMKaJbHUX peakliil, Tomy
BUAUMMMX CUMITOMIB MOTipIlIeHHS MOP(HOMETPUYHUX
XapaKTEPUCTUK JIMCTOBOI TJIACTUHKM IMPAKTUYHO HE
cnoctepiranocs. OueBUIHO, IO CTIMKICTh POCIVH
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BUIY 3a OCTaHHI pOKM B YKpaiHi i1 3aximHiii €Bpori
(Hamanova, 2013; Oszmianski et al., 2014). o Toro
>K Ha CTOBOYpax OyJIM BiiMiueHi HEBeJIMKi MOPO30iitHi
TPIlIMHU 3arajbHOIO IUIoLIelo 10 25 cm? (Taba. 3). 3
OIUISIAY HA 3HAYHE TOLIKOIKEHHSI OpraHiB aCUMIiIsILii
LIKiAHUKAMU, POCIUHU BXe B MEpILiil JeKaai YepBHS
BTpavyaloTh JeKOPATUBHICTh, TOMY 3a3HaYCHUI BUI HE
MOKHA pO3TJISTIATH K IIEPCIICKTUBHUIM IIJISI CTBOPESHHS
e(eKTUBHUX 3eJIEHUX HacaIKeHb Y MicTaX YKpaiHU.
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Ta6uus 3. OuiHka GpyHKIiOHAILHOTO CTAHY HACAKEHb JAEPEBHUX POCJIHH 32 Pi3HOro PiBHSA 3a0pyIHEHHs BAXKKUMH MeTAJIaMU
Table 3. Assessment of the state of tree plantation under conditions of various levels of heavy metal pollution

THTEHCUBHICTD YPaskeHHS Y1 TTOLTKOKEHHST
C10BOYp Tinku Jluctku
MonitopuHroBa MOKPpuit CyIMHHMIA 3 Axicruit >
. GakTepios / pakoBi THUJIb T . CTaH
NTSTHKA o L. XJIOpO3 HEKPO3 | HIKITHUKK
MOpO36iiiHi XBOpOOU CYAMHHI MiKO31
TPILIUHA
cm? | 6ai cm? Gai % Gai % |Gan| % |Gan| % | Gan % 6ai
Populus italica
YMOBHUI KOHTPOJIb — 0 - 0 2,7 0,1 54105 7,8 103(20)03] 3,2 |n/3—100]| 0,4
30Ha CUIIbHOTO 3a0pyaHeHHs | — / 25,0 1,3 60,0 2,0 18,7 0,9 12,01 1,0 | 16,5 | 0,6 | 17,0 | 1,5 | 16,5 H}/:__I%O 1,3
Aesculus hippocastanum
‘YMOBHUIi KOHTPOJIb —/25,0 1,3 - 0 3,1 0,2 75107 11,310,5(150( 1,3 | 3,5 |n/3—100]| 0,7
3o0Ha cwiIbHOTO 3a0pyaHeHHs | — / 125,0 2,3 — 0 10,5 0,6 58,0 3,0 21,0|0,8|456]| 3,0 (41,0 Hf__;)() 1,9
Betula pendula
VYMOBHUI KOHTPOJIb — /24,0 1,3 - 0 2,7 0,2 5010,5]10,0 05| 2,002 32 |n/3—100| 0,6
3oHa cuibHOrO 3a6pyaHenHs | —/ 100,0 1,7 120,0 | 3,0 23,0 0,7 40,01 2,7 | 51,0 | 2,0 | 10,0 | 1,0 | 45,0 H}/:__;)O 1,9

"—" MOIIKOIKEHHS BiICyTHE; 3 — 3piIKEHICTh KPOHM; SIKICHWII CTaH: I — TOOpUii, 3 — 3a0BiIbHUIA, H — HE3aI0BIJIbHMIA;
> — cyMapHuii 6an ypakeHHsI.

