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AHHOTALIMA
CraThs TOCBSIeHA OMUCAHUI0 UCTOPUU pacceje-
HUS HEKOTOPBIX CMHAHTPOIITHBIX BUJOB KOXXEEIOB
Ha TeppuTopuu Poccuu u ero 3aBUCUMOCTU OT KO-
KJIUMaTUYECKUX U APYyTUX PaKTopoB. LleIbio0 HAIIETO
UCCIIeOBaHUS OBLIO TIPOBEleHNEe UHBEHTAPU3AIUU
Ha peruoHaJibHOM YPOBHE Ha TeppuTopuu Poccuu
(hayHMCTHYECKOTO COCTAaBA YCHEIIHbIX UHBA3UY CU-
HaAHTPOMHBIX BUAOB Dermestidae myTem aHaimsa
JIUTEPaTyPHBIX UCTOUYHUKOB 3a rnociiegHue 150 JeT.
BoLjIo BRISIBJIEHO 19 BumoOB: Anthrenus picturatus pic-
turatus Solsky, 1876, Attagenus gobicola Frivaldszky,
1892, Attagenus smirnovi Zhantiev, 1973, Attagenus uni-
color simulans Solsky, 1876, Attagenus unicolor unicolor
(Brahm, 1791), Dermestes ater DeGeer, 1774, Dermestes
frischii Kugelann, 1792, Dermestes haemorrhoidalis
Kister, 1852, Dermestes maculatus DeGeer, 1774, Mega-
toma tianschanica Sokolov, 1972, Reesa vespulae (Mil-
liron, 1939), Thylodrias contractus Motschulsky, 1839,
Trogoderma angustum (Solier in Gay, 1849), Trogoderma
glabrum (Herbst, 1783), Trogoderma quinquefasciatum
Jacquelin du Val, 1859, Trogoderma teukton Beal, 1956,
Trogoderma variabile Ballion, 1878, Trogoderma versico-
lor (Creutzer, 1799) Trogoderma inclusum LeConte, 1854,
a Takke 4 ciaydas sJIMMUHAIUU YY>KEPOJHBIX BUJIOB
B OT/IEJIbHBIX PETMOHAX.

KonmnuecTBO 4y>XePOJHBIX BULOB CUHAHTPOII-
HBIX KOXXeeJI0B YBeJIMUYMNJIOCH C IATU BUIOB B 1870 I.
1o 19 BugoB B 2020 r. [Ipu 5TOM cpenu BpeauTeaei
3aI1aCOB PACTUTEJBHOTO MPOUCXOXKIEHUS UYUCIO
BUJZI0B BO3POCJO C JIBYX [0 ceMHU, a KepaTtodaros —
c Tpex o 12. Hebosbllloe ycKOpeHe TUHAMUKU BCe-
JIEHUS Yy>KePOJHbIX BUIOB OTMEUEHO Ha pybexe XIX
1 XX BEKOB, a 3aMeTHOe YCKOPEHME IIPOU3O0IIIIO I10CJIe
60-x rr. XX Beka. liaMeHeHUsI AUHAMUKU BCEJIEHUS
Yy)KEPOJHBIX BUJIOB TECHO CBSI3aHBI C YBEJIMUEHUEM
JIOJIM TOPOJCKOTO HaceJeHUsl M U3MeHEeHUeM KO-
KJIMMaTUYECKUX YCJIOBUM B moMenneHusIX. O6Cyx-
IlaeTcsl CYIleCTBEHHOE 3HaueHUe «OUOTHUYECKOTO
JIOXKJIs1» HAa HavyaJbHOM 3Tare (GopMUPOBaHUS TIOITY-
JIAIUY U IJ1s1 oA IePXKaHUS CTabuIbHOTO CyIeCTBO-
BaHUS CUHAHTPOIIHBIX TOMyJA Ui, OTIUCaHbI 4 CJTy-
Yyas SJIMMUHAIUY CUHAHTPOIIHBIX MTOMYISIUN BUIOB

INVASION STUDIES
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ABSTRACT
The article is devoted to the description of the history
of the distribution of some synanthropic Dermestidae
species in of Russia and its dependence on ecoclimatic
and other factors. The purpose of our study was to con-
duct an inventory at the regional level on the territory
of Russia of the faunistic composition of successful in-
vasions of synanthropic Dermestidae species by analyz-
ing literary sources over the past 150 years. There have
been detected 19 species: Anthrenus picturatus pictura-
tus Solsky, 1876, Attagenus gobicola Frivaldszky, 1892,
Attagenus smirnovi Zhantiev, 1973, Attagenus unicolor si-
mulans Solsky, 1876, Attagenus unicolor unicolor (Brahm,
1791), Dermestes ater DeGeer, 1774, Dermestes frischii
Kugelann, 1792, Dermestes haemorrhoidalis Kiister, 1852,
Dermestes maculatus DeGeer, 1774, Megatoma tianschani-
ca Sokolov, 1972, Reesa vespulae (Milliron, 1939), Thylo-
drias contractus Motschulsky, 1839, Trogoderma angus-
tum (Solier in Gay, 1849), Trogoderma glabrum (Herbst,
1783), Trogoderma quinquefasciatum Jacquelin du Val,
1859, Trogoderma teukton Beal, 1956, Trogoderma varia-
bile Ballion, 1878, Trogoderma versicolor (Creutzer, 1799)
Trogoderma inclusum LeConte, 1854, as well as 4 cases of
elimination of alien species in certain regions.

The number of alien synanthropic Dermestidae
species increased from five species in 1870 to 19 spe-
ciesin 2020. At the same time, among pests of plant ori-
gin, the number of species increased from two to seven,
and keratophages — from three to 12. A slight accelera-
tion in the dynamics of the introduction of alien species
was noted at the turn of the 19" and 20™ centuries, and a
noticeable acceleration occurred after the 1960s. Chang-
es in the dynamics of the introduction of alien species
are closely related to the increase in the proportion of
the urban population and changes in the eco-climatic
conditions in the premises. The essential importance of
“biotic rain” at the initial stage of population formation
and for maintaining the stable existence of synanthropic
populations is discussed. There are described 4 cases of
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Trogoderma versicolor, Trogoderma quinquefasciatum,
Attagenus augustatus, Dermestes ater.

Knroueevte cnosa. CUHAHTPOII, apeal, paccele-
HUeE, DJIUMUHAIYS, BPEAUTEIN XPaHSAIIeNcs pacTu-
TEJIbHOU MPOJyKIIUM, KepaTodaru, BpefuTelu Myse-
€B, 9KOKJINMaTUYecKure yCI0BUS.

BBEJJEHUE

ccllelOBaHME MHBasUM  JKECTKO-
KPBLIbIX B IIOCJE€IHUE TOIbl WH-
TEeHCHUBHO Pa3BUBAETCS M3-3a HMPU-
YMHAEMOIO0 MMH SKOHOMUYECKOTO
¥ 5KOJIOTUYECKOro yinepoa. XKyku-
koxkeenbl (Coleoptera: Dermesti-
dae) — ogHO U3 BaXKHEHIINX B 9KO-
HOMMYECKOM OTHOLIEHUY CEMEMUCTB
JKECTKOKPBIIbIX. MHOTHE KOXKeeAbl SIBJISIOTCS OIac-
HBIMU BPEIUTEISIMU CKJIAACKMX 3allacOB MaTepua-
JIOB ’KMBOTHOTO U PACTUTENBHOI'O IIPOUCXOXKIEHUS,
IIEJIKOBOJICTBA Y My3eMHBIX KOJIJIEKIINH. PacceeHun o
YYKEPOAHBIX CUHAHTPOIHBIX BUJIOB CIIOCOOCTBOBA-
JIV pasBUTHE MEXIYHAPOIHBIX TPAHCIOPTHBIX IIe-
PEBO30OK, JIOTUCTUKM, PaCIIMpPeHNe HOMEHKJATYPhI
TIepPeBO3UMOU TIPOAYKIIMU. MUPOBas JIOTUCTUYECKAS
cHCTeMa CTajla OCHOBHBIM ITyTEM [IJIST TIPOHUKHOBE-
HUS OPraHu3MOB B HOBbIe MECTOOOMTAHUS, IIPUBE-
I K 06pasOBaHUI0 MOCTOSHHOTO TaK HA3bIBA€MOTO
ouoTnueckoro moxas (Macisikos, 2000). [Tocie mep-
BUYHOI'0 BCEJIEHUS PAMN BUIOB PACIPOCTPAHIETCS
CHavajla B JKUJBIX M IIPOM3BOACTBEHHBIX IIOMeIle-
HUSX, a 3aTEM, TIPU HAJIMYUU TOAXOISIINX YCIOBUH,
B €CTECTBEHHbIE MEeCTOOOHUTaHUsA. Lleblo HaIIero
ncciaenoBaHusa ObLIM c60p 1 0600IIeHre DaHHBIX 00
WCTOPUH YCIIENTHOW MHTPOLYKIIUY UY>KEPOJHBIX BHU-
0B KOKeeoB B riepuo ¢ 1870 1o 2020 1. Ha TEPPUTO-
pUI0, COOTBETCTBYIOIILYIO TLIONAI COBpeMeHHO0 Poc-
cuiickoyn demeparuy, a TakKe JOKYMEHTUPOBAHHBIX
cJly4aeB YaCTUYHOUN SJIMMUHAIIMKA BULOB U BbISBIIE-
HUEe SKOKJIMMaTUYeCKUX (haKTOPOB, OIPEemessIoiX
YCIIEIHOCTh MHBA3UU. JIJIsT UCCIIEIOBAHUS JUHAMUKY
oboraleHuss CUHAHTPOMHON (hayHbl UyKE3EeMHBIMU
BUIAMU KOXXeeI0B ObLIN IIPOBEeIeHbl COOP U CUCTeMa-
TU3aIUs JaHHBIX 00 YCIIEITHbIX MHTPOAYKIIUSIX KOXKe-
eoB B Poccuio B paccMaTpUBaeMbll Mepuos, 4Tobbl
OTIPEZIENIUTh COIMAJbHO-9KOHOMUYECKUE YCIOBUS
U SKOKJIMMaTUYeCcKue (aKTOPhI, KOHTPOJIUPYIOIINE
3TOT MPOIIECC.

MATEPUAJIBI U METO/1bI

Pa6oTa BhITIOJIHEHA Ha OCHOBAHMWM aHajau3a JIUTepa-
TYPHBIX UCTOYHUKOB, KOTOPBIE BKJIIOYUAJIU OIPEeLein-
TeJiv, 0630PHBIE CTAThU M MOHOT'PAUM CO CITMCKAMU
BUIOB KOXKeeZl0B 3a mmepuog ¢ 1870 mo 2020 r. (JIuH-
neMaH, 1871; dxkobcoH, 1913; AxobcoH, 1927; KauTu-
eB, 1976; Jladep, 1992; Mopakosu4, CokosioB, 1999;
Herpo6oga, Herpo6og, 2002; Hava, 2015, Mroczkow-
ski, 1968); 0630POB 110 Uy>KEPOALHBIM BUIAM KECTKO-
kpbLIbiX (KoBamenko, 2019; CaxxHes, PomHes, 2016;
Coxo0J10B, 2004); CTAaTUCTUUYECKUX JAHHBIX 10 U3MeHe-
Hugam kaumara (Pedesos, 2011); memMorpaduUecKux

elimination of synanthropic populations of the species
Trogoderma versicolor, Trogoderma quinquefasciatum, Atta-
genus augustatus, Dermestes ater.

Key words. Sinanthropus, range, distribution,
elimination, pests of stored plant products,
keratophages, museum pests, ecoclimatic conditions.

INTRODUCTION

esearch on beetle invasions has been inten-

sively developed in recent years due to the

economic and environmental damage they

cause. Dermestidae (Coleoptera) are one

of the economically most important beetle
families. Many Dermestidae are dangerous warehouse
pests of materials of animal and vegetable origin, seri-
culture and museum collections. The spread of alien
synanthropic species was facilitated by the develop-
ment of international transportation, logistics, and the
expansion of the range of transported products. The
global logistics system has become the main route for
the introduction of organisms into new habitats, lead-
ing to the formation of a permanent so-called biotic
rain (Maslyakov, 2000). After the initial introduction,
some species spread first in residential and industri-
al premises, and then, under suitable conditions, in
natural habitats. The aim of our study was to collect
and summarize data on the history of successful in-
troduction of alien Dermestidae species in the peri-
od from 1870 to 2020 on the territory corresponding
to the area of the modern Russian Federation, as well
as documented cases of partial elimination of species
and to identify ecoclimatic factors that determine the
success of invasion. To study the dynamics of the sy-
nanthropic fauna enrichment with alien Dermestidae
species, data were into Russia in the period under re-
view in order to determine the socio-economic condi-
tions and ecoclimatic factors that control this process.

MATERIALS AND METHODS

The work was carried out on the basis of an analysis
of literary sources, which included guides, review arti-
cles, and monographs with lists of Coleoptera species
for the period from 1870 to 2020 (Lindeman, 1871; Ya-
kobson, 1913; Yakobson, 1927; Zhantiev, 1976; Lafer,
1992; Mordkovich, Sokolov, 1999; Negrobova and Ne-
grobov, 2002; Hava, 2015, Mroczkowski, 1968); reviews
on alien Coleoptera species (Kovalenko, 2019; Sazhnev
and Rodnev, 2016; Sokolov, 2004); statistical data on
climate change (Fefelov, 2011); demographic data on
the change in the ratio of urban and rural population.
The timing of the first detection of species was speci-
fied according to faunistic articles and departmental
publications. Whenever possible, a critical evaluation
of the literature data was carried out. Species for the
study were selected based on two criteria: economic
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IAaHHBIX 110 U3MEHEHUWI0 COOTHOIIEHUSA TOPOACKOTO
U CeJIbCKOro HaceyieHus. CPOKY ITIEPBOT0 00HAPYKEHUST
BUJIOB YTOYHSIJIU 110 TaHHBIM (hayHUCTUYECKUX CTATEN
¥ BEIOMCTBEHHbBIM U3AaHUAM. [10 BO3MOXXHOCTHY ObLIa
IpoBelleHa KPUTHUeCcKas OlleHKa INTePaTyPHBIX JaH-
HBIX. BUIBI 1)1 MiCClleOBaHY S GbLIY BbIIEJIEHBI HA OC-
HOBAHUHU JIBYX KPDUTEPUEB: SKOHOMUYECKOE 3HAUEHYE
U YyXKEPOJHOCTh. IKOHOMUYECKMN 3HAUUMbIe BUJbI
OTIPeeNIUIY Ha OCHOBE BBIBOJIOB MOHOTPa(UUYECKUX
usgauuii (Mopakosud, CokoiioB, 1999; TockuHa, [1po-
BOpPOBa, 2007), 4y>KepOoJHOCTH ITPOBEPSLIY 110 0630pamM
Yy)KEPOHBIX KeCTKOKPBLIbIX (CaxkHes, 2019; Kora-
JeHKo, 2019).

K BumaM, TpohruecKu CBI3aHHBIM MPEUMYIIe-
CTBEHHO C IPOJYKTaMU 3aI1acoOB PACTUTEIBHOTO ITPO-
WCXOXIEHNs Ha ITepepabaThbIBaOIINX IIPEIIPUITUIX
¥ Ha CcKJazax, OTHocaTcs Attagenus unicolor simulans
Solsky, Megatoma tianschanica Sokolov, Trogoderma gla-
brum (Herbst), Trogoderma teukton Beal, Trogoderma
variabile Ballion, Trogoderma versicolor (Creutzer), Tro-
goderma inclusum LeConte.

K Bupmam, TpopuyecKky CBI3aHHBIM IIPEeUMYyIe-
CTBEHHO C ITPOV3BOACTBOM M XpPaHEHUEM ITPOAYKIIUYU
SKMBOTHOTO TTPOUCXOXKIEHUS U My3€HBIMU KOJIJIEKITH -
SIMU, OTHOCSITCS: Anthrenus picturatus picturatus Solsky,
Attagenus unicolor unicolor (Brahm), Attagenus gobicola
Frivaldszky, Attagenus smirnovi Zhantiev, Dermestes ater
DeGeer, Dermestes frischii Kugelann, Dermestes haemor-
rhoidalis Kiister, Dermestes maculatus DeGeer, Reesa ves-
pulae (Milliron), Thylodrias contractus Motschulsky, Tro-
goderma angustum (Solier), Trogoderma quinquefasciatum
Jacquelin du Val.

PazpesieHVe Ha TPYIIITbI He SIBJSETCS abCoJI0T-
ueiM. Hampumep, T. variabile u T. versicolor MOTYT GbITb
OIacHbIMU BpenuTeasamu Mysees (TockuHa, [IpoBopo-
Ba, 2007), a R. vespulae — BpeputeeM ceMsaH (OKaHTueB,
1976).

PE3VJIBTATBI U OBCYKIEHHNE

VicTopus yCHenHoro BceJeHuUsI

CHUHAHTPOITHBIX Uy>KEPOJHBIX

Bu0B Dermestidae B 1870-2020 rr.

Ha Tepputopuio Po

Buppl, sKokIUMaTUUeCKUe U TpouuecKkre Tpe-
60BaHMS KOTOPBIX COOTBETCTBYIOT YCJIOBUSIM CO3LaH-
HOU 4eJIOBEKOM TEXHOTEHHOU cpezbl, 06pasyT Cu-
HaAHTPOMNHBIN KoMILJIeKC. CHHAHTPOITHBIN KOMIIJIEKC
TIOCTEeNeHHO oboralaeTcss 3a CUeT 3aB03a HOBBIX
BUJOB.

B Tabiuile MpuBeIeHbl CBeeHUsS 00 UCTOPUM
BCeJIEHMS CUHAHTPOIIHBIX BHIOB KOXKEEIOB Ha TEPPU-
Toputo P®. Bunsl cucTeMaTu3MPOBaHLI C yKa3aHUEM,
HACKOJbKO 3TO BO3MOKHO, CPOKOB IIEPBOr0 00HAPY-
J)keHUsd. HecMOTpSl Ha HEMOJHOTY JaHHBIX, 0COOEH-
HO B PaHHUU ITeproj HabIIOLeHNE, OTUYETINBO IIPO-
cliexxmBaeTcs oboralneHue BUI0BOTO pa3Hoobpasus
SKOHOMMYECKU 3HAUMMBbIX CUHAHTPOIIHBIX KOXKEeI0B
Ha npoTrspkeHuu 1870-2020 rr.

Ilo HavaJyia o6CyXIeHUS TIOJIYUYeHHBIX Pe3yib-
TaTOB HeOOXOAMMO PacCMOTPETH MPAaBOMEPHOCTDH
BKJIIOUEHUS KPUIITOTEHHBIX BUJIOB, 0OHAPYXEHHBIX
B Poccuu B Hauasie XX Beka (Iko6coH, 1913), B CIIMCOK
Yy)KEPOAHBIX AJisi PO, KpUNITOTEHHBIMU CUUTAIOTCS
BUIBI C OOIIMPHBIM apeajioM, YacTO KOCMOIIOJIHUTHI,
KOTOpPBIE PACIPOCTPAHUJNUCH 10 MUPY [0 Hadaja
ayHUCTHUECKUX CCIeJOBAaHNUM, U X €CTECTBEHHbBIN
apeaJi OCTaeTCs HeM3BECTHBIM.

importance and alienness. Economically significant
species were identified based on the findings of mono-
graphic publications (Mordkovich and Sokolov, 1999;
Toskina and Provorova, 2007); alienness was checked
based on reviews of alien Coleoptera (Sazhnev, 2019;
Kovalenko, 2019).

The species that are trophically associated main-
ly with products of stocks of plant origin in processing
plants and warehouses include Attagenus unicolor simu-
lans Solsky, Megatoma tianschanica Sokolov, Trogoderma
Zlabrum (Herbst), Trogoderma teukton Beal, Trogoderma
variabile Ballion, Trogoderma versicolor (Creutzer), Trogo-
derma inclusum LeConte.

Species trophically associated mainly with the
production and storage of products of animal origin
and museum collections include: Anthrenus picturatus
picturatus Solsky, Attagenus unicolor unicolor (Brahm),
Attagenus gobicola Frivaldszky, Attagenus smirnovi Zhan-
tiev, Dermestes ater DeGeer, Dermestes frischii Kugelann,
Dermestes haemorrhoidalis Kiister, Dermestes maculatus
DeGeer, Reesa vespulae (Milliron), Thylodrias contractus
Motschulsky, Trogoderma angustum (Solier), Trogoder-
ma quinquefasciatum Jacquelin du Val.

The division into groups is not absolute. For exam-
ple, T. variabile and T. versicolor can be serious pests of
museums (Toskina, Provorova, 2007), and R. vespulae —
a seed pest (Zhantiev, 1976).

RESULTS AND DISCUSSION

History of the successful introduction

of synanthropic alien Dermestidae species

in 1870-2020 into the territory of the Russian

Federation

Species whose ecoclimatic and trophic require-
ments correspond to the conditions of the technogenic
environment created by man form a synanthropic com-
plex. The synanthropic complex is gradually enriched
due to the introduction of new species.

The table provides information on the history of
the introduction of synanthropic Dermestidae species
into the territory of the Russian Federation. Species are
systematized, indicating, as far as possible, the timing
of the first detection. Despite the incompleteness of the
data, especially in the early period of observations, the
enrichment of the species diversity of economically im-
portant synanthropic Dermestidae during 1870-2020
is clearly visible.

Before discussing the obtained results, it is ne-
cessary to consider the legitimacy of including crypto-
genic species detected in Russia in early 20" century
(Yakobson, 1913) in the list of alien species for the Rus-
sian Federation. Cryptogenic species are species with
a wide range, often cosmopolitans, that spread around
the world before the beginning of faunistic research,
and their natural range remains unknown.

From our point of view, the weak economic deve-
lopment of the territories of the south of the European
part of Russia, the territories of Siberia and the Far East
in the 17%-18™ centuries and the production of a rather
limited range of marketable products for internation-
al trade make it unlikely that local biotypes will switch
to synanthropy and, most importantly, their spreading
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Taﬁ.rmua. Cnucku YyKEepPOoAHDbIX CHHAHTPOITHBIX BU/I0B KOKEe/10B

B 1870, 1915, 1930, 1980, 2000, 2020 rT.

Table. Lists of alien synanthropic Dermestidae species in 1870, 1915, 1930, 1980, 2000, 2020

BpeauTesu XpaHaieics NpogyKIuu

BpeauTesiu XxpaHsaueiics NPOAYKINHY *KUBOTHOTO
MPOUCX0XKIEHNA Y My3€eHHBIX KOJIJIEKIIVIA

T'obI/MICTOUHUK PaCTHUTEJIBHOTO IIPOUCXOKIEHUSA Pests of stored products of animal origin
Years/source Pests of stored plant products and museum collections
1870 Trogoderma glabrum (Herbst) Attagenus unicolor (Brahm) (= piceus Oliv.),

(JImageman, 1871)
(Lindemann, 1871)

(= elongatulum Fabr.) (= villosulum Duft.),
Trogoderma versicolor (Creutzer)**

Dermestes ater DeGeer,
Dermestes frischii Kugelann

1915
(Ixo6coH, 1913)
(Yakobson, 1913)

Trogoderma glabrum (Herbst)
(= nigrum (Herbst)),
Trogoderma versicolor (Creutzer)

Attagenus unicolor unicolor (Brahm) (= piceus Oliv.),

Dermestes ater DeGeer, Dermestes frischii Kugelann,

Dermestes maculatus DeGeer (= vulpinus Fabr.),

Trogoderma megatomoides Reitter (= Entomotrogus megatomoides
(Reitter)), Thylodrias contractus Motschulsky

1930

(Kysnernosa, 1932;
SAxo6coH, 1927)
(Kuznetsova, 1932;
Yakobson, 1927)

Trogoderma glabrum (Herbst)
(= nigrum (Herbst)),
Trogoderma versicolor (Creutzer)

Attagenus unicolor unicolor (Brahm) (= piceus Oliv.),
Dermestes ater DeGeer, Dermestes frischii Kugelann,
Dermestes maculatus DeGeer,

Trogoderma (Entomotrogus) megatomoides Reitter,
Thylodrias contractus Motschulsky

1980

(Oertsapea
CynetikuHa, 1971;
JKanTues, 1976;
KoBajenko, 2019)
(Degtyareva,
Sudeikina, 1971;
Zhantiev, 1976;
Kovalenko, 2019)

Attagenus unicolor simulans Solsky, * 1971
(Oertapesa, Cymetikuna, 1971)
(Degtyareva, Sudeikina, 1971),
Trogoderma glabrum (Herbst),
Trogoderma versicolor (Creutzer),
Trogoderma variabile Ballion,

Megatoma (Pseudohadrotoma) tianschanica
Sokolov, * cepeguHa 1970-X IT.
(KoBanenko, 2019) * mid 1970s
(Kovalenko, 2019)

Attagenus unicolor unicolor (Brahm),

Anthrenus picturatus picturatus Solsky, * 1968

(KauTtmes, 1976) (Zhantiev, 1976),

Attagenus smirnovi Zhantiev, * 1961

(OKauTues, 1976) (Zhantiev, 1976)

Dermestes ater DeGeer, Dermestes frischii Kugelann,

Dermestes maculatus DeGeer,

Reesa vespulae (Mill.), * 1959 (OKauTtues, 1976) (Zhantiev, 1976),
Thylodrias contractus Motschulsky

2000

(MopakoBuy,
CoxkoJios, 1999;
CToposkeHko, 2009)
(Mordkovich,
Sokolov, 1999;
Storozhenko, 2009)

Attagenus unicolor simulans Solsky,
Megatoma tianschanica Sokolov,
Trogoderma glabrum (Herbst),
Trogoderma versicolor (Creutzer),
Trogoderma variabile Ballion,
Trogoderma inclusum LeConte

Anthrenus picturatus picturatus Solsky,

Attagenus gobicola Frivaldszky, * 1999

(MopaxoBuy, CokosioB, 1999) (Mordkovich, Sokolov, 1999),
Attagenus smirnovi Zhantiev, Attagenus unicolor unicolor (Brahm),
Dermestes ater DeGeer, Dermestes frischii Kugelann,

Dermestes maculatus DeGeer, Reesa vespulae (Mill.),

Trogoderma angustum (Solier), * 1994 (riepcoHaJbHOE
coobmenue [I.B. BiacoBa, mpencraBiaerHoe S1.H. KoBaieHKo,
2019), (personal message of D.V. Vlasov presented

by Ya.N. Kovalenko, 2019),

Trogoderma megatomoides Reitter,

Thylodrias contractus Motschulsky

2020 Attagenus simulans Solsky,
(PKauTuHes, Megatoma tianschanica Sokolov,
Kupeituyk, 2003; Trogoderma inclusum LeConte,
XpsSnuvH u 1p., Trogoderma glabrum (Herbst),
2016) Trogoderma teukton Beal, * 2003
(Zhantiev, (PKauTtues, Kupeiiuyk, 2003),
Kireychuk, 2003; Trogoderma variabile Ballion,
Khryapin et al., Trogoderma versicolor (Creutzer)
2016)

Attagenus gobicola Frivaldszky, Anthrenus picturatus picturatus
Solsky, Attagenus unicolor (Brahm), Attagenus smirnovi Zhantiev,
Dermestes ater DeGeer, Dermestes frischii Kugelann,

Dermestes haemorrhoidalis Kiister, * 2013

(Xpsamuu u 1p., 2016) (Khryapin et al., 2016),

Dermestes maculatus DeGeer, Reesa vespulae (Mill.),

Trogoderma angustum Solier, Trogoderma quinquefasciatum
Jacquelin du Val (= megatomoides Reitter),

Thylodrias contractus Motschulsky

* — pnata nepBoro obHapyxeHusa Buaa; ** — ceeeHust o pacnpocTpaHeHun T. versicolor Mbl NpUBOANM
npennonoXuTenbHo Ans AByx BUAOB, T. versicolor v T. variabile. TouHas MHTEpNpeTaLUs AaHHbIX PaHHMUX
NIUTEPATYPHbIX MCTOUHNKOB MO PAcMpPOCTPaAHEHNO 3TUX BUAOB HEBO3MOXHA, TaK Kak AMarHOCTMYecKme NpnsHaKwm,
MO3BOMSOLME TOUYHYIO NOEHTU(UKALMIO [0 BUAR, Obinn paspaboTaHbl TONbKO BO BTOPOM NoNoBMHE XX Beka
(XKaHTunes, 1976). Oba BMaa MMetoTCs B KoeKLmax 30010rndeckoro nHctuTyTa PAH, cobpaHHbix B XIX Beke

1 Ha pybexe XX Beka (KoBaneHko, 2019).

* — date of the first detection of the species; ** — we provide information about the distribution of T. versicolor
presumably for two species, T. versicolor and T. variabile. An accurate interpretation of the data of early literary
sources on the distribution of these species is impossible, since diagnostic characters that allow accurate
identification to the species level were developed only in the second half of the 20" century (Zhantiev, 1976).
Both species are in the collections of the Zoological Institute of the Russian Academy of Sciences,

collected in the 19t century and at the turn of the 20" century (Kovalenko, 2019).
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C Hamell TOYKM 3peHusd, cjaaboe X03IHCTBEH-
HOe OCBOEHVE TEPPUTOPHUH 0Ta eBPOITENCKOM YacTu
Poccuu, Tepputopuit Cubupu u JaabHero BocToka
B XVII-XVIII Bekax 1 HaJiuyue NPOU3BOLCTBA [0-
BOJIbHO OTPaHUYEHHOW HOMEHKJIATYpPbl TOBApHOU
TPOAYKIIUY AJIS MEeXIYHAPOAHON TOPTOBIU JelaioT
MaJIOBEPOSITHBIM IIePeX0[, K CHHAHTPOIINY MECTHBIX
OGMOTHUTIOB U, TJIABHOE, X PACIIPOCTPaHEeHNe I10 TOP-
TOBBIM ITyTSIM K cepenuHe XIX Beka 1o Bcell EBporie
U IPYyTUM PEruoHaM.

Bormpoc 06 ucxomHbIX apeajax KPUITOTEHHBIX
BUJOB XXYKOB HEOJHOKPATHO CTAHOBUJICS IIpeMe-
TOM 0OCY)XJeHUS CIIeIIUaJucToB. [Ipesronaraercs,
YTO WMCXONHBIN apeas Dermestes maculatus HaXOmoUT-
csa B Adpuke, a D. ater — B AMepuke uiu BocTouHoOM!
Asuu OKanrtues, 1976; KoBanenko, 2019). McxonHble
apeadns! D. frischi u Thylodrias contractus, Trogoderma
glabrum, mo muenwuto P.JI. XKautuesa OKautues, 1976),
Haxoguauck Ha Tepputopuu CCCP, HO 3HAUUTEJIBHO
pacuupuiIvch 6aromaps IMTOCTOSHHBIM 3aB0O3aM C 3a-
pakeHHOU mpoxyKiueii. IIpefmosaraeTcs, B YaCTHO-
ctu, uto T. contractus IPOUCXOAUT U3 LIeHTpaabHOU
Asuu (Caxkues, PomHes, 2016). T. glabrum He sBIsIeTCS
CUHAHTPOIIHBIM BUAOM B HOxHOU Cubupu, o3TOMY
IU. ITneuranosa (ITnemanosa, 2006) cuuraet ero abo-
PUTEHHBIM J1g peTuoHa. C 3TUM TPYIHO COTJaCUTbHCH.
VHBa3uBHBIE BU/IbI KOXKEEIOB JIETKO TIEPEXOAAIT B IIPU-
pomHble MecTooOUTaHUsA. T. angustum, HaTIpuMep, ObLI
obHapyxeH B JIJa30BCKOM 3aTIOBEIHUKE B THE3E COBbI
(Ctoporxenko, 2009), HO OH UMeeT aMePUKaHCKOe IIPO-
UCXOXKIEHUE.

ApeaJtsl Tpex 6IU3KUX BULOB — Attagenus unicolor
unicolor, A. u. japonicus, A. u. simulans — B Poccuu B Ha-
cTosIIee BpeMs BKIIHUaloT I0xHYyI0 Cubups, A. u. uni-
color — KOCMOTIOJIUT, PACIIPOCTPAHUJICS Ha OOUIUPHON
tepputopuu (Hava, 2015), A. u. japonicus B Poccuu
ocTaJicsg B mpezesax HeOOJIbIIOTO apeajia Ha TePPu-
Topuu bypatuu u JlanpHero BocToka, 3aBe3eH Ha T
EBpormsl, B CIITA u Kanany (Hava, 2015), A. u. simulans
B XX Beke HayvaJl paclpoCTpaHAThCd u3 LleHTpaJlbHON
Asuu Ha TeppuTopuu Poccuu (Cokosios, 2004). MOXKHO
TIPEATIONIOXKUTD, UTO YKa3aHHBIM Bbillle KOMILJIEKC BU-
OB mpoucxomuT u3 Kurtasa u LIeHTpanbHOU A3UN.

Dermestes lardarius — eIUHCTBEHHBI cpenu
KPUIITOTEHHBIX BUJIOB, KOTOPBIU SABJISIETCS CTPOTO
MOHOBOJIBTUHHBIM, UMEET 0653aTENIbHYI0 Auanays3y
u 6ojiee BPeOHOCEH B CpPeNHEN M0JIoCe, UYeM B I0XK-
HBIX permoHax (PKanTtues, 1976). B BeaukobputaHnuu
D. lardarius ykasbiBaeTcst Kak MecTHBIN BuJ, (Peacock,
1993). Vcxonsd u3 6M0JIOTUY BUIA, MBI MOXKEM TIPe] -
nojaratTh, uTo D. lardarius SiByisieTCSd HATUBHBIM AJIS
cpenHel mosockl Poccuu BUIOM, HO €ro apeaJ 3Haum-
TEeJIbHO PACIIMPUJICS B PE3yJIbTaTe PAcIIPOCTPaHEHUS
C 3apakeHHOU MIPOyKIIUEN.

B 1871 r. Ha yacTu TeppuTopuu Poccuiickou
UMIIEPUY, COOTBETCTBYIONUIEN TEPPUTOPUU COBPE-
MeHHOU Poccuiickolt ®enepaliuu, 6b1710 3aperucTpu-
pOBaHO 5 UyXepomHbIX BUIOB (JIuHmeman, 1871),
K 1913 r. KOJIMUECTBO UYy>XEPOJHBIX BULOB YBEJINUU-
Jioch 110 8 (dxo6coH, 1913). BbLIO 3aperucTprupPoBaHO
BCeJIeHMe TpeX HOBBIX BUIOB: Dermestes maculatus,
Trogoderma (kak Entomotrogus) megatomoides, Thylodrias
contractus.

Jlo Hauasa 60-x I'T. XX BeKa U3MeHEeHNH B COCTaBe
(ayHbI KO)KeeZ[0B He OTMEUEHO, UYTO, CKOpPee BCET0, CBSI-
3aHO C OTCYTCTBUEM UCCJIEJOBAHUYN HA TEPPUTOPUU €B-
POIEeNCcKON YacTy BO BpeMsi BTOpoil MUPOBOM BOMHBI,

in trade paths to the middle of the 19 century through-
out Europe and other regions.

The original areas of cryptogenic beetle spe-
cies have repeatedly become the subject of discus-
sion among specialists. It is assumed that the original
area of Dermestes maculatus is in Africa, and D. ater —
in America or East Asia (Zhantiev, 1976; Kovalenko,
2019). Original areas of D. frischi and Thylodrias con-
tractus, Trogoderma glabrum, according to R.D. Zhantiev
(Zhantiev, 1976), were located on the territory of the
USSR, but expanded significantly due to constant im-
ports of contaminated products. It is assumed, in par-
ticular, that T. contractus originates from Central Asia
(Sazhnev and Rodnev, 2016). T. glabrum is not a synan-
thropic species in Southern Siberia; therefore, G.I. Ple-
shanova (Pleshanova, 2006) considers it aboriginal
for the region. It is difficult to agree with this. Invasive
Dermestidae species easily move into natural habitats.
T. angustum, for example, was detected in the Lazovsky
Reserve in an owl nest (Storozhenko, 2009), but it is of
American origin.