—

Puc. 2. Ypaxenns muctkiB Populus italica xnopo3amu (6ina cTpinka) i HeKpo3aMu (Y0pHa CTpisiika) y KOHTpoui (A) Ta B 30Hi
cunbHoro 3a6pynHeHHs [IpAT "KpuBopisbkuii cypukoBuii 3aBoa’” (B)

Fig. 2. Leaves of Populus italica damaged by chlorosis (white arrow) and necrosis (black arrow) under the control conditions (A)
and in the zone of severe contamination by the Kryvyi Rih Minium Plant (B)
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Puc. 3. Ypaxenns nmuctkiB Betula pendula xopo3amu (6ia cTpinka) i HeKkpo3amu (YopHa CTpiiKa) y KOHTpoi (A) Ta B 30Hi
cusibHOTO 3a0pynHeHHs [IpAT "KpuBopisbkuii cypukoBuii 3aBoa” (B)

Fig. 3. Leaves of Betula pendula damaged by chlorosis (white arrow) and necrosis (black arrow) under the control conditions (A)
and in the zone of severe contamination by the Kryvyi Rih Minium Plant (B)

Ha 3abpynHeHiit Teputopii atMocdepHi BUKUIN
MIPOMMCIIOBOTO MIiAIIPUEMCTBA HAWMCYTTEBIIIE BILIN-
BaJIi Ha Bi3yaJIbHUM CTaH IMCTKIiB. Tak, XJIOPOTUUHUMU
mIssMaMu  ypaxainoch MoHan 50% acuMiIALiiHNX
opratiB (Maiike y 8 pa3iB nmepeBUIIyBaj0 KOHTPOJIbHI

MOKa3HUKW), 110 MPU3BOAMIO O 3MEHILIEeHHS
3arTaJIbHOI ~ KUIBKOCTI  ITITMEHTIB Ta  aKTUBHOI
¢dorocuHTe3youoi IUioili. [OJOBHOIO MPUYMHOIO

3HUKEHHST BMICTy OCHOBHMX ITIrMEHTIB (POTOCUHTE3Y
B TMPUCYTHOCTI BaXKUX METaJliB € TMPUTHIYEHHS
GiocuHTe3y xyopodisiB, TOB'sA3aHe, B IEpIIy Yepry,
3 Oe3rocepeHbOI0 Hi€l0 iOHIB MeTadiB (y HalloMy
Bunaaky Hikemo ta Kanmilo) Ha aKTUBHICTb
¢depMeHTIiB Ta  pPO3BUTKOM  BiIbHOpaIUKaJIbHUX
peakuiii y KIiTMHaX JUCTKiB. OmocepeaKoBaHy MHito
MeTaJliB Ha 0iOCMHTE3 XJI0podiliB, Ha AYMKY AESIKUX
BUGHHUX, MOXHAa TMOSICHUTA  He30aJaHCOBaHUM
3a0e3IeUueHHsIM POCIUH OioiTbHUMMU eJeMeHTaMU
a6o ixuim pedinurom (Horvath et al., 1995; Koshkin
etal., 2012).

KinbkicTb ckejeTHUX Tinok A. hippocastanum,
YpaKeHUX THWISIMU Ta CYIMHHUMU MiKO3aMU, BTpUYi
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MepeBUIyBalia TaKy B KOHTpoJi (Tabu. 3). Takox Ha
CTOBOYpax BiIMiueHa HaiOiiblIa rioiia Mopo3000iH
(y cepennboMy 125 cm?). Jlyisg pOCIMH XapaKTEPHOIO
OyJa CyXOBEpXiCTh i 3piIKEeHICTb KPOHM B TOHA
40%. 3arajioM HacamXeHHS A. hippocastanum Maln
He3aJ0BiJIbHUM CTaH i HU3bKY 1€KOPATUBHICTb.
Pocivunu  B. pendula 3a KOHTPOJIBLHMX YMOB
XapaKTepU3yBalucsl JOOPUM SIKICHUM CTaHOM i Oyiu
BUCOKOJCKOPAaTUBHUMM, 1110 IMIATBEPIKYE I HU3BKUIA
CyMapHUiIl Oayll ypaXeHHS POCINH y HaCaIKCHHSIX,
gakuii  He mnepesuinyBaB 0,6 (taba. 3). Ilpore
BiIMITUMO, 1110 BMCOKUI CTYIiHb 3a0pyaHEHHS,
XapaKTepHUI IS BEJIWKUX TIPOMUCIOBUX  MICT,
MPU3BOAUTH JO TOCHA0JEHHSI 3arajJilbHOro CTaHy
pociauH B. pendula, iXHbOTO MepeI4aCHOTO CTapiHHS,
3HIDKEHHSI TTPOMYKTUBHOCTI, YpaxkeHHsI XBOpoOaMM it
MOIIKOIXKEHHS IIKiTHUKAMU, BCUXaHHS Ta 3aTUOEIi.
Hesxki aBropu (Ilkun, 1978; Bashmakov, Lukatkin,
2009) BinHOCATL B. pendula no 4yTIuBUX BUIIB 10O
BiIHOILIEHHIO A0 ©Oaratbox 3a0pyaHioBaviB. IHIIi
BKa3yIOTh Ha TOW (akT, IO 3a YMOB TEXHOTEHHOTO
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HaBaHTaXEHHS  BXe HA  TOYaTKy  BereTalii
Betula pendula ta B. czerepanovii ionn Hikemo Ta
Kanmito mposiBisiloTh TOKCUYHY [il0 Ha MpPOLECHU
MITOTMYHUX TMOIUIIB KJIITUH B arekcax OpyHbOK
MaroHiB, a TaKoX Ha HACTYMMHi cTamil iXHbOL
npoicpepartii (Erofeeva, Naumova, 2010; Lukina,
Vasilevskaya, 2012). ¥ nopanbiioMy 1ie NpU3BOIUTH
10 3MEHIIEHHS PO3MipiB JMCTOBUX TUIACTUHOK i
MPUTHIYEHHSI iIXHbOI (PYHKIIOHATbHOT aKTUBHOCTI.

HamMm BcTaHOBIIEHO, IO TOCIA0JICHHS XUTTEBOTO
craHy B. pendula B 30HI CWIBHOTO 3a0pyZHEHHS
BUSIBWJIOCSI, Hacamrepeln, y BHUcCOKoMy (y 8 pa3siB
OiJIbllIe 32 KOHTPOJIb) YpaxkeHHi JIMCTKiB HEKPO3aMHU Ta
KpaitoBuMu xjiopo3amu (Tab:. 3, puc. 3, B). HeobxigHo
3ayBaXXUTH, 110 Y B. pendula, sk i y A. hippocastanum,
cTpecoBa [is BaXKux MeTaniB, a came Kamwmiio Ta
Hikenmo, mpusBommia 10 CYTTEBILIOrO YTBOPEHHS
aKTUBHUX (OPM KHUCHIO, HiX IiXHE eliMiHyBaHHS,
BHACJIIOK YOro TOpylIyBajlacs piBHOBara Mix
npolecaMyd  mepokcuparnii  Ta  GYHKLUIOHYBaHHS
3aXUCHUX CHCTEM OPTaHi3MYy, IO TIPOSIBIISUIOCS B 3MiHi
BMICTYy MITMEHTIB Y JIMCTKAX i PO3BUTKY XJIOPOTUYHUX
i HekpoTnyHMX TUIIM. CTOBOYp OiTBIIOCTI OCOOMH
OyB TIOIIKOMXCHWI BEIUKUMU ¥  TIMOOKUMM
MOPO300iiHUMM TpillIMHAMM 3arajbHOIO IUIOLICIO B
cepennboMy 100 cM?. OTKe, HacamkeHHs 3 B. pendula
B IIPOMUCJIOBUX YMOBaX MaJId HE3aA0BUIbHUM SIKICHUI
CTaH Ta OyJIM 3HAYHO MPUTHIYEHi.