The ranges of three closely related species — Atta-
genus unicolor unicolor, A. u. japonicus, A. u. simulans — in
Russia currently include Southern Siberia, A. u. unicolor
is cosmopolitan, spread over a wide area (Hava, 2015),
A. u. japonicus in Russia remained within a small range
in the territory of Buryatia and the Far East; it was in-
troduced to the south of Europe, to the USA and Canada
(Hava, 2015), A. u. simulans began to spread from Cen-
tral Asia to Russia in the 20" century (Sokolov, 2004).
It can be assumed that the above complex of species
comes from China and Central Asia.

Dermestes lardarius — it is the only one among cryp-
togenic species that is strictly monovoltine, has obliga-
tory diapause, and is more harmful in the middle lane
than in the southern regions (Zhantiev, 1976). In Great
Britain, D. lardarius is listed as a local species (Peacock,
1993). Based on the biology of the species, we can as-
sume that D. lardarius is a species native to central Rus-
sia, but its range has expanded significantly as a result
of distribution with contaminated products.

In 1871, five alien species were registered in a part
of the territory of the Russian Empire, corresponding to
the territory of the modern Russian Federation (Linde-
mann, 1871), by 1913, the number of alien species in-
creased to eight (Yakobson, 1913). The introduction of
three new species has been recorded: Dermestes macu-
latus, Trogoderma (as Entomotrogus) megatomoides, Thy-
lodrias contractus.

Until the early 1960s, no changes in the compo-
sition of Dermestidae fauna were noted, which is most
likely due to the lack of research on the territory of the
European part during the Second World War, although
it was during this period that a large flow of various car-
goes went through Iran and Transcaucasus, in the fau-
na of which there are many potential invaders.

Noticeable changes in the species composition
of the synanthropic Dermestidae fauna began in the
1960s after the introduction of three species: an aggres-
sive cosmopolitan of tropical origin from mountain-
ous countries Attagenus smirnovi, an American species
common in temperate regions, Reesa vespulae (Nardi,

dutocaHuTapus. KapaHTuH pacteHui 8
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XOTSI UMEHHO B 9TOT IIePHOZ, 1IeJI 60JIbIION TOTOK pPas-
JIMYHBIX TPY30B uepes MipaH u 3akaBKa3sbe, B (payHe KO-
TOPBIX HEMAJIO IIOTEHIIMaIbHbIX NHBANIEPOB.

3aMeTHbIEe UBMEHEHUS BULOBOTO COCTaBa (hayHBbI
CHHaHTPOIIHBIX KOXKeeJ0B HauaJIuch ¢ 60-X I'T. XX BeKa
TTOCJIe BCEeJIEHNS TPEX BUOB: arPECCUBHOTO KOCMOTIIO-
JINTA TPOIIMYECKOI0 IIPOUCXOXKIEHUS 13 TOPHBIX CTPaH
Attagenus smirnovi, aMepuKaHCKOTO BUJla, PaCIIpo-
CTPaHEHHOI'0 Ha TEPPUTOPHUSIX C YMEPEHHBIM KJIMMa-
TOM, Reesa vespulae (Nardi, Hava, 2021) u a3uaTCKOTO
Anthrenus p. picturatus OKanTtues, 1976). B 1970-x rT.
XX Beka 6bLJI0 0OTMeUEHO BcesieHue Megatoma tianscha-
nica (Kopajienko, 2019), Ha OCHOBaHUY II€PCOHAJIBHO-
ro coobmenus E.A. CoxosoBa, u Attagenus u. simulans
(Oertapesa, Cymetikuna, 1971; XKautues, 1976), Takxe
BU/IOB a3MaTCKOT'0 IPOMCXOXKAEHHUS U3 CTPAH C TOPHBI-
mu cucteMamu. C 1990 1. 3aperucTprupoBaHoO BCeJIeHUEe
I0KHOaMepuKaHcKoro Trogoderma angustum, a3uaTCKO-
ro Attagenus gobicola (MopakoBud, CokoJios, 1999). I1o-
cyie 2000 r. 3a(hMKCUPOBAHO BCEJIEHME a3MaTCKOr0 T70-
goderma teukton OKautues, Kupeiiuyk, 2003; Hava et
al., 2014b) 1 HeoTpommueckoro Dermestes haemorrhoi-
dalis (XpsanuH u np., 2016), TernontobuBoro Trogoderma
inclusum (TaBa u gp., 2011) (mo gauHbIM A. Herrmann,
OH HU pa3y He BcTpevan T, inclusum HA TEPPUTOPUU
Poccutickoit demepariuy — IepcoHaJIbHOE COOOIeHNE,
npenoctaBieHHoe B 2017 r. [I.T. KacaTkuny).

BoJiee HarIgoHO U3MeHeHNe B JUHAMUKE Bceje-
HUS CUHAHTPOITHBIX BUIOB KOXKEEOB 3a IOCeIHTe
150 jieT ipeAcTaBIeHO Ha guarpaMme (cMm. puc. 1).

B XIX Beke Poccuiickasg uMIlepus OblLjIa arpap-
HOU CTpaHOU ¢ HEGOJBIIOH JTOJiell TOPOICKOTO Hace-
JIEHUS Y IIeYHBIM OTOILJIEHMEM B TOPOACKUX JOMax.
[TeuyHOE OTOIJIEHKE IPEAIIoIaraeT 3HAUNTEbHbIE KO-
Jie6aHUs TEMITEPATYPHI B TeueHre CyTOK. CUHAHTPOII-
Hadg dayHa UyKepPOLHBIX BUIOB Oblja MpecTaBiIeHa
HEeMOpPaJIbHbIMU Bumamu Trogoderma glabrum w Attage-
nus u. unicolor, BceJieHrEe KOTOPBIX ITPOUSOIILJIO, TI0-BU-
IVIMOMY, 3a/I0JIT0 IO HauaJia PeryiaspHbIX S HTOMOJIOTU-
YeCcKUX HaOJIIOAEeHUHN, 1 O0JIUTAaTHO CUHAHTPOIHBIMU
B cpenHel moyioce Dermestes ater u D. frischii, KOTOpbIe
B HACTOSIIlee BPEMS BCTPEUAIOTCS B ECTECTBEHHBIX M€e-
CTOOOUTAHUAX B JIECOCTEIIHBIX ¥ CTEIIHBIX PErroHax
(3amoTaitnos, Hukutckuii, 2010).

Hava, 2021) and the Asian Anthrenus p. picturatus (Zhan-
tiev, 1976). In the 1970s, there was reported an intro-
duction of Megatoma tianschanica (Kovalenko, 2019),
based on a personal message from E.A. Sokolov, and
Attagenus u. simulans (Degtyareva and Sudeikina, 1971;
Zhantiev, 1976), also species of Asian origin from coun-
tries with mountain systems. Since 1990, the introduc-
tion of the South American Trogoderma angustum, the
Asian Attagenus gobicola (Mordkovich, Sokolov, 1999).
After 2000, the introduction of the Asian Trogoderma
teukton (Zhantiev, Kireychuk, 2003; Hava et al., 2014b)
and neotropical Dermestes haemorrhoidalis (Khryapin et
al., 2016), thermophilic Trogoderma inclusum (Hava et al.,
2011) (according to A. Herrmann, he never encountered
T. inclusum on the territory of the Russian Federation —
a personal message provided in 2017 to D.G. Kasatkin).

More clearly, the change in the dynamics of the in-
troduction of synanthropic Dermestidae species over
the past 150 years is shown in the diagram (see Fig.1).

In the 19™ century, the Russian Empire was an
agrarian country with a small proportion of the ur-
ban population and stove heating in city houses. Stove
heating involves significant temperature fluctuations
during the day. The synanthropic fauna of alien spe-
cies was represented by nemoral species Trogoder-
ma glabrum and Attagenus u. unicolor, the introduction
of which occurred, apparently, long before the start
of regular entomological observations, and obligate-
ly synanthropic in the middle lane Dermestes ater and
D. frischii, which are currently reported in natural habi-
tats in the forest-steppe and steppe regions (Zamotai-
lov, Nikitsky, 2010).

In cities that were centers of trade with Asian
countries, the subtropical species Trogoderma versico-
lor was occasionally detected (Lindemann, 1871).

Economic growth, increased imports of agricul-
tural products and the expansion of international trade
at the beginning of the 20™ century led to an increase in
sea and rail freight. The proportion of the urban popu-
lation also increased sharply (see Fig. 2). This period
includes the introduction of Trogoderma quinquefascia-
tum and subtropical Thylodrias contractus and Dermestes
maculatus.

B ropozmax, KoTopble ObLIU 1LIEH-
TpaMu TOPTOBJIU C a3UaTCKUMU CTpa-
HaMU, IepUouYecKky 06HapyXX1UBaIu
cybrponuueckuii Bup, Trogoderma ver-
sicolor (JIuugemaH, 1871).

25

JKOHOMUYECKUU POCT, yBeJINUe- B
HUE UMIIOPTAa CEJIbCKOX03MCTBEHHOM 10
TIPOAYKIIMY U PaclIMpeHne MeXXIyHa-
ponHOU TOpProBjau B Hauajie XX Beka 5
MIPUBEJIN K YBEJUYEHUI0 MOPCKUX
U JKeJe3HOINOPOXKHBIX TPY30IEPEBO- 0 |II
30K. Takxe pe3Ko YBeJIUUUIACh OIS 1870

TOPOJICKOT0 HacejieHusa (CM. puc. 2).
K sTOMy Tepuosy OTHOCUTCS BCe-
nenue Trogoderma quinquefasciatum

Kon-Bo BnpoB
20 Number of species

B BpeauTenu pacTuT. NPOAYKUUM Il BPeLUTENN XXUBOTH. NPOLYKLUMM Il BCEro
pests of stored plant products

I ﬂﬂﬂﬂ“dd

1910 1830 15860 1970 1980 1550 2000 2010 2020

pests of stored animal product total

u cy6rponnyueckux Thylodrias contrac-  pyc, 1. Aunamuka Bcenenms

tus 1 Dermestes maculatus.

Uy>KepPOo4HbIX BULOB KOXKeea0B

Fig. 1. Dynamics of introduction of alien
Dermestidae species into the territory

Ilo BTOPO MMoJIOBMHBI XX BeKa, HaTepputopuio P® B 1870-2020 rr.  of the Russian Federation in 1870-2020

o muHexuio P.JI. )Kautuena OKaHuTues,

1976), Trogoderma versicolor u T. variabile yCTORYMBBIX
MOMYyNAIINY Ha TeppuTopum Poccuiickoit demepa-
1[I B €CTECTBEHHBIX MECTOOOUTAHUSIX HEe 00Pa30BhI-
Basiu. Pacripoctpanenue Thylodrias contractus 6b1I0
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OTPaHUYEHO JIOKAJbHBIMU MOIYAIUIMU Ha I0TE €B-
poretickoit yactu Poccuu u B [TeTepbypre (OKaHTues,
1976). JlaHHBIE 10 PACTIPOCTPAHEHUIO APYTUX BULOB
OTCYTCTBYIOT, UYTO KOCBEHHO yKa3bIBaeT HA OTPAHUYEH-
HOCTb PacIIPOCTPaHEHUS.

MesxxayHapoaHasi TOPTOBJIS IPONYKIIMEe pacTu-
TEeJIBbHOTO U XKUBOTHOTO IIPOUCXOXIEeHUS IIpeIioara-
€T NoJrOBpeMeHHbIe KOHTPAKTHBI U 60JIbIITE 06bEMBI
mapTuii. MupoBas JIOTUCTUYECKAs CUCTEMA CTAHOBUT-
ca crienupuUecKol cpenoi 06uTaHUsA CUHAHTPOII-
HBIX BUJIOB, @ TDAHCIIOPTHBIE CPEJICTBA U 3apaKeHHad
TPOAYKIIVS IBISIOTCS UCTOUYHUKOM MTOTIaZaHUS BUL0B
B GIarOTIPUSATHBIE JJIS BCEJIEHUS YCJIOBYS, B PE3YJIbTa-
Te Uero BO3HUKAET «OMOTUUYECKUH JOXIb» (MaciIsaKoB,
2000), To ecTb MOCTOSTHHOE TIOMaZlaHNe Yy)KEPOJLHOTO
BU/JIa HA HOBBIE TEPPUTOPHUHU. [IOCTOSTHHBIN 3aBO3 BUIA
Ha HOBYI TEPPUTOPHUIO CO3AaET BO3MOXKXHOCTU [JIg
BCeJIeHN, HO [IJI ero peajnsaluy HeobX0q UMbl KO-
KJIUMaTUYeCcKue yCJIoBuUs U Tpouueckas 6aza.

OueBUAHAs pa3HULA B JUHAMUKE U3MEeHEHUI
BU/IOBOT'O COCTaBa CUHAHTPOITHOU (hayHBI 0 U IIOCJIe
60-x rr. XX BeKa CBg3aHa CO 3HAUUTEJbHBIMU U3MEHEe-
HUSMU SKOKJIMMATUYECKUX YCIOBUH, TPOU30IIE Y-
MU B CHHAHTPOITHBIX MECTOOOUTAHUIX Ha TEPPUTOPUU
Poccuiickou demepariuu (CM. puc. 2).

B 60-X IT. 10J11 TOPOA,CKOTO HAaCeJIEHUS B CTpaHe
TIpeBbICHUJIA JIOJII0 CEJIbCKOTO HAaceJIeHUs U MMOSIBUINCH
MHOT'03TaXKHbIE KUJIbIe MUKPOPANOHBI U TIPOU3BO/I-
CTBEHHBIE [IOMEIEeHUS C LIeHTPaJIN30BaHHBIM OTOILIe-
HUeM (cM. puc. 2). HesHauuTeIbHbIE KOJIEGAHUS CY-
TOUYHBIX TeMIIEPATYP B IOMEIIEHUIX C IIeHTPAJIbHbIM
OTOILIEeHMEM B ITpezesiax 20-25 °C co3gaiy 61aronpu-
SITHbIEe MUKPOKJIMMaTUYeCKre YCIOBUS IJisl BCeJIeHUs
Ccy6TPOITUYECKUX BUIOB U HEKOTOPBIX BUIOB TPOITHYE-
CKOT'0 ITPOUCXOK/IEHNS 113 TOPHBIX PAalOHOB, MUMEIOIUX
CPaBHUTEJIbHO MPOXJIaIHbIN KJIMAT.

B 70-e rr. B CCCP 6bLIM HayaThl MIMPOKOMAC-
mTabHble 3aKyMKU 3epHa U JAPYTOo¥d CEeNbX03IIPO-
Lyknuu 3a pyoexxoM. K 2000 r. KOJIMUECTBO BUJOB
CUHAHTPOMHOU (ayHb! yBeauuyuioch ¢ 10 mo 17,

According to R.D. Zhantiev (Zhantiev, 1976), until
the second half of the 20™ century, Trogoderma versico-
lor and T. variabile did not form stable populations on
the territory of the Russian Federation in natural habi-
tats. The spreading of Thylodrias contractus was limited
to local populations in the south of the European part
of Russia and in St. Petersburg (Zhantiev, 1976). There
are no data on the distribution of other species, which
indirectly indicates a limited distribution.

International trade in products of plant and ani-
mal origin involves long-term contracts and large
batches. The global logistics system is becoming a spe-
cific habitat for synanthropic species, and vehicles and
contaminated products are a source of species entering
favorable conditions for introduction, resulting in “bio-
tic rain” (Maslyakov, 2000), that is, the constant entry of
an alien species into new territories. The constant in-
troduction of a species to a new territory creates oppor-
tunities for adaptation, but its implementation requires
ecoclimatic conditions and a trophic base.

An obvious difference in the dynamics of changes
in the species composition of the synanthropic fauna
before and after the 1960s is associated with signifi-
cant changes in ecoclimatic conditions that occurred
in synanthropic habitats on the territory of the Russian
Federation (see Fig. 2).

In the 1960s, the share of the urban population in
the country exceeded the share of the rural population,
and multi-storey residential microdistricts and indus-
trial premises with centralized heating appeared (see
Fig. 2). Insignificant fluctuations in daily temperatures
in rooms with central heating within 20-25 ° C creat-
ed favorable microclimatic conditions for the introduc-
tion of subtropical species and some species of tropi-
cal origin from mountainous regions with a relatively
cool climate.

In the 1970s, large-scale purchases of grain and
other agricultural products abroad began in the USSR.
By 2000, the number of synanthropic fauna species in-
creased from 10 to 17, mainly due to subtropical spe-

cies of Asian origin (see Fig. 1),

by 2020 the number of new spe-

125 I I

T I cies increased to 19.

ll’c J J

| The introduction of Atta-
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|
|
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I — MJIH YenoBek (ropofckoe) M — MIH YenoBek (cenbckoe)
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genus smirnovi, Anthrenus p. pic-
turatus, Reesa vespulae and Mega-
toma tianschanica led to rapid,
within 10-15 years, the forma-
tion of stable populations due to
higher competitiveness, both in
synanthropic (Degtyareva and
Sudeikina, 1971; Negrobova and
Negrobov, 2002; Pimenov, 2005)
Hi # | and natural habitats (Zamotailov,
I Nikitsky, 2010; Sazhnev, Rodnev,
2016; Hava et al., 2014a; Hava et
al., 2014b). A. smirnovi belongs
to species of tropical origin from
regions with mountain systems
and a relatively cool climate
(Kenya) (Hansen et al., 2012). An-
threnus p. picturatus originally was

WcTouHuk: Pocctar
Source: Rosstat

Puc. 2. YncneHHoOCTb ropoacKoro

1 CeNbCKOro HaceneHus B Poccun

¢ 1897 no 2020 r. (https://ruxpert.ru/
®davin:fopoackoe_u_cenbckoe_
HaceneHue_Poccun.png)

Fig. 2. The number of urban and
rural population in Russia from
1897 to 2020 (https://ruxpert.ru/
®dann:fopoackoe_u_cenbckoe_
HaceneHue_Poccun.png)
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IIPEMMYIIECTBEHHO 3a CUET CYOTPOTIMYECKUX BUIOB
a3MaTCKOro MPOUCXOXAeHusa (cM. puc. 1), k 2020 T.
YMCJIO HOBBIX BUJIOB YBEJINUMIIOCH 10 19.

Bcenenue Attagenus smirnovi, Anthrenus p. pictura-
tus, Reesa vespulae v Megatoma tianschanica IPUBOINIIO
K 6bICTpOMY, B TeueHue 10-15 jeT, GopMUPOBAHUIO
YCTOMYUBBIX MMOMYJISIIUY 6aromaps 60jee BbICOKOM
KOHKYPEHTOCIIOCOGHOCTH, KaK B CHHAHTPOITHBIX (Jler-
TapeBa, Cyznetikuna, 1971; Herpo6osa, Herpo6os,
2002; [TuMeHOB, 2005), Tak I B €CTECTBEHHBIX MECTO-
obutaHugax (3amorainos, Hukurckuii, 2010; Ca)kHeB,
Pomues, 2016; Hava et al., 2014a; Hava et al., 2014b).
A. smirnovi OTHOCUTCS K BUJIaM TPOIIMYECKOTO IIPOUC-
XOXKIEHUS U3 PETMOHOB C TOPHBIMU CUCTEMaMU U OT-
HOCHUTEJIbHO IpoXJiagHbIM KIuMaToM (Kenus) (Hansen
et al., 2012). Anthrenus p. picturatus n3Ha4YaJbHO OTHO-
CUJICT K CyOTPOIIMYECKUM BHUIAM POJIOM U3 TOPHBIX
cucTteM cTpaH LlenTpanbHoi Asuu (QKautues, 1976).
R. vespulae ipoucxomuT u3 CeBepHOU AMEPUKH, TIe
pacmpocTpaHeH Ha TEPPUTOPHUAX C YMEPEHHBIM KJIU-
maroM (Nardi, Hava, 2021).

[Ipotiecc BcesieHs ObLI 0YeHb IJIUTENIbHBIM IJIS
6oJtee TerI0II06UBEIX Trogoderma versicolor, T. variabile
(KauTtues, 1976; Mopakosud, CokoyoB, 1999), kor-
IIa BUJ, JaBHO U ITOCTOSHHO BBO3MJICS C 3apPaKeHHOMH
MTPOAYKIIVEel, HO He0OX0AMMbIe IJIS YIAUYHON MHBA3UY
9KOKJIMMAaTHUeCKle YCJIOBYS B perMOHaX BCTPeyvaiucCh
TOJIBKO JIOKQJIBHO. [TOyIAuY C TPAaH3UTUBHBIMU I'pa-
HULAMU GOPMUPOBAJIUCH TOJIBKO B CHHAHTPOITHBIX yC-
JIOBUSIX, U B KPAUHUX CIIydyasiX MPOUCXOAUIA YaCTUU-
Has 2JIMMUHAIIYS BUJOB Ha OTIEJIbHBIX TEPPUTOPUIX.

Ciyuyau 3JIMMUHALUU YYKEPOAHBIX BUJIOB

Ha OTJEJIbHBIX TEPPUTOPUAX

YcnenHoe BceJieHMe YyKe3eMHbBIX BUJIOB SIBJISI-
eTCsl IPeJIMeTOM MHOTOUNCIEHHbBIX UCCIIeJOBAaHUMH,
TOT/Ia KaK CJIy4yau 3JIUMUHAIIUY OTIUCBIBAIOTCS OYEHb
penxo.

9TO CBSI3aHO C TeM, UTO BceJieHUe HOBOTO BUJa
PETUCTPUPYETCS CPasy MOCJe ero 06HAPYKeHUS, JaxKe
ecJI pa3MHOXeHUE BUJa U HaJluuue o] lePK1Bato-
melics MOyl He TIOATBEPXXIEeHbI, HO IJIsT peru-
CTpalUY NCUe3HOBEHNS BU/IA HY>KHBI TIOJITBEPIKIEHUS
€T0 OTCYTCTBUS B PETUOHE Ha MPOTSXKEHUU JIECSTKOB
JieT. [Ipu 3TOM clieflyeT MOHUMATh, UTO (haKT IIePBUU-
HOTO OOHApYXXEeHUS UyKePOLHOTO BUJa HAa HOBOU
TEPPUTOPUM HE T10Jpa3yMeBaeT aBTOMATUUECKHU €T0
yCIeIIHOW WHBAa3uU. B XoJle HAlllero UCCHeL0BaHUS
MBI HAIJIM 3 JOKYMEHTUPOBAHHBIX CJIydas JIUMU-
HallUM 4y>KEePOJHBIX BUJIOB B OTZAEJbHBIX PETUOHAX,
u eie 1 ciyuaii 6611 npuBeseH [.B. BiracossiM (Bia-
coB, 2008).

1. Trogoderma quinquefasciatum (= megatomoides)
Ha 1ore eBpoIielickoil uactu 6uiBiiero CCCP

B 1913 r. Trogoderma (= Entomotrogus) megato-
moides BIIePBble TIPUBEJIEH KaK MIPUCYTCTBYIOUUHT
Ha Teppurtopuu Poccuu, 6e3 ykazaHus reorpadu-
YecKoTo pacmpocTpaHeHus. B 1927 r. Trogoderma
quinquefasciatum yKasaH KaK OITaCHBIN BPEIUTEIb DH-
TOMOJIOTUYECKUX KOJIJIEKIIMU Ha I0Te eBpoIleiicKol
yactu CCCP (dxo6con, 1927). Uepes 40 j1eT B MOHO-
rpacduveckux nsganugx P.JI. )KantueBa u M. Mpau-
koBckoro T. megatomoides KaK BUJ, PacIIpoOCTPaHeH-
HbIl Ha TeppuTopuy CCCP, He mpuBoauTcsa (YKauTues,
1976; Mroczkowski, 1968). MHOrouuncieHHbIe DayHU-
CTUYECKMe UCCJIeJOBaHUS OCHeIHUX NeCITUIeTun
Ha I0re eBpoIlelickol yacTu Poccuiickoir demepaiiuu

referred to subtropical species native to the mountain
systems of Central Asia (Zhantiyev, 1976). R. vespulae
originates from North America, where it is distributed
in temperate areas (Nardi, Hava, 2021).

The process of introduction was very long for the
more thermophilic Trogoderma versicolor, T. variabile
(Zhantiev, 1976; Mordkovich and Sokolov, 1999), when
the species was imported for a long time with infected
products, but the ecoclimatic conditions necessary for
successful invasion in the regions were met only local-
ly. Populations with transitive boundaries were formed
only in synanthropic conditions, and in extreme cases,
partial elimination of species occurred in certain ter-
ritories.

Cases of elimination of alien species

in certain territories

The successful introduction of alien species is the
subject of numerous studies, while elimination cases
are described very rarely.

This is due to the fact that the introduction of
a new species is recorded immediately after its de-
tection, even if the reproduction of the species and
the presence of a supporting population are not con-
firmed, but to register the extinction of the species,
confirmation of its absence in the region for decades is
needed. At the same time, it should be understood that
the fact of the initial detection of an alien species in a
new territory does not automatically imply its success-
ful invasion. In the course of our research, we found
3 documented cases of alien species elimination in cer-
tain regions, and 1 more case was cited by D.V. Vlasov
(Vlasov, 2008).

1. Trogoderma quinquefasciatum (= megatomoides) in
the south of the European part of the former USSR

In 1913, Trogoderma (= Entomotrogus) megatomoides
was first reported as present in Russia, without indi-
cation of geographical distribution. In 1927, Trogoder-
ma quinquefasciatum was listed as a dangerous pest of
entomological collections in the south of the Europe-
an part of the USSR (Yakobson, 1927). 40 years lat-
er, in the monographic editions of R.D. Zhantiev and
M. Mroczkowski, T. megatomoides is not listed as a spe-
cies distributed on the territory of the USSR (Zhantiev,
1976; Mroczkowski, 1968). Numerous faunistic stud-
ies of recent decades in the south of the European part
of the Russian Federation (Hava et al., 2011; Zhanti-
ev, 1976; Kalyuzhnaya et al., 2000; Pimenov, 2005; Ple-
shanova, 2006; Hava et al., 2014a; Hava et al., 2014b;
Zamotailov and Nikitsky, 2010) and in the countries of
Transcaucasus and Central Asia, summarized in the
catalog of the world Dermestidae fauna (Hava, 2015),
did not conform the spreading of T. quinquefasciatum. In
neighboring countries, according to the world catalog
of the distribution of Dermestidae (Hava, 2015), T. quin-
quefasciatum (= megatomoides) is distributed only in Iran.
Thus, we can conclude that this species is eliminated in
the south of the European part of Russia.

2. Trogoderma versicolor in the south of Siberia
(Fig. 3)

In 1871, T. versicolor was detected in Barnaul and
Nerchinsk (Lindemann, 1871), in 1913 in Tomsk and
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(TaBa m gp., 2011; XXautues, 1976; KamioxHas u Ip.,
2000; ITumeHoB, 2005; IMnemanoBa, 2006; Hava et
al., 2014a; Hava et al., 2014b; 3amoTaiijios, HUKUT-
ckuii, 2010) 1 B cTpaHax 3akaBKas3ba U LleHTpalbHOU
Asum, 06061TeHHbIE B KaTaJIore MUPOBOL (hayHbI KO-
skeenoB (Hava, 2015), He TOATBEPIUIN PacIIpoCTpa-
uenus T. quinquefasciatum. B conpemebHbIX CTPAHAX,
110 JaHHBIM MUPOBOTO KaTajiora pacipoCTpaHEeHUs
koxxeenoB (Hava, 2015), T. quinquefasciatum (= megato-
moides) pacIpocTpaHeH TOJbKO B MpaHe. TakuM 06-
pasoM, MOXKHO CZeJlaTh BbIBOJ, 06 IMMUHAIIUY DTOTO
BUA Ha I0Te eBPOIIeCcKoll YacTu Poccun.

2. Trogoderma versicolor Ha tore Cubupu (puc. 3)

B 1871 r. T. versicolor 6b111 06Hapy»eH B BapHayie
u Hepuuncke (Jluugeman, 1871), B 1913 1. — B ToM-
cke u VipkyTtcke (Ako6con, 1913). B 1932 1. T. versi-
color ykaswiBaeTcs nJis rora Cubupy Kak OGBIYHBIN
BUJ, NHOTIA JOCTUTAIOUIMKI BhICOKON UMCIEHHOCTH
(KysueroBa, 1932). [IpucyTCTBUE 3TOTO BUZA I10 BCEU
[TaleapKTHUKe C TPEUMYIIECTBEHHBIM PacIpoCTpaHe-
HHEM B eBPOIIEHCKOI YacTH, a TaKXKe Hanuuue T, vari-
abile na KaBKase M B a3MaTCKOM YacTH [lajmeapKTUKU
oTMeyas u M. MpaukoBckui (Mroczkowski, 1968).
IMo3gHee P.JI. Y)KaHTHEB MOKa3aJi, YTO BCE IK3EMILJISIPbI
u3 CpenHeit A3uu, KOTOpbIe ObLIK OIIpeeseHbl paHee
kak T. versicolor, orHocunuch K T. variabile OKaHTueB,
1976). MOXXHO IIPEAII0NIOXKUTD, YTO CBeJeHUI 06 00-
Hapyxenusax T. versicolor Ha 1ore CUGUPU OTHOCUIIUCH
K T. variabile. TToaTOMy ObLIV TIPOBEPEHBI JaHHBIE
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Puc. 3. a — pacnpocTtpaHeHue Trogoderma versicolor B Cubupu,
b — usmeHeHue cpepHeronoBoit TeMnepartypsbl B . UpkyTcke

B XIX — Hauane XXI Beka (https://nature.baikal.ru/phs/
ph.shtml?id=45408)

Fig. 3. a — distribution of Trogoderma versicolor in Siberia,
b — change in the average annual temperature in Irkutsk
in the 19t — early 215 centuries
(https://nature.baikal.ru/phs/ph.shtml?id=45408)

Irkutsk (Yakobson, 1913). In 1932, T. versicolor is in-
dicated for the south of Siberia as a common species,
sometimes reaching a high abundance (Kuznetsova,
1932). The presence of this species throughout the
Palearctic with a predominant distribution in the Eu-
ropean part, as well as the presence of T. variabile in the
Caucasus and in the Asian part of the Palearctic was
also note by M. Mroczkowski (Mroczkowski, 1968). Lat-
er, R.D. Zhantiev showed that all specimens from Cen-
tral Asia, which were previously identified as T. versi-
color, referred to T. variabile (Zhantiev, 1976). It can be
assumed that the information about the detections of
T. versicolor in the south of Siberia referred to T. variabile.
Therefore, data on the distribution in the south of Sibe-
ria in the second half of the 20" — early 21 centuries
were verified for both species. We could not find confir-
mation of distribution both T. versicolor, and/or T. vari-
abile in the south of Siberia (Zhantiev, 1976; Sokolov,
2004). T. variabile and T. versicolor were also not detected
in the course of 40-year studies of the synanthropic fau-
na of Eastern Siberia (Pleshanova, 2006). The depopu-
lation of T. versicolor in 1930—-2000 until the level when
no beetles could be detected, cannot be explained by
climate change. The average annual temperature was
stable until the 1960s, and then gradually increased
(Fig. 3b), which is favorable for the distribution of the
subtropical species. It is also not possible to link the ex-
tinction of the species with the lack of suitable habitats
or the absence of a trophic base. It can be assumed that
the wide distribution of T. versicolor in the south of Si-
beria in the 19" and early 20™ centuries was due to the
constant importation of contaminated products due to
the tradition of holding numerous fairs in the cities of
Siberia (Ishimskaya, Irbitskaya, Krestovskaya, Menze-
linskaya, Irkutsk and the like) for the Siberian-Asian
trade with Central Asia, China and Mongolia. Trade re-
lations were long and stable, for example, the Irkutsk
fair operated for 200 years, and the Irbit fair for about
300 years (Sidorchuk, 2001).

The interruption of the tradition of Siberian fairs
with stable logistical connections and the change in the
nature of the cargo flow led to the gradual elimination
of T. versicolor on the territory of Southern Siberia.

3. Attagenus augustatus Ball. in Moscow

The reproduction of A. augustatus in an apart-
ment in Moscow was described in 1971 (Degtyareva,
Sudeikina, 1971). In subsequent years, the distribution
of A. augustatus in Moscow and Moscow Oblast was not
confirmed (Zhantiev, 1976; Mordkovich, Sokolov, 1999;
Toskina, Provorova, 2007).

The case of the elimination of a species many
years after successful adaptation in the region is de-
scribed below.

4. Dermestes ater in Yaroslavl

At the turn of the 19™-20™ centuries, D. ater was
quite numerous in Yaroslavl (Yakovlev, 1902), but has
not been detected in recent years (Vlasov, 2008). D. ater
is a heat-loving species, the optimum temperature for
itis 25 °C (Wilches et al., 2016), and in central Russia
itis an obligate synanthropus. D.V. Vlasov suggests that
a change in the technology of storage and transporta-
tion of smoked and dried meat and fish products in

dutocaHuTapusi. KapaHTuH pactenuii 12
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10 pacHpocCTpaHeHuIo Ha 1ore Cubupy BO BTOPOL MO-
joBuHe XX — Hauane XXI Beka 11 060X BUIOB. Haii-
THU TIOATBEPXKIEHNE paclIpocTpaHeHus Kak T, versico-
lor, Taxk u/unu T. variabile Ha tore CubUpPM He yAAJIOCH
(OKaurues, 1976,; Cokonos, 2004). T. variabile u T. ver-
sicolor Tax>xe He ObLIM 0OHAPYXKEHBI B X0/ie 40-JI€THUX
KCCJIeJOBAHUY CUHAHTPOITHOU (dayHBl BoCcTOUHON
Cubupu (ITnemanoBa, 2006). CHUKEHUE YNCIEHHO-
ctu «T. versicolor» B iepuog 1930-2000 IT. 0 YPOB-
HS, IPU KOTOPOM JKYKOB He yIaBaJIoCh 06HAPYXUTh,
He yiaeTcs 00bICHUTD KoJiebaHusaMY kiauMaTa. Cpen-
Hero/ioBas TeMIiepaTypa 6blia cTabuiabHOM 10 60-X I'T.
1 3aTeM ITOCTEIIEHHO ITOBhImasack (puc. 3b), uTo 6Ja-
TOTIPUSTHO AJIST PACIIPOCTPaHEeHUs CyOTPOIIMYECKOTO
Buza. He ylaeTcs Takxe CBsI3aTh MCUe3HOBEHME BUIa
C HEIOCTAaTKOM MOIXOISAIIUX MECTOOOUTAHUM WU
OTCYTCTBYEM TPODUUECKOI 6a3bl. MOXKHO IPEAII0JI0-
J)KUTh, UTO MIMPOKOe pacrpocTpaHenue «T. versicolor»
Ha tore Cubupu B XIX 1 Hauasie XX BeKa 6110 06yCIIOB-
JIEHO TIOCTOSHHBIM 3aB0O30M 3apPaykKeHHON MPOAYKITUU
U3-3a TPagUIIUY TIPOBeIeHNS B ropoax Cubupy MHO-
TrOYMCJIEHHBIX apMapok (MmuMckas, pbuTtckas, Kpe-
CTOBCKas, MeH3eJNIMHCKas, IpKyTCcKas U TOMY 110/106-
HbIE) IJI CUOMPCKO-a3uaTCKOM TOProsiu co CpemHeit
Aswueii, KutaeM u MoHroJieii. TOprosbie CBA3Y ObLIN
IJIUTENbHBIMU M CTAOUIbHBIMU, HAIpuMep, VPKyT-
ckas gspMapka gericrBoBaJia 200 JieT, a Mipbutckas —
okoJio 300 set (Cumopuyk, 2001).

[IpepbiBaHUE TPAAUIIUU CUOUPCKUX IPMapoK
CO CTaOMJIbHBIMU JIOTYCTUUECKUMU CBSI3SIMU U U3Me-
HeHMe XapaKTepa rPy30I0TOKA IPUBEJIU K [IOCTEIIeH-
HOM snmMuHanuu «T. versicolor» Ha TeppuUTOpPUM HXK-
HoM Cubupmn.

3. Attagenus augustatus Ball. B MockBe

PasMHoOxeHUe A. augustatus B KBapTupe B MOCKBe
6bL10 ormcano B 1971 1. (lertsipeBa Cymelikuna, 1971).
B mocyemyrouiye rofibl pacrpocTpaHeHue A. augustatus
B MockBe ¥ MOCKOBCKOU 06JIaCTV MOATBEPXKIEHUSI
He Hauuio (PKautues, 1976; MopakoBud, COKOJIOB,
1999; TockuHa, [IpoBopoBa, 2007).