BucHoBkn

B ymoBax TIpOMHCIIOBOTO 3a0pymHEHHS BUSBJICHA
BuaocneuundiyHa 3aKOHOMIipPHICTh aKyMyJIsiii
BaXXKMX METAJIiB Y JINCTKAX JAepeBHMUX BUMiB. Tak, mis
Populus italica, NOpiBHSIHO 3 iHIIMMHU, XapaKTEPHOIO
OyJia BUCOKAa iHTEHCUBHICTb aKyMYJIsILil MepeBaxKHOIL
OIJTBLIOCTI CIOJYK BaXKUX METajiB, cepel SIKUX
BIIPOJIOBX YCHOTO PO3BUTKY JIMCTKIB MaKCHUMAaJIbHO
iHTeHCMBHO HakomnuuyBaBcsl IluHk. HaromicTb
Aesculus hippocastanum y ¢asi TOBHOTO pPO3rOpTaHHS
JIMCTOBO1 TIJIACTUKM HaWaKTUBHillle HaKOMUYyBaB
Hikens, a Betula pendula — Kanmiii. PiBHI iHIINIX
TOKCUKAHTIB y JIMCTKAaX OCTaHHiX JBOX BUIIB He
MepeBUIILYBaIN TaKi B KOHTPOJBbHUX POCIUH OiJblIIe,
HiX y4yeTBepo.

3a yMOB 3a0pydHEHHSI BaXKUMU METAJAMHU Yy
B. pendula i A. hippocastanum BCTaHOBJICHO ITiIBUIIICH-
HsI B IOHAJ YIBiYi BITHOCHO KOHTPOJIIO KOHLIEHTpallii
TBK-akTUBHMX CITONYK, SIKE Y3TOMXKYETHCS 3 BUCOKUM
piBHEM YpaXXeHHS JIMCTKIB XJIOpO3aMU i HEKpo3aMu
Ta MaKCUMaJbHUM Ce€pell JOCJiIXyBaHUX BUIIB
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cyMapHUM OajioM yimkomkeHHs. Tomi sk ms P. italica,
y skoro Kigbkicth TDBK-aktTuBHUX MeTaboiTIB
3pocTayia Jmine Ha 52%, XapakTepHUM OyJ0 MEHIII
3HAYHE ypaxK€HHsS JIMCTKIB i HaliMEHIIUA cyMapHUA
0an ylkomkeHb pociuH. Tooto, BMicT ThK-akTuBHMX
MPOAYKTIB B aCUMUTSLIMHUX OpraHax POCIWH MOXe
CJIyTyBaTH KpUTepieM (DYHKIIOHATBHOTO CTAHY BUIIB
y 3eJIeHUX HACAKEHHSIX.

JoBroTpuBaia fisl BaXKKUX METaliB y HAIJTUIIKOBUX
KOHIICHTPAIIisIX TIPU3BOAIIIA A0 Bi3yaJIbHUX ITOIIKOI-
>XKE€Hb OpraHiB nepeBHUX pocauH. Populus italica B
IIPOMMCIIOBUX YMOBaX BMSIBUBCSI BiTHOCHO CTiiiKMM.
Hartowmictb y A. hippocastanum i B. pendula nuctku y
8 pasiB GinbllIe 32 KOHTPOJIb YpaxKaJlics HEKpPO3aMu it
XJIOpO3aMM, Ha CTOBOypax 3ycrpivanucs Ha 20—25%
OiIbIII 32 pO3MipaMy MOPO300iliHI TPILLIMHU, CKEJIETHI
TUJTKY BpaXkaJiucst CyTMHHUMY THWISIMU, a 3PiKeHICTh
KpoHM cTaHoBwiIa mnoHan 40%. PociuHu paHuMx
BUJIIB XapaKTEePU3YBAIUCS HE3aJOBIIbHUM SIKiCHUM
crtaHoM y 30—60% ocoOuH i 3HAXOAUIUCS Ha Pi3HUX
CTafisIX BiAMUpaHHS 4d OyJM 3HAYHO MPUTHiYEHI.
IxHi HacamxeHHs MOTPeBYIOTh YACTKOBOI a60 MOBHOI
PEKOHCTPYKIIi.
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Brparu Hayku