Huoke ormucaH ciiydyail sMMUHAIIUY BUJA Yepes
MHOTO JIET TI0CJIe YCIIeTHON aKKJINMaTU3aluu B pe-
THMOHE.

4. Dermestes ater B flpocJiiaBiie

Ha py6exxe XIX-XX BekoB D. ater 6blJ JOBOJIb-
HO MHOTOYUCJIEHHBIM B dpocnasie (SIkoBaes, 1902),
HO B MIOCJIETHKE TOMbI HE 00HapyXuBaeTca (Byiacos,
2008). D. ater OTHOCUTCS K TEIJIOJIOOMBBIM BUIAM,
ONTUMAJIbHOM [IJIST HETO SIBJIsIeTCS TeMIlepaTypa 25 °C
(Wilches et al., 2016), u B cpenHei mojoce Poccuu
OH SIBJIsIETCS OGJIMTaTHBIM CUHAHTpPOIIOM. [I.B. Biacos
IIPENIIoJaraeT, UYTo K CHIDKEHUIO YrcieHHoCTH D. ater
IIPUBEJIO U3MEeHEeHe TEXHOJIOTUY XPaHeH s U Tlepe-
BO30OK KOTTYEHOH U BSAJIEHOU MSICHON U PhIOHOM IIPO-
IYKIIWY B CBSI3U C MACCOBBIM PacIIPOCTPAHEHUEM XO-
JoauabHOro o6opymoBanus (Biacos, 2008).

CumTaeTcs, UTO caMble 6JIaroNpUsATHLIE IJI pas3-
MHOXXEHUS YYaCTKM PACIIOJIOKEHBI B IIEHTPE apeaja
Buma. Ha mepudepruy CMEPTHOCTD ITPEBBIIIAET POXK/IA-
€MOCTb, U COXpaHeHUe MOMYISAIINY BO3MOXHO ITyTeM
IIOCTOSTHHOT'O paccejieHus YacTu 0co0el 13 IMeHTpa
K nepudepru (3amoTaiyioB u ap., 2009).

Bce n3BecTHBIE ClIydau peruoHaibHOY 3JIMMUHA-
MY GBIV CBS3aHBI C CHHAHTPOITHBIMU OIS UIMUA
B CEBEPHOI YacTu apeaJa. B I0)KHBIX pEerMoHaX, Il BUT,
pasBuBaJCS He TOJbKO B CHHAHTPOITHBIX, HO U B €CTe-
CTBEHHBIX MECTOOOUTAHULX, CIyUyand SIIUMUHALUU

connection with the mass distribution of refrigeration
equipment led to a decrease in the number of D. ater
(Vlasov, 2008).

It is believed that the most favorable sites for
breeding are located in the center of the species range.
On the periphery, mortality exceeds the birth rate, and
the preservation of the population is possible due to
the constant resettlement of some individuals from the
center to the periphery (Zamotailov et al., 2009).

All known cases of regional elimination were as-
sociated with synanthropic populations in the northern
part of the range. In the southern regions, where the
species developed not only in synanthropic, but also
in natural habitats, cases of elimination are unknown.
It is assumed that an important factor for maintaining
the abundance of synanthropic Dermestidae popula-
tions in the northern part of the range is the constant
supply of beetles with contaminated products, the so-
called biotic rain, the cessation of which can lead to the
elimination of the population.

CONCLUSION

In order for the species to reach new territories, it is
necessary for infected products to enter the logistics
systems through which they are transported. Suc-
cessful introduction of a species into a new habitat in
a technogenic environment is achieved only if it has
appropriate trophic and hygrothermal conditions, for
example, rooms with central heating with constantly
controlled microclimate. In the absence of the neces-
sary ecoclimatic resources, long-term importation of
infected products does not lead to successful introduc-
tion of the species. In such cases, insects may be regu-
larly detected in the area, but they do not create stable
populations.

The significance of the constant importation of in-
troduced Dermestidae species is especially important
for obligately synanthropic populations in the northern
part of the range, where a change in the direction of lo-
gistics flows or a significant decrease in the infestation
of products can lead to the elimination of the popula-
tion even after many years of its successful existence.

Prospects for further research require the use of
modern molecular methods for studying the genetic
structure of geographic populations and studying the
history of the expansion of the ranges of synanthropic
Dermestidae species in Russia, which will allow us to
trace in more detail the process of enrichment of the
fauna of synanthropic species and its features in pests
of plant products and in pests of museum collections.
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Heus3BeCcTHHI. [Ipemoaraercs, YTO BaXHbIM (aKTo-
POM [LJISI TIOA e P KAHUS YNCIEHHOCTY CUHAHTPOITHBIX
TIOITYJISIIIN A KOYKEE/IOB B CEBEPHOI YaCTU apeasia SIBJs-
€TCsI TIOCTOSTHHOE TIOCTYILIEHUE JKYKOB C 3apaskeHHOMN
MPOAYKIIUEH, TAK Ha3bIBAEMbIN OMOTUYECKUH NOXKIb,
peKpalieHre KOTOPOro MOXKET IIPUBECTH K DJIMMUHA -
WY TIOTIYJISIIIU Y.

3AKJ/IIOYEHUE

It MPOHUKHOBEHUS BUIA Ha HOBbIE TEPPUTOPUY He-
06X0IMMO TIOTIaJlaHye 3aPaKeHHOM MTPOIYKIIUY B JIO-
TUCTUYECKHEe CUCTEMBI, II0 KOTOPBIM IIPOU3BOLUTCS
€e TPaHCIOPTUPOBKA. YCIeNuHasd UHTPOAYKIIVS BUIA
B HOBOE MeCTOOOUTaHNE B TEXHOTEHHOM Cpejie IOCTH-
raeTcs TOJIbKO ITPYU HAJIUYUY B HEM COOTBETCTBYIOIUX
TPOo(pUUECKUX U TUTPDOTEPMUYECKUX YCIOBUM, HATIPU-
Mep HAJIMUYUU MIOMEIIeHNH ¢ IeHTPaJbHBIM OTOTLIIE-
HUEM C TIOCTOSTHHO PETYJIUPYEMBIM MUKPOKJIUMATOM.
[Ipu oTCyTCTBUY HEOOXOMMBIX SKOKJIUMATUUECKUX
pecypcoB MHOTOJIETHUY BBO3 3apa’keHHOU MPOIYK-
I He TIPUBOJAUT K YCIEUTHON MHTPOLYKIIUY BUIA.
B Takux ciry4yasix HaceKOMbIe MOTYT PETYISIPHO OOHAa-
PY’KUBATbCS Ha TEPPUTOPUY, HO OHY He CO3/IAI0T CTa-
OUIIbHBIX ITOMYJIALINN.

3HaveHUe MOCTOSHHOIO 3aB03a MHTPOAYIIUPO-
BaHHBIX BUJIOB KOXKEEJI0B 0COOEHHO Ba)XKHO JIJIs 00JIN-
raTHO CUHAHTPOITHBIX MOMYJISIIVNI B CEBEPHOU YacTu
apeaja, e u3sMeHeHVe HallpaBJIeHN JIOTUCTUUECKUX
TIOTOKOB WJIM CYIeCTBEHHOE CHIKEHUE 3apaKeHHO-
CTY TIPOAYKIIMY MOXET IPUBECTU K DJIMMHUHAIIUY T10-
MyJISIUY Ta)Ke Yepe3 MHOTO JIET ee YCIIeIHOT0 CyIie-
CTBOBAHUS.

[TepcHeKTUBLI JaJbHENIINX UCCIeL0BaHNN Tpe-
OYIOT IIPUBJIEYEHUS COBPEMEHHBIX MOJIEKYJISIPHBIX
METOJIOB MCCJIeJIOBAHUS TeHEeTUUYECKOU CTPYKTYPHI
reorpaduyueCcKuX MONYISIUN U UBYUEHUS UCTOPUU
pacmupeHus apeajoB CHHAHTPOIIHBIX BUIOB KOXKe-
enoB B Poccuu, KOTOPOE TT03BOJIUT GoJiee IeTaJbHO
MIPOCJIENUTH TIPOoIlecc oboraieHus hayHbl CHHAHTPOII-
HBIX BUJIOB U €€ OCOOEHHOCTY Y BPeUTeJIel 3a11acoB
PACTUTENbHOM MPOAYKIIVY U Y BpeIUTENe My3eMHbIX
KOJIJIEKITUH.

Bnazodaprocms. ABTOPHI 6iaromapsat A.H. Kosa-
Jienko (Poccusi, MOCKBa), YbW KPUTUUYECKUE 3aMeyva-
HUS CTaJIY TOJTYKOM JIJIsI TPOBEIeHNS JaHHOTO UCCIe-
nosanwus, u JI.T. Kacarkuna (Poccus, PocToB-Ha-[[OHY)
3a IJUTEJIbHBbIE U JleTaJlbHbIE 0OCYXIEHUS CITHCKA
WHBa3UBHBIX BUIOB KOXKeeloB Poccuiickoii defe-
pamum.
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AHHOTALIUA
Ko my6oBas kpyxkeBuuiia Corythucha arcuata (Say)
6b11 3aHeceH u3 CeBepHolt AMepuku B EBporry 6ojiee
20 JieT Ha3aJ U B JAJIbHENIIIEM IUPOKO PACIIpOCTpPa-
HUJICS 10 KOHTUHEHTY, a TaKXe MPOHUK B A3uio (Typ-
nus). B 2015 1. BpeauTeb ObLI BIIEPBLIE BLISIBIIEH B PO
(KpacHogapckuii kpaii). K HacToseMy BpeMeH! KJIOTT
3acesiniI Bce ybpaBbl CeBepHoOro KaBkasa.

Ocobyto onacHOCTh C. arcuata 6yneT MpeiCTaBIsATh
B cJlyyae ero NpOHMKHOBEHUS B Ay6GpaBhl B palioHe
mo¥M pek Bousiru u JIoH. B CBSI3U C TEM, UYTO MECTHbBIE
5HTOMO(ArU y KJIOTA OTCYTCTBYIOT, TOT BPEAUTENb
CUMTAETCS OMMaCHBIM MHBAWAEpOM, CIIOCOGHBIM Ha-
HECTU OIILYTUMBIN yiIep6 JIeCHOMY X03AUCTBY CTpa-
Hbl. 9D(peKTUBHBIE MEPONPUATUS MIPOTUB KJOIA
Iy60BOM KPY>KEBHUIIBI ITOKA ellle He pa3paboTaHBI.
B cTaTbe IpOBEJIeH aHAJIM3 CBEJEHUN 110 BKOJIOTUY,
TpoUUECKUM TIPEATIOUTEHUSIM U PACITPOCTPAHEHUTO
KJIOTIa B MUPE U Ha Tepputopuu Pd, naH aHaAIU3 CO-
BPEeMEeHHBIX Mep 60PbOBI, MCIIOJIb3YEMbBIX B 3apPy0eK-
HBIX CTpaHax. [IpuBeIeHbl PEe3yJIbTaThI 10 IPUMEHE-
HUI PSIa IECTUIIUIOB ITPOTUB IyGOBOM KPY>KEBHUIIBI
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ABSTRACT
Oak lace bug Corythucha arcuata (Say) was introduced
from North America into Europe more than 20 years
ago and subsequently spread widely across the conti-
nent, as well as Asia (Turkey). In 2015, the pest was first
detected in the Russian Federation (Krasnodar Krai).
To date, the bug has inhabited all the oak forests of the
North Caucasus.

C. arcuata will be of particular danger in case of
its introduction into oak forests in the area of flood-
plains of the Volga and Don rivers. Due to the fact that
the bug has no local entomophages, this pest is con-
sidered a dangerous invader that can cause significant
damage to Russian forestry. Effective measures against
the oak lace bug have not yet been developed. The ar-
ticle analyzes information on ecology, trophic prefer-
ences and the distribution of the bug in the world and

dutocaHutapus. KapaHtuH pactenunii = 18
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Ha TeppuTopuu Poccuun. MacimTabHbIN S5KCIIEPUMEHT,
MIPOBEJIEHHBIN aBTOpaMu cTaTbu B ouare C. arcuata
B Pecmiybsivike AZibiree, Tokasaj, YTO XMMUUeCcKue Ie-
ctunupel «JlokyctuH, KC» u «3cnepo, KC» obnamatoT
BBIPQ)KEHHBIM HOKZAYH-3(G(EeKTOM, KOTOPBIN TPUBO-
IOUT K Tubeniu mopsaka 89-95% ocobelt BpeauTesis
Ha 2-11 IeHb ITocjie 00paboTky. OLHAKO STH ITPeIrapaThl
He UMeIOT OBUIIUIHOTO IeUCTBUSA, U TIOCJIe 06paboTKU
nybpaB YMCJIEHHOCTb KJOIa 6bICTPO BOCCTAHABIIN-
BaeTcs. Haubosmee 3h(heKTUBHO YHUUTOXKAET ITUTAI0-
HIMXCA IMYUHOK KJlona «BuTokcubanmiuing, [1». CHATD
BOTIPOC O HaJIeXXKHOU 3aliuTe AyO6paB MOXXHO UHTPO-
IyKiyel B Poccuio crieluajlu3mpoOBaHHOTO [Tapasu-
Touna-giteena Erythmelus klopomor Triap., KOTOPBIT
obuTaeT B ecTeCTBEHHOM apeajie Bpenutesa B CIIA.
VicciaenoBaHus 10 IPUMEHEHUI0 Tapa3suTOUIOB B EB-
pOIIe TIOKa He J1aJIv TI0JIOKUTEIbHbBIX PE3YIbTaToB. Vc-
IIBITAHUS PsI/la SHTOMOTIATO€HHBIX TPUO0B B Typriuu,
Xopearuu u CJIOBaKUU TTOKA3aJIX BBICOKY0 3 (HeKTUB-
HOCTh HEKOTOPBIX I'pubOB MPOTUB KJiona. Tak, Beau-
veria pseudobassiana BbI3bIBaJ BBICOKYI CMEPTHOCTD
HuM® u nmaro (cMmepTHOCTb 80 11 90% COOTBETCTBEH-
HO) B TeueHuUe 14 THeH.

Knrwouesste cnosa. [1y6oBasi Kpy>KeBHUIIA, KJIOTI,
Corythucha arcuata, ny6paBbl, KADAaHTUHHbBIE BPeIHbIE
OpraHuaMbl, yuiep6, MeToabl 60PbObI.

BBEJEHUE

yboBas KpyxeBHUIla Corythucha arcuata
(Say, 1832) (Hemiptera: Tingidae) oTHO-
CUTCSI K YHUCJIy OMACHBIX WHBA3WUBHBIX
BUJIOB KJIOMOB (CM. puc. 1), KOTOPBIA
okoJio 20 JeT Ha3a/, ObLI 3aHeceH B MTa-
JINI0 U TIOCTENEHHO PaCIpOCTPaHMII-
Ccs BO MHOTUX €BPOIIEHCKUX CTpPaHax,
B Typuuu u orMeueH B Mpane (Ghahari
et al., 2012; EPPO, 2023). B cBoeM NepBUYHOM apeaje
(Bup, pacmpocTpaHeH Bo MHOTruX irtarax CIIIA u Ha 1ore
KaHa/ipl) KJIOIT OTHOCUTCS K YKCJy HEMPUSTHBIX IS
JIIoJlell BpeouTeiel 1 HAaHOCUT JIMIIb OTPaHUYEHHBIN
yiep6 HEKOTOPBIM BUIAM Iy60B, OMHAKO IIPU BBICO-
KOU TJIOTHOCTY TIOIYJISIIIUY BPEAUTENS HAOII0IaeTcs
MIpeXXIeBpeMeHHOe OTa/laHue JINCThEB AePEBBEB Iy6a
Quercus spp. (Williams et al., 2021). OTcyTcTBuE 3 dHeK-
TUBHBIX CPEACTB 1 METOJ0B GOPLOBLI ¢ HUM IIPUBEJIO
K TOMY, YTO BPEJIUTEb BO BTOPUYHBIX apeasiaX BbI3BaJI
yrpo3y TpaHchopMalluy CYUIeCTBYIOIINX APEBECHBIX
sKocucTeM. Ilocjae TOro Kak nay6oBas KPY>KEBHUIIA
Ha TeppuTopuu Poccuu BrepBble ObLIa OGHApPYyKeHA
B 2015 1. B KpacHOZapCcKOM Kpae, KJIOI 3HAUUTEJIbHO
pacipui cBoi hopMuUpyIOIIMiicad MHBA3UBHBIN ape-
aJl ¥ B TeYEHUE ITOCTENYIOUUX HECKOJBKUX JIET CTAaJl
3aMeTHBIM BpenutesneM nay6a (IllypoB u mp., 2017;
Neimorovets et al., 2017; Musolin et al., 2022).

B manHOII cTaThe IIPUBEIeHbI 0006IIeHHbIE CBE-
JIeHUS 110 PacIpPOCTPaHEeHUI0, BPeLOHOCHOCTH U DKO-
Jiorum ny60BOU KpyKeBHUIIBI Corythucha arcuata (Say),
a TaK’ke IIPOAHAJM3UPOBAHBI MePhI 60PHOBI C Bpeau-
TeJieM ¥ KOHTPOJIS €T0 YMCIEeHHOCTHY, KOTOPbIE TIPU-
MEHSIOTCS 3a PyOeXXOM U UCHBITaHBI B Poccuiickoii
depepanuun.

on the territory of the Russian Federation, and ana-
lyzes modern control measures used in other coun-
tries. The results of using pesticides against oak lace
bug in Russia are given. A large-scale experiment con-
ducted by the authors of the article in the outbreak of
C. arcuata in the Republic of Adygea showed that the
chemical pesticides “Locustin, KS” and “Espero, KS”
have a pronounced knockdown effect, which leads to
the death of about 89-95% of pest individuals in the
second day after the treatment. However, these drugs
do not have an ovicidal effect, and after the treatment
of oak forests, the number of bugs is quickly restored.
Most effectively, the feeding larvae of the bug are killed
by “Bitoxibacillin, P”. The issue of reliable protection of
oak forests can be resolved by introducing into Russia
a specialized egg parasite Erythmelus klopomor Triap.,
which lives in the natural range of the pest in the United
States. Studies on the use of parasitoids in Europe have
not yet given positive results. Tests of some entomo-
pathogenic fungi in Turkey, Croatia and Slovakia have
shown the high effectiveness of some fungi against the
bug. Thus, Beauveria pseudobassiana caused high mor-
tality of nymphs and adults (mortality of 80 and 90%,
respectively) within 14 days.

Key words. Oak lace bug, bug, Corythucha arcuata,
oak forest, quarantine pests, damage, control methods.

INTRODUCTION

ak lace bug Corythucha arcuata (Say, 1832)

(Hemiptera: Tingidae) belongs to danger-

ous invasive bug species (see Fig. 1), which

was introduced into Italy about 20 years

ago and gradually spread to many Europe-
an countries, Turkey and was detected in Iran (Ghaha-
ri et al., 2012; EPPO, 2023). In its primary range (the
species is distributed in many states of the USA and in
southern Canada), the bug is among the pests that are
unpleasant for humans and causes only limited dam-
age to some oak species, however, at a high density of
the pest population, premature leaf fall of Quercus spp.
oak trees is observed (Williams et al., 2021). The lack
of effective means and methods of dealing with it has
led to the fact that the pest in the secondary areas has
caused a threat to the transformation of existing tree
ecosystems. After the oak lace bug was first detected in
Russia in 2015 in Krasnodar Krai, the bug significant-
ly expanded its emerging invasive area and over the
next few years became a noticeable oak pest (Shchu-
rov et al., 2017; Neimorovets et al., 2017; Musolin et
al., 2022).

This article provides generalized information on
the distribution, harmfulness and ecology of the oak
lace bug Corythucha arcuata (Say), as well as analyzes
the pest control and control measures that are used in
other countries and tested in the Russian Federation.
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BUOJIOTUS 1 BPEJJOHOCHOCTbDb
IYBOBOH KPY;KEBHUIIbI

Tpoduueckuii anamm3. [lyGoBas KpyxeBHuIa C. arcu-
ata, KaK OITaCHBIN MHBA3WBHBIM BPeIUTENb, BHECEHA
B EAUHBIN TTepeueHb KapaHTUHHBIX 06beKTOB EBpa-
3UHCKOr0 SKOHOMMYECKOTO0 coto3a (Pemenue CoBeTa
EASC N2 158 ot 30 HOos16ps 2016 r.). Ha Teppuropunu
EBpomnel u Typuuu C. arcuata mopa)kaeT MECTHBIE BUbL
ny6a u ux rubpuzns (MapTeiHOB, Hukynusa, 2019;
MeTomuyecKkue peKOMeHJaluu 110 3aiure..., 2019;
Béalacenoiu et al., 2021a). HecMoTps Ha To, 4TO pyc-
CKOe Ha3BaHUe BUjia — «oy0oBast KpyKeBHUIa» (AaHTJI.
«oak lace bug»), BpemuTesnb He IBISETCS MOHODATOM.
B nipenenax HATUBHOI'O ¥ BTOPUYHOTO apeajoB ay6o-
Bas KPY>KEBHUIIA TTOBPEXAET LEJBbIN P IleHHEeN-
IIVX IPEBECHBIX U KYCTAaPHUKOBBIX IIOPOJ, M3 CUCTEMA-
TUYECKU JaJIeKUX CEMEUCTB U POIOB. Tak, 1o JaHHBIM
psila UCTOYHUMKOB, Ny00oBast KPY>KEBHUIA 3aCEJIET
pacTeHus MUPOKOTO Kpyra BumoB (cM. Tabauily). [Ipu
5TOM HY’>KHO OTMETUTD, UTO 0OHapyKeHUe 0co6el KIT0-
T1a Ha TeX WJIY WHBIX BUIaX PACTEHUM HE 03HAYAET, UYTO
JIIaHHBIE BUJIBI CJIEIYET PACCMAaTPUBATh B KAUECTBE XO-
35€B Iy0OBOI KPY>KEBHUILBI.

Takoke B J1a60PaTOPHBIX ONbITaX BepHAPAMHEIN
(Bernardinelli, 2006) ycTaHOBJIEHO, YTO IPU MUTAHUU
HuMG} ny60BOY KPY>KEBHUIIBI HA CPEe3aHHBIX JIUCTHIX
€BPOIENCKUX BUIOB Ay6a (4epenryaTom, ImMyImmnucToM,
CKaJIbHOM, TyPeIKOM) 60Jjiee TTOJIOBUHBI YNCJIEHHOCTHU
JINUMHOK B OIIBITE IOCTUTJIO CTAIUY UMaro. AHAJIOT VY-
Hble Pe3yJIbTaThl TIOJIYUeHbI IJis1 MaJuHbL (R. idaeus)
U eXXeBUKU KyCTUCTOH (R. fruticosus). IIpu moMeIneHuu

BIOLOGY AND HARMFULNESS
OF OAK LACE BUG

Trophic analysis. The oak lace bug C. arcuata, being
a dangerous invasive pest, is included in the Com-
mon List of Quarantine Pests of the Eurasian Econom-
ic Union (Decision of the Council of the EAEU No. 158
dated November 30, 2016). On the territory of Europe
and Turkey, C. arcuata infests local oak species and
their hybrids (Martynov, Nikulina, 2019; Methodologi-
cal recommendations on control..., 2019; Balacenoiu
et al., 2021a). Despite the fact that its common name
is “oak lace bug”, the pest is not a monophage. Within
the native and secondary ranges, oak lace bug damag-
es some valuable tree and shrub species from systema-
tically distant families and genera. Thus, according to
some sources, oak lace bug inhabits plants of a wide
range of species (see Table). At the same time, it should
be noted that the detection of bug individuals on cer-
tain plants species does not mean that these species
should be considered as its hosts.

Also, in laboratory experiments by Bernardinelli
(Bernardinelli, 2006) it was established that when feed-
ing on cut leaves of European oak species (petiolate,
downy, rocky, Turkish) more than half of the larvae in
the experiment reached the adult stage when oak lace
bug nymphs fed on cut leaves of European oak species
(petiolate, downy, rocky, Turkish). Similar results were
obtained for R. idaeus and R. fruticosus. When placing
the bug on C. sativa, R. caesius and R. canina, less than
25% of larvae developed into imagoes. When nymphs
are released on the leaves of an introduced to Europe

Puc. 1. Umaro u knagka v, y60Boi Kpy>XXeBHULbI Fig. 1. Imago and egg-laying oak lace bug Corythucha
Corythucha arcuata (Say, 1832) (hoTo O.W. PackuHa)  arcuata (Say, 1832) (photo by D.I. Ryaskin)
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Ta6uauiia. Tpodrueckue npeanouTeHs Ay60Boii kpy:keBHUIIbI Corythucha arcuata (Say, 1832)
Table. Trophic preferences of Corythucha arcuata (Say, 1832)

HassaHue BHJia KOPMOBOI'O pacTeHUs

Host plant species name

CeMeiiCcTBO JlaTuHCKOEe Ha3BaHMe HCTOYHUK
Family Latin name Pycckoe HazBaHUE Source
BykoBsie (Fagaceae) Quercus alba ny6 GesbIit Connor, 1988
Q. muehlenbergii ny6 Mionen6epra Dobreva et al., 2013; Kiicilik-

Q. macrocarpa

Iy KPYITHOTLIOIHBIN

Q. prinoides

Iy KapJIMKOBBIV Chen0OGHbI
KaIlTaHOBUIHBIA

Q. montana, syn. Q. prinus

y6 KauITaHOBBIN

Q. petraea

Iy6 CKaJIbHBIN

Q. pubescens

Iy6 IyIIUCTHIN

basmaci, 2014

Q. cerris ny6 TypermKu

Q. bicolor y6 IBYIIBETHBIN Puttler et al., 2014
Q. acutissima ny6 ocTpenmmi

Q. gambelii ny6 Tam6ena

Q. robur Iy6 uepenryaThii Bopwucos u np., 2018

Q. robur var. fastigiata

Iy6 YepenryaThli,
IexopatuBHas Gopma

Q. macranthera

Iy6 KPYITHOTIBLIbHUKOBBIN

Q. variabilis

y0 M3MEHYVBBIN

Q. hartwissiana

ny6 lapTBUCa

Q. x hyspanica (eCTeCTBEHHbBIHN r'UOPUT,
Q. suber u Q. cerris)
(natural hybrid of Q. suber and Q. cerris)

Iy UCTIaHCKUHI

Q. petraea subsp. iberica

ny0 CUATIETIBETKOBBIA

Q. palustris

y6 60JIOTHBI

Q. pedunculiflora

1y6 HOXKKOILIBETHBIN

Borisov et al., 2018

Q. pyrenaica Iy6 mUpeHenCKun
Q. stellata ny6 3BE3MUATHIN Csoka et al., 2019;
Q. dentata ny6 3y6uaThIi Zighnska, Lis, 2020

Q. mongolica

1y6 MOHTOJIbCKUH

Q. aliena Iy6 MHO3EMHBIN
Q. lyrata Iy0 IUPOBUHBIN
Q. frainetto y6 BEHTePCKU Williams et al., 2021

Q. castaneifolia

Iy0 KauITaHOJUCTHBIN

HaOJII0EHYSI aBTOPOB
authors’ observations

WnbpMmossle (Ulmaceae) Ulmus minor BSI3 MaJIbIN Neimorovets et al., 2017;
N MeTomuueckue
PosouBeTrHbie (Rosaceae) Prunus avium YeperrHs
pPeKOMeHaI K
Kienossle (Aceraceae) Acer laetum KJIEH KaIlnaJoKUHCKUHI o 3amure..., 2019
. " Methodological
A. platanoides KJIEH TIJIaTAaHOBUTHBIA .
recommendations
Bo6osrie (Fabaceae) Robinia pseudoacacia po6MHNS JTOXKHOAKalueBas  on control..., 2019
PosorBeTHbie (Rosaceae) Malus sylvestris s16JIOHS JlecHas Chireceanu et al., 2017;

ITnaTtaHoBbie (Platanaceae)Platanus orientalis

IIaTaH BOCTOYHBIN

MeTomuueckue
peKoMeHIaI N
o 3amure..., 2019
Methodological
recommendations
on control..., 2019
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Tao6auua. IIpogokeHUe
Table. Continuation

HasBaHue BIJa KOPMOBOTO PacCTE€HUS
Host plant species name

CeMmeiicTBO JlaTMHCKOe Ha3BaHUe HcTouHUK
Family Latin name Pycckoe Ha3BaHUe Source
BykoBeie (Fagaceae) Castanea dentata KalITaH 3y6uaThlit MapTbIHOB, HUKynnHa,
R . 2019; MeTomuyeckue
C. sativa KallTaH II0CeBHOU

PEKOMEeHJalluu I10 3alluTe...,

Po3sonBerHbie (Rosaceae) Crataegus spp.

GOSIPBIITHUK 2019; Toy6 u np., 2020

BepesoBsie (Betulaceae)  Corylus spp.

Martynov, Nikulina, 2019;

YH .
femuHa Methodological recommen-

Alnus incana

oJbxa cepast dations on control..., 2019;

A. glutinosa subsp. barbata

Golub et al., 2020
ostbXa 6opojaras

D6eHoBbBIE (Ebenaceae) Diospyros kaki

XypMa BOCTOYHadA

ViBoBnie (Salicaceae) Salix caprea

MBa KO3bs Sotirovski et al., 2019

CnoxxHo1iBeTHEBIE (Aster-  [nula helenium
aceae)

JE€BACUII BBICOKUI

PosorsetHbie (Rosaceae) Rosa canina

IIUITIOBHUK COOAUMi

PosorBerubie (Rosaceae) Rubus idaeus

R. ulmifolius

MaJInHa 00BIKHOBEHHAas MeTomuyecKue
€KOMEH/IAIIVY 110 3alUTE...
€)XeBUKAa BA30JIMCTHAS 12)019 Alatt T ¢

Methodological recommen-
dations on control..., 2019

Po3sonBerHbie (Rosaceae) R. fruticosus

e)XKeBUKa KyCTUCTas Bernardinelli, 2006

PozorBeTHbIie (Rosaceae) R. caesius

e)XeBMKa cu3asa MapTbsiHOB, HukynuHa, 2020

Martynov, Nikulina, 2020

PozorBeTHbIie (Rosaceae) Chaenomeles sSpp.

ariBa Grozea et al., 2021

FBobosvie (Fabaceae) Cercis canadensis

6arpsAHHUK KaHAICKUHI Musolin et al., 2022

KJIOTIa Ha JIMCThs KalTaHa rmoceBHoro (C. sativa),
eXXeBUKU CU30i (R. caesius) U MIKUIIOBHUKA cO6aUbero
(R. canina) meHee 25% INYMHOK Pa3BUBAJIOCh B MMAro.
[Tpu BeITTyCKe HUM () Ha JIUCThS NHTPOLYIIVPOBAHHOTO
B EBpomy 13 CeBepHoOll AMepuku y6a kpacHoro (Q. rub-
ra), my60B nipobxoBoro (Q. suber) u kamenuoro (Q. ilex),
6epessl (Betula spp.), s6aouu (M. domestica), KieHa 1o-
JeBoro (A. campestre), TOXKHOILIaTaHOBOTO (A. pseudopla-
tanus) n ssceHenucTHOTrO (A. negundo) pa3BUTHS 0cobel
KJoma He rmpoucxoamio (Bernardinelli, 2006).

Pe3ynbTaThl TPOOUUECKOTO aHAIM3A, [I0 MHEHUIO
aBTOPOB, CBUZETEIBCTBYIOT O TOM, UTO B [TajieapKTUKe
uMeeTcs 60IbIII0e KOJIMUYECTBO BULOB KOPMOBBIX pac-
TEeHUH KJIOIIa, XOTsI, HECOMHEHHO, OCHOBHBIMU pac-
TEHUSMU-X035i€BaMU SIBJISIOTCS Pa3Hble BUABI ny6a.
B03MO0XXHOCTb TTOJHOIIEHHOTO Pa3BUTHUSA AYO60BOU
KPY’KEBHUIIBI OT JUUWHKY JI0 UMaro Ha MHOTHUX pac-
TEHUSX, YKa3aHHBIX B KAUECTBE KOPMOBBIX, HY)K/IA€T-
Cs B IOTIOJTHUTENbHOM M3yUYEeHUU B CBI3U C TEM, UTO
Ha JIePeBbSIX U KyCTapHUKAaX U3 ceMelicTBa Po301BeT-
HbIe B BBICOKOI YMCJIEHHOCTHY Pa3BUBAETCS BHEIIHE
CXOJIHBIHM BUJ, — IT'PYyLIeBas KPyKeBHUTIA Stephanitis pyri
(Fabricius, 1775), a Takske y3kuii onurodar, Tpohude-
CKU CBSI3aHHBIN TOJIBKO C IIPeICTaBUTEIIMY poma [1a-
taH (Platanus spp.), — aaTaHoBas kpyxeBuua C. ciliata
(Say, 1832), criocobHast pa3BUBAThCS Ha SICEHAX U HE-
KOTOPBIX APYTUX Iopogax (MeTogudyecKkue peKOMeH-
IallY 110 BBIABJIEHNIO..., 2009).

JKO0JIOTHUSA U BPEIOHOCHOCTh. CpaBHEHME BhI-
’kuBaeMocTu C. arcuata B peTuoHaXx ¢ OJIM3KUMU K-
MaTHUYeCKUMU ycioBusamMu B CeBepHOU AMepuke
u EBporne nokassiBaeT (Balacenoiu et al., 2021a), uTo
JIMMUTUAPYIOIIVE KInMaTuueckue (pakTopbl, KOTOPbIE

from North America Q. rubra, Q. suber and Q. ilex, Betu-
la spp., M. domestica, A. campestre, A. pseudoplatanus and
A. negundo, no bug development was noted (Bernardi-
nelli, 2006).

The results of trophic analysis, according to the
authors, indicate that in the Palearctic there is a large
number of species of host plants of the bug, although,
undoubtedly, different species of oak are the main
ones. The possibility of full-fledged development of
oak lace bug from larva to imago on many plants indi-
cated as host plant requires additional study due to the
fact that an outwardly similar species develops in high
numbers on trees and shrubs from the Rosaceae fam-
ily — Stephanitis pyri (Fabricius, 1775), as well as a nar-
row oligophage trophically associated only with repre-
sentatives of the genus Platanus (Platanus spp.), C. ciliata
(Say, 1832), which can develop on ash trees and some
other species (Methodological recommendations for
detection..., 2009).

Ecology and harmfulness. A comparison of the
survival of C. arcuata in regions with similar climat-
ic conditions in North America and Europe shows
(Balacenoiu et al., 2021a) that there are practically no
limiting climatic factors that would restrain its repro-
duction, at least in the south of Russia. During the adap-
tation period, local natural entomophages and patho-
genic microorganisms do not yet have a significant
impact on the size of the invader population.
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OBl CIEePXKMBAJIY €TI0 Pa3MHOXKEHUE, IT0 KpaliHel Mepe,
Ha 1ore Poccuu, mpakTUYECKU OTCYTCTBYIOT. B mmepuop,
AKKJIMMaTHU3alY MECTHbIe IPUPOLHbIE DHTOMO(Aru
1 ITATOT€HHbIE MUKPOOPTaHM3MbI ITOKA HEe OKa3bIBAIOT
CYIIIECTBEHHOTI'0 BJIUSHUS Ha YNCJIEHHOCTD ITOITYIAIUN
VHBakmepa.

B 10)KHOM YacTu BTOPMYHOIO apeaJia B Poccuu
ny6oBas Kpy)XeBHUIIA CIlocoOO6HA B 3aBUCUMOCTU
OT TeMITEpPATyPHBIX YCJIOBUUA pa3sBUBATHCS B TPeX
ITOKOJIEHUSX B TeUEHUE T0la, B GOJIBIINHCTBE €BPO-
MeNCKUX CTPaH Tak)Xe 3aPEeruCcTPUPOBAHO Pa3BUTUE
TPETBHETO TTOKOJIEHN S, OLHAKO TP OJIATOITPUSTHBIX yC-
JIOBUSIX BO3MOXKHO Pa3BUTHE JIOIOJIHUTEIbHBIX FeHe-
panuit (MapTeiHOB, HukynuHa, 2020; MeToguvyeckue
peKoMeHIallMU 10 3aIIuTe..., 2019).

CorylacHO POBEIeHHBIM HccienoBanuam (Me-
TOLUYECKUEe PEKOMEH/ ALY 110 BhISIBIEHUIO..., 2015),
Iy6oBast KPy)KeBHUIA CITOCOGHA 3aCEIUTh GOJIBIIYIO
YacThb TEPPUTOPUY BoCcTOUHO-EBPOIIEHiCKOM paBHUHBI
(o 60° c. 111. BKIIOYKUTENbHO) B FPaHUIIAX PacIpocTpa-
HeHwus ny6a yepenrgaToro. /lyb B ycioBusx wora Poccuu
SIBJISIETCSI OLHOW M3 OCHOBHBIX JIECO06Pa3YIOUIUX T10-
pox. Tak, Tosibko B KpaCcCHOZapCKOM Kpae Ha ero J0JH0
TIPUXOAUTCS 0K0JIO 50% Bcero jiecHOro oHIa.

HaunbGonpminii Bpen, KOTOPBIH MOXXET HaHECTU
ny6oBas KPyKeBHUIIA PACTEHUIO, — TO ITOJIHOE I10-
pakeHue Bcell IOBEPXHOCTHU JIMCTOBOM MJIACTUHKU.
CylecTBeHHAs HeraTUBHAS POJIb BEIPA’KAETCS TaKXKe
B 3arpsi3HEHUY JUCThEB 9KCKPEMEHTAMY U SK3YBUSIMU
JIMYMHOK KJIOIIA.

3acenennsble C. arcuata JIVCTbS C BEPXHEH CTOPO-
HBbI TPUOGPETAIOT CBETJIbIM MEJIKOTOUEeUHbIN nuddy3-
HBIN OPHAMEHT (CM. puC. 2), a U3JaJu CUJIbHO IOBpe-
JKJIEHHBbIE KPOHBI 1y6OB BBITJISAAT 00ECIIBEUEHHBIMY,
GJIEKJIO-CEePO-)KeJITOBAaTbIMU MJIN JNake GejiecbIMU
(cM. puc. 3). [Ipu uuciaeHHOCTU Gojiee 10 IUUYMHOK
¥ B3POCJIBIX 0CO0El Ha OJIVH JIUCT YK€ B HadaJie JieTa
MOTYT ITOSIBUThCS TIePBble MPU3HAKY XJIOPO3a, KOTO-
pBIil 06BIYHO HaUuMHAETCs BOJIM3Y KPYIHBIX KUIJIOK

Puc. 2. Jluctba pyba c cumntomamm nopaxkenus  Fig. 2. Oak leaves showing
symptoms (leaf chlorosis) of oak
lace bug (photo by D.I. Ryaskin)

(xnopo3 nuctbeB) fy60BON KPyXXeBHULEN
(choTo O.U. PackuHa)

In the southern part of the secondary range in
Russia, the oak lace bug is able to develop in three
generations during the year, depending on tempera-
ture conditions, the development of the third genera-
tion is also reported in most European countries, how-
ever, under favorable conditions, the development of
additional generations is possible (Martynov, Nikuli-
na, 2020; Methodological recommendations on con-
trol..., 2019).

According to the studies (Methodological recom-
mendations for detection..., 2015), the oak lace bug is
able to populate most of the territory of the East Euro-
pean Plain (up to 60° N inclusive) within the bound-
aries of the common oak. Oak in the conditions of the
south of Russia is one of the main forest-forming spe-
cies. Thus, only in Krasnodar Krai it accounts for about
50% of the total forest fund.

The greatest harm that oak lace can cause to a
plant is the complete damage of the entire surface of
the leaf blade. A significant negative role is also ex-
pressed in the contamination of leaves with excrement
and exuvia of bug larvae.

Leaves infested with C. arcuata acquire a light,
finely punctate, diffuse ornamentation on the upper
side (see Fig. 2), and from a distance, heavily damaged
oak crowns look discolored, faded grayish yellowish,
or even whitish (see Fig. 3). With a population of more
than 10 larvae and adults per leaf, the first signs of
chlorosis may appear already at the beginning of sum-
mer, which usually begins near the large veins of the
leaf blade, where feeding individuals often concentrate.
This causes premature defoliation, disruption of photo-
synthesis, slowing down the growth and development
of plants. All this can lead to an imbalance in ecosys-
tems. So, according to a study by Serbian scientists,
with oak leaves being severely damaged by C. arcuata,
photosynthetic activity decreases by 58.8%, transpira-
tion activity — by 21.7%, and stomatal conductance de-
creases by 35.7% (Paulin et al., 2020).

Premature defoliation be-
comes noticeable already in the
second or third year after the tree is
populated with oak lace bug. Such a
picture, for example, was observed
by the authors of the article in 2021
in the city of Maikop and its envi-
rons, throughout the valley of the
Belaya River up to the village of Gu-
zeripl, along roads and paths lead-
ing to the high mountain plateau of
Lago-Naki, to the Guamsky ridge,
and in many other places in this re-
gion.

The appearance of an ag-
gressive phytophage in natu-
ral oak stands has negative con-
sequences for local ecosystems,
since it contributes to the viola-
tion of their stability and can lead
to the succession of these ecosys-
tems (Methodological recommen-
dations for identification..., 2015).
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JINCTOBOM IIJIACTUHKMU, T/Ie YaCcTO KOH-
HMEeHTPUPYIOTCS MMUTAIINECST 0CO0U.
9TO BBI3BIBAET IIPEXIEBPEMEHHYIO Jie-
Gonmaruio, HapymeHue OTOCUHTESA,
3aMeJlJIeHrEe POCTa ¥ Pa3BUTHUS pacTe-
HUU. Bce 9TO MOXXeT IPUBECTU K HaPy-
LIIeHUI0 paBHOBeCUS 3KocucTeM. Tak,
COTJIAaCHO HCCJeINOBAaHUI0 cepbCcKuUX
YUEeHBIX, TIPU CUJIbHOM IOPaXeHUU
nucTtbeB nyb6a C. arcuata (GOTOCUHTE-
TUYecKas aKTHMBHOCTb CHMIXKaeTcCsd
Ha 58,8%, akTUBHOCTh TPaHCIIKpa-
nuu — Ha 21,7%, a ycTbUuYHAad IIPO-
BOAUMOCTBb yMeHblaeTca Ha 35,7%
(Paulin et al., 2020).
[TpexaeBpeMeHHas Jedonauaus
CTAaHOBUTCS 3aMeTHOU y)ke Ha BTO-
poii-TpeTuti rof mocie 3acejeHus ae-
peBa ny60BOI Kpy)XeBHUIEH. Takyto
KapTUHY, K IPUMEPY, aBTOPBI CTaThbU
Habaoganu B 2021 r. B I. Malikome
¥ OKPECTHOCTSIX, 110 BCE IOJINHE PEKU
Besoit BIIIOTH /10 TTOCesIKa ['Y3epUTLITB,

BZIOJb IOPOT U TPOII, BeAyMUX Ha BbI- | M
coxkoropHoe miaaro Jlaro-Haku, Kk ['y-  pye. 3. Lly6, nopaseHHbli fy60B0il

aMCKoMy Xpe6Ty, 1 BO MHOTUX IPYTUX  KpyxeBHULEl. Poccus, Pecny6nmka
Apbires, ntonb 2021 r. (hoto O.U. Packuna)  July 2021 (photo by D.I. Ryaskin)

MecTax 9TOr'0 PETHOHA.
[TosiBJIeHWE arpecCUBHOTO (QUTO-
¢ara B mpupOIHBIX TYOOBBIX APEBOCTOSIX UMEET Hera-
TUBHBIE ITI0CJIEACTBYS IJIS IOKAJIbHBIX 9KOCHUCTEM, I10-
CKOJIBKY CTIOCOOCTBYET HapyIIeHUI0 UX YCTOMYUBOCTHU
¥ MOJXKET IIPUBECTU K CYKIIECCUU 3TUX dKocucTeM (Me-
TOAMYECKIEe PEeKOMEHIAIIMHY 110 BhIABJIEHUIO..., 2015).
Tak, B KpacHOIapCcKOM Kpae Iof, yrpo30# CyIeCTBO-
BaHUS MOTYT OKa3aThCs JIOKAJIbHBIE TTOTTYJIAIIUY Pel-
Kux hopm ny6a, BKIFOUEHHBIX B KpacHy0 KHUTY Kpas:
ny6 HOXKOIBeTHBIN (Q. robur subsp. pedunculiflora
((K. Koch) Menits., 1967) u 1y6 KpyIHOITBLIBHUKOBBIH
(Q. macranthera Fisch. et C.A. Mey. ex Hohen., 1838).
Macmrabuoy uuBasuu C. arcuata Ha CeBepHOM
KaBkase crioco6CTBYIOT MUTPAIMOHHASA aKTUBHOCTD
U mupokas moinmdarusg BHAa, a TakKKe pas3BUTad
TPaHCIOPTHAsA MHAPACTPYKTYPA, MO IePKUBAOIAS
3HAYUTEJIbHBIN I'PY30II0TOK M3 PAaiOHOB MPUCYTCTBUS
YYKEPOAHBIX BPETHBIX OPraHMU3MOB B HOBbIE PETHOHBI
(Becemuna, Kuiib, 2021). CieLyeT OTMETUTD, UTO Iepe-
MelleHue AyO0BOM KPY>KEBHUIIBI MOYKET OCYIIECTBIISITh-
Cs1 Ha TPAHCIIOPTHOM CPEJICTBE, KOTOPOE HaXOIMJIOCh
BJIECHOM 30HE B 0Uare KJjora. B 3ToM cirydyae BO3MOXeH
3aB03 UMAaro KJIoIa Ha JIeCATKY U COTHYU KUJIOMETPOB.
YUnThIBas MOJMBOJBTUHHOCTD 1 BBICOKUM IIOTEH-
LyaJI pacceyeHus, mocturaiomyii 120 kM B rog (MapThl-
HOB, HukynuHa, 2020), y)xe B 6yivKanve rofibl, eCJlIu
He MIPeIPUHSATH MEPbI 110 KOHTPOJII0 BPEAUTEIS, CIIEAY-
eT OKUIaTh 3HAUYNTEJIbHOT'0 POCTa YMCIEHHOCTH C. arcu-
ata B myOOBBIX Jiecax Ha BCell TEPPUTOPUM 0Ta 1 IIEHTPa
Poccun. [TpuXomuTCs KOHCTaTUPOBATh, UTO U B CYy6TPO-
MIUYECKOM 30He UepHOMOPCKOTO mobepeXkbss Poccuii-
ckoit ®eneparnuy o BTOPOM MOJ0BUHEI jieTa 2018 T.
CTaHOBUTCS BCE MEHBIIIE U MEHBIIIE MECT, I'/ie ObI NyObl
He ObLIN 3acejIeHbl 3TUM BpenuTeneM (BOprcoB u Op.,
2018; CtprokoBa u 1p., 2019; Becenuna, Kub, 2021).

MEPBI BOPbBBI C IYBOBOM
KPY>KEBHUILIEN
Mepbl 60pbOBI C LyGOBOI KPy:KeBHHUIIEH 3a py6e-
’KOM. Ha CerogHANUIHNY JeHb B INTEPaType UMEIOTCS

Tk S it

Fig. 3. An oak tree affected by an oak
lace bug, Russia, Republic of Adygea,

So, in Krasnodar Krai, local populations of rare forms
of oak, included in the Red Book of Krai, may be un-
der the threat of existence: Q. robur subsp. pedunculiflo-
ra (K. Koch) Menits., 1967 and Q. macranthera Fisch. et
C.A. Mey. ex Hohen., 1838.

The large-scale invasion of C. arcuata in the North
Caucasus is facilitated by migratory activity and wide
polyphagy of the species, as well as a developed trans-
port infrastructure that supports a significant traffic
flow from areas where alien pests are present to new
regions (Besedina and Kil, 2021). It should be noted
that the movement of the oak lace bug can be carried
out on a vehicle that was in the forest zone in the bug
outbreak. In this case, adult bugs can be introduced for
tens and hundreds of kilometers.

Given the multivoltinism and high potential for
spreading, reaching 120 km per year (Martynov, Ni-
kulina, 2020), in the coming years, if no measures are
taken to control the pest, a significant increase in the
number of C. arcuata in oak forests throughout the
south and center of Russia should be expected. We
have to admit that in the subtropical zone of the Black
Sea coast of the Russian Federation, since the second
half of the summer of 2018, there are fewer and few-
er places where oaks are inhabited by this pest (Bori-
sov et al., 2018; Stryukova et al., 2019; Besedina, Kil,
2021).

OAK LACE BUG CONTROL MEASURES

Oak lace bug control measures in other countries. To
date, there is evidence in the literature of testing some
control methods for C. arcuata and its populations con-
trol. One such method is the use of yellow glue, light
green funnel and suction traps (Williams et al., 2021;
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IaHHble 00 UCHBITAHUU II€JIOTO PsAfa METOHOB HJIS
60pB6HI ¢ C. arcuata ¥ KOHTPOJIS YUCIEHHOCTHU €T0 I10-
Iy, OLHUM U3 TaKUX METOJIOB SIBJISETCS UCITOJb-
30BaHMe JKEJIThIX KJIESAIINX, CBETJIO-3€JIEHbIX BOPOH-
K00Opa3HBIX U BcachiBawImux joBymek (Williams et
al., 2021; Balacenoiu et al., 2021b). OgHako MoL00HbIe
cpencTBa 60JIbIIle ITOIXOAAT AJIsT PAHHEr 0 BhISIBIECHUS,
obcremoBaHUS 1 MOHUTOPUHTA, a He JIJII HETIOCpe/I-
CTBEHHOM 60PHOBI C BPeAUTETIEM.

Mepoii 60pb6bI, MMeIonell 60JbIION ITOTEHIN-
aJI, HO TI0Ka He MpUHeCIIed JOJIKHBIX Pe3yJIbTaTOB,
ABJISETCS OMOJIOTMYECKUHM MeToJ, 3aKJII0UaUIniCs
B HCIIOJIb30BaHMU ITAPa3UTOUI0B-dHTOMOMAaros. Ox-
HUM U3 TaKUX 3PHEKTUBHBIX 6MOJIOTUYECKUX aT€HTOB
MOXXET CTaTh CPaBHUTEJIbHO HEJABHO 00HAPY >KEHHBIN
B [IEPBUYHOM apeaJie 06UTaHUS y60BOM KPY>KEBHUIIBI
rapasuTudeckuit sitieen Erythmelus klopomor Triapit-
syn, 2007 (Hymenoptera: Mymaridae). YcTaHOBJIEHO,
uTto E. klopomor 9BAsgeTCSI OOUHOYHBIM ITapasuToO-
unoM sautl C. arcuata; pa3MHOXaeTCsd OH B OCHOBHOM
IMapTeHOreHeTUUEeCK) C HeUaCcTON perucTpaluei cam-
110B. CaMKu cpasy I1ocJie OTPOXKIEHUS U3 TUIL XO3IUHA
IV Yepe3 KOPOTKUN ITPOMEKYTOK BPeMEHU CITOCOGHBI
K sgileKkaiKe, 3aHuMawiei 3—5 MuH. )KusHeHHbIN
IIWKJI OT AUIIA IO ©UMaro cocTasisieT oT 11 1o 17 cyT.
(cpennee 3Havenue — 14,15 + 0,4 cyT.). [IpooJKM-
TEeJIbHOCTD )KU3HY UMAaro B CPeIHEM COCTaBJISAET 48 U
(Puttler et al., 2014).

B Hacrosiiee BpeMs E. klopomor BbisiBieH B CIIIA
B 36 OKpyrax B LiTaTe Muccypu, AByX — B ITaTe M-
JINHOMC, yeTbipex — BO ®dyopue u 1o ogHoMy — B Ce-
BepHOU KaponuHe u Mapunienge. [10-BULUMOMY,
OH pacIpocTpaHeH 06oJiee MUPOKO. B Muccypu 3TOT
MMapasuTOU, BBISBISJICS TaKXe B APYTUX X035€Bax:
C. cydoniae (Fitch), C. marmorata (Uhler), C. pergandei
Heidemann, C. ciliata (Say), Gargaphia solani Heidemann
u Pseudacysta perseae (Heidemann) (Puttler et al., 2014).

B Poccuu, Kak 1 B IPYyrUX €BPOIIENCKUX CTpaHax,
3TOT dHTOMO(pAr He BBHISIBJIEH, OLHAKO HEOOXOLUMO
OLIEHUTD PUCKYU €r0 BO3MOXKHOU MHTPOLYKITUY B (hop-
MUPYIOIWTCI UHBa3UBHBIN apeaJt Kjoma ny60Boi
KPY>KEBHMUIIBI ¥ TOJIBKO B CJIyuyae HEBBICOKOTO YPOBHS
TaKOI'0 PUCKA ITPOBECTU €TI0 UHTPOAYKIIUIO. ITO IT03BO-
JIUT 3aMIyCTUTh €CTECTBEHHBIE ITPOIIECCHI PETyINPOBa-
HUS YUCJIeHHOCTU ¢puTodara, u ero BpeLOHOCHOCTh
U YMCJIEHHOCTh CHUBSITCS.

K mepcrieKTMBHBIM areHTaM GMOJIOTUYECKOTO
KOHTPOJISI y6OBOM KPY>KEBHUIIBI MOXKHO OTHECTH Ce-
BepOaMepPMKAHCKUX XUIITHBIX KJIOTIOB-MUpPU Hyaliodes
vitripennis (Say, 1832) u Deraeocoris nebulosus (Uhler,
1872) (Hemiptera: Miridae) 1 KJIOIOB-aHTOKOPUT,
Orius insidiosus (Say, 1832) (Hemiptera: Anthocoridae)
(Connell, Beacher, 1947), yeii moTeHIMaJ Kak 6110J10-
T'MYECKOT0 areHTa IMPOTUB y60BOM KPY>KEBHUIIBI E1I1e
IIPEICTOUT BBISICHUTh.

HekoTopble yHUBepcalbHble XUIHUKY, TaKue
KaK KpacHbIe JieCHble MypaBbu Formica rufa Linnaeus,
1761 (Hymenoptera: Formicidae), us6eratoT gy60By0
KPY>KEeBHUILY, aXKe eCJIM 3apa’keHHbIe JIMCThS Iajia-
0T Ha 3eMJII0 PSAJOM C UX MyPaBEMHUKOM, ITPENIIO-
JIOXKUTEJIbHO 13-3a COIEePKAHNI HEKOTOPBIX XUMUYe-
CKUX COEIMHEHUH, ITPUCYTCTBYIONIUX Ha TeJe MMaro
u HuUM® ny60BOI KpykeBHUIHI (Paulin et al., 2020).

NMmewTca ¢GparMeHTapHbBIE CBeIeHUI
00 MCITOJIb30BAaHUY MECTHBIX XUIIHUKOB U TIapasu-
TOUJIOB, PACIIPOCTPaHEHHBIX B EBpoIIe, TpoTUB 1ay60-
BOM KPY>XeBHUIIBI. Tak, COOBIIEHUS O IEPCIIEKTUBAX

Béalacenoiu et al., 2021b). However, such tools are more
suitable for early detection, survey and monitoring,
and not for direct pest control.

A control measure that has great potential, but has
not yet brought proper results, is the biological meth-
od, which consists in the use of entomophagous para-
sitoids. One of such effective biological agents can be
relatively recently detected in the primary habitat of
the oak lace bug, Erythmelus klopomor Triapitsyn, 2007
(Hymenoptera: Mymaridae). It is stated that E. klopomor
is a solitary parasitoid of C. arcuata eggs; it reproduces
mainly parthenogenetically with infrequent regis-
tration of males. Females immediately after hatching
from host eggs or after a short period of time are ca-
pable of oviposition, which takes 3—5 minutes. The life
cycle from egg to adult is from 11 to 17 days (average
value — 14.15 + 0.4 days). The average lifespan of adults
is 48 hours (Puttler et al., 2014).

Today, E. klopomor was detected in the United
States in 36 counties in Missouri, two in Illinois, four
in Florida, and one each in North Carolina and Mary-
land. It appears to be more widespread. In Missouri,
this parasitoid has also been detected in other hosts:
C. cydoniae (Fitch), C. marmorata (Uhler), C. pergandei
Heidemann, C. ciliata (Say), Gargaphia solani Heide-
mann and Pseudacysta perseae (Heidemann) (Puttler et
al., 2014).

In Russia, as in other European countries, this en-
tomophage has not been detected, however, it is neces-
sary to assess the risks of its possible introduction into
the emerging invasive range of the oak lace bug, and
only in the case of a low level of such a risk, to intro-
duce it. This will allow launching the natural processes
of regulating the number of phytophages, and its harm-
fulness and population will decrease.

Promising biological control agents for oak lace
bug include Hyaliodes vitripennis (Say, 1832) and Derae-
ocoris nebulosus (Uhler, 1872) (Hemiptera: Miridae) and
Orius insidiosus (Say, 1832) (Hemiptera: Anthocoridae)
(Connell, Beacher, 1947), whose potential as a biologi-
cal agent against oak lace bug remains to be seen.

Some common predators such as Formica rufa
Linnaeus, 1761 (Hymenoptera: Formicidae), avoid oak
lace bug, even if infected leaves fall to the ground near
their anthill, presumably due to the content of some
chemical compounds present on the body of oak lace
bug imagoes and nymphs (Paulin et al., 2020).

There is fragmentary information on the use of
local predators and parasitoids common in Europe
against oak lace bug. So, reports about the prospects
for the use of larvae of Chrysoperla carnea (Stephens,
1836), Pseudomallada sp. (Neuroptera: Chrysopidae)
and Harmonia axyridis Pallas, 1773 (Coleoptera: Cocci-
nellidae) in Hungary and some spiders (Araneae: Sal-
ticidae) in Italy, as natural biological agents in the con-
trol of populations of oak lace bug, so far have not had
a noticeable effect (Paulin et al., 2020; Balacenoiu et
al., 2021h).

Another proposed method of biological con-
trol could be the use of insecticides based on ento-
mopathogenic fungi. The method is the most accept-
able alternative to the use of chemical pesticides, as
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KCIIOJIb30BAHUS JIMUYMHOK 3JIaTOTJIa3KW OOBIKHOBEH-
HoU Chrysoperla carnea (Stephens, 1836), 3/1aTOrIa30K
pona Pseudomallada sp. (Neuroptera: Chrysopidae)
¥ KOPOBKU-apJiekuHa Harmonia axyridis Pallas, 1773
(Coleoptera: Coccinellidae) B BeHTpuu 1 HEKOTOPBIX
MayKoB-CKaKyHUYMKOB (Araneae: Salticidae) B Utamuu,
KaK eCTeCTBEHHBIX GMOJIOTUYECKUX aT€HTOB IPU KOH-
TPOJIe YUCJIEHHOCTH TIOMYIAINY NyO0BOM KPY)>KEBHU-
IIbI, TIOKA He oKazaJiu 3aMeTHOro BiausgHug (Paulin et
al., 2020; Balacenoiu et al., 2021b).

JpyruM rpepJjiaraeMbIM METOJIOM 610JIOTUYECKO-
T'0 KOHTPOJISI MOXET OBITh MCIIOJIb30BaHNE NHCEKTH-
IIUJIOB Ha OCHOBE 3HTOMOIIATOT€HHBIX TPUO0B. MeTo[
SABJIIeTCS HauboJiee MpUeMJIEeMON albTePHATUBOM HC-
TTOJIb30BAaHUI0 XUMUYECKUX ITECTUIIUIOB, TaK KaK 3TU
rpubsl 60siee 6e30IacHbI JIs YeJOBeKa, )KUBOTHBIX
U OKPY’KaIoIIel Cpebl.

VicupITaHUS psijla SHTOMOIIATOTEHHBIX TPUOOB
(Metarhizium anisopliae, Beauveria bassiana, B. pseudobas-
siana, Isaria fumosorosea, Myriodontium keratinophilum)
MTPOTUB KJIOTIa y6GOBOY KPYKEBHUIIBI ObLIY TPOBEIE-
HBI B 1a60paTOPHBIX yCaoBUAX B Typuuu (Sdnmez et
al., 2016). Bunb! Beauveria bassiana n B. pseudobassiana
okazajach HauboJiee 3(pPeKTUBHBIMU IIPOTUB KJIOIIA,
IIpY 3TOM B. hassiana BbI3bIBAJ CAMYI0 BEICOKYIO CMEPT-
HOCTh KakK HUM{, TaK U UMaro (Co cMepTHOCThIO 80
1 90% COOTBETCTBEHHO) B TeueHMe 14 fHeHl. DTOT U30-
JISIT TaKXKe JEeMOHCTPHUPOBAJI BBICOKYIO CTEIIEHb I10pa-
JKeHUST MUKO30M KakK HUM®, TaK ¥ B3POCJbIX 0cobel
(77 1 83% COOTBETCTBEHHO).

M. KoBau c coaBTopamu (Kovac et al., 2020; 2021)
IpY IIPOBEIEHU Y ncciienoBaHuii B XopBaTuu u CjioBa-
Kuu uHpopMupoBai 06 0cobeHHOCTAX (PU3U0TIOTUY
¥ BO3EUCTBUS HAa BPeUTENS YEThIPEX IUPOKO pac-
MIPOCTPAHEHHBIX B MUPE SHTOMOIIATOTE€HHBIX 'PUGOB
B. pseudobassiana, Lecanicillium pissodis, Akanthomyces
attenuatus v Samsoniella alboaurantium. B pesynbraTe
UX UCCJIeIOBaHMU orrpenesieH Haubosee 3 GHEeKTUB-
HBIU Buf, rprba, KOTOPBIM OKa3ajcs U30JgaT B. pseudo-
bassiana. YpOBEHb CMEPTHOCTHY KJIOTIa cocTaBJisti 80%,
a CTeleHb MOpakeHMs MUKO30M B3POCJIBIX 0cobel
C. arcuata 661518 0KOJI0 70% uepes 14 mHel mocie 06-
paboTKM.

XUMUYECKUHN METOJi KOHTPOJIS 38 YNCJIEHHOCThIO
C. arcuata (Say) UMeeT KaK LOCTOMHCTBA, TaK U HEJIO-
craTku. CuCTeMHble MHCEKTUIUIbI, CKOPEE BCETO,
SIBJISIFOTCS JIVUIIIMM BapUaHTOM, ITOCKOJIbKY U INUWH-
KU, ¥ UMaro KJoIla, HaXO[sICh Ha HWKHEU CTOpOHE
JINCTHEB, OTHOCUTEJIBHO 3aLUIIEHBI OT BO3/IECTBUS
TIECTUIIUIOB.

CepbckuMu crelpajucTaMu B paMKax 60pbObI
C WHBA3WBHBIM KJIOTIOM OBLIM MCIIBITAHBI XUMUYE-
cKre nHceKTUIuAbl «budenTpun» (Bifenthrin) ¢ mpu-
MeHsieMOU KoHIeHTpanueh 0,05%, «Bynpodesun»
(Buprofezin) — 0,05%, «Tuametokcam» (Thiameto-
xam) — 0,02%, «A6aMekTuH» (Abamectin) — 0,065%.
DKCIIEPMMEHTHI MTOKa3aJiy, YTO Yepes 2 JHS I0oCie
o6paboTku 5 hHeKTUBHOCTL «BrudeHTprHA» B Ioaa-
BJIeHUMW HUMQ NyO6OBOM KPY>KEBHUIIBI COCTABJISIIA
100%, a achdexTuBHOCTD «TraMeToKcamMa» — 99,34%.
Y ABYX OPYTUX UHCEKTUIULOB 3(D(HEKTUBHOCTD ObLIIa
HEMHOT0 MeHblIle: y «AbaMeKTuHa» — 81,77% u y «By-
npodesuHa» — 64,98%. [1ociie necsaTy fHel TpUMeHe-
HUS UHCEKTUIUIOB 3 (P eKTUBHOCTD «TMaMeToKcaMa»
u «budenTpuHa» coctaBuisia 100%, npu sToM s dexk-
TUBHOCTB «BympodesuHa» yBeauumiach o 81,50%,
a «AbaMexTuHa» — 100 97,28% (Opexuh u gp., 2019).

these fungi are safer for humans, animals and the
environment.

Testing some entomopathogenic fungi (Metar-
hizium anisopliae, Beauveria bassiana, B. pseudobassiana,
Isaria fumosorosea, Myriodontium keratinophilum) against
oak lace bug were carried out in laboratory conditions
in Turkey (Sénmez et al., 2016). The species Beauveria
bassiana and B. pseudobassiana proved to be the most
effective against the bug, while B. bassiana caused the
highest mortality of both nymphs and imagoes (with
a mortality rate of 80 and 90%, respectively) within
14 days. This isolate also showed a high degree of fun-
gal infection of both nymphs and imagoes (77 and 83%,
respectively).

When conducting research in Croatia and Slova-
kia, M. Kovac (Kovac et al., 2020; 2021) informed about
the features of the physiology and impact on the pest of
four widespread entomopathogenic fungi in the world
B. pseudobassiana, Lecanicillium pissodis, Akanthomyces
attenuatus u Samsoniella alboaurantium. As a result of
their research, the most effective fungus species was
determined, which turned out to be a B. pseudobassiana
isolate. The bug mortality rate was 80% and the fun-
gal infection rate of C. arcuata imagoes was about 70%
14 days after treatment.

Chemical control method of C. arcuata (Say) po-
pulation has both advantages and disadvantages. Sys-
temic insecticides are likely the best option as both
larvae and imagoes of the bug are relatively protected
from pesticide exposure while on the underside of
leaves.

As part of the control of invasive bugs, Serbian
specialists tested chemical insecticides Bifenthrin with
applied concentration 0.05%, Buprofezin — 0.05%, Thi-
ametoxam — 0.02%, Abamectin — 0.065%. Experiments
showed that 2 days after treatment, the effectiveness
of Bifenthrin in suppressing the nymphs of oak lace
bug was 100%, and the effectiveness of Thiametoxam
was 99.34%. The other two insecticides were slightly
less effective: Abamectin at 81.77% and Buprofezin at
64.98%. After ten days of application of insecticides,
the effectiveness of Thiametoxam and Bifenthrin was
100%, while the effectiveness of Buprofezin increased
to 81.50%, and Abamectin — up to 97.28% (Dreki¢ et
al.., 2019).

In Serbia, 3 more preparations against oak lace
bug were also tested: Deltamethrin with an applied
concentration of 0.05%, Flonicamid — 0.014%, Aceta-
miprid — 0.025%. The test results showed that two days
after treatment, the effectiveness of the drugs used
based on the active ingredients Deltamethrin and Ace-
tamiprid was 100%. Flonicamid had a significantly
lower efficiency — 76.4%. 10 days after treatment with
insecticides Deltamethrin and Acetamiprid, their ef-
fectiveness in suppressing the number of lace bug was
99% (Drekié et al., 2021).

In Romania, taking into account factors such as
mode of action of the insecticide (contact or systemic)
and application volume (low volume (LV) of 30 1/ha and
ultra-low volume (ULV) of 3 I/ha), synthetic insecticides
were tested for oak lace bug population control: contact
pyrethroid Alfametrin (Alfametrin 10 CE) and systemic

duTtocaHuTapusa. KapaHTuH pacteHuin 26



WUCCNEOOBAHUE MHBA3WIM  INVASION STUDIES

Ha Teppurtopum Cepbuu Takke OBIIN MIPOTE-
CTUPOBAHEI ellle 3 TIpernaparTa MpoTUB Ay60BOY KpPy-
JKeBHUIBL: «JleqbTraMeTpun» (Deltamethrin) ¢ npu-
MeHseMol KoHIeHTpaluein 0,05%, «DIoHuKaMuIL»
(Flonicamid) — 0,014%, «Auetamunpun» (Acetami-
prid) — 0,025%. Pe3ysbTaThl UCITBITAHUS TTOKA3AJIH, YTO
yepes JIBOe CYyTOK rocjie 06paboTku 3hheKTUBHOCTD
IIPUMEHsSIEeMbIX ITPEIapaToB Ha OCHOBE AaKTUBHBIX UH-
rPeIueHToB «JleJibTaMeTPUHa» 1 «AIleTaMUIIPUIA» CO-
craBuia 100%. «DIOHNKAMUI» UMEJI 3HAUUTEJILHO 60-
Jiee HU3KY10 3 HeKTUBHOCTD — 76,4%. CrycTs 10 gHel
rmocJjie 06paboTKY NHCEKTULIUAAMU «/IeTbTaMeTPUH»
U «AleTaMUNpua» ux 3PHeKTUBHOCTh OAABIECHUSI
YK CJIEHHOCTH KPY KEBHUIIBI cocTaBmyia 99% (Drekic et
al.,, 2021).

B PyMBIHUY C yU4eTOM TakuX (haKTOPOB, KaK CII0-
cob JercTBUA MHCEeKTUnuga (KOHTAaKTHBIA UJIU CU-
CTEMHBIN) 1 00BbeM 06paboTku (ManooobeMHbIH (MH) —
30 si/ra u ynprpanuskuit 06beM (ULV) Ha ypoBHe 3 J1/
ra), ObLIM MCIIBITAHbI CUHTETUYECKME NHCEKTUIIW I
LIS KOHTPOJISI YMCJIEHHOCTY AYy60BOM KPYKEBHUIIBI:
KOHTAKTHBIA MUPETPOUIHBIN «AnbhamMmeTrpun» (Al-
fametrin 10 CE) u cuCTeMHbBI HEOHUKOTUHOWUHBIA
«Arrc» (APIS 200 SE). 9 (peKTUBHOCTD KaXKI0r0 CO-
craBuiia 91-96% (Balacenoiu et al., 2021a).

OnHaKo, JaXke B cjydyae yCIIEIHON eqUHOBpeE-
MeHHOU XUMUuUecKoi 06paboTKM, CyIeCTBYET BbICO-
KUY PUCK ITIOBTOPHOI'O 3apaKeHUI HaCaXKIEeHUM, YTO
BJIEUET 3a OO0 ITOBTOPHYI0 MHOTOKPATHY0 06paboT-
KY IJI5T JOCTUKEHUS JOJDKHOTO pPe3ysbTara. B 60/IbImx
nybpaBax xuMuyeckas 60pb6a IpakTUIEeCKU HEBO3-
MOXKHa. Bo-TIepBbIX, 3TO 6bLJIO GBI IOPOTO ¥ HAKJIAIHO,
0c06eHHO ITOTOMY, UTO, CKOpee Bcero, orpedyeTcs 60-
Jiee OgHO¥ 06paboTKY B TeUEeHUE ce30Ha. BO-BTOPHIX,
YTO ele 6ojiee BaXKHO, TaKas TsoKeaas XUMUUYecKas
Harpyska Ha JyOOBBIE JIeca BEI3OBET OUE€Hb CEPbE3HBIE
He)XeJIaTeJIbHbIe HelleJeBble TIOCTIeICTBUA. [103TOMY
KJIAaCCUYECKUHN OUOJIOTUYECKUHN MEeTOJ KOHTPOJI,
I10-BUIUMOMY, SIBJISIETCS €UHCTBEHHBIM BO3MOXKHBIM
BapuaHTOM GOPBLOLI C JAHHBIM KJIOIIOM B €T'0 HETABHO
3axBaueHHOM apeaJie. Ho IpUHATHUIO U TIPUMEHEHUO0
TaKOM IIPOTrpPaMMbl OMOMETOA JOJKHBI IIPEIIIEeCTBO-
BaTb MaciuTabHble MCCIeL0BAHUS HelleJeBbIX Opra-
HM3MOB U1 THIATEJIbHBIN aHAJIN3 ITOTEHIINAJIbHBIX He-
JKeJIaTeJIbHbIX 9KOJIOTHYECKUX 9(D(HEKTOB.

PacnpocTpaHeHue Ay6G0BOIi Kpy»KeBHHUILbI
B Poccuiickoii ®@eaepanuu 1 Mepbl 60pbObI C 3TUM
BpepuTteseM. CoTylacHO LJaHHBIM (DUTOCAHUTAPHO-
ro MOHUTOPUHTA, IPOBOAUMOr0 Poccenbxo3Han30-
poM, Pociieco3ammuTol, U UHBIM OIy6JIMKOBAHHBIM
MaTepuaJiaM, BpeUTeJb K HACTOALIeEMy BpeMeHU
IIPUCYTCTBYET Ha TeppUTOpuY Bcero Kpeima, MpOHUK
B PocToBcky0 o6sacTh, CTaBpomoabCckuli kpaii, Ka-
pavaeBo-Yepkecckyrw Pecnybiuky, KpacHogapcKuii
Kpam, a Takke B cocemHue pecrybnuku: xHyo Oce-
Tui0 1 Abxaszuio (CTIpaBOYHUK I10 KAPAaHTUHHOMY...,
2021; Musolin et al., 2022).