In Memoriam

ITam’aTi yecbkoro 0oranika
noktopa BJIAJIIMIPA €TVIIKA
(1940-2019)
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CyMmHa 3BicTKa Hapiiia go Hac i3 I1paru, 18 TpaBHs
2019 p. mimoB i3 XWUTTS BUAATHUI YE€CbKUIT BUCHUN,
JnokTop Oionoriyunux Hayk Bragimip €rmik (RNDr
Vladimir Jehlik, DrSc). 3 iioro iM'sm I10B'sa3aHi
TOCJIiIKEHHSI B Taly3i CHHAHTPOITHO1 (PJIOPUCTUKU Ta
reo0OTaHiIK1, a OpUTiHAJIbHI ITpalli BYSHOTO BXKE CTaIU
KJIaCUYHUMU.

Bnagimip €rmik Hapomucst 20 TtpaBHs 1940 p. y
micteuky [umn (Kpanosorpameupkuit kpaii, Yexis).
3 IMTUHCTBA BiH 3aXOIIIOBABCSI MPUPOJIO3HABCTBOM,
a Tig dYac HaBYaHHS B TiMHa3il M. Opumrant
MailOyTHIii BUEHMII CTaB aKTUBHUM JOTKCYBavyeM
"30ipHurKa JliGepeubkoro [TiBHiuHO-Yecbkoro
my3ero”. HaBuaBcs Ha mpupoao3HaBuoMy (hakyJbTeTi
KapnoBoro yHiBepcutety B Ilpasi, akuil 3aKiHUUB y
1963 p., mMiAroTyBaBLIM IUIUIOMHY POOOTY Ha TeMy
"Rastlinné spolocenstva Frydlantského vybeZzku".
ITicng 3akiHYeHHS HaBYaJbHOTO 3akjany B. €rmik
CIIOYaTKy IIpaloBaB HAyKOBUM CITiBpOOITHUKOM
Bifainy AOCHiIKEeHHST aHTpOIodiTiB, MOTIM — BiAaiTy
TakcoHoMmii IHctuTyTy OOTaHiku YexociaoBallbKol
AH B Ipyronine (1963—1996), mi3Hime — HAYyKOBUM
cniBpoOiTHUKOM  HaykoBo-gociimHOro  iHCTUTYTY
pociuHHuTBa B Ilpasi (1996—1999). ¥V 1977 p.
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B. €r1ik 3axMcTUB KaHIWAATCHKY AMCEPTALlil0 Ha TEMY
"Vegetacia Zeleznic vo vychodnej polovici severnych
Ciech" ("PocnuHHICTh 3aji3HMLbL CXiTHOI YaCTUHU
miBHiuHOI Yexii"), a B 2000 p. — mokropceky — "Cizi
expanzivni plevele Ceské republiky a Slovenské
republiky" ("UyxXopinHi exkcrmaHcuBHi |[iHBa3iiiHi]
oyp’sHu Yecpkoi Ta CroBalbkoi pecryomik"). ¥V
2015 p. 3a Baromi HayKOBi HOCIiIKeHHST (jiopu Ta
pociuHHoOcTi CrnoBayyMHU I OaraTopiuHy IUTiAHY
TiSUTBHICTB floMy OyJI0 TpHCYIXeHo TpeMilo Mo3eda
Tony6a CroBaibkoro 60TaHiYHOTO TOBapUCTBa IpU
CrnoBanbkin AH.