[Toka Hay4YyHBIE€ U3bICKAHMS 10 MOUCKY 3hdeK-
TUBHOTO GMOJIOTMYECKOTr0 areHTa MPOTUB Ay60BOU
KPY>KEeBHUIIBI ellle He YBEHUYAJNCh YCIIeXOM, CTPAHBI,
Ha YbMX TEPPUTOPHUIX PACIIPOCTPAHUIICA KJIIOI C. arcu-
ata, TPOJOJKAIOT UCTIBITAHUS UHCEKTUIIUIOB, YTOOHI
XOTb KaK-TO OTPAHUYUTh CTPEMUTEIbHOE HAllIECTBUE
IaHHOTO MHBakaepa. B KpacHomapckoM Kpae oTede-
CTBEHHBIMU CIIEI[UATIUCTAMU ITPOTUB LyO0BO KPY>KeB-
HUIIBI OBLTY UCITBITAHBI 6MOPAIIMOHAIBHbIE ITPEeTapaThl

neonicotinoid Apis (APIS 200 SE). The effectiveness of
each was 91-96% (Bilacenoiu et al., 2021a).

However, even in the case of a successful one-
time chemical treatment, there is a high risk of re-in-
festation of plantations, which entails repeated mul-
tiple treatments to achieve the desired result. In large
oak forests, chemical control is practically impossible.
Firstly, it would be expensive and time consuming, es-
pecially since more than one application per season is
likely to be required. Secondly, and more importantly,
such a heavy chemical load on oak forests will cause
very serious undesirable off-target effects. Therefore,
the classical biological control method seems to be the
only possible option for controlling this bug in its re-
cently invaded range. But the adoption and applica-
tion of such a biomethod program must be preceded
by large-scale studies of non-target organisms and a
thorough analysis of potential undesirable environ-
mental effects.

Spreading of oak lace bug in the Russian Fe-
deration and its control measures. According to the
data of phytosanitary monitoring conducted by Ros-
selkhoznadzor, Roslesozashchita, and other published
materials, the pest is currently present on the territory
of the entire Crimea, has been introduced into Rostov
Oblast, Stavropol Krai, Karachay-Cherkess Republic,
Krasnodar Krai, as well as into neighboring republics:
South Ossetia and Abkhazia (Handbook on Quaran-
tine..., 2021; Musolin et al., 2022).

While scientific research to find an effective bio-
logical agent against oak lace bug has not yet been suc-
cessful, countries where C. arcuata has spread, continue
to test insecticides in order to somehow limit its rapid
invasion. In Krasnodar Krai, biorational preparations
“Biostat, K” and “Ephoria, KS” were tested by Russian
specialists against oak lace bug (Besedina et al., 2021).
During the tests, it was found that the treatment with
Biostat at a consumption rate of 1 1/ha leads to a de-
crease in the number of the pest gradually and is ac-
companied by a prolonged effect. Thus, during the first
day after treatment, the mortality of larvae and adults
was only 63.7%, on the 3"-7®" day — 86.4-87.5%, and
on the 14™ day it reached 98.2%. And when treated with
the composition of preparations Biostat + Ephoria at
consumption rates of 1 I/ha + 0.04 1/ha and 1 1/ha +
0.081/ha, it was found that the bug mortality on the first
day was 98.3-100.0%. In these variants, high efficiency
rates were maintained for 14 days after treatment, and
the tested formulations were comparable in efficiency
at the consumption rates of the Ephoria preparation of
0.04 1/ha and 0.08 I/ha, which are 4-8 times lower than
the recommended for this insecticide norms against
other types of pests.

An extended experiment on the use of chemical
and bacteriological pesticides in the outbreaks of C. ar-
cuata was carried out by the authors of this article in
the Kurdzhipsky district forestry of the Maikop forest-
ry of the Republic of Adygea in July 2021 with the par-
ticipation of employees of the FBU “VNIILM”, FGBU
“VNIIKR”, the Center of Forest Health of the Republic
of Adygea (Maikop), OO0 PO Sibbiopharm. The first
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«Buocrat, K9» u «3dopus, KC» (Beceguna u np., 2021).
B Xome ucnbITaHW# 6BLIO YCTAHOBIEHO, UTO 06paboT-
Ka «BrocTaToM» TP HOpMe pacxoja 1 ji/ra IIPpUBOIUT
K CHIDKEHUIO YMCJIEHHOCTY BPEAUTENS IOCTEIIEHHO
U TIPY 3TOM COITPOBOK/IAETCS ITPOJIOHTUPOBAHHBIM 3(-
dexToM. Tak, B TeueHMe ITePBbIX CYTOK 11ocjie 06paboT-
KKJ CMEPTHOCTD JINUMHOK ¥ UMaro COCTaBUJIa TOJIbKO
63,7%, Ha 3-u—-7-e cyTku — 86,4-87,5%, a Ha 14-e cyT-
KM oHa gocturaja 98,2%. A rmpu 06paboTke KOMIIO3H-
yel mpenapaToB «BuocTaT» + «3¢Gopusi» Ipu HOpMax
pacxoma 1 ji/ra + 0,04 si/ra u 1 j/ra + 0,08 ji/ra ycra-
HOBJIEHO, UTO r'beJib KJIOTIOB yoKe Ha ITePBbIe CyTKYU CO-
crasysaia 98,3-100,0%. B paHHBIX BapraHTaX BBICOKME
nokasaTesiv 3QEeKTUBHOCTHU MOAIEPKUBAJIUCH B TEUE-
Hue 14 cyTok mocjie 06paboTKU, MPUUYEeM UCITbITAHHBIE
(hopmynsayy 6b1TM COMTOCTAaBUMBI 10 3(PHEKTUBHOCTU
Ipu HOpMax pacxoza mpernapara «3dopus» 0,04 j/ra
u 0,08 ji/ra, KOTOphIe B 4—8 pa3 HUXKe PEKOMEHIyeMOl
JLJISI 3TOTO MHCEKTUITUIA HOPMBI ITIPOTUB APYTUX BUIOB
BpenuTeNEN.

PacHiupeHHBIN DKCIIEPUMEHT T10 IPUMEHEHUIO
XUMUYECKUX U 0aKTEePUOJOTMUYECKUX MECTULIUI0B
B ouarax MaccoBOro pasaMHoxeHus C. arcuata GBI
TIPOBeJleH aBTOpaMu JJaHHOU cTaThu B Kypaxunckom
Y4aCTKOBOM JIECHUYECTBE MalKOTICKOTO JIECCHUYECTBA
Pecriybsivku Afibireu B utosie 2021 I. IIPU YYaCTUU CO-
TpyLHUKOB ®BY « BHUNJIM», ®TBY «BHUWKP», lleH-
Tpa 3amuThl Jeca Pecriybnuku Anpires (r. Mawkorn),
000 TIO «Cub6uodapm». [TepBas YacTb 9KCIIEPUMEHTA
10 TIPUMEHEH U0 XUMUYECKUX TECTUIIUAO0B ObLJIa TPO-
BeJleHa B HOUHOe BpeM4 c 21 Ha 22 uioJid. B kauecTBe
XUMUYECKUX MTEeCTUIUAO0B UCITONb30BaNIU «JIOKYCTUH,
KC» u «3cnepo, KC», npousBogumbie AO «Ille1KOBO
ArpoxuM» 1 paspelleHHble K IPUMEHEeHUI0 Ha Tep-
puTtopuu Poccutickoi demepanuy MPOTUB KJIOTIA Y-
60BOI KPyXeBHUILLI. Pe3ylbTaThl IPUMEeHEHUS 3TUX
IIperrapaToB MTOKa3aJiy, YTO Ha BCEX YUETHBIX ITYHKTaX
yepes 2 HeJleau ITocje 06paboTKY MPOU30IIes CUIb-
HBIY POCT YMCJIEHHOCTU JIMUNHOK KJIOTIa — UX YKCJIO
BO3POCJIO B 4 pasa 10 CPaBHEHUIO C IIEPBOHAYAIbHBIM
yueToM. [IpenmnosaraeTcs, 4To oba mperapaTa BbI3bI-
BaloOT rubesib 3HAUUTEJIbHOTO UKCJIa ITUTAIOIIUXCS JI-
YMHOK, HO 9TU IpeIapaThl He 06J1aaioT OBUILIUTHBIM
IeiCTBUEM U UMEIOT He3HAUUTENbHBIN CPOK COXPaH-
HOCTY Ha ITOBEPXHOCTH JINCThEB. B UTOre 13 He Morub-
IIKX I10JT BO3IEMCTBHEM IIperapaToB AUl KJIOIa IPo-
UCXOAUT OTPOXKAEHUWE JUUYNHOK, HEKOTOPbIe U3 HUX
noru6aroT, TorIa Kak 60JIbIIMHCTBO 0CO0€E ITPOI0JIKa -
0T TUTaThcsa. KpoMe TOro, mMaro KJjolla OUYeHb aKTHB-
HO JIETAIOT, ¥ y’Ke Uepe3 HeCKOJIbKO THEH IToCje OMphI-
CKUBaHMS, KOTJa Ipernapar IepecTaeT IeiiCTBOBAaTh,
MpuJieTEBIINE U3 OKPYXKAWIUX Heo6paboTaHHBIX
YYaCTKOB 0CO0OM OTKJIQIBIBAIOT SHIIA, U ITPOUCXOIUT
OBICTPOE BOCCTAHOBJIEHNE YUCIIEHHOCTH KJIOIIA.

B apyrom BapuaHTe, IPOBEIEHHOM B T€ K€ CDOKU
U TIPY aHAJIOTUYHBIX YCIOBUIX, IPOTUB JINUNHOK JIy-
00BOI KPYKEBHUIIBI SKCIIEPUMEHTAJIbHO TPUMEHIIN
fakTepuaJibHble MpenapaThl 6MOJOTUYECKOTO Iei-
ctBud: «Jlenumonun, CKM», «BUTOKCUOAMIIINH, [1»
u «Jlenuponug, IT». YdeT CMePTHOCTHY JUUNHOK OBLI
npoBeneH Ha 5, 10 1 15-# gHU mocje oopaboTku. Hau-
6oJiee cubHBIN 3(h(eKT Ha 5-11 JeHb Iocje 06paboTKU
rokasanu «butokcubauyiuH, [1» (ypoBeHb CMEPTHO-
CTU cOCTaBIAI 95,86%) u «Jlenuponum, IT» (97,14%).
Ha 15-i1 meHb mocyie 06paboTKy B BapuaHTe C IIPU-
MeHeHUeM «Jlemuponuma, CKM» Haba0gaIcs POCT
YUCJEHHOCTU JIMUMHOK KJjoma B 2,79 paza. B urtore

part of the experiment on the application of chemical
pesticides was carried out at night from 21 to 22 July.
“Lokustin, KS” and “Espero, KS” produced by Schelko-
vo Agrokhim and approved for use in the Russian Fe-
deration against oak lace bug, were used as chemical
pesticides. The results of the use of these drugs showed
that at all registration points, 2 weeks after treatment,
there was a strong increase in the number of bug lar-
vae — their number increased by 4 times compared to
the initial count. Both drugs are expected to kill a sig-
nificant number of feeding larvae, but these drugs are
not ovicidal and have a short shelf life on the leaf sur-
face. As a result, larvae hatch from the bug eggs that
did not die under the influence of preparations, some
of them die, while most individuals continue to feed.
In addition, bug imagoes fly very actively, and already
a few days after spraying, when the drug ceases to act,
individuals that have arrived from the surrounding un-
treated areas lay eggs, and the bug population is quick-
ly restored.

In another variant, carried out at the same time
and under similar conditions, bacterial preparations
of biological action were experimentally used against
oak lace bug larvae: “Lepidocid, SKM”, “Bitoxibacil-
lin, P”, and “Lepidocid, P”. Accounting for the mortali-
ty of larvae was carried out on the 5™, 10" and 15" days
after treatment. The strongest effect on the 5" day after
treatment was shown by “Bitoxibacillin, P” (mortality
rate was 95.86%) and “Lepidocid, P” (97.14%). On the
15" day after treatment, in the variant with the use of
“Lepidocide, SKM”, an increase in the number of bug
larvae by 2.79 times was observed. As a result, “Bitoxi-
bacillin, P” ensured the death of 72.87% of feeding lar-
vae, and “Lepidocid, P” — 42.86%.

Thus, based on field experiments, it is possible to
conclude that the chemical pesticides “Lokustin, KS”
and “Espero, KS” have a pronounced knockdown effect,
which leads to the death of about 89-95% of pest indi-
viduals on the 2"¢ day after treatment, however, both
drugs do not have an ovicidal effect and after treatment
with oak forests they quickly decompose and after a few
days they have no effect on bugs. Treatments with bac-
terial preparations show that the preparations have
a significantly longer effect on the bug than chemical
pesticides and remain on the surface of the leaves for
along time. It most effectively destroys the feeding lar-
vae of the bug “Bitoxibacillin, P”. Taking into account
the results of field experiments, as well as the biology
of the pest, it can be assumed that the development of
the bug will take place in three generations during the
summer season and total treatments with chemical or
bacterial preparations will be required with an inter-
val of about 15 days, starting from May to September.

Taking into account that oak lace bug populates
not only oak, but also other associated plants (primar-
ily blackberries, elms, raspberries), then, in addition
to the use of pesticides in oak forests, it will be neces-
sary to treat thickets of some shrubs. This should also
take into account restrictions or prohibitions on the use
of pesticides in certain areas (for example, in special-
ly protected natural areas and in urban areas). Thus,
it is necessary to search for preparations that would
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«BuTtokcubanunauy, I1» obecrneuns rubeab 72,87%
NUTAIINXCSI IMUYNHOK, a «Jlenmumonng, IT» — 42,86%.

TakuM 06pa3oM, Ha OCHOBAHUU MOJIEBBIX OIIbI-
TOB BO3MOYXHO CZIeJIaTh BBIBOJ, YTO XMMUUECKUE IIe-
cTunuael «JlokyctuH, KC» u «3crepo, KC» obiamaioT
BBIPQ)KEHHBIM HOKZAYH-3(G(PEeKTOM, KOTOPBIN TPUBO-
IuT K Tubenu mopsaaka 89-95% ocobell BpeauTess
Ha 2-# IeHb [Tocjie 06paboTKy, ogHaKo o6a Ipernapara
He UMEIOT OBUIIMIHOTO NeHCTBUS U ITocie 06paboTKHU
ny6paB oHU GBICTPO pasjiaraloTcsa U yXKe yepes He-
CKOJIBKO JJHEH He OKa3bIBAIOT BO3/EHCTBYA Ha KJIOIOB.
O6paboTku 6aKkTepuaJ bHBIMY IIperapaTaMy MOKa3bl-
BAlOT, UTO ITPeTIapaThl UMET CYILIeCTBEHHO 60ee -
TEeJIbHOE JIeMCTBYE Ha KJIOTIA, YeM XMMUYECKHE TTECTH-
LIYIBI, ¥ TOJITOE BPEeMS COXPAaHSIIOTCS Ha [IOBEPXHOCTU
JmcTbeB. Hanbosee 3h(heKTUBHO YHUYTOXKAET IMUTAT0-
HIMXCS IUUMHOK KJIOIIa «BUTOKCUOAUILINH, [1». Yun-
TBIBasi PE3YJIbTAThI ITOJIEBBIX SKCIIEPUMEHTOB, a TAK)Ke
OGMOJIOTHIO BPEINTEJIST, MOXKHO I10JIaraTh, UYTO Pa3BUTHE
KJIoT1a 6yIeT ITPOXOINTh B TPEX TeHEePaIlMIX B TeUeHUe
JIETHETO Ce30HAa U MOTPEeOYETCS IPOBEAEHNE TOTAJb-
HBIX 06Pab0TOK XMMUYECKUMY WX OaKTepUaJIbHBIMU
IpernapaTraMy C MHTePBAJIOM OKOJIO 15 AHel, HaunHas
C Mas 10 CeHTSAOPb.

[IpyHMMas BO BHUMAaHUeE TO, UYTO Ay6oBast Kpy-
JKEBHUILA 3aceyisgeT He TOJbKO Ay0, HO U JpyTrue co-
MYTCTBYIOIIME pPacTeHus (IIPeXKie BCETO, EKEBUKY,
BSI3, MAJIMHY), TO, KpOMe NMPUMEHEHUS MeCTUIUI0B
B ny6paBax, Heo6X0auMOo O6yIeT MPOBOIUTE 06pabOTKY
3apociiell HEKOTOPBIX KYyCTAPHUKOB. [Tpy 5TOM HYKHO
TaK)Ke YYUTBIBATh OTPAHUYEHUS WJIN 3aTIPET Ha IIPU-
MeHeHUe TTeCTUIIUA0B Ha HEKOTOPBIX TEPPUTOPUIX
(HampuMep, Ha 0C000 OXPaHIEeMbIX IIPUPOIHBIX TEPPU-
TOPUSIX U B TOPOJICKUX YCIIOBUSAX). TakuM 06pa3oM, He-
06X0[TIM TTOVCK IIPeTIapaToB, KOTOPhIE ObI AJIUTEIbHOE
BpeMsI (He MeHee 2—3 MeCs1IeB) COXPaHSIINCDh Ha JINCTE
1 obecrevrBaJiy IIPOJIOHTMPOBAHHOE IeHICTBYE Ha JIN-
YUHOK KJIOITa.

3AKJIIOYEHUE

OCHOBBIBASICh Ha BBINIETTPUBEIEHHOM aHAJIU3€ I10 TTPU-
MeHeHUI0 (GPUTOCAHUTAPHBIX MeP IIPOTUB KJI0TIa Ay60-
BOM KPY>KEBHUIIBI, MOXKHO CZIEJIATh BBIBOZ, YTO CTPATe-
T'US 3alIUTHI JIeCca OT STOT'0 BPEIUTEIS HE MOXKET ObITh
IIOCTPOEHA Ha IIPUMEHEeHNY IeCTUIINI0B. BO-TIepBbIX,
IIOTOMY, UTO HEBO3MOJKHO ITPOBECTM 06paboTKU BCeX
6e3 UCKJIIOUEeHUST MeCT 00UTaHMs KJIOTa, BO-BTOPHIX,
IIOTOMY, UTO TOTPEeGYETCS TIPOBEHEeHNEe TOTAJIbHBIX
MHOT'OKPaTHBIX 00pab0TOK B TEUEHYE I'ofia, a IJIsI 9TO-
ro HY>KHBI 0UeHb 60JIbIIIEe 3aTPaThl (PUHAHCOBBIX, Ma-
TepuaJbHbIX CPEJICTB 1 CEPbe3H0Ee KOJUYIECTBO JIHOI-
CKUX PECYPCOB.

B cBsSI3U C 3TUM clenyeT IPU3HATh, YTO AJIS 3a-
IIUTHI LyHa OT AyOOBOM KPYKEBHUIBI UMEETCS TOJIbKO
OJlHA peaJibHas BO3MOXXHOCTb — IIPOBECTYU MHTPOAYK-
11110 3(pHeKTUBHBIX ¥ 6€30ITaCHBIX SHTOMOMAroB AaH-
HOTO MHBakgepa.
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remain on the leaf for a long time (at least 2—3 months)
and provide a prolonged effect on the larvae of the bug.

CONCLUSION

Based on the above analysis of the application of phy-
tosanitary measures against the oak lace bug, it can be
concluded that a forest protection strategy against this
pest cannot be based on the use of pesticides. Firstly,
because it is impossible to carry out treatment of all the
habitats of the bug without exception, and secondly, be-
cause it will require total repeated treatments during
the year, and this requires very large financial costs,
material resources and a serious number of human re-
sources.

In this regard, it should be recognized that there is
only one real opportunity to protect oak from oak lace
bug - to introduce effective and safe entomophages of
this invader.
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AHHOTAIUA

Cpenu 6oJiee ueMm 90 BumoB HeMATO[ poaa Ditylenchus
crebieBas HeMaTtoza Jyka Ditylenchus dipsaci (Kihn,
1857) Filipjev, 1936 u cTebneBas HeMaTozma kapTode-
a1 Ditylenchus destructor Thorne, 1945 uMeloT BakHOe
SKOHOMUYECKOE 3HAUEHUE [JIJIsI CeJIbCKOX03SIHCTBEH-
HBIX KYJIbTYP. OTU HEMATOMbI SIBJISIOTCSI MUTPUPYIO-
UMY 3HAOIMapa3uTamMu u noaudaramu. Haubomee
pacmpocTpaHeH U BPeNOHOCEH JIJis KyJIbTYPhI Kap-
Toesd Ha TEPPUTOPUU Halllel cTpaHbl Bui D. de-
structor, KOTOPbIM UMeeT KapaHTUHHBIA CTATyC I
psifia CTpaH — UMIIOPTEPOB POCCUMCKOM MPOAYKIINH.
[ToaTOMY GBICTPAS ¥ TOYHAS €TI0 JUATHOCTUKA MMEET
GoJbIIoe 3HAYEeHUE IJiT (PUTOCAHUTAPHOU IMPAKTUKU.
B MeXyHapOIHBIX U PETMOHAIbHBIX JUATHOCTUYE-
CKUX IPOTOKOJIaX OCHOBHOE BHUMAaHUeE yeJseTCs
cTebyeBoll HeMaTome JyKa D. dipsaci, a IJs UIEHTU-
ukanuu D. destructor mpencTaBJIeHbl JOCTATOYHO
TPyZIOeMKUE AJis IabopaTopuil TecThl. C LIeIbI0 OIITH-
MU3aMUY IUaTHOCTUKY CTe6JIeBOY HEMATObI KAPTO-
¢ens D. destructor 6611 BbIOpaH METO/, KJIaCCUUYECKOMN
OJIMMEePa3HON eITHON peaKIlnu, IPenIoKeHHbIN
oJIbCKUMMU yUeHbIMU — Arnika Jeszke ¢ coaBTopaMu
(Jeszke et al., 2013), c yHUBEPCAJIbHBIM U BULOCIIEIIN-
¢duueckum npariMepamu DITuniF/DITdesR, paspa-
60TAaHHBIMU K YUACTKY BHYTPEHHErO TPAHCKPUOU-
pyemoro crieiicepa 1 (ITS1) u 5.8S pJIHK. TecT 6bL1
anrpoObMUpPOBaH C OTEYECTBEHHBIMU KOMMEPUYECKUMU
Habopamu aJg BeigeneHus JHK u amonudukanuu,
Tak)Xe OTITUMU3WPOBAH COCTaB pabouel cMecu AJg
TIOJTyYeHU S JIYUIleTro pe3ysIbTaTa Mpy pPaboTe ¢ STUMU
Habopamu. B mpoilecce anpo6aiiuy MpOTECTUPOBAHBI
OTeuYeCcTBeHHbIe KapTodesbHble monynsatuy D. destruc-
tor pa3JINYHOro reorpad@uyuecKkoro MpoOUCXoXKIeHYI,
yCTaHOBJIE€HA UX NMIPUHAAJIEKHOCTh K rarioTuny E.
YcnenHo npoBeieHa OlleHKa MPUMEHUMOCTH TECTA.
OH peKOMeHI0BaH IJis IPOBeIeHUs UCCIeIoBaHNN
B OTE€UYECTBEHHBIX JUATHOCTUYECKUX JIaG0PaTOPHUAX
B 06acTy GUTOCAHUTAPUY U KAPAHTUHA PACTEHUN.
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ABSTRACT

Among over 90 nematode species of the genus Ditylen-
chus, Ditylenchus dipsaci (Kithn, 1857) Filipjev, 1936 and
Ditylenchus destructor Thorne, 1945 are of great econo-
mic importance for agricultural crops. These nema-
todes are migratory endoparasites and polyphages. The
species D. destructor is most common and harmful for
potato culture in Russia, which has a quarantine status
for some countries importing Russian products. There-
fore, its rapid and accurate diagnosis is of great impor-
tance for phytosanitary practice. International and re-
gional diagnostic protocols focus on D. dipsaci, and for
the identification of D. destructor, quite sophisticated
tests for laboratories are presented. In order to opti-
mize the diagnosis of D. destructor, the classical poly-
merase chain reaction method was chosen, proposed
by Polish scientists — Arnika Jeszke with co-authors
(Jeszke et al., 2013), with universal and species-spe-
cific DITuniF/DITdesR primers designed for the region
of internal transcribed spacer 1 (ITS1) and 5.8S rDNA.
The test was verified with Russian commercial kits for
DNA extraction and amplification, and the composition
of the working mixture was also optimized to obtain the
best result when working with these kits. In the veri-
fication process, Russian potato populations of D. de-
structor of various geographic origins were tested, and
their belonging to the E haplotype was established. The
applicability of the test was assessed successfully. It is
recommended for research in Russian diagnostic labo-
ratories for phytosanitary and plant quarantine.
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Knrwuesvie cnosa. PuTOoCAaHUTAPUS, MOJIEKYISP-
HO-reHeTuueckue metopl, [TLIP, I[TJP®, ITS, rarioTui.

BBEJJEHUE

TebJeBble HeMaTo bl KapTodens Dity-
lenchus destructor Thorne u nyxa Dity-
lenchus dipsaci (Kihn) Filipjev HaHOCAT
6oJIbIIION yIEepb ypoXkaio KapTodess,
JIyKa, YeCHOKA U MHOTUM JIPYTUM BU-
IaM CeJIbCKOXO3SIMCTBEHHBIX U JIEKO-
PATUBHBIX KyJAbTYP (AHUCUMOB U IP.,
2009; Bytopuna u gp., 2006; Edpe-
MeHKO, Bypirrelin, 1972; 3uHOBReBA U nAp., 2012).
B Hacrogllee BpeMsa UIAeHTUDUKAIIUSA STUX BUIOB
UMeeT 3HaUeHMe B OCHOBHOM [IJiS 3KCIIOPTUPYeMOit
MIPONYKIIVY UJIY CEMEHHOTO U TTI0CaZ0YHOI'0 MaTePU-
ajla BHYTPU CTPaHbl. aeHTUQuKanusg Mopdoaoru-
YeCKUM METOIOM JIOCTATOUHO Hae)XHa, HO BO3MOXK-
Ha TOJBbKO Yy B3POCJBIX 0COGel, TaK KaK CTPOeHUe
IOJIOBBIX CTPYKTYP SBJSETCS OCHOBHBIM JIHAarHO-
CTUYECKUM IIPU3HAKOM. MOJEeKyIIpHO-TeHeTuuec-
KM€ METOIbI JAl0T BO3MOXKHOCTb UAEHTU(MUKAIIUU
U TI0 JIUYMHOYHBIM cTazugaM (Subbotin et al., 2005).
B MeXIyHapOOHBIX AUATrHOCTUYECKUX IIPOTOKOJIAX
OCHOBHOE BHUMaHUe yJeJsieTcs cTe6IeBol HeMaTo-
ne ayka D. dipsaci, ojis KOTOPOU OMMUCAaHO 6 MOJIEKY-
JITPHO-TeHEeTUYEeCKUX MeTOmOB (IToJiuMepasHas Iell-
Hag peaxkiius (TTLP), mosmMepasHas IlelTHas peakIius
C aHajau3oM IMojuMopduaMa IJUH PECTPUKIIUOH-
HbBIX (parmenToB (ITLIP-TIIAP®)) (MCO®M 27 OII 8,
2015; PM 7/87 (2), 2017). B TO e BpeMs AJIs MoJie-
KyJSIpHOU nuarHocTuku D. destructor peKOMeHIyeT-
ca [NIP-TIIIP® unu CeKBEeHUPOBaHUE BHYTPEHHETO
TpaHckpubupyemoro crieiicepa — ITS-yuacTka resa
pOHK (Subbotin et al., 2005; Wendt et al., 1993). Me-
ton ILIP-TIAP® mocTaTOYHO TPyLOeMKuii, TpebyeT
HaAJIMY U MTOJIHOTO Habopa hepMeHTOB, pEKOMeHIye-
MBIX aBTOPaMM METOZA, B TPOTUBHOM CJIydae TPYLHO
C YBEPEHHOCTHIO uleHTUDUIIMPOBATh BUL D. destruc-
tor, XapakTepusywIUNCcsa BHYTPUBUIOBOM Bapua-
6eJIbHOCTDIO, CBA3aHHOM C M3MEHUYMBON IJMHOU I10-
ciaenoBaTeabHoCTHU [TST.

B HacTogmee BpeMsl M3BECTHO 7 TaIlJIOTUIIOB
D. destructor (oT A 10 G), KOTOPBIE OTJIMYAIOTCS I10 JIJIU-
He U TI0 HyKJIEOTULHOMY cocTaBy peruoHa ITS1 (Jeszke
et al., 2013). HauboJiee TOAXOAAUINM IJIST IIPUMEHe-
HUS B IMATrHOCTMUYECKUX JlabopaTopusaXx MpeaCcTaB-
JIsieTcs MeToJ Kjaccuueckoy IMIIP, mpeaoXeHHbIH
MOJIbCKUMU yuyeHbIMU — Arnika Jeszke ¢ coaBTopamMu
(Jeszke et al., 2013). Umu paspaboTrad Habop mpaime-
poB: 1 yuuBepcanbHbiil DITuniF k yuactky 18S pIHK
u 2 cnenuduUecKux npariMepa K ygactkam ITS1
u 5.8S pIHK — DITdesR nsa D. destructor u DITdipR gis
D. dipsaci. 3TOT MeToA 6bLJI anlpoOUPOBaH Ha OIS~
uuu D. destructor n3 MOCKOBCKOM 06JIaCcTU U ITOKa3aJl
MTOJIOKUTENbHBIE pesynbTaThl (Mahmoudi et al., 2019).
OxulaeMble pa3Mephbl aMIJIMKOHOB 1jis D. destructor
(B 3aBUCUMOCTH OT rarioTumna): 152—340 map HyKJieo-
TUIOB (1. H.), 111 D. dipsaci — 148 11. H. MoJIeKyJIsIpHbIe
MapKephl, MCII0Jb30BaHHbBIE aBTOPaAMU ITPEIJIOXKEH-
HOT'0 METOZIA, TTI03BOJISIOT OTIPEIEJIUTD BCE TIOTYJIISAIIUU

Key words. Phytosanitary, molecular genetic
methods, PCR, RFLP, ITS, haplotype.

INTRODUCTION

itylenchus destructor Thorne and Ditylenchus
dipsaci (Kiithn) Filipjev cause great damage to
the crop of potatoes, onions, garlic and many
other agricultural and ornamental crops
(Anisimov et al., 2009; Butorina et al., 2006;
Efremenko, Burshtein, 1972; Zinovieva et al., 2012). At
present, the identification of these species is important
mainly for exported products or seeds and planting ma-
terial within the country. Identification by the morpho-
logical method is quite reliable, but is possible only in
adults, since the reproductive structures are the main
diagnostic feature. Molecular genetic methods make
it possible to identify by larval stages (Subbotin et al.,
2005). International diagnostic protocols focus on D. dip-
saci, for which 6 molecular genetic methods are de-
scribed (polymerase chain reaction (PCR), polymerase
chain reaction with restriction fragment length poly-
morphism analysis (PCR-RFLP)) (ISPM 27 DP 8, 2015;
RM 7/87 (2), 2017). At the same time, for molecular di-
agnosis of D. destructor, PCR-RFLP or sequencing of the
internal transcribed spacer, the ITS region of the rDNA
gene, is recommended (Subbotin et al., 2005; Wendt
et al., 1993). The PCR-RFLP method is quite laborious,
since it requires the full set of enzymes recommend-
ed by the authors of the method, otherwise it is diffi-
cult to identify with certainty the D. destructor species,
which is characterized by intraspecific variability as-
sociated with the variable length of the ITS1 sequence.
Currently, 7 haplotypes of D. destructor are known
(from A to G), which differ in length and nucleotide com-
position of the ITS1 region (Jeszke et al., 2013). The most
suitable for use in diagnostic laboratories is the classical
PCR method proposed by the Polish scientists — Arnika
Jeszke et al. (Jeszke et al., 2013). They developed a set of
primers: 1 universal DITuniF to the 18S rDNA region and
2 specific primers to the ITS1 and 5.8S rDNA regions —
DITdesR for D. destructor and DITdipR for D. dipsaci. This
method was tested on a D. destructor population from
Moscow Oblast and showed positive results (Mahmou-
dietal., 2019). Expected amplicon sizes for D. destructor
(depending on haplotype) are 152—-340 bp, for D. dipsa-
ci— 148 bp. Molecular markers used by the authors of the
proposed method make it possible to identify all D. dipsa-
ci populations and all D. destructor haplotypes, deposited
in the GenBank database. It should be noted that in the
laboratory diagnosis of nematodes, the availability of the
method, its reliability and the time of the study are im-
portant. Therefore, the PCR method with specific prim-
ers seems to be the most suitable.
The aim of this work was to optimize the mole-
cular genetic diagnosis of D. destructor, to select an ap-
propriate method for its use in phytosanitary practice.
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D. dipsaci u Bce rartoTuIrsl D. destructor, IeIIOHUPO-
BaHHBIE B 6a3y maHHBIX GenBank. Hajmo oTMeTUTD,
YTO B JaOOpaTOPHOM AMArHOCTHMKE HEMAaTO] BaXkKHa
JIOCTYITHOCTb METOJa, €ET0 JOCTOBEPHOCTh U BPEMSI
TIPOBEIEHUS UCCIeloBaHus. [I09TOMY CaMbIM OIITH-
MaJIbHBIM MpefcTaBseTcs MeTox ITLIP co crienudu-
YeCKUMHU IpariMepaMu.

Llenbio HacTOAIIEeN PabOThI ABJIAIACH OIITUMMU-
3amusg MOJEKYJISIPHO-TeHETUYECKOU NUArHOCTUKU
cTebeBol HeMaTo bl KapTodes D. destructor, Ton6op
TTOIXOIAIIEr0 MeToa AJIs ero IIPUMeHeHUs B (PUTO-
CaHUTAPHOU IIPaKTUKE.

MATEPUAJIbBI U METO/IbI

Boliu mpoaHaau3upoBaHbl 0cob6u U3 11 momyasnui
crebaeBoll HeMaTonbl D. destructor, BblIeJIeHHbIE
u3 KapTodesis MPoOrCXoKIeHeM 13 MOCKOBCKOMH, Psi-
3aHCcKo, Tynbckol u OpJioBCKOM obacTe.

IToxrorosieHbl o6pasiiel JHK D. destructor (11ene-
BO¥ 06bEKT) U3 IIecTu ocobelt Ha o6paszer] 1 06pasIibl
IOHK Tpex npyrux BuIoB HemaTon — Meloidogyne hap-
la v Rhabditidae sp., BbIZeIEHHBIX U3 KIYOHEN 1 KOp-
Helt kapTodens, u Ditylenchus dipsaci 3 3eMJITHUKU
(aenesieBble 06BEKTHI). Boimenenue JHK IpoBemeHo
HabopoM «JHK-dkcTpan-2» (000 «CunTOJI», Poccus).
VHCTPYKIIUA IPOU3BOAUTENS MOAU(DUIIUPOBAHA I1y-
TeM yMeHbIlleHVd B 2 pa3a 06beMa PeakTUBOB 6e3 13-
MeHeHUd pe3yibTaTa BbelAeseHNa. ONTUMU3UPOBAIN
cocTaB pabouux cMecell AJis aMIIM(UKAIIUY C TIPU-
MeHeHNeM 0TeueCTBEHHOTO KOMMepuecKkoro Habopa
«5x ScreenMix» (3A0 «EBporeH», Poccus), yBeJuueH
061mii 06beM pabouetli cMecH 10 25 MKJI, AJI aHaIu3a
6panu 2 Mmrja JHK 1 1o 1 MKJI KaXXIoTo mpatiMepa.

Inga npoBemenus INLIP-TIAP® mo Wendt et al.
(1993) ucrnosb30BaNy CleAyI0IIe YHUBEPCATbHbIE
npaiiMeps! kK peruony ITS pJHK:

18S:5'-TTG ATT ACG TCC CTG CCC TTT-3;

26S: 5'-TTT CAC TCG CCG TTA CTA AGG-3'.

YenoBus aMmianuUKauu: HadaJdbHBINA Imar —
1,5 muH ripu 96 °C, 30 cex ripu 50 °C u 4 muH ripu 72 °C;
40 pukJoB 110 45 cek nipu 96 °C, 30 cek ripu 50 °C
u 4 muH nipu 72 °C; u nocjiegHul mar — 45 cex npu
96 °C, 30 cek ripu 50 °C u 10 MmuH nipu 72 °C.

Pasmepbl aMIIJIMKOHOB cocTaBagioT 1200 1. H.
nas D. destructor u 900 11. H. gJjig D. dipsaci. PecTpuKIus
(parMeHTOB IIpoOBeJleHa OOHUM U3 ePMEHTOB, PEKO-
MeHJIyeMbIM aBTOpaMu MeToja, — Taql u pepmMeHTOM
Trull. Jlyiga pectpukTassel Taql oxxyaemble IoKka3aTeau
aMILIUKOHOB: 640, 200, 150 1. H. CocTaB paboueii cMe-
cu: 5x ScreenMix — 5 M1, JHK — 2 Mk, 2 mpatimepa —
mo 1 mxit, H,0 — 16 MKJI.

Ilng mpoBemeHUs TecTa Kiyaccuueckoiu IILIP
1o A. Jeszke et al. (2013) vcmionb3oBaIy IIpaiiMephl:

DITuniF CTGTAGGTGAACCTGC (yHuBepcajb-
HBIN);

DITdesR GTTTTTCGCCCACAAATTAGC (cieuucu-
yeckuii K D. destructor).

YesioBug amninuuKanuy: JeHaTypanus — 3 MUH
npu 95 °C; 35 uukiaoB — 30 cek nipu 95 °C, 30 cek
npu 63,5 °C u 30 cex ipu 72 °C; puHaIbHASI DJI0OHTA-
nud — 5 MuH 1ipu 72 °C. OxupaeMble pa3Mephl aMILIU-
KOHOB 114 D. destructor (B 3aBUCUMOCTH OT FarljIOTUIIA):
152-340 1. H.

CocraB paboueil cMmecu: 5X ScreenMix — 5 MKIJI,
IHK - 2 Mk, 2 npaimMepa — 1o 1 M1, H,0 - 16 MKJL

B xauecTBe TOJOXUTEIbHOTO KOHTPOJIS MC-
NOJNb30BAJId OUMNILEHHYI0 U MHOLTBEPXIEHHYIO

MATERIALS AND METHODS

Individuals from 11 D. destructor populations isolated
from potatoes originating from Moscow Oblast, Ryazan
Oblast, Tula Oblast and Oryol Oblast were analyzed.

DNA samples of D. destructor (target object) were
prepared from six individuals per sample and DNA
samples from three other nematode species — Meloi-
dogyne hapla and Rhabditidae sp., isolated from pota-
to tubers and roots, and Ditylenchus dipsaci from wild
strawberries (non-target objects). DNA extraction was
carried out using the DNA-Extran-2 kit (Syntol, Rus-
sia). The manufacturer’s instructions have been modi-
fied by reducing the volume of reagents by a factor of 2
without changing the isolation result. The composition
of working mixtures for amplification was optimized
using the Russian commercial kit “5x ScreenMix” (Ev-
rogen, Russia), the total volume of the working mixture
was increased to 25 ul, 2 ul of DNA and 1 ul of each
primer were taken for analysis.

For PCR-RFLP according to Wendt et al. (1993) the
following universal primers for the ITS region of rDNA
were used:

18S: 5'-TTG ATT ACG TCC CTG CCC TTT-3';

26S: 5'-TTT CAC TCG CCG TTA CTA AGG-3'.

Amplification conditions: initial step — 1.5 min at
96 °C, 30 sec at 50 °C and 4 min at 72 °C; 40 cycles
of 45 sec at 96 °C, 30 sec at 50 °C and 4 min at 72 °C;
and the last step is 45 sec at 96 °C, 30 sec at 50 °C and
10 min at 72 °C.

The amplicons are 1200 bp for D. destructor and
900 bp for D. dipsaci. Fragment restriction was carried
out by one of the enzymes recommended by the au-
thors of the method, Taql and Trull. For restrictase
Taql expected amplicons: 640, 200, 150 bp. Composi-
tion of the working mixture: 5x ScreenMix — 5 ul, DNA —
2yl, 2 primers — 1 pl each, H,O0 — 16 ul.

For the classical PCR test according to A. Jeszke et
al. (2013) primers were used:

DITuniF CTGTAGGTGAACCTGC (universal);

DITdesR GTTTTTCGCCCACAAATTAGC (specific to
D. destructor).

Amplification conditions: denaturation — 3 min at
95 °C; 35 cycles — 30 sec at 95 °C, 30 sec at 63.5 °C and
30 sec at 72 °C; final elongation — 5 min at 72 °C. Ex-
pected amplicon sizes for D. destructor (depending on
haplotype): 152-340 bp.

Composition of the working mixture: 5x Screen-
Mix —5ul, DNA -2 yl, 2 primers — 1 ul each, H,0 - 16 ul.

Purified and confirmed by sequencing D. destructor
DNA was used as a positive control from the laboratory
collection, while as a negative control — it was deionized
water. Amplification was carried out on a CFX96 ther-
mal cycler (Bio-Rad, USA).

RESULTS AND DISCUSSION

The isolated nematodes being D. destructor was con-
firmed by the morphological method. The morpho-
metric parameters of the studied nematodes (males
and females) corresponded to those of D. destructor
(see Fig. 1). The body length of adults is from 995 to
1610 um (n = 10); body width — from 27 to 45 pum; sty-
letlength — from 10 to 13.8 um; tail length — from 65 to
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Puc. 1. OcHoBHble MOphoMeTpuYecKne NpUsHaKku

HemaTop Bupa D. destructor Ha npumepe nonynsuuu,
noapep>xnuBaeMol B Kynbtype naboparopun
renbMuHTOoNorum UJL* ®rbY «BHUUKP»: a — ronoeBHomi
KOHeL, B3pocnoli ocobu D. destructor; b — XBOCTOBOI KOHeL,
CaMKWU, BEHTpaJibHas CTOPOHA; C — XBOCTOBOM KOHEL, CAMKM,
6okoBast npoekuus (hoto C.B. CypapukoBoit)

Fig. 1. The main morphometric features of D. destructor
nematode on the example of a population maintained

in the culture of the Helminthology Laboratory of Testing
Laboratory Center, FGBU “VNIIKR”: a — the head end

of an adult D. destructor; b — the tail end of the female,
ventral side; ¢ — the tail end of the female, lateral projection
(photo by S.V. Sudarikova)

cexkBenupoBaunueM JIHK D. destructor u3 KoJIJIeKIIUU
JabopaTopuy, B KaUeCTBe OTPUIATEIbHOT0 KOHTPO-
JIsl — AeMOHU3UPOBAHHYI0 BOLIY. AMILIN(UKAIINIO TTPO-
BOIMIM Ha TepMoliukiepe CFX96 (Bio-Rad, CIIIA).

PE3VJIBTATBI U OBCYKJEHUNE

[IpuHALJIEXHOCTh BBIJEJEHHBIX HEMATOM K BULY
D. destructor ogTBepXAeHa MOP(OJIOTUUECKUM METO-
oM. MopdomeTpuueckue mapamMeTphbl UCCIIeLyeMbIX
HeMaToZ (caMIIOB XU caMOK) COOTBeTCTBOBaJu D. de-
structor (cM. puc. 1). [IIuHa Tejla B3POCJbIX 0CO0eH —
oT 995 1o 1610 MM (n = 10); mupuHa Tejaa — oT 27
1o 45 MKM; gJrHa ctuiaeta — oT 10 7o 13,8 MKM; AJanHa

* McnbiTaTenbHbI 1abopaTopHBbIN LEHTP
drey «BHUMKP».

81 um; average values: a = 36; b = 6.5; ¢ = 17. The
esophageal glands overlap the intestines from the dor-
sal side. Males have a bursa that does not reach the tail
apex. In females, the posterior uterus is more than half
the length of the distance “vulva — anus”.

As a result of PCR-RFLP with the target species
using universal primers according to Wendt et al. a
1200 bp fragment was obtained. The fragment was
sequenced, and its belonging to the D. destructor spe-
cies was confirmed using the GenBank database (Mah-
moudi et al., 2019). As a result of its restriction with
the Taql enzyme recommended by the authors, frag-
ments of 550, 190, and 95 bp were obtained instead of
the expected 640, 200 and 150 bp (see Fig. 2). This dif-
ference is likely due to intraspecific variation in D. de-
structor. Restriction with the Trull enzyme resulted in
the formation of 2 fragments 500 and 300 bp in length.

The method is quite laborious, requires additional
testing on D. destructor populations in Russia, and is cur-
rently not recommended as the main one in a diagnos-
tic laboratory. However, this analysis is promising for
studying the intraspecific polymorphism of the species.

As a result of PCR with DITuniF/DITdesR primers,
a 209 bp fragment was amplified for D. destructor DNA
samples from all studied populations, which corre-
sponds to haplotype E (see Fig. 3).) (Jeszke et al., 2013).

When studying non-target species by PCR
with these primers, no amplification was observed.
The applicability of this method was assessed: sensi-
tivity — 1 individual of the nematode, DNA was detected
even when the stock solution was diluted 1 : 100. Speci-
ficity and repeatability were 100%.

Trull Taql
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Puc. 2. PesynbraTbl anekTpodopesa (hparMeHTOB PeCTPUKLMU
aMM/IMKOHA, NOSTY4YeHHOro C MOMOLLbIO Mapbl YHUBEPCasbHbIX
npanmepoB 18S/26S pepmeHTamu Taql u Trull:

o6pasubl 2, 3 — nonynauun D. destructor ns MockoBckoli obnacTu;

M - mapkep MonekynapHoro seca 100-3000 n. H.
(GeneRuler 100 bp Plus DNA Ladder)

Fig. 2. The electrophoresis results of the restriction amplicon
fragments obtained using a pair of universal primers 185/26S
with TagI and Trull enzymes:

samples 2, 3 — populations of D. destructor from Moscow Oblast;
M —100-3000 bp molecular weight marker
(GeneRuler 100 bp Plus DNA Ladder)
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XBOCTa — OT 65 110 81 MKM; CpelHVE 3HaYeHuUsd: a = 36;
b =6,5;c=17.IuneBogHbIE )KeJIe3bl HAJeralT Ha KU-
IIeYHUK C LOPCAJIbHON CTOPOHBI. Y CaMIlOB IIPUCYT-
cTByeT 6ypca, He IOCTUTaeT KOHYMKA XBOCTA. Y CAMOK
3aIHS MaTKa 60JIbIlle TOJIOBUHBI AJIMHBI PACCTOSHUS
«BYJIbBA — QHYC».

B pesynbrare npoBeneHud [ILP-TIIP® c me-
JIEBBIM BUJIOM C MCIIOJIb30BaHWEM YHUBEPCATbHBIX
npaiimepoB no Wendt et al. monyueH ¢parMeHT
1200 11. H. PparMeHT CeKBEHUPOBAH, IOATBEPXKAeHA
ero IPUHAIJIEXXHOCTD K BUmy D. destructor ¢ NCIIOJb-
30BaHMeM 0asbl jaHHbIX GenBank (Mahmoudi et al.,
2019). B pesynbTaTe €ro peCTPUKIIUY, TIPOBEIEHHON
pekoMeHAyeMbIM aBTOpamMu epMeHToM Taql, mo-
JiydeHbI (hparMeHThl pa3zMepoB 550, 190 u 95 m. H.
BMecCTO oxxugaeMbix 640, 200 u 150 . H. (cM. puc. 2).
BeposTHO, 5Ta pa3HuIla CBI3aHa C BHYTPUBUIOBBIMU
Bapuanusamu D. destructor. TIpu pecTpuxkiiuu ¢gep-
MeHTOM Trull o6pasoBanuck 2 hparMeHTa QJIUHOUN
500 1 300 1. H.

MeTon, OCTaTOYHO TPYLOEMOK, TpebyeT OT0JI-
HUTEJbHON 0TPaboTKM Ha OTeYEeCTBEHHBIX ITOTTYJIS-
nusx D. destructor B HaCTOsIIee BpeMs He PEKOMEH-
IyeTcs B KaueCTBe OCHOBHOTO B LUAaTrHOCTUUYECKOU
nabopatopuu. OmMHAKO, DTOT aHAJU3 IIEPCIEeKTUBEH
IJi9 M3y4YeHUsd BHYTPUBUAOBOTO MoauMopduiMa
BUIA.

B pesynbprare I[P ¢ npaiimepamu DITuniF/
DITdesR pjs obpasiioB IHK D. destructor Bcex ucciie-
IyeMbIX TIOMyAdI Ui aMIauuiiupoBad GparMeHT
pasMepom 209 1. H., YTO COOTBETCTBYET rarioTuIly E
(cMm. puc. 3) (Jeszke et al., 2013).

[Ipu ucclefoBaHUU HEIleJEBBIX BUIOB METO-
mnom IILIP c sTuMM mpaliMepaMu aMIIU(GUKAIIUU
He mpo1wuio. [IpoBefeHa OlleHKa IPUMEHUMOCTHU JaH-
HOTO MeTOJa: YyBCTBUTEIBHOCTb — 1 0COOb HEMATOIbI,
IHK BbIsIBIISATIAaCh Jake IIPY pPa3BeJeHUU UCXOIHOIO
pactBopa 1 : 100. CriequUYHOCTh ¥ TOBTOPSIEMOCTD
coctaBuiu 100%.

CnenyeT OTMETUTH, UTO MIPU IIPOBeLEHUU OV-
mekcHo# TP ¢ nmpatimepamu DITuniF/DITdesR/
DITdipR Bo3MOXXHA aMIIM(pUKALIUSA OUeHb OJIN3KUX
110 pasMepy pparmMeHTOB 11 D. dipsaci v rarioTuna A
D. destructor — 148 u 152 11. H., YTO He JaeT BO3MOX-
HOCThb nuddepeHIIMpPOBaThL UcCCeAyeMble BUAbI 6e3
ToCJeAyIoero CeKBeHNPOBaHUSI, KOTOPOE IIOBbBIIIA-
€T TPYZI0EMKOCTb METOJIa. PeKOMEHAyeTCs ITPOBOIUTH
TLIP oTmenbHO c Tapamu mpatiMepoB DITuniF/DITdesR
u DITuniF/DITdipR gyis uieHTUGUKALIUY 9TUX ABYX
BUJOB.

3AKJIIIOYEHUE

Il IpOaHaIM3UPOBAHHBIX OT€UECTBEHHBIX MTOITYJIS-
uutt Ditylenchus destructor onpefiejieHa IPUHALJIEK-
HOCTb K rarutotuny E. OnipeniesieH pazMep hparMeHTOB
npu npuMeHeHuu [MTIP-TTIP® mo Wendt et al. (1993)
IJs gaHHoro rarsortuna E: mia ¢gepmenTta Taql — 550,
190 u 95 nap HykieoTnnos; Trull - 500 u 300 mmap HyK-
JIEOTUZOB.

MeTop TP nng unentudukrauuu Ditylenchus de-
structor c mapoi mpaiMepoB DITuniF/DITdesR, npen-
JnoxeHHbIN Jeszke et al. (2013), oNITUMU3UPOBAH s
HCIIOJIb30BAHUS C OT€YEeCTBEHHBIMU KOMMEPUYECKUMU
HabopaMu. YCIIEIIHO ITPOBeleHa OlleHKa IIPUMEHUMO-
ctu Tecta. OH peKOMEHJ0BAH JJIsg TPOBENeHUS VCCIIe-
JIOBaHUM B OTEUECTBEHHBIX IMarHOCTUYECKUX Jlabopa-
TOpUAX B 06J1acTy (PUTOCAHUTAPUU.

209 o. H.

209 no. 1.

Puc. 3. Pesynbtatbl MNP ¢ npainmepamu gna D. destructor
(DITuniF/DITdesR): 06pa3ubl D. destructor:

1-3 — MockoBckas obnactb; 4—-6 — Tynbckasa obnacTb;

7-9 - PasaHckas obnacTtb; 10, 11 — OpnoBckas obnacTb;

12 — NONOXUTENbHbIW KOHTPONb; K- — oTpuuaTenbHbIi
KOHTponb; M — Mapkep MonekynapHoro seca 100-3000 n. H.
(GeneRuler 100 bp Plus DNA Ladder)

Fig. 3. PCR results with primers for D. destructor
(DITuniF/DITdesR): D. destructor samples:

1-3 - Moscow Oblast; 4—-6 — Tula Oblast;

7-9 — Ryazan Oblast; 10, 11 - Oryol Oblast;

12 - positive control; K- — negative control;

M —-100-3000 bp molecular weight marker
(GeneRuler 100 bp Plus DNA Ladder)

It should be noted that when performing du-
plex PCR with primers DITuniF/DITdesR/DITdipR, it
is possible to amplify fragments very similar in size
for D. dipsaci and D. destructor haplotype A — 148 and
152 bp, which makes it impossible to differentiate the
studied species without subsequent sequencing, which
increases the complexity of the method. It is recom-
mended that PCR should be performed separately with
primer pairs DITuniF/DITdesR and DITuniF/DITdipR to
identify these two species.

CONCLUSION

Haplotype E was determined for the studied Russian
populations of Ditylenchus destructor. Fragment size was
determined using PCR-RFLP according to Wendt et al.
(1993) for this haplotype E: for the Taql enzyme, 550,
190, and 95 bp; Trull — 500 and 300 bp.

PCR method for identification of Ditylenchus de-
structor with primer pair DITuniF/DITdesR proposed by
Jeszke et al. (2013), optimized for use with Russian com-
mercial kits. The applicability of the test was assessed
successfully. It is recommended for research in Russian
diagnostic laboratories in the field of phytosanitary.
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AHHOTALIA
Copuble Buabl ceMeiicTBa bobosbie (Fabaceae) yacto
3aCOPSIOT 3€PHOBYIO IIPOAYKITUIO, CHYKAS €€ KaUeCTBO.
BupoBas njeHTUDUKAIUSA CEMSIH 3TOU I'PYIIIIBI COP-
HBIX PACTEHUI B UCIIBITATEIbHbBIX JIAO0OPATOPUIX IIPO-
BOZUTCS TI0 KOMILJIEKCY BUIUMBIX MOP(OJIOTUUECKUX
MaKpOITPU3HAKOB METOJOM CBETOBOM MUKPOCKOITHH.
[1py 5TOM BO MHOTHX CJIy4asiX JOCTOBEPHO YCTAHOBUTD
BUJIOBYIO TIPUHA/IIEXKHOCTD CEMSTH 6000BbIX 3aTPYIHU-
TEJILHO I10 IIPUYNHE 3HAUYUTEbHON MOP(OJIOTUIECKON
CXO0XKeCTH A1acIop. B coBpeMeHHbIX UCCIeL0BaHUIX
0COBOEHHOCTY MUKPOMOP(OIOTHUY ITIOBEPXHOCTH CEMIH
VCITEeIHO UCITOIb3YIOTCS I8 UAeHTU(DUKAIIUY TPYTUX
TaKCOHOB Pa3JINYHbIX PaHTroB. OZHAaKO, KCIIOJIb30BaHNE
MHUKPOIIPHU3HAKOB CEMSH B IIPaKTUKe (pUTOCAHUTAP-
HO¥ IMarHOCTVKY OOBIYHO 3aTPYIHEHO 13-3a JOJIT0MN
IPO6OMIOATOTOBKY 06Pa3Il0B U OTCYTCTBUS HEOOXOIM-
MOTO0 060PYZI0BaHYSI BLICOKOTO Pa3peuieHus. ITU TPY/I-
HOCTW JIETKO TIPE0I0JIMMbI C TIOMOIIbI0 COBPEMEHHOT0
CKaHUPYIOLIEeTro 3JIeKTPOHHOT0 Mukpockona Hitachi
TM4000Plus, KOTOPBIH ITO3BOJISIET IIPOBOAUTD UCCIIE-
JIOBaHME CyXUX 00PasIioB B PEXKUME HU3KOTO BaKyyMa
6e3 UX IOTIOJTHUTEIbHON ITPO60IIoATroTOBKY. B paboTe
MEeTOZOM CKaHUPYIOIEH 3JIeKTPOHHON MUKPOCKOTINY
(COM) mpoBezieHO HcciienoBaHe MUKPOMOP(OJIOTUYN
U YJIBTPACKYJIBIITYPhI TTOBEPXHOCTY CEMSIH COPHBIX BU-
IoB cemeiicTBa Fabaceae — Securigera varia (L.) Lassen
u Coronilla scorpioides (L.) W.D.J. Koch — B 11eJ15X OlI€H-
K{ JUArHOCTUYECKON 3HAaUYMMOCTY MUKPOIIPHU3HAKOB
npu ux uaeHTuGuKanuu. O6beKTaMu UCCIeL0BaHKs
TIOCTYXUJIM 006pasIlbl CEMIH M3 HAy4YHBIX repbap-
HbIX Kojunekiuii (MHA, LE, VOR), a Takxxe cOGCTBEH-
Hble KapIloJornyeckue 1 repbapHble MaTepUalbl,
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ABSTRACT
Fabaceae weeds often contaminate grain products, re-
ducing its quality. Seed species identification of this
weed group in test laboratories is carried out by a com-
plex of visual morphological macrocharacters by light
microscopy. However, in many cases it is difficult to
identify the species of Fabaceae seeds due to consid-
erable morphological similarity of diasporas. In mod-
ern research, micromorphology peculiarities of seed
surface are used successfully to identify other taxa of
various ranks. Nevertheless, using microcharacters
of seeds in phytosanitary diagnosis is usually handi-
capped by a long sample preparation and lack of ne-
cessary equipment of high dimension. These difficul-
ties are easily coped with by a modern scanning elec-
tronic microscope Hitachi TM4000Plus, which allows
to study dry samples in a low vacuum mode without
an additional sample preparation. Using the meth-
od of scanning electron microscopy (SEM), there has
been studied the micromorphology and ultrasculp-
ture of seed surface of Fabaceae weed species — Se-
curigera varia (L.) Lassen and Coronilla scorpioides (L.)
W.D.J. Koch — to estimate the diagnostic value of mac-
rocharacters while their identification. The objects of
the study were seed samples of academic herbarium
collections (MHA, LE, VOR), as well as personal car-
pologic and herbarium materials collected by the au-
thors in different regions of European Russia during
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cobpaHHBbIE aBTOPAaMU B PA3JIMYHBIX PallOHAX €BPO-
elcKol yacTu Poccuu B Xoie SKCIIEINIIMOHHBIX BbI-
e310B 2021-2022 rr. B ripoliecce u3dy4eHud BbIIBJIEHbL
OCHOBHBIE Pa3JIMUUI BO BTOPUYHOUN YIbTPACKYIb-
nType 60KOBOM IMMOBEPXHOCTU CEMEHU, B TIEPBUYHOMN,
BTOPUYHOU U TPETUYHOM YJIbTPACKYJIBIITYPE 06J1acTH
OKOJIO PyOUYMKa, a Takxe B popMe MUKPOIIUJIE U pas-
Mepe pyOunKa. ITU Pa3Inyuusi MOTYT CIY>KUTh HOBBIMU
JIOCTOBEPHBIMHU IMArHOCTUYECKMMY MUKPOITPU3HAaKa-
MU TIPU UIEHTU(PUKAIINY UCCIIeYyEMBIX BUIOB. [1pu-
MEHUMOCTb JaHHbBIX MUKPOTIPU3HAKOB B 06j1acTU pu-
TOCAHUTAPHOU AUATrHOCTUKY 06CyXZaeTcs B paboTe.
Knrouesvte cnosa. Bo60BBIe, COPHBIE pPaCTEHUS,
ceMs, YIbTPacKyabITypa, COM, huTocaHuUTapuUs.

BBEJEHWUE
epHOBast TPOAYKIIWS, IIpeHa3Ha-
YyeHHas JIS DKCIIOPTa, IOJIKHA OBITH
KadyecTBEHHOM 1 6e30IIacHOM, a Tak-
’)Ke JIOJDKHA COOTBETCTBOBATh (DUTO-
CaHUTAPHBIM TPeGOBAHUAM CTPAHBI-
uMmnoprepa. TouHas u  ObICTpas
UIOeHTU(DUKAIIMSI CeMIH COPHBIX pac-
TEeHUN, KOTOpble OOHAPYKUBAKTCSI
B DKCIIOPTHOM 3€epHe, ABJIIeTCS Ba)XXHOM 3a7aveil co-
BPEMEHHOU repb0JIOrnYeCcKO SKCIIePTH3bl. B HACTO-
siIee BPeMsI UCIIbITaTeJIbHbIe JJab0paTOPUU ITPOBOISIT
BUIOBYI0 WIEHTU(MUKAIIUIO COPHOW IPUMECHU C TI0-
MOIIIbI0 METO/IA CBETOBOM MUKPOCKOIIWU, UCIIOJb3YS
MopdoJiornyeckre MaKpOoIIpU3HaKY CEMSH U TLIOIOB.
BMecTe ¢ TeM ITPY TTPOBEJIEHUY JUATHOCTUYECKUX UC-
cJieloBaHM JJisI YTOUHEHWSI MUKPOIIPU3HAKOB, KOTO-
pbIe ILIOXO Pa3IMYMMbI B CBETOBOM MMKPOCKOII, BCE
Yale BO3HUKAET ITOTPEOHOCTD B ITPUBJIEYEHUN METO-
OB BBICOKOTO pa3pelIeH s, HAalIPUMEDP CKaHUPYIOIIE
2JIEKTPOHHON Mukpockonuu (COM). Vcmoab3oBaHue
HOBBIX PENPEe3eHTATUBHBIX AUATrHOCTUYECKUX TIPU-
3HAKOB, B YaCTHOCTY CTPYKTYPbI IOBEPXHOCTU CEMSTH,
urpaeT GOJIBIIYI0 POJIb B CUCTEMATUKE U (DUIOTEHUHN
pacTeHUH, Tak KaK CEMEHHYI0 KOXKypY (CIIepMoiepMy,
TECTY) IIBETKOBBIX PACTEHUU OTJIMYAET OOJIbIIOE Pa3-
HoobOpasue (Luurep, 1958). Ha cerogHAIMHUN IeHb
OITyOJIMKOBAHO HeMaJio paboT, rie IpU HCCJel0Ba-
HUMU TaKCOHOMMYECKU CJIOKHBIX T'PYIIIT CEMENCTBa
Fabaceae WHCIIONb3yIOT TIPU3HAKU YJIBTPACKYJIBIITY-
pBI TLI0ZI0B U ceMsaH (BoponuuxuH, 1992; EKici et al.,
2005; Vural et al., 2008; IllemeToBa, 2014; KpamMuHa,
2014 u np.). TlosToMy mcmosb3oBaHue Metoma COM
B ITOMICKE JOTIOJHUTENbHBIX CTAOUIbHBIX MUKPOIIPU-
3HAKOB Ha YPOBHE YJIbTPACKYJBIITYPhI TOBEPXHOCTU
IIJIONOB U CeMSAH gBJIIeTCs HeoOXOOUMOI 3amauden
B pa3paboTKe COBPeMEHHBIX METOMIOB MIeHTU(UKA-
1YY 6JIU3KUX 1 MOP(OJIOTUUECKH CXOXKIX BULOB COP-
HBIX PACTEHUH.
O6beKTaMM HaIlleTO MCCIIeIOBAHYS ABJISIVCh COP-
HbIE PAaCTEHUS ceMelicTBa Bo60Bble — CEKMPOILIOLHUK
niecTpblii Securigera varia (L.) Lassen (cunorum Coronil-
la varia L.) 1 GTM3KOPOICTBEHHBIN BUJL, BS3€JIb 3aBUTOM
Coronilla scorpioides (L.) W.D.J. Koch. Bupg, Securigera varia
perynupyeTcs (GUTOCAHUTAPHBIMU TPEOGOBAHUSIMU

the expeditions in 2021-2022. During the research,
there have been identified main differences in the se-
cond ultrasculpture of lateral seed surface, in primary,
secondary and tertiary ultrasculpture near the hilum,
as well as the micropyle shape and hilum size. These
differences can serve as new trustworthy diagnostic
microcharacters while identifying the studied species.
Applicability of these microcharacters in phytosanitary
diagnosis is discussed in this paper.

Key words. Fabaceae, weeds, seeds, ultrasculpture,
SEM, phytosanitary.

INTRODUCTION

rain products for export must be of high

quality and safe, and must also comply

with the phytosanitary requirements of the

importing country. Accurate and fast iden-

tification of weed seeds that are detected
in export grain is an important task of modern herbo-
logical expertise. Currently, testing laboratories carry
out species identification of weeds using the method
of light microscopy by morphological microcharac-
ters of seeds and fruits. At the same time, when con-
ducting diagnostic studies to clarify microcharacters
that are poorly distinguishable in a light microscope,
there is an increasing need to involve high-resolu-
tion methods, such as scanning electron microscopy
(SEM). The use of new representative diagnostic cha-
racters, in particular the structure of the seed surface,
plays an important role in the taxonomy and phylo-
geny of plants, since the seed coat (spermoderm, tes-
ta) of flowering plants is very diverse (Zinger, 1958). At
present, there have been published many works using
characters of ultrasculpture of fruits and seeds in the
study of taxonomically complex groups of the Fabace-
ae family (Voronchikhin, 1992; Ekici et al., 2005; Vu-
ral et al., 2008; Shemetova, 2014; Kramina, 2014, etc.).
Therefore, the use of the SEM method in the search for
additional stable microcharacters at the level of ultras-
culpture of the surface of fruits and seeds is a neces-
sary task in the development of modern methods for
identifying close and morphologically similar species
of weeds.

The objects of our research are Fabaceae weed
plants — Securigera varia (L.) Lassen, synonymous to
Coronilla varia L., and closely-related Coronilla scorpio-
ides (L.) W.D.J. Koch. The species Securigera varia is regu-
lated by phytosanitary requirements of some countries
importing Russian grain products and technical crops.
Egypt only, where S. varia is a quarantine pest, imports
annually from Russia grain crops of about 6.5 million
tons, on average. Today, S. varia is quite a topical object
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psjla CTpaH — UMIIOPTEPOB POCCUMCKON TIPOAYKIINU
3EPHOBBIX U TEXHUYECKUX KyJIbTyp. TOJbKO B Erurner,
Tlle CEKUPOTJIONHUK TeCTPhIN IBJISEeTCS KapaHTUH-
HBIM OPTaHW3MOM, €XETrOJHbIN DKCIOPT 3€PHOBBIX
Cc Tepputopuu P® B cpegHeM cocTaBgeT MOPALKA
6,5 MiH T. CeromHg S. varia ABJSIeTCS BecbMa aKTy-
aJbHBIM 00BEKTOM IJIsI IPOBEAEHUS JIab0PaTOPHBIX
WCCJIeIOBAHUM C HEOOXOAUMOCTbIO UCCIeJ0BaHUsI 00-
pas1ioB IKCIOPTUPYEMOU TTOAKAPAHTUHHOU MTPOAYK-
uuu oT 60J1ee ueM 9,5 MJIH T TPY30B B T'OJI.

MATEPUWAJIBI U METO/IbI

MaTtepuaioM IJisl UCCIIeL0BAHMS MTOCIYXUIU 3PeJible
cemeHna Securigera varia (L.) Lassen u Coronilla scor-
pioides (L.) W.D.J. Koch, mony4yeHHbIe U3 repbapHBIX
KOJUIEKIIUY [JTaBHOTO G0TAaHMYECKOrO caja UMEeHU
H.B. llunimHa Poccuiickoil akageMuu Hayk (MHA),
BoraHnuueckoro nHctutyta umeHu B.JI. KomapoBa
Poccuiickolt akagemuu Hayk (LE), lepbapus uMeHuU
npogeccopa b.M. Kozo-IToigHCKOTO BOPOHEXCKOTO
rocymapcrBeHHoro yaupepcurera (VOR). YacTb MaTe-
puaJjoB AJs UcciefoBaHus ObLIa cobpaHa aBTOpaMu
BO BpeMS SKCIIEAUIIMOHHBIX BbIE3I0B 10 TEPPUTOPUN
Poccuu (KpacHomapcKui Kpaii, BopoHexxckas, Jiu-
nenkas, Tam6oBckas, Kypckas, Benropojckasi, Boaro-
rpajickas o6JacTy U JIp.) B BereTallMOHHbIE IEPUObI
2021-2022 rr. CBemeHus 06 o6pasitax ceMsiH, BOBJIE-
YeHHBIX B HACTOSIIlee MCCcieloBaHle, ITIPeICTaBIeHbI
B TabJ1. 1. 9TU ceMeHa ObLIN UCII0JIb30BaHbI [JIS OLeH-
KU CTeIleH! BapbHUPOBaHUS UX JUHEHNHBIX Pa3MepPOB
B 3aBUCHMOCTHU OT Pa3HbIX abOTUYECKUX (PaKTOPOB.
Brly n3MepeHsl 4JNHA, IIUPUHA, ToALMHA 20 ceMsaH
U3 TpeXx MOMyIAINY KaXX/I0T0 BUIa U3 Pa3HbIX reorpa-
(pUuUeCcKUX TOUEK.

Ilnsg nsydeHus ob61eit Mopdosioruu 06pasiibl ce-
MsH doTorpadupoBaiu Ha CTEPEOMUKPOCKOIIE Zeiss
SteReo Discovery V20 c ucrnionb3oBaHrueM doToanma-
patra Canon EOS 5D MKIII. B manbHeleM CHUMKU
TIOCJIOMHO KOMOMHMPOBAJNCh B IPpOrpaMMe Zerene
Stacker. M3yueHue Ka)JJOTO BUJa TIPOBOIUIJIN HA BbI-
6opke u3 4—5 ceMsH.

CpaBHUTEJNbHBIN aHAJIU3 YIbTPACKYJIbIITYPHI
TIOBEPXHOCTHU BBIMOJHAAU U MUKpOMop(doJioruio ce-
MSH COPHBIX PACTEHUY M3ydaJiv C TTIOMOIIbI0 CKAHM-
PYIOIIEro 3JIeKTPOHHOTO MUKpPOCcKoma Mozeiu Hitachi
TM4000Plus (COM), dnouus. CeMeHa 6e3 IIpeaBapu-
TEeJIbHOU ITPO6GOIIOATOTOBKY (PUKCUPOBAJIY HA AJIIOMU-
HUEeBbIe CTOJINKY C TIOMOIIIBIO0 IBYXCTOPOHHEN YTIIePO]I -
HOW 3JIEKTPOTIPOBOIAIIEN JIEHTHI. M3ydyeHre 06pasiioB
TIPOBOAMIIY 6e3 HAaHEeCEeHUST TOKOTIPOBOISIIETO ITOKPhI-
TUS B PeXXUMe HU3KOTO BaKyyMa, IPU YCKOPSAIOIeM
Hanpsxenuu 5 unu 10 kB. PesynbTupyoniue ajek-
TPOHHO-MUKPOCKOIIMYECKYE N300paKEeHUS IOy UEeHbI
C TTOMOIIBI0 AETEKTOPOB BTOPUUHBIX U OTPaKEHHBIX
5JIeKTPOHOB. O6beM BBIOOPKY CEMSH KaXkIIOTO BUIa
cocTasdi 10-20 wT. CbeMKU ITPOBOAVIIUCE ITPU pas-
JIMYHBIX yBeJqnueHusax: x250, x500 — 119 u3y4deHus
MUKpoMopdosoruuyeckux MmpusHakos, x1000 — aaga
U3y4YEeHUS YIbTPACKYJIBIITYPhI [IOBEPXHOCTHU SK30TEC-
ThI. [IJI OTIMCAHUS YIBTPACKYIbITYPhI TIOBEPXHOCTY
ceMdaH ucnoabsoBanu noxxon W. Barthlott (1981).