Haykosi iHTepecm B. €rmika Oyau TIOB'sI3aHi
3 BMBYEHHSIM pI3HUX acHeKkTiB CUHaHTpOMi3allii
pocivHHOro mokpuBy. OcobnuBe Miclie y #Oro
JIOCHIKEHHSIX  3aiiMaJlo BUBYEHHS QJopu Ta
pociarHHOCTI 3ani3Huub Yexii, CroBauunHM, YKpaiHu
Ta Mopchbkux TopTiB LlenTpanbHoi €Bpornu. [lpu
BUBYEHHI aABEHTUBHOI (pakuii dbysopu BiH OGarato
yBaru NpuaiisB reorpadii, eKosorii Ta cucremMaTuili
iHBa3iiiHuUX BUIIB pocauH. HaykoBi mpaili BuYeHOro
BiJ]3HAYAIOTbCSI HOBUM IAXOJOM JO MpPoOJeMu
¢iToiHBa3iil Ta OPUTIHANBHICTIO aHali3y OTPUMAHUX
MaTepiajiB, 30KpeMa JaHMX 1100 0ioJorii, cTparerii
BU/IB aJBEHTUBHUX POCJIMH, TEHAEHIi Ta IIPOTHO3Y
ixHporo nommpeHHsi. Y MoHorpadii "Cizi expanzivni
plevele Ceské republiky a Slovenské republiky”
(Jehlik et al., 1998) geranbHO mpoaHasiizoBaHO 41
BUJ AIBEHTUBHUX POCJIMH, y3araJibHEHO BiZIOMOCTI
PO TIEPBUHHUI Ta BTOPUHHUIA apeay, CUCTEMaTHKY,
exoJjorito, mowmupeHHs B Yexii ta CrnoBauyuHi (110
MiATBEPIKEHO KaprorpadiyHum Marepiajaom),
MOBEAIHKY BUIIB Y HOBUX MiCLIE3pOCTaHHSIX, MOAAHO
IIPOTHO3 IXHBOTO ITOIIMPEHHS. 3HAYHUM IOCSTHEH-
HsaM Bragimipa €riika y cmiBopaui 31 CBOiM
HacTaBHUKOM mpodecopoM CraBommiom [eitHu Oyno
BUSIBJIEHHS Ta OOIPYHTYBaHHSI OCHOBHUX MirpaliiiHux
1LUISIXiB PO3MOBCIOJIXKEHHS YY>KOPiTHUX BUIB, 30KpeMa
cxigHOTOo, TAHHOHCHKOrO Ta ebockoro ("Labska cesta
adventivov"). ociimkeHHsS pPOCIMHHOTO IIOKPUBY
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3aJli3HULIL Ta TIOPTiB, MPOBEACHiI JIOCIiIHUKOM Y
CxinHiit €Bpori, 103BOJUIN oMY peastizyBaTu JaBHIO
Mpil0 — OIMCcAaTH CXiAHWM WUIsIX Mirpaiiidi BUIIB
anBeHTUBHUX pocauH y CepenHio €Bpomy. BiH BHic
HU3KY CBIXKUX iIeil y CMHAHTPOITHY OOTaHiKY, OJHI€I0 3
SIKUX € PO3MEXYBaHHS BUIIiB aIBEHTUBHUX POCIMH Ha
TPYIIYM MOHO-, OJIIro- i MOJIiIreMePOXOPiB 3aeXKHO Bif
YHUCJIa NUISIXiB iXHBOT Mirpalii B peTioH.

VYV cBoili ocranHiii poboti "Die Vegetation und
Flora der Flusshifen Mitteleuropas” (Jehlik, 2013)
aBTOp Yy3arajabHWB Oaratopiuni mgani (1968—2009)
moa0 (GJaopu Ta POCAMHHOCTI 62 pPiYKOBUX ITOPTIB
Lentpansuboi  €Bponu  (Yexii, CrnoBayuuHHu,
Himeyunnu, Yropmau, ABctpii). JocmimkeHHSIM
oxoruieHo BaTaBcbko-enb0ChKMiA Ta IyHAMCHKUI BOA-
Hi nuisaxu. BusaeHno 1255 BuaiB cymIMHHUX POCIMH Ta
94 pocMHHI yTpyMOBaHHS, 30KpeMa 7 HOBUX acollialliii
Ta cybacomialliif, 3niiicHeHO IXHili CTPYKTYpHMIT aHa-
JIi3, YCTAaHOBJIEHO OCHOBHi CITOCOOM 3aHECEHHsI BUIIIiB
aIBEHTUBHUX POCJIMH Ta LIJISIXW IXHHOTO TMOIIMPEHHS.
BunanHsg Bucoko owiHuau ¢axiBui, 30Kkpema Alois
Cvancara y pelieH3ii Ha Mpalllo MucaB, 110 KOXHUIA,
XTO B €BpOITi 3aliMaTUMEThCS Ii€I0 TTPOOJIEMATUKOIO,
000B'SI3KOBO CKOPHMCTAETHCS JaHOIO KHUTOIO.