PE3VJIBTATBI U OBCYXKIEHHNE

CemeHa S. varia u C. scorpioides UMeIOT CXOIHOEe BHEII-
Hee CTpOeHMe, YTO 3aTPYAHSIET UX BULOBYIO UIEH-
TUUKALNI0 B IPOAYyKIuU. CpaBHEeHUE CEMSH C 110-
MOIIbI0 CBETOBOTO CTEPEOMHKPOCKOIIA ITOKa3aJjo

if laboratory studies with the need to study samples of
exported regulated products from more than 9.5 mil-
lion tons of cargo per year.

MATERIALS AND METHODS

The material for this study was ripe seeds of Securi-
gera varia (L.) Lassen and Coronilla scorpioides (L.)
W.D.J. Koch, obtained from herbarium collection of
N.V. Tsitsin Main Botanical Garden of the Russian
Academy of Sciences (MHA), V.L. Komarov Botani-
cal Institute of the Russian Academy of Sciences (LE),
B.M. Kozo-Polyanisky Herbarium of Voronezh State
University (VOR). Some of the studied materials were
collected by the authors during their expeditions
around Russia (Krasnodar Krai, Voronezh Oblast, Li-
petsk Oblast, Tambov Oblast, Kursk Oblast, Belgorod
Oblast, Volgograd Oblast, etc.) in the vegetation peri-
ods of 2021-2022. Data on seed samples involved in
this research are presented in Table 1. These seeds
were used to estimate the grade of variation in their
line sizes depending in different abiotic factors. The
length, width and thickness of 20 seeds were mea-
sured from three populations of each species from
different geographic locations.

To study the general morphology, the seed sam-
ples were photographed on Zeiss SteReo Discovery
V20 stereomicroscope using Canon EOS 5D MKIII ca-
mera. Later, the photos were layered using the software
Zerene Stacker. Each species was studied by 4-5 seeds.

The comparative analysis of the surface ultras-
culpture was performed, and weed seed micromor-
phology was studied with a scanning electron micro-
scope Hitachi TM4000Plus (SEM), Japan. Without any
previous sample preparation, the seeds were fixed on
aluminum plates with double sided carbon conduc-
tive tape. The samples were studied without applying
conductive coating on low vacuum mode, at accelerat-
ing voltage of 5 or 10 kV. The final electron microscop-
ic images were obtained with the detectors of second-
ary and reflected electrons. The volume of samples of
each species were 10-20 seeds. The photoshoots were
carried out at different magnification: x250, x500 - to
study micromorphological characters, x1000 — to study
the exotesta surface ultrasculpture. To describe the ul-
trasculpture of seed surface, the W. Barthlott (1981) ap-
proach was used.

RESULTS AND DISCUSSION

S. varia and C. scorpioides seeds have a similar appear-
ance, which makes it difficult to identify them in pro-
ducts. Comparing the seed with the light stereomi-
croscope showed the lack of trustworthy differences
between them, the seeds are very similar morpholo-
gically (see Fig. 1). According to different authors (Dob-
rokhotov, 1961; Maysuryan, Atabekova, 1978; Brouver,
Shetlin, 2010) and our personal observations, the seeds
of these species are characterized by a linear elongated
or elongated cylindrical shape, rounded at both ends,
and feeble longitudinal grooves on lateral surfaces. In
the middle of the ventral side, in a small hollow, there
is a round light hilum (see Fig. 1).

Studying linear cuts of the seeds showed that
their length, width and thickness overlap and are
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Ta61. 1. Cmucok 06pa310B, HCII0JIb30BAHHBIX JJIA KapIIOJIOTMUeCKOro aHaJInu3a

Ne
n/n Mudp

Bup,

Pycckoe

HasBaHue IIpoucxoxkaeHue (3ITUKETKA)

1 VOR 0010598

Securigera

varia (L.) Lassen
(= Coronilla
varia L.)

CEKUPO-
TJIOTHUK
TIECTPBIN

VOR. l'epb6apHbIi o6pasell: TaMGoBcKasi 06J1., OKp. I. TaMOOBa, y KAHABHI,
10.08.1962, ITon3ukoBa. MecToobUTaHME/PACTUTEIBHOE COOBIIECTBO cOopa:
y kaHaBbl. KooppunaaTel: 52°43'43.95"N, 41°26'12.2"E + 7000 m

2 VOR 0010608

«TOT Xe»

«TO XKe»

VOR. I'epbapHbiii o6paszel]: BopoHexkckas 06J1., Borcas BI'Y, nybpasa,
13.07.1962, 'paueBa. MecToobuTaH1e/pacTUTEIbHOE COOBIIECTBO cOopa:
ny6pasa. KooppuHater: 51°42'40.57"N, 39°12'33.57"E + 2000 m

3 6/H

<«

<«

Bopone:xkckas 06J1., [1eTporaBioBCKU palioH, c. 3aMOCThE, 10 Kpao I1oce-
BOB, 15.07.2022, c6op C.H. CenaBkuHa

4 VOR 0010623

«»

<«

VOR. l'epbapHbiii o6paselr: Jimnenkas 06J1., c. sI6;10H0BO. MecTo c6opa o6pas-
a: ypouutie [Lniomands. ['PyIInbl 06pasijoB: OCHOBHOU (oHI. TEKCT opu-
rUHAJIbHOU 3TUKeTKU: [lntonans 4 B, 22.06.1948, l'onuilbiH. KoopauHaTh:
52°49'35.1"N, 38°58'11.06"E + 2000 m

5 VOR 0010609

<«

«O»

VOR. l'ep6apHbIii 06paselr: JIyraHckas 06J1., KagyeBckuil p-H, ¢-3 «Mabuda»,
B [TOCEBe P, aBrycT 1959 r., Po3yBaiino. MecToo6uTaHNE/PaCTUTEIb-

HOe coo6IecTBo coopa: B moceBe pxku. KoopauHaThl: 48°33'27.15" N,
38°38'16.04"E £ 10 000 m. Co3manue 3amnucu: 15.01.2021, AHHa begeHKO

6 MHA182536

<«

«O»

MHA. l'ep6apHblit 06pasel]; TaMGoBcKast 06J1., MUUyPUHCKUH P-H, MEXIY
cejlaMy MaHOBUIIBI U JIy6KY, 110 100KHOMY CKJIOHY K opore, 18.08.1966,
B.B. MakapoB

7 MHA 182547

<«

<«

MHA. l'ep6apHblil 06pasel; OpeHGyprekas 06.1., ['ybepInHCKYe ropbl Bo3Jie
r. HoBoTponiika, 03.09.1984, E.E. l'oruna, I1.P. BosikoBCcKas

8 MHA 182568

«»

<«

MHA. I'epbapHbIii 06pasel]: PocToBckas 06.1., CabCcKuil p-H, 10 kKM
3anajsHee c¢. KpacHbiit Maubiy, Ciaskas Bajka, 6eperoBoii CKJIOH,
Pa3HOTPaBHO-KOBBIIbHOE coobuiecTBO, 30.09.2011, CTemaroBa H.

9 MHA182593

«»

<«

MHA. l'ep6apHblit 06pasel]: CapaToBcKas 06J1., XBaJbIHCKUMA P-H,
OKp. I. XBaJIbIHCKa, MeJioBbIe X0aMbl, 19.07.1980., E.E. l'oruHa, A.E. MalleHKo,
omp. B.Jl. BoukuH, 26.06.2015

10 MHA 182589

«»

<«

MHA. I'epbapHbIil 06pazel]: Bosrorpazckas 06J1., pojIoBCKU P-H, MEXIY
nep. [Magox u jecHUY. [TUbHSA, ApueIUHCKO-JJOHCKYE TIeCKH, JIyTa U 6epeso-
Bble KOJIKY, 25.07.1993, U. lllanuep, M. [TosioHCcKad, omp. B.[l. BoukuH

11 6/m

<«

>

KpacHopmapckuii kpaii, TeMpPIOKCKUH p-H, TaMaHCKOE CETbCKOE Ioceie-
HUe. PacTuTenbHOE COOBLIECTBO Ha CKIIOHE PSJIOM C 060UMHOM aBTOLOPOTH.
23.06.2022. OpJsiosa 0.B.

12 6/u

<«

«O»

KaGapauHo-Bankapckas Pecry6iuka, Dyib0pycckuii p-H. JJopora BAOJb
peku Azxbui (ALBLICY) Ha TpaBoOM Gepery, 4,4 KM I0TO-BOCTOUHEE TPACChI
A-158. JlyroBoe coobuiectBo. 12.07.2022. Kysnakos B.I., Kymakosa 10.10.

13 6/u

<«

«O»

BopoHe:kckast 06J1., oKp. I. Bopucorie6cka, mo kparo rmocesos. 07.07.2022,
c6op E.B. PazymMoBoit

14 6/u

«»

<«

BopoHe:xckas 06J1., [ToBOPMHCKUY palioH, ¢. OKTI6pbCKOe, 060UMHA JOPOTH,
03.07.2022, 110 kpat 11oceBoB, c6op E.B. PazymoBoii

15 S-01628

Coronilla
scorpioides (L.)
W.D.J. Koch

BSI3€JIb
3aBUTOU

LE. Tep6apHbIit o6pasers: (EBp. cekrop) N2 336. l'epbapuit CipeiruHa U.U.,
Pecny6auka KpsiM, . Anynika. Coronilla scorpioides (L.) W.D.J. Koch

16 S-01629

«TOT Xe»

«TO JKe»

LE. T'ep6apHbIit o6pa3elr: repbapuii J[zeBaHoBckoro C.A. Pecnmy6uka Kpbim,
J3eBanoBckuii C.A., 15.06.1920

OTCYTCTBUE JOCTOBEPHBIX Pa3IMUUN MEXIY HUMU,
Mopdosornyecky ceMeHa OUYeHb CX0XHU (CM. puc. 1).
[To maHHBIM pasHBIX aBTOPOB ([JoO6poxoToB, 1961;
Maticypsia, ArabekoBa, 1978; Bpoygep, IllTesnus, 2010)
Y HaIIMM COOCTBEHHBIM HaOJIOAEHUSIM, CeEMeHa dTUX
BU/IOB XapaKTepPU3YyITCS JINHENHOU ITPOA0JIT0BATOMN
WY TIPOJIOJITOBATO-IIUJINHAPHUYECKON popMoii, 3a-
KPYIJIEHHOU ¢ 060MX KOHIIOB, ¥ CJIa6bIMY ITPOJ0JIBbHBI-
MU JKeJIoOKaMu Ha G0KOBBIX ITOBEPXHOCTAX. [Tocepe-
IviHe OPIOIIHON CTOPOHBI, B MaJIeHbKOM YTJybJIeHU!,
PACIIOJIOKEH KPYTJBbIY CBETJIBIN py6unK (cM. puc. 1).

of 3-4.5 x 1-1.2 x 0.8-1 mm and 4-5 x 0.8-1.2 x
0.5-0.7 mm for S. varia and C. scorpioides respective-
ly. Besides, the seed size variation depends abiotic
factors, i. e., it has and adaptive character depend-
ing on ecological conditions of habitat. It is known
that with insufficient humidity, low temperature and
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WOEHTUOUKALIMA  IDENTIFICATION

Table 1. Samples list used for carpological analysis

N2 Code Species Common name Origin (label)

1 VORO0010598 Securigeravaria (L.) crownvetch VOR. Herbarium sample: Tambov Oblast, Tambov city district, by
Lassen (= Coronilla the gutter, 10.08.1962, Polzikova. Habitat/plant collection community:
varia L.) by the gutter. Coordinates: 52°43'43.95"N, 41°26'12.2"E + 7000 m

2 VOR 0010608 the same the same VOR. Herbarium sample: Voronezh Oblast, Botanical Garden of
Voronezh State University, oak wood, 13.07.1962, Gracheva. Habitat/
plant collection community: oak wood. Coordinates: 51°42'40.57"N,

39°12'33.57"E £ 2000m

3 without « « Voronezh Oblast, Petropavlovsky District, Zamostye, along
number the plantations, 15.07.2022, collected by S.N. Selyavkina
4  VOR 0010623 «» « VOR. Herbarium sample: Lipetsk Oblast, Yablonovo. Place of sample
collection: Plyushan natural boundary. Sample groups: main fund.
Original label text: Plyushan 4 v, 22.06.1948, Golitsyn. Coordinated:
52°49'35.1"N, 38°58'11.06" E + 2000m
5 VOR 0010609 «» <« VOR. Herbarium sample: Lugansk Oblast, Kadievsky District, Ilyicha
state farm, in rye plantations, August 1959, Rozuvailo. Habitat/plant
collection community: in rye plantations. Coordinates: 48°33'27.15"N,
38°38'16.04"E + 10 000 m. Date of register: 15.01.2021, Anna Bedenko
6 MHA182536 «» « MHA. Herbarium sample: Tambov Oblast, Michurinsky District,
between the villages Manovitsy and Dubki, along the southern slope
towards the road, 18.08.1966, V.V. Makarov
7 MHA 182 547 «» <« MHA. Herbarium sample: Orenburg Oblast, Guberlinskiye mountains
near Novotroitsk, 03.09.1984, E.E. Gogina, I.R. Volkovskaya
8 MHA 182568 «» « MHA. Herbarium sample: Rostov Oblast, Salsky District, 10 km to the
west of Krasny Manych, Sladkaya Balka, bank slope, association of
mixed grasses and stipa, 30.09.2011, N. Stepanova
9 MHA 182593 «» « MHA. Herbarium sample: Saratov Oblast, Khvalynsky District.
Khvalynska, chalk hills, 19.07.1980., E.E. Gogina, A.E. Matsenko,
identified by V.D. Bochkin, 26.06.2015
10 MHA 182 589 «» « MHA. Herbarium sample: Volgograd Oblast, Frolovsky District,
between Padok village and Pilnya forestry, Archedinsko-Donskiye
sands, meadows and birch woods, 25.07.1993, I. Shantser,
M. Polonskaya, identified by V.D. Bochkin
11 without «© « Krasnodar Krai, Temryuksky District, Taman village. Plant
number community on the slope near the roadside. 23.06.2022. Orlova Yu.V.
12 without « « Kabardino-Balkarskaya Republic, Elbrussky District. Road along the
number river Adyl (Adylsu) on the right bank, 4.4 km to the south-east of A-158
highway. Meadow community. 12.07.2022. Kulakov V.G.,
Kulakova Yu.Yu.
13 without « « Voronezh Oblast, Borisoglebsk District, along the plantations.
number 07.07.2022, collected by E.V. Razumova
14 without « « Voronezh Oblast, Povorinsky District, Oktyabrskoye, roadside,
number 03.07.2022, along the plantations, collected by E.V. Razumova
15 S-01628 Coronilla yellow LE. Herbarium sample: (Europ. sector) N¢ 336. Herbarium of
scorpioides (L.) crownvetch Sprygin LI, Republic of Crimea, Alupka. Coronilla scorpioides (L.)
W.D.J. Koch W.D.J. Koch
16 S-01629 the same the same LE. Herbarium sample: herbarium of Dzevanovsky S.A.,

Republic of Crimea, Dzevanovsky S.A., 15.06.1920

Vi3yuyeHre JIMHEWHBIX Pa3MePOB CEMSH IOKa-
3aJI0, YTO 3HAYEHUS OJUHBI, MUPUHBI, TOJIIWHBI
epekpnIiBarwTCA U paBHbl 3-4,5 x 1-1,2 x 0,8-1 MM
n4-5x0,8-1,2x0,5-0,7 MM g S. varia u C. scorpioides
COOTBETCTBEHHO. KpoMe TOro, CTeleHb BapbUPOBAHUS
pasMepa ceMsH 3aBHUCUT OT abMOTUUYECKUX (DaKTOPOB,
TO €CTh MMeeT aJalITUBHbBIN XapaKTep B 3aBUCUMOCTH
OT 9KOJIOTUYECKUX YCJIOBUM 06UTaHUS. VI3BECTHO, UTO
B YCJIOBUSIX HEJIOCTATKA BJIATH, TIOHMYKEHHBIX TEMIIE-
paTyp ¥ HelloCTaTKa MUHEPAJIbHOTO MUTAHUS CEMEHa
menbue (KysHeros, Imutpuena, 2005).

poor mineral consumption, the seeds are smaller
(Kuznetsov, Dmitrieva, 2005).

The color of the seed surface of the studied species is
mainly brown or red and brown (see Fig. 1). However, the
detected colors of S. varia seed surface, probably, mean
that the studied seed included those on different germi-
nation stages, and dark brown spots prove it (see Fig. 2).
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WOEHTUOUKALMA IDENTIFICATION

a]

_ —

Coronillascorpicides  Securigeravaria

Puc. 1. BHewHuIn Bup, ceMsaH Securigera
varia v Coronilla scorpioides:

Okpacka TTOBEPXHOCTU CEMSIH U3y4YaeMbIX BUOB
MIPEUMYIIECTBEHHO KOPUYHEBAS MU KPACHO-KOPUY-
HeBas (cM. puc. 1). OmHaKo, BbIIBIEHHbIE OKPACKY T10-
BEPXHOCTU CEMSH S. varia, BEPOSTHO, CBUJETEIbCTBY-
FOT O TOM, YTO MCCJIEJJOBAHHBIE BHIOOPKY BKJIIOYAIN
ceMeHa, HaXOIAIMecs Ha PasHbIX CTaIUSIX CO3PEBA-
HUS, ¥ HAJIUYME TEMHO-KOPUYHEBBIX TIATEH ABJISIETCS
TOMY J0OKa3aTeJIbCTBOM (CM. PuC. 2).

TakuM 06pasoM, UCIOJIb30BaAHLIE
TOJIbKO MaKPOITPU3HAKOB /IJIS BHISBJIIE-
HUS Pa3IUUUN MEX/Ly CEMEHAMMU He I10-
3BOJISIET IPOBECTH UX IOCTOBEPHYIO BU-
JIIOBYI0 UZeHTU(hUKAIMI. BMecTe ¢ TeM
WCIO0JIb30BaHME MHUKPOIPU3HAKOB
ceMsH B MpakTuKe GUTOCAHUTAPHON
IUATHOCTUKU OGBIYHO 3aTPYIAHEHO
u3-3a IJIUTENBbHOU TPO6GOIIOArOTOBKY
06pasiioB 1 OTCYTCTBUS HEOOXOIUMOTO
060pyI0OBaHYS BBICOKOTO Pa3pelIeHU.
OTU TPYIAHOCTH JIETKO TIPEOOJTUMBI
C TIOMOTIbI0 COBPEMEHHOTO CKaHUPYIO-
IIero 3JIEKTPOHHOTO MUKpPOcKora Hita-
chi TM4000Plus, KOTOPBIN TTO3BOJISIET
OBICTPO MCCIIelOBATh CyX1e HEeIIPOBO-
Isimye 06pasiibl B Pe)kKMMe HU3KOTo Ba-
KyyMa 6€e3 I0IIOJTHUTEIbHOY TPO6O0IIo -
TOTOBKY M HATIBIJIEHUS METaJIIa.

MUKPOCTPYKTYPbI

o6JacTu pyGuuKa

Il omMcaHus MUKPOCTPYKTYPBI
obsactu pyouuka S. varia v C. scorpioides,
Beien 3a T.E. Kpamuno# (2014), 6bLtu
WCTI0JIb30BAHBI CIIEAYIOIINE TPU3HAKHU:

a) pasMep u (opma pybUMKa
(OKpyTABIH O6paTHOSAWIEBUIHBIN,
CepILeBULHBIN, MUPOKOCEPIIIEBU]I -
HBIW, OBaJIbHBIY, OKPYTJIO-CEePALIEBU -
HBIN, OKPYTJIO-006PaTHOSNIEBUIHBIN);

0) mupuHa 060KOBOTO apUJLIyca

B IIpPOLEHTaX OT JuaMeTpa BHEIIHEI0  pyc, 2. PasHoo6pa3une NoBEpXHOCTH

(y3xkuii — mupuHa meHee 20% OT fAua- (hoTo aBTOPOB)

MeTpa pyburKa; MUPOKUN — IMUPUHA
20% u 6oJee OT fraMeTpa PyoumnKa);

B) ¢opMa Mukpomnuie (TpeyrojibHoe, y3KO-
TPEyTroJibHOE, MUPOKOTPEYroJbHOE, BUJIbUATOE
(Y-o6pasHoe), TPEYTOIBHO-BUIIBUATOE).

Fig. 1. Appearance of seeds

Securigera varia and Coronilla scorpioides:
a — natepanbHas CTOpoHa; b — BeHTpanbHaa  a - laterally; b — ventrally; c — hilum area
CTOPOHA; € — 30Ha py6umka (hoTo aBTOPOB) (photos by the authors)

Thus, using only macrocha-
racters to establish the differenc-
es between the seeds does not al-
low to perform their trustworthy
species identification. Besides,
using seed microcharacters in
phytosanitary diagnosis tends to
be difficult due to a long sample
preparation and lack of the ne-
cessary equipment of high di-
mension. These handicaps are
easily overcome with the modern
scanning electron microscope
Hitachi TM4000Plus, which can
quickly study dry non-conduc-
tive samples in low vacuum mode
without any additional sample
preparation or metal coating.

Microstructures

of the hilum area
To describe the microstructure hilum area of S. varia
and C. scorpioides, according to T.E. Kramina (2014), the
following characters were used:

- the size and shape of the hilum (round obovate,
heart-shaped, wide-heart-shaped, oval, round-heart-
shaped, round-obovate);

Fig. 2. Different seed surfaces
Kpas 060/IKOBOTO apuiiIyca pyO6uMKa cemsH S. varia (1-6) u C. scorpioides (7-9)  of S. varia (1-6) and C. scorpioides (7-9)

(photos by the authors)
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NWOEHTUOUKALMA IDENTIFICATION

rigera varia

Secu

ronilla scorpioides

Co

Puc. 3. ®opma pybumnka n mukponune ceMsiH S. varia

Fig. 3. The shape of the hilum and micropyle of seeds S. varia
u C. scorpioides: ap — apunnyc; B — py6unkoBbiii Banuk (06000kK);  u C. scorpioides: “ap” — arillus; “B” — hilum wall; “M” — micropyle;

7]

M — MuKponune; p — py6buuk; 3 — anuxunym (oto aBTOpPOB) p” = hilum; “3” — epihilum (photos by the authors)

“an

Ha puc. 3 moka3aHbl XapaKTepPHbIE MUKPOCTPYK-
TYPBI CEMEHU M3yYaeMbIX BUJOB PACTEHUN. PyOoUumK
S. varia B 04epTaHUU OKPYTJbIY, NHOTZA OBAaJIbHbIM.
Ba)kHOU XapaKTePUCTUKOMN PyOUMKa SBJISIOTCS €ro
JIMHEeWHbIe pasMepbl. Y CEKMPOIMJIOAHUKA PYyOUUK
KPYIHBIY, a AJIMHA U IIMPHUHA COCTaBIAKT 260,2
u 253,6 MKM COOTBeTCTBEHHO. OGOAKOBBIM apUILIyC
MUPOKuii (25-27%), B 00JI1aCTH MUKPOTINIIE HECKOJIBKO
CY’KMBaeTCst. MUKPOITUJIE Y3KOTPEYTOJIbHO-BUIbYATOE.
Ha moBepxHOCTU py6UMKa UMEETCS PHIXJIbIH, LOCTa-
TOYHO MOUTHBIN HAPY>KHBIH ITAJIMCAIHBIN CJION KJIETOK,
OCTaBIIUXCA OT (DYHUKYJTyCa, — SIUXUIYM (Ha PUCYHKE
MIPeACTaBJIEH OCTAaTOK, 60JIBINAS YaCcTh yaaaeHa). Kosb-
IIEBOE BO3BBINIEHUE BOKPYT PyounKa (pyOUMKOBBIH Ba-
JIK) XOPOIIO 3aMeTHO.

Py6uuk C. scorpioides OKPYTJIbIA, THOTLa 06PaTHO-
SUIIEBUIHBIN, C JOCTATOUHO HINPOKUM (25—28%) 060/1-
KOBBIM apujIiIycoM (cM. puc. 3). Py6unk 60Jiee MEJIKUH,
OJIMHA Y IIXPUHA COCTaBASOT 155,4 1 129,7 MKM Co-
OTBETCTBEHHO. MUKPOIINUJE NIMPOKOTPEYTOJIBLHOE.
[ToBEPXHOCTDh PyBUMKa TaK)Ke TMOKPBITA SIUXUIY-
MoM (Ha puc. 3 ymajueH). KoiblleBoe BO3BBINIEHUE
BOKPYT py6uuKa TaK)Xe XOpOILIO BbIpaxkeHo. CienyeT
OTMETUTh, UTO 00J1aCTh TECThl B PyOUNKOBOM 30HE
y 06omx BUIOB 6oJiee TeMHas, 10 CPaBHEHUTO ¢ HOKO-
BBIMU [TIOBEPXHOCTSIMU CEMEHU, U UMEET pasHoo6pas-
HBIH PUCYHOK (cM. puc. 1c).

VaBTpacKyJabITypa MOBEPXHOCTU CEMEHU

Il omucaHus YIbTPACKYJIbIITYPbI TOBEPXHOCTHU
ceMsIH MCIIO0Jb30BaIn Mmoaxon Baptiorra (Barthlott,
1981), o0cCHOBaHHBIY Ha BbIJIEJIEHNY TPEX YPOBHEH YIIb-
TPACKYJIBIITYPHI:

a) IepBUYHAS CKYJIbITYpPa, onipezesemMas Gop-
MOW KJIETOK BK30TECTHI U CTEINEHbI0 KPUBU3HBI UX Ha-
PY’KHOU MEePUKINHAIbHON CTEHKY;

6) BTOpUYHAS CKYJIBIITYPa — TOHKUI peibed Kiie-
TOYHBIX CTEHOK, ONpeAesaeMblii KyTUKYJISIPHBIMU
OTJIOXKEHUSIMHU JIN60 crienuprUIecKUMU TUTIaMU YTOJI-
LIeHUH;

B) TPETUYHAS CKYJIBITypa — SIIUKYTUKYISIPHbBIE
BBIJIEJIEHUS.

- the width of the arillus as a percentage of the di-
ameter of the outer edge of the arillus of the hilum (nar-
row — the width is less than 20% of the hilum diameter;
wide — the width is 20% or more of the hilum diameter);

- micropyle shape (triangular, narrow-triangular,
wide-triangular, forked (Y-shaped), triangular-forked).

Fig. 3 shows typical seed microstructures of the
studied plant species. The hilum of S. varia is round-
ed, sometimes oval. An important characteristic of the
hilum is its linear dimensions. S. varia has a large hi-
lum, and the length and width are 260.2 and 253.6 mi-
crons, respectively. Arillus is wide (25-27%), narrow-
ing slightly in the micropyle area. The micropyle is
narrowly triangular-forked. On the surface of the hilum
there is a loose, rather powerful outer palisade layer of
cells left from the funiculus, the epichilum (the figure
shows the remainder, most of it has been removed).
Ring-shaped prominence around the hilum (hilum
wall) is clearly visible.

The hilum of C. scorpioides is rounded, sometimes
obovate, with rather wide (25-28%) arillus (see Fig. 3).
The hilum is smaller, length and width are 155.4 and
129.7 microns, respectively. The micropyle is wide tri-
angular. The surface of the scar is also covered with
epichilum (deleted in Fig. 3). Ring-shaped prominence
around the hilum is also is clearly visible. It should be
noted that the testa area in the hilum area in both spe-
cies is darker compared to the lateral surfaces of the
seed and has a varied pattern (see Fig. 1c).

Seed surface ultrastructure

Barthlott’s approach (Barthlott, 1981), based on
three ultrastructure levels differentiation, was used to
describe the seed surface ultrastructure:

- primary sculpture structure, defined by the
shape of exotesta cells and the degree of curvature of
their outer periclinal wall;

dutocaHutapus. KapaHtuH pactenuii 46



WOEHTUOUKALMA IDENTIFICATION

Puc. 4. YnbTpackynbnrtypa
NOBEPXHOCTU CEMEHM Ha
60KOBOV CTOPOHE: a, C — S. varia;

A. Ynempackynonmypa nosepxrocmu 60K060t cmopo-
HblL CeMEHU

Securigera varia. TlepBruYHas CKyJIbIITYpa CEMSIH
S. varia, Kak 1 GOJIbIIMHCTBA IIPEeJACTaBUTENEN I10/-
cemericTBa Papilionoideae (MOTBLIBKOBBIE), GyropyaTo-
sMuaTas: IOBEPXHOCTb TECTHI IOKPHITA HEBBICOKUMU,
6oJiee MJIM MEHEee YCeUeHHBbIMY Ha BePXYyIIKe 6yropka-
MM, KQXIbIN 6YTOPOK COOTBETCTBYET BEPXYIIKE OLHOMN
KJIETKY 9K30TECTHI (CM. PUC. 4 a, ¢). PACCTOSHUS MEXTY
OTHENbHBIMU GYyropKaMyu HEOJMHAKOBbI, OYTOPKU CO-
6paHbl rpynmnaMu (po3eTkaMu) 1o 5-8, B IleHTpe po-
3eTKU obpasyeTcs aMKa, 6ojiee riry6oKas U MUPOKasd,
ueM yrirybJieHre MeXly CoceJHUMM OyropKaMu O HOU
poseTku. BropuuHyo cKyabnTypy B.B. BopoHUUXUH
(1992) ompemensieT Kak ceTyaTo-CcTpyHuaTyio, Gop-
MUPYIOIIYIOCS 3a CUET KYTUKYISPHBIX BaJIUKOB, 06pa-
3YIOIUXCSI HAa MECTe CTBIKA SMUAEPMaJIbHBIX KJIETOK.
Ha Ham B3/, BTOpUYHAaA CKyAbIITypa S. varia UMeeT
60JIee CI0XKHYI0 OPTaHU3ALINI0 U MOXKET XapaKTepu30-
BaThCS KaK PAZUAIbHO-CKIIQLYaTO-CETUYATAS C SBHBIMU
3JIeMEeHTaMU CTPYUCTOCTU Wiy rpebHucTOoCTU. CKIIaz-
KU HaIlpPaBJIEHbI K IIEHTPY PO3ETKY, & TUEUKU CETKU
COOTBETCTBYIOT po3eTKaM (cM. puc. 4 a, ¢). TpeTuyHas
CKYJIBIITYpa He pPa3BUTA WU IIPe/CTaBIeHa euHNY-
HBIMU HE3HAYUTEJIbHBIMU (hparMeHTaMM BOCKA.

Coronilla scorpioides. Sk30TecTa Ha IIOIEPEYHOM
cpese MpejcTaBjeHa YIJUHEHHBIMU B PaiajibHOM
HalpaBJIeHUU Y3KUMU TOHKOCTEHHBIMM KJIETKa-
MU. BEepXyUIKY KJIETOK B3K30TECThI HECKOJIBKO CIJia-
JKeHbl. [IepBUYHAS CKYAbIITypa ceMaH C. scorpioides
6yropuaro-smMuarasd, rjge 6yropok COOTBETCTBYET OfL-
HOM KJIETKEe BK30TECThI C IMKOU B I[€HTPE PO3ETKU
(cM. puc. 4 b, d). BropruHas CKyJIbITypa ITIOBEPXHOCTH
ceMeHU paJUalibHO-CKJIA[UaTO-ceTuaTasi, CKIaLKu
HAITPaBJIEHBI K I[EHTPY PO3ETKU, a TUYENKU CEeTKHU CO-
OTBETCTBYIOT PO3€TKaM; BI0JIb I'PDAHUI] COCEIHUX PO-
3eTOK 06pasyoTCs HEBbICOKME KYTUKYISIPHbIE pebpa,
hopMmupyromue nomo6re HEBBICOKOU CETH C sTUelKa-
MU; KaXXJas suelika COOTBETCTBYET PO3ETKE, TO €CTh
TpYIIe KJIEeTOK 3TUepMbl. TPETUYHAS CKYJIBIITYypPa
npezncTaBieHa hparMeHTapHbIMY HATIJIbIBAMU BOCKA,

Fig. 4. Ultrasculpture of the seed surface
on the lateral side:
a, ¢ - S. varia; b, d - C. scorpioides
b, d — C. scorpioides (¢poto aBTOpoB)  (photos by the authors)

- secondary sculpture — thin re-
lief of cell walls, determined by cuticu-
lar deposits or specific types of thicken-
ings;

- tertiary sculpture — epicuticular
discharge.

A. Lateral seed surface ultrastructure

Securigera varia. Primary seed
sculpture of S. varia, like most represen-
tatives of the subfamily Papilionoideae,
tuberculate-pitted: the surface of the
testa is covered with low tubercles,
more or less truncated at the apex, each
tubercle corresponds to the apex of one
cell of the exotesta (see Fig. 4 a, ¢). The
distances between the individual tu-
bercles are not the same, the tuber-
cles are collected in groups (rosettes)
of 5-8, a hole is formed in the center of
the rosette, deeper and wider than the
depression between adjacent tubercles
of one rosette. Secondary sculpture by
V.V. Voronchikhin (1992) defines it as
reticulate-striate, formed due to cu-
ticular ridges formed at the junction
of epidermal cells. In our opinion, the
secondary sculpture of S. varia has a more complex or-
ganization and can be characterized as a radially fold-
ed-reticulate with obvious elements of striation or rid-
geness. The folds are directed towards the center of the
rosette, and the mesh cells correspond to the rosettes
(see Fig. 4 a, c). Tertiary sculpture is not developed or
is represented by single insignificant fragments of wax.

Coronilla scorpioides. The exotesta on a transverse
section is represented by narrow thin-walled cells elon-
gated in the radial direction. The tops of the cells of the
exotesta are somewhat smoothed. Primary seed sculp-
ture of C. scorpioides is tuberculate-pitted, where the tu-
bercle corresponds to one exotesta cell with a hole in
the center of the rosette (see Fig. 4 b, d). The second-
ary sculpture of the seed surface is radially folded-reti-
culate, the folds are directed towards the center of the
rosette, and the mesh cells correspond to the rosettes;
along the borders of neighboring rosettes, low cuticular
ribs are developed, forming a kind of low network with
cells; each cell corresponds to a rosette, that is, a group
of epidermal cells. The tertiary sculpture is represent-
ed by fragmentary influxes of wax, randomly scat-
tered and covering a different number of rosettes, due
to which the tuberosity of the spermoderm is formed
(see Fig. 4 b, d).

B. Ultrasculpture of the seed surface in the area around
the hilum

Securigera varia. The primary ultrasculpture on
the ridge around the hilum is rather deeply pitted,
while the secondary ultrasculpture is pronounced ra-
dially folded with a transition to reticulate sculpture
(mesh cells correspond to rosettes of exotesta cells).
The micropyle area is characterized by a weak deve-
lopment of radial cuticle folds with a partial transi-
tion to an irregularly folded type (see Fig. 5a). Tertiary
sculpture is practically not expressed.
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Xa0TUYHO Pa36poCaHHBIMU M MTOKPLIBAIOIINMY pas-
JITYHOE YKCJIO PO3ETOK, GIarofaps YeMy 1 CO3JjaeTcsa
OyTrpPUCTOCTh CIIEPMOZIEPMEI (CM. puc. 4 b, d).

B. Ynvmpackynsnmypa noepxHocmu cemenu 8 06aa-
cmu 80Kpye pyouuxa

Securigera varia. [TepBUYHAS YIbTPACKYJIBIITYPA
Ha BaJIMKe BOKPYT PyOUMKa JOBOJbHO MIy6oKOsIMYAaTad,
a BTOpUYHAs — BhIPAXXeHHAs PAAVabHO-CKIQAUaTast
C TIepPexXo/IoM K CEeTUaTOM CKYJIbIType (TUelKy CeTKI
COOTBETCTBYIOT PO3ETKaM KJIETOK 9K30TeCThl). B 06J1a-
CTH MUKDPOIUJIE XapaKTePHO ciaboe pa3BUTHE Paiu-
aJIbHBIX CKJIAJIOK KYTUKYJIBI C YaCTUYHBIM [T€PEX0IOM
K HETTPaBWJIbHO-CKJIaYaTOMy TUITY (CM. puc. 5a). Tpe-
TUYHAS CKYJBIITYPA MTPAKTUYECKU He BhIPaXKEHa.