VYci HaykoBi myOJjikailii BYeHOTO 0a3yloThCsl Ha
BJIACHMX Marepiajlax, OTpUMaHUX TTijI Yac YUCICHHUX
eKcrequiiin €Bporolo, 3BiAKM BiH NMPUBI3 OaraTtuii
repOapiii — moHan 32 000 repOapHUX apKyIliB, SKi
30epiratorbest B [HcTuTyTi O0TaHikM Yechbkoi AH.

Ille onHiero 3alikaBieHICTIO BYeHOro OyJa
TakcoHowmisl. Ilim BIJIMBOM BiIOMOIO IOJBCHKOIO
BueHoro npodecopa Kiumroda PocraHbCHKOTO
3 Cinespkoro yHiBepcutety Bmamimip €rmik
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TPUBAIMIA Yac JOCJIIXyBaB TMPUPOIHBO-BUIOBY
nudepenuiaiito poany Oenothera L. y dnopax Yexii
ta CloBaYYMHM, PE3YJBTaTOM SIKOTO CTajla HHU3Ka
npaupb (Jehlik, Rostanski, 1977, 1979; Jehlik, 1993),
MoHorpadiyHe orIpalloBaHHS 1€l CKJIaAHOI TPyNu
st "Flora Slovenska" (Jehlik, Zagradnikova,
1988) Ta "Kvétena Ceské republiky” (Jehlik, 1997).
Bin OyB omHuUM i3 Hallkpalqux JOOCTiIHUKIB pOLY
Oenothera B €BpoIi, aBTOPOM Ta CIiBaBTOPOM
HOBOOIIMCAHUX TakcoHiB: O. moravica K.Rostanski
& Vehlik (= O. fallax Renner em. K.Rostanski X
0. victorinii R.R.Gates & Catches), O. slovaca K.Ros-
tanski & V.Jehlik (O. salicifolia Desf. ex G.Don f. X
O. turoviensis K.Rostanski), O. rubricaulis Klebahn var.
dentifolia V.Jehlik & K.Rostanski, O. issleri Renner ex
K.Rostanski var. silesiacoides K.Rostanski & V.Jehlik,
O. chicaginensis De Vries & Renner var. multiflora
K.Rostanski & V.Jehlik, O. victorini f. rostanskii
(V.Jehlik) VJehlik & K.Rostanski. Psg myOmikaiii
BUEHOr0 TIPUCBSIYEHI CcUCTeMaTUli podiB Amaran-
thus L., Setaria P.Beauv., Oxalis L., Chenopodium L.

Bnagimip €riik HeomHOPa30BO BiABiIyBaB YKpaiHy,
BuBYaB (i1opy piukoBux (KuiB) Ta MOPCHKUX MOPTIB
MmiBOHS Ta TiBAeHHoro-cxoay Ykpainu (Ogeca,
InnigiBewrk, I3main, Peni, Mapiynonb), 3ali3HUIb
3akapnartsa (Yxropon, Yom) ta JloH6acy (JdoHelbK,
Mapiynosns). PesyabraTroM mociimkeHb cTaay CIiIbHI
HayKOBi IyOJTiKariii.

YV namiit nam'sati Baagimip €riik 3anuimmBes SIK
BUCOKOEPYIOBaHUIi, BillaHWI CBOIl Mpalli BYUCHUMH,
TBOpYa, 100pa Ta CKPOMHA JIFOIMHA.

Biuna ifomy mmam'siThb.

M.B. IIIEBEPA, B.B. [IPOTOIIOIIOBA,
M. 3AJIIBEPOBA, 4. MAECKOBA,
B.K. TOXTAPb, A. POCTAHBCHKHH

Ukrainian Botanical Journal, 2019, 76(5)
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