Coronilla scorpioides. [lepBuYHas yAbTPACKYIIb-
TITypa Ha BaJIMKe BOKPYT PyOuuMKa IesieBas, cierka
CryIa)KeHHas: TPOMEXYTKU B IIEHTPE PO3ETKU U MEX-
LIy ee KJIeTKaMU y3Kre, BePXYIIKY KJIeTOK SK30TECThI
HECKOJIbKO CTJIaXKEHbI, 38 CYET YET0 PeIbeHOCTD B PO-
3eTKaX BbIpa)keHa cjabo, MecTaMu HaGII0maeTcs Iepe-
X0[1 K 6yropyaTo-saMuaToi CKyJIbIType (CM. puc. 5b).

BTopuyHasg CKyJbIITypa TOBEPXHOCTY pafuab-
HO-CKJIa[uaTast, HECKOJIbKO CTJIa)KeHHAas, 00pasyeTcs
3a CUeT OTJOXKEeHUsT KYTUKYJbI B BUME PaguabHBIX
CKJIQJIOK ¥ MOPIIVH. B OTIeIbHBIX MECTaX, He 3aKPbI-
THIX HATJIBIBAMY BOCKA, HAGJII0IaeTCs TIepexo/] K pa-
IUaJIbHO-HENTPAaBUJIbHO-CKJIALUaTOW CKYJbIITYpE.
TpeTuyHas CKyJIbITYpa MPUCYTCTBYIOT B BU/IE CJIaGhIX
HATLJIBIBOB BOCKA, TTPUKPBIBAIOIIUX MEHbIIEEe YUCIIO
PO3€eTOoK, ueM Ha O0KOBOM MOBEPXHOCTU (CM. pHC. 5h).

3AKJ/IIOYEHUE

Hau6osiee mosiHOe U TOUHOE TIpeCcTaBIeHre O CTPOoe-
HUM CEMEHU MOKHO MOJIYUUTh TOJIBKO IPU KOMILIEKC-
HOM ero m3ydyeHnu. CKaHUpywLasga 3JeKTPOHHAI
MUKPOCKOIIUS PACUINPSIeT BO3MOXHOCTY TIPYU UJIeH-
TUUKAIUY 6IM3KOPOACTBEHHBIX, MOP(HOJIOTUYECKU
CXOXXUX U TPYLHOPA3JINYUMBIX BUJIOB, B YACTHOCTU
cemelicTBa bo6oBble. Tak, Ha OCHOBE M3y4Y€HUS C I10-
Mo1rbio COM ceMeHHOH KOXKYPBI 6JIM3KOPOICTBEHHBIX
COpHBIX BUMOB S. varia u C. scorpioides HaM yIajioCh
BBISIBUTDH HOBBIE JIOTIOJHUTEJIbHbIE IPU3HAKY, HA OC-
HOBaHUU KOTOPBIX 60Jiee YUETKO U JOCTOBEPHO MOTYT

Coronilla scorpioides. The primary ultrasculpture
on the ridge around the scar is slit, slightly smoothed:
the gaps in the center of the rosette and between its
cells are narrow, the tops of the cells of the exotesta are
somewhat smoothed, due to which the relief in the ro-
settes is weakly expressed, in some places there is a
transition to tuberculate-pitted sculpture (see Fig. 5b).

The secondary sculpture of the surface is radially
folded, somewhat smoothed, formed due to the depo-
sition of the cuticle in the form of radial folds and wrin-
kles. In some places, not covered by wax influxes, there
is a transition to a radially irregularly folded sculpture.
Tertiary sculpture is present in the form of weak wax
deposits covering a smaller number of rosettes than on
the side surface (see Fig. 5b).

CONCLUSION

The most comprehensive and precise knowledge
about the seed structure can be obtained by its com-
plex study. Scanning electron microscopy gives more
possibilities to identify closely-related morphological-
ly similar and easily-confused species, in particular, of
Fabaceae family. Thus, based on SEM study of the seed
skin of the closely-related weed species S. varia and
C. scorpioides, we managed to identify additional cha-
racters which could serve as a base to a more precise
and trustworthy characterization of the species differ-
ences (see Table 2).

Key differences in the third spermoderm sculp-
ture of the lateral seed surface, which include C. scor-
pioides having fragmented sporadically dispersed wax
pieces, with S. varia having none of them (see Fig. 4), are
a considerable diagnostic character for their identifi-
cation. This structure peculiarity can be sufficient for
the seed diagnosis of the stated species with SEM in the
conditions of the test laboratory. Considering this, ad-
ditional SEM equipment for test laboratories is of great
importance, as it helps to considerably facilitate the
procedure of pest identification.
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Puc. 5. YnbTpackynbntypa obnactu pybumnka:  Fig. 5. Hilum area ultrasculpture:
a-S. varia; b - C. scorpioides (thoto aBTOpOB) a— S. varia; b — C. scorpioides (photos by the authors)
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Ta6J1. 2. JluarHoCTUYECKHE IIPU3HAKHU
crepMozepMmsl S. varia u C. scorpioides

Table 2. Spermoderm diagnostic characters
of S. varia and C. scorpioides

YasTpacTpyKkTypa Hilum area
o6nacTu py6umka  Ulirasculpture ultrastructure
% YABTPacKyabmnTypa YIbTPacKyJb- .2 of the lateral Ultrasculpture
. 3] . .
§ GOKOBOI IIOBEPX- nrypaotsactu dopma Mukpo- g surface of the of the areanear Hilum Micro-
A HOCTU ceMeHU 0K0JIO py6uMKa py6uukKa mnuie »n seed the hilum shape pyle
(] (<] (] i =
B ITepBuuyHasn =§ g i Primary g o
IS o © s 1 . . ° =
s Oyropuaro-fmMyaTas I[JIyboKosMYaTas g =z s tuberculate-pitted deep-pitted = S
() g = ) g E
E‘° BTopuuHasa o 5 E" Secondary <} =
- = 5 - - &
& pajualbHO- paguaibHO- E = & radially folded- radially folded <
CKJIaZiYaTO-CceTYaTast CKJIajJyaTast = 8 reticulate with ~ with a transition £
C IBHBIMU BJIEMEH- C TIEPexXoIoM & % obvious elements to mesh sculpture 5
TaMH CTPYUCTOCTH K CeT4aTou °© = of striation or 2
UM rPeGHUCTOCTHU CKYJIBIITYDE I§ ridge S
o
TpeTuyHasa =) Tertiary
TIPaKTUYECKU TPaKTUYECKU practically not practically not
He BbIDa)XXeHa He BbIDa)XXeHa expressed expressed
g IlepBuyHaa = 8 g Primary 9 i)
B 5 = 3 z 2
kS = 5 kS it sli 3 5
] fyropuaro-sMyaTas liejieBad, cjlerka s 0 ] tuberculate- slit, slightly 3 XS
S CryIaKeHHas o s S pitted smoothed ° 4
3 g > s 5 =
@ 9,
= BTopuuHas s 2 = Secondary = %
s 2 N
S o = S 2 o
§ paJuaibHO- paJuagbHO- i S é radially folded radially folded, 2 =
cKJIaZiyaTo-ceTyaTas CcKJajuarad, 3 g mesh somewhat 3
HECKOJIbKO o ‘.% smoothed s
CTa’keHHas 4 2 .
B o Tertiary
TpeTuuHasg 2 = -
K = influxes of weak streaks

HAaIlJIBIBBI BOCKa, cyrabble HATLTBIBBI

MIPUKPBIBAIOITE BOCKA, IPUKPBI-
pasiIuYHOe YUCIIO BalollVe MeHblIee
PO3eTOK YHCJIO PO3ETOK

wax covering
a different
number

of rosettes

of wax covering
a smaller number
of rosettes

OBITh OXapaKTEePU30BaHbl MEXXBUJOBBIE PA3IUYUUSI
(cM. Tabu. 2).

CyIiecTBeHHbIE PA3IUYUSI B TPDETUUHON CKYJb-
IIType CIepMoAepPMbl 60KOBOY TTOBEPXHOCTY CEMEHH,
3aKkJovannrecs B Hanuuuu y C. scorpioides pparmeH-
TapHbIX, XaOTUUHO Pa3bpOCaHHbIX HATLJIBIBOB BOCKA,
OTCYTCTBYIOIIUX Yy S. varia (CM. puc. 4), aBJIAIOTCS 3HA-
YMMBIM JUATHOCTUYECKUM IIPU3HAKOM TP UX UIEH-
TudUKauu. JlaHHON 0CO6EHHOCTH CTPOEHUS MOXKET
OBITH BITOJIHE JOCTATOYHO [JIS TUATHOCTUKU CEMSIH
YKa3aHHbBIX BUOB C TOMOIIb0 COM B YCIOBUSIX UCIIBI-
TaTeJbHOU JabopaTopuu. B CBA3Y C 3TUM JIOIMOJHU-
TeJIbHOE OCHAll[eHVe MCIIbITaTeIbHbIX JJabopaTopui
CKaHUPYIOIUM 3JEKTPOHHBIM MUKPOCKOIIOM SIBJISI-
eTcs BechMa aKTyaJIbHbIM, TaK KaK ITO3BOJIIET 3HAUU-
TeJIbHO YIIPOCTUTb IPOLIEIYPY UAEHTUDUKATINY BPET-
HBIX OPraHNU3MOB.
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AHHOTALIUA
Ambrosia artemisiifolia L. — ceBepoaMepUKaHCKOe OJTHO-
JIETHEe BETPOOIBIISIEMOE PACTEHUE KOPOTKOTO JIHH,
CyMeBIllee MPOHUKHYTh B pasHble PeruoHbl Poccuu
¥ HEeNpPepbIBHO MMPOJOJIKAKIIEE CBOK YKCIIAHCHUIO.
Buj BxonuT B ENVHBIN ITepevyeHb KapaHTUHHBIX 00b-
eKTOB EBpasumiicKoro sSKOHOMUYECKOT'0 cot3a. B cra-
The NIPUBEeHAa CUCTEMATU3UPOBAHHAS U aKTyaIU3U-
poBaHHasg nHGOPMAIIUI U3 PA3JIMYHBIX UCTOUHUKOB
0 MPUCYTCTBUM BUJA HAa TEPPUTOPUU [I€eH3EHCKOU
obsactu. [IpecTaBiieHbl JaHHBIE O TPOBEJEHHOM MO-
HUTOPUHTE aMOPO3UY MOJIBIHHOJNUCTHON B PeruoHe
3a 2019-2022 rr. B pesynbraTe obciefoBaHusg 78 1o-
CEBOB CeJIbCKOX03SIMCTBEHHBIX KYJbTYD (MIIEHUIIA,
JIEH, COdI, caxapHas CBEKJIa) 00IIel IIomaabio 6oiee
11,4 Teic. ra Ambrosia artemisiifolia He BbisiBJIeHa. DJ0-
pucTuyeckue HabGIOIeHNS 0 OCHOBHBIM MarucTpa-
JIIM peruoHa, nposefeHHble B 2022 I., IOATBEPAUINU
obnapyxenue A.H. AbouunbiM u 10.C. JIu (TTepcoHab-
Hoe coobureHue) B 2021 T. eHOIOMYIAIUY aMOPO3UuHn
MMOJIBIHHOJIMUCTHON Ha 060unHe Tpacchl M-5 B Kys-
HeIIKOM palioHe IleH3eHCKOU obsacTu. lleHOMOIy -
IIYg BUZA 3aHUMaJIa Iiomanb He MeHee 0,6 Ta, GbLa
0OUJIBHO MpefcTaBIeHa HU3KOPOCIBIMU PACTEHUSIMU
B cTaguy 6yTOHMU3AIMK W HavaJja IbLIeHus. B cTaThe
TOKa3aHbI JAHHbIE O TTPEATIOIaraeMbIX My TSIX PACIIPO-
CTPaHEHUS BUJIA 10 TePPUTOPUU [IeH3eHCKOU 06J1a-
CTU U BO3MOKHBIX CIT0c06axX 3aHOCA HOBBIX CEMSHOK.
O6Cy’xmaeTcst BOIIPOC O CMEIeHU Y 061el TpaHuIlbl
pacrpocTpaHeHMs BUJa Ha CEBEP U BOBMOXKHOCTHU Ha-
TypaJu3alliy BUJIa B HOBBIX YCJIOBUSIX 3a CUET 0T6Opa
HauboJiee YCTOMUYMBBIX TEHOTUTIOB M AAJIbHEHNIIEero
rino6anbHOr0 U3MEHEHUS KJIUMaTa. B CBA3M C 3TUM
MIPENICTaBJISIETCS aKTyaJbHbIM ITPOIOJIKEHUE CUCTE-
MaTUYEeCKOT0 MOHUTOPUHIA TEPPUTOPUU 00JaCTHU
JLJIsI CBOEBPEMEHHOTO BBISIBJIEHUS 04aroB aMbpo3uu
TTOJIBIHHOJIMCTHOU U TIPeNOTBPalleHUsT UX JajibHel-
IIero PacIpoCTpaHeHus.

Kntouesvle cnoea. AMOPO3Ys TTOJIBIHHOJIMCTHAS,
KapaHTUHHBINA 00BEKT, TIePeBUKEHE I'PAHUIIBI ape-
asa.
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ABSTRACT
Ambrosia artemisiifolia L. — is a North American annu-
al wind-pollinated short-day plant, which managed
to get introduced into different regions of Russia and
continues its expansion. The species is included in
the Common List of Quarantine Pests of the Eurasian
Economic Union. The article provides systematized
and updated information from various sources on
the presence of the species in Penza Oblast. The data
on the monitoring of A. artemisiifolia in the region for
2019-2022 are presented. As a result of a survey of
78 crops of agricultural crops (wheat, flax, soybeans,
sugar beets) with a total area of more than 11.4 thou-
sand hectares, Ambrosia artemisiifolia was not detected.
Floristic observations along the main highways of the
region, carried out in 2022, confirmed the discovery by
A.N. Afonin and Yu.S. Li (personal communication) in
2021 of the A. artemisiifolia cenopopulation on the side
of the M-5 highway in the Kuznetsk district of Penza
Oblast. The cenopopulation of the species occupied an
area of at least 0.6 ha and was abundantly represented
by low-growing plants at the stage of budding and the
beginning of dusting. The article shows data on the al-
leged distribution routes of the species across the ter-
ritory of Penza Oblast and possible pathways for new
achenes. The question of the shift of the general bor-
der of the distribution of the species to the north and
the possibility of naturalization of the species in new
conditions due to the selection of the most stable geno-
types and further global climate change are discussed.
In this regard, it seems relevant to continue systematic
monitoring of the territory of the region for the timely
detection of A. artemisiifolia outbreaks and to prevent
their further expansion.

Key words. Ambrosia artemisiifolia, quarantine
object, range border movement.
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BBEJEHUE

a Tepputopuio Poccuiickoit ®de-
mepanuu u3 CeBepHOW AMepUKHU
IIPOHUKJIO MHOXXECTBO PaCTEHUI.
Ocobyi0 OITaCHOCTh TIPENCTABISAIOT
pactenust poma Ambrosia L., 1753,
KOTOpPbIe B MeCTaX YCITEIIHOM Ha-
Typaju3aiuyd MOTYT He TOJbKO OT-
pullaTesbHO CKa3bIBaThbCS Ha 6uo-
pasHo0Opa3UM eCTeCTBEHHBIX COOOLIECTB, HAHOCUTH
3HAUUTEJbHBIM SKOHOMUYECKUHN yIIepb CcelbCKoMYy
XO34UCTBY, HO IMPU 3TOM U NarybHO BAMUATH HA 3[0-
poBBe Jofell. AMGPO3Us IIOJbIHHOJIKUCTHAS Ambrosia
artemisiifolia L., 1753 — HamboJiee IMMPOKO PaCIIPO-
CTpaHUMBIINYCSA BUI aMOpo3uii, 3a KOPOTKUHN CPOK
CyMEBUIMHM MPOHUKHYTH HA OOUIMPHBIE TEPPUTOPUU
Poccum u TIpomoJDKAlOMIVi CBOIO 3KcrmaHcuio (Ado-
HUH u Ap., 2019; BuHorpamosa u ap., 2009; EcuneHko,
2009, 2018; HukutuH, 1983; O pacrpocTpaHeHUM...,
1994; u np.). BriepBbie By, 6bL1 06HApyXeH B 1918 T.
B OKpecTHOCTSX CTaBPOIIOJIS U IIPMMEPHO B TO XKe Bpe-
M — B KpacuomapckoM kpae (Ecumenko, 2018). B Ha-
CToOsIITee BpeMsI OCHOBHbBIE TIJIONIAAHY, 3aHAThIE aMOPO-
3ueli IOJILIHHOJIMCTHOM, HaX0oaTCs Ha fore Poccuu: Ha
Tepputopuu CeBepHoro Kaskasa, PocToBckoii u BoJi-
rorpajsickou o6ijacrteit, KamMbikuu. JIOKaJbHbIE OYaru
BUJIa BbIgBJIeHBI B Kypckoii, Bearopofckoii, BopoHex-
ckoii, ActpaxaHckod, CapaToBckoil u OpeHOYprckoi
obJiacTsax, TOMUMO HUX — B JlarecTaHe, BamkopTocTaHe
(Bunorpazosa u ap., 2009; Ecumenko, 2018), B Boyk-
cko-KamckoM peruone (O pacnpocTpaHeHUM..., 1994),
Ha fore 3amazHol Cubupu, B AnTarickoMm, Xabapos-
ckoM, [TpuMopckoM kpagx (BuHorpamosa u Ap., 2009;
Ecunenko, 2018). C yueToM TOT0, KaK yCIIEITHO OCYIIe-
CTBUJIACh MHBA3UL A. artemisiifolia BO MHOTUX peTMOHaX
Poccuu, nmoTpeboBajioch TOCYyIapCTBEHHOE PEryInpo-
BaHMe BUA: OH ObLI BKJIIOUEH B MIEPEUYHM KapaHTUH-
HBIX OOBEKTOB pasHbIX JieT (CoryalmeHue MeXmiy...,
1987; mpukaz MUHUCTEPCTBA CEJIbCKOTO XO3gUCTBA
Poccutickon ®enepariuu oT 26 mexabps 2007 r. N2 673;
IprKa3 MUHMCTEPCTBA CEJIbCKOTo X03gicTBa Poccuii-
ckoit denmepanuu ot 15 mexabps 2014 r. N2 501; Perire-
Hye CoBeTa EBpasuiiCKON SKOHOMUYECKON KOMUCCUU
oT 30 Hos16Ps1 2016 I. N2 158), B OTHOIIEHNY HETO ObLIU
paspaboTaHbl METOA LI 6OPHOBI.

ITo maunHBIM cariTa Poccenbxo3Hamsopa (Poccennb-
X03HAa/30p..., 2023) Ha 29 mapTa 2023 1., B Poccuiickoi
denepanuu no A. artemisiifolia yctanoBjieHo 897 ka-
PAaHTUHHBIX (PUTOCAHUTAPHBIX 30H B 31 peruoxHe.
B mociegHeM omy6anKOBaHHOM «HallMOHAJIBHOM J10-
KJiaJle 0 KapaHTUHHOM (PUTOCAHUTAPHOM COCTOSHUU
Tepputopuu Poccuiickoit ®epmepanum B 2021 rogy»
COIEPIKUTCSA MHPOPMAIIKS O TOM, UTO 061I1as TIJIOIALh
KapaHTUHHBIX 30H 10 aMOPO3UH ITOJBIHHOJIMCTHOM CO-
craBuia 7 262 210,913 ra (HanyoHaabHbIHN LOKJIAL, ...,
2022).

HecMmoTps Ha pa3paboTKy U MpuMeHeHUe BHY-
MIUTEJbHOTO apceHalia CPenCcTB 00pPbObI, BKIOYAS
XUMUYECKUe, arpoTeXHUYeCcKye 1 KapaHTUHHbIE (QU-
TOCAaHUTapPHBIE MePbI, aMOPO3US MOJBIHHOJINCTHAS
MIPOAOJKAET IIPOHUKATh B HOBBIE PeTUOHBI P®. B uc-
clieloBaHUAX rTocienHux et (AdonuH, 2019; Onipene-
JIEHWE DKO0JIOTO-reorpaduyueckoro..., 2022) yrouHeHa
coBpeMeHHas (pakTuyeckas TpaHUIA HaTypajau3a-
U1 BUJA Ha eBPOIeicKol TeppuTopum Poccun. Ita
TpaHuUIla IPOXOIUT 110 10Ty BpsHckol, Kypckoii u Ca-
paTOBCKOIT 061acTei, ceBepy BOpoHEeXXCKOM obacTu

INTRODUCTION

any plants have been introduced into the

territory of the Russian Federation from

North America. Of particular danger are

plants of the genus Ambrosia L., 1753,

which, in places of successful naturali-
zation, can not only adversely affect the biodiversity
of natural communities, cause significant economic
damage to agriculture, but also adversely affect hu-
man health. Ambrosia artemisiifolia L., 1753 is the most
widely distributed species of ambrosia, which ma-
naged to penetrate vast territories of Russia in a short
time and continues its expansion (Afonin et al., 2019;
Vinogradova et al., 2009; Esipenko, 2009, 2018; Niki-
tin, 1983; On the distribution..., 1994; etc.). The spe-
cies was first detected in 1918 in the vicinity of Stav-
ropol and at about the same time in Krasnodar Krai
(Esipenko, 2018). At present, the main areas occu-
pied by A. artemisiifolia are located in the south of Rus-
sia: in the North Caucasus, Rostov Oblast and Volgo-
grad Oblast, Kalmykia. Local outbreaks of the species
were detected in the Kursk Oblast, Belgorod Oblast,
Voronezh Oblast, Astrakhan Oblast, Saratov Oblast
and Orenburg Oblast, in addition to them — in Dages-
tan, Bashkortostan (Vinogradova et al., 2009; Esipen-
ko, 2018), in the Volga-Kama region (On the distribu-
tion..., 1994), in the south of Western Siberia, in Altai
Krai, Khabarovsk Krai and Primorsky Krai (Vinogrado-
va et al., 2009; Esipenko, 2018). Taking into account
how successful the invasion of A. artemisiifolia was in
many regions of Russia, state regulation of the species
was required: it was included in the lists of quarantine
pests of different years (Agreement between..., 1987;
order of the Ministry of Agriculture of the Russian Fede-
ration dated December 26, 2007 No. 673; Order of the
Ministry of Agriculture of the Russian Federation dat-
ed December 15,2014 No. 501; Decision of the Council
of the Eurasian Economic Commission dated Novem-
ber 30, 2016 No. 158), control methods have been de-
veloped.

According to the website of Rosselkhoznadzor
(Rosselkhoznadzor..., 2023), as of March 29, 2023,
897 quarantine phytosanitary zones have been estab-
lished in the Russian Federation for A. artemisiifolia in
31 regions. The latest published “National report on the
quarantine phytosanitary state of the territory of the
Russian Federation in 2021” contains information that
the total area of quarantine zones for A. artemisiifolia
was 7,262,210.913 ha (National Report..., 2022).

Despite the development and use of an impres-
sive arsenal of control means, including chemical,
agrotechnical and quarantine phytosanitary mea-
sures, A. artemisiifolia continues to get introduced
into new regions of the Russian Federation. In recent
studies (Afonin, 2019; Definition of ecological-geo-
graphical..., 2022), the modern actual boundary of
the species naturalization in the European territory
of Russia has been clarified. This border runs along
the south of Bryansk Oblast, Kursk Oblast and Sara-
tov Oblast, the north of Voronezh Oblast (Definition
of ecological and geographical..., 2022). According to
scientists, the difference between the potential and
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(Ompemenenue sKOJIOTrO-reorpaduyeckoro..., 2022).
[To MHEHUIO YYEHBIX, PA3HUIA MEXJY MOTEHIIAb-
HOU U peajn30BaHHOU BKOJIOTO-TeorpaduiecKuMu
rpaHUIlaMU HATypaJu3anuu aMGpO3UU TOJBIHHO-
JINCTHOU Ha TEPPUTOPUY EBPOITIEHiCKOM yacTu Poccuu
cocrasysgeT npuMepHo 100-200 kM. 'paHMIIa pacipo-
crpaHeHus A. artemisiifolia MoXXeT TPOIBUHYTHCS €Ille
naJipliie Ha ceBep — B bpsaHckyo, OpJIoBCKyto, Jlumer-
Kyto, Tamb6oBckyt0, CapaToBcKyt0, OpeHOypreckyio 06-
JIACTH, FOXKHYI0 TTOJIOBUHY [IeH3eHCKOM 06J1acTH, Ha 10T
VYnbsiHOBCKOM, CaMapcKoy obiacTelt u BamkopTocTaHa
(Ompegenenme 5KOJI0TO-reorpaduuecKoro..., 2022).
[TOCKOJIbKY BUJ, MPEJNCTABJSAET OMAaCHOCTD JIJIs
CeJIbX03KYJIBTYP (B CHJTy CBOEHM KOHKYPEHTOCIIOCOGHOC-
TH) U YeJioBeKa (M3-3a BO3MOXKHOCTY BbI3BIBATH aJi-
JIepruyeckre peaknuu), 6bICTPO PacrpoCcTPaHseTcs,
YCIIELIHO aKKJIIMMaTU3UPYeTCSI B HOBBIX peruoHax Pd,
B2)KHO CCTEMATU3VPOBATh ¥ aKTyaJIU3UPOBATh NHQOP-
MaIIyio O IIPUCYTCTBUY BUZA U HA TEPPUTOPUY [1eH3eH-
cKko obJyiacty. Heo6XoIMMOCTh TaKOT0 MCCIeIOBaHUI
MTOJIKPEIlJISIETCS TaK)Ke BO3MOXXHOCTbIO PETYJISIPHBIX
3aHOCOB B CBSI3U C HAJIMYMEM CTAOUIBHBIX TOPTOBBIX
CBSI3el ¥ Pa3BUTOU TPAHCIIOPTHON NH(PACTPYKTYPOH
CO BCeMU coceJHUMU ¢ [TeH3eHCKO 06J1aCThI0 TEPPUTO-
pusiMH, Tie aM6PO3KS TIOJILIHHOJIUCTHAS ITPUCYTCTBYET:
CapaToBcKol 061acTbio (OIpezesieHre 3K0JI0TO-Teorpa-
tuueckoro..., 2022), Pecriy6imkoii MOpoBrUen 1 Yibsi-
HOBCKOM o6jiacTbio (O pacrmpocTpaHeHUU..., 1994),
PsasaHckoit u Tam6oBcKo# ob6acTamu (Ha 27 deBpas
2023 1., omHa U IBe KapaHTUHHbIe (PUTOCAHUTAPHbBIE
30HBI COOTBETCTBEHHO) (Poccenbxo3Ham30p..., 2023).

MATEPUAJIBI U METO/IbI

AHanus o6Hapy>XeHU aMOPO3UU MTOJIBIHHOJVCTHOM
B Ipefieiax [TeH3eHCKOM 06J1acTy ITPOBEEH Ha OCHO-
Be Pa3JINYHBIX UCTOUYHUKOB: JINTEPATYPHBIX TAHHBIX,
TTOCBSIIEHHBIX (PJIOPE ¥ PACTUTEIbHOCTY [IeH3eHCKOM
obsacTtu (Bacrokos, 2004; Bacrokos, CakcoHoB, 2020;
CosstHOB, 2001), mHTEPHET-pecypcoB (inaturalist.org),
IIePCOHAJIbHBIX CO00IIeHnH criernaaucToB (A.H. Ado-
HuH, [0.C. JIn), coGCTBEHHBIX ITOJIEBBIX KCCIEeL0BaHNNA
T10Jiel CeJIbCKOX035IMCTBEHHBIX KYJIbTYP 1 060UNH T10-
JIEBBIX, aBTOMOOMJIBHBIX JOPOT ¥ MarucTpasen.

dnopucTryeckue HabGJIIOIEeHUST MIPOBOAUIU
B 2019-2022 rT. Ha aBTOMOOMJIE 10 OCHOBHBIM TPaHC-
IIOPTHBIM MaruCTPaJISIM B IIpefeiax [IeH3eHCKoMl 06-
snactu (P-158 r. Hwxauit HoBropog — r. CapaTtos, P-207
r. Ilensa — 1. BaymamioB — 1. MuxaiinoBka, P-208 r. ITeH-
3a — . Tam60B, M-5 «¥Ypaj» . MockBa — I. UeIa6MHCK)
1 TI0 BTOPOCTeIeHHbIM TpaccaM (T. Cepmo6ek — p. 11. Be-
KOBO — p. 1. Tamauia, r. BenquHckuil — p. . Tamara,
r. Kamenka — p. 11. [lauesnma, p. 1. [Tayeama — p. 1. bami-
MaKOBO, p. II. bauiMakoBo — p. 1. 3eMeTUYnHO, C. Ky-
Bak-Hukosbckoe — c. Baguuck, «[lensza — Tam-
60B» — c. SIKOBJIEBKa, C. IKOoBJeBKa — p. 1. TamauJa,
c. SIkoBJIeBKa — p. 1. BekoBo, M-5 «¥Ypai» — c. HapoByar).

XoTs1 aMOp0o31s TTOJILIHHOJINCTHAS He ObljIa paHee
3aperucTprpoBaHa Ha mojgax [IeH3eHCKOU 06JacTH,
B 2019-2022 rT. 6bIJ TPOBENEH MOHUTOPUHT ITOCEBOB,
4TOOBI YIOCTOBEPUTHCS B €€ OTCYTCTBUU. 3a 9TO Bpe-
M ObLIIO 06cyiefoBaHO 49 MOCEeBOB MIIEeHUIIBI 00IIel
mJoiaabio 6ojiee 8200 ra, 21 moJje JbHA MaCJIUYHOTO
obie rnomaabio 6oyee 2000 ra, 5 TOCEBOB COU TLJIO-
mambio 812 ra ¥ 3 moJIsd caxapHOM CBEKJIBI ILJIOIIAbI0
oko0J10 250 ra (cM. Tabi. 1).

ViccnemoBaHUs IIPOBOAUIIN 10 KPaio ¥ B OCHOBHOM
yacTu ImoceBoB. O6ciemoBai BeCh IIEPUMETP MOJIS

realized ecological and geographical boundaries of
the naturalization of A. artemisiifolia in the Europe-
an part of Russia is approximately 100-200 km. The
border of distribution of A. artemisiifolia can move
even further to the north — to the Bryansk Oblast,
Oryol Oblast, Lipetsk Oblast, Tambov Oblast, Saratov
Oblast, Orenburg Oblast, the southern half of Pen-
za Oblast, to the south of Ulyanovsk Oblast, Samara
Oblast and Bashkortostan (Definition of ecological
and geographical..., 2022).

Since the species is dangerous for crops (due to
its competitiveness) and humans (due to the possi-
bility of causing allergic reactions), it spreads rapid-
ly, successfully adapts in new regions of the Russian
Federation, it is important to systematize and update
information about the presence of the species in Pen-
za Oblast. The need for such a study is also supported
by the possibility of regular drifts due to the presence
of stable trade relations and a developed transport
infrastructure with all territories adjacent to Penza
Oblast where A. artemisiifolia is present: Saratov Oblast
(Definition of ecological and geographical..., 2022),
the Republic of Mordovia and Ulyanovsk Oblast (On
the distribution..., 1994), Ryazan Oblast and Tam-
bov Oblast (as of February 27, 2023, the one and two
quarantine phytosanitary zones, respectively) (Ros-
selkhoznadzor..., 2023).

MATERIALS AND METHODS

An analysis of A. artemisiifolia detections within Penza
Oblast was carried out on the basis of various sourc-
es: literature data on the flora and vegetation of Pen-
za Oblast (Vasyukov, 2004; Vasyukov, Saxonov, 2020;
Solyanov, 2001), Internet resources (inaturalist.org),
personal messages specialists (A.N. Afonin, Yu.S. Li),
own field studies of crop fields and field roadsides,
roads and highways.

Floristic observations were carried out in 2019-
2022 by car along the main transport routes with-
in Penza Oblast (R-158 Nizhny Novgorod — Saratov,
R-207 Penza — Balashov — Mikhailovka, R-208 Pen-
za — Tambov, M-5 “Ural” Moscow — Chelyabinsk) and
along secondary routes (Serdobsk — Bekovo — Tamala,
Belinsky — Tamala, Kamenka — Pachelma, Pachelma —
Bashmakovo, Bashmakovo — Zemetchino, Kuvak-Ni-
kolskoye — Vadinsk, Penza — Tambov — Yakovlev-
ka, Yakovlevka — Tamala, Yakovlevka — Bekovo, M-5
“Ural” — Narovchat).

Although A. artemisiifolia was not previously regis-
tered in the fields of Penza Oblast, in 2019-2022 crops
were monitored to make sure it was not present. During
this time, 49 wheat crops with a total area of more than
8,200 ha, 21 oil flax fields with a total area of more than
2,000 ha, 5 soybean crops with an area of 812 ha, and
3 sugar beet crops with an area of about 250 ha were
surveyed (see Table 1).

Research was carried out along the edge and in
the main part of the crops. The entire perimeter of
the field was surveyed either on foot or, where pos-
sible, moving by car at a minimum speed. The study
of the main part of the array was carried out by lay-
ing deep into the field from two to several transects
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1160 TIeNUIKOM, 160, TIe 5TO BO3MOXKHO, IIepeIBUTasiCh
Ha aBTOMOOMJIe ¢ MUHMMAaJbHOM CKOPOCThIO. Mcceie-
JIOBaHME OCHOBHOM YaCTHU MacCHBa POBOAWIIN ITyTEM
TIPOKJIaZbIBAHUS BTJIYOb IOJISI OT JBYX IO HECKOJIBKUX
TpaHceKT mauHoi oT 20 ;10 100 M (B 3aBUCUMOCTU
OT ILIOLIaAY II0CeBOB). CTaHIapTHbLIE CXeMbI OCMOTPA
He IPUMEHSIN 13-3a CI0KHOM KoHbUTrypauu 60Jb-
LUIMHCTBA UCCJIeNOBAHHbIX IIOJIEH.

[Tpu obHapyxeHuu A. artemisiifolia onipenensnu
obunue BUHA IO IKaje J[pyzne, pasMep pacTeHUH,
denodasy, B KOTOpPOi TTpebbIBaJIO 6OJBITUHCTBO pac-
TEeHUH BUIA, reorpaduueckue KOOPAUHATHI, KpaTKOe
OTIMCaHVE MECTOOOUTAHUS U COMyTCTBYIOMUX BUIOB
pacTeHu (110 METOIMKE DKCITEIUITMOHHBIX 06CIe0-
BaHUH, IpeIIoxKeHHON AQOHMHBIM 1 Ap. (2019)).

PE3VYJIBTATBI U OBCYKJEHUE

Haxopku Ambrosia artemisiifolia L.

B [TeH3eHCKOii 06J1aCTH 110 AaHHBIM

Pa3HbIX UCTOYHUKOB

ITepBbIY repbapHbIli cO60pP aMOPO3UU ITOJIbIH-
HOJIMCTHBIN Ha TeppuTopuu [leH3eHCKOHN o6JyacTu
6b11 cmesiad B.M. BaciokoBbeIM U A.T1. CyXOpPyKOBBIM

with a length of 20 to 100 m (depending on the area
of crops). Standard inspection schemes were not used
due to the complex configuration of most of the stud-
ied fields.

When detecting A. artemisiifolia, the abundance
of the species was determined according to the Drude
scale, plant size, phenophase in which most of the
plants of the species lived, geographic coordinates, a
brief description of the habitat and associated plant
species (according to the method of expeditionary sur-
veys proposed by Afonin et al. (2019)).

RESULTS AND DISCUSSION

Detections of Ambrosia artemisiifolia L. in the

Penza region according to different sources

The first herbarium collection of A. artemisiifo-
lia in Penza Oblast was made by V.M. Vasyukov and
A.P. Sukhorukov on June 30, 2000 in the Tamala dis-
trict of Penza Oblast on the embankment of the Tamala
railway station (Solyanov, 2001) (see Table 2). Subse-
quently, A. artemisiifolia was reported quite rarely and
again on the railway tracks in Tamala, Serdobsk, and
Penza (Vasyukov, 2004; Vasyukov and Saxonov, 2020;

Ta6J1. 1. MoHuTopuHr Ambrosia artemisiifolia L. B moceBax ceJIbCKOX03SIlCTBEHHBIX KYJIbTY]P

IIeH3eHcKoIi 06J1acTu B 2019-2022 rT.

Table 1. Monitoring of Ambrosia artemisiifolia L. in agricultural crops of Penza Oblast in 2019-2022

T'opn oGeemoBaHus
Year of Paiion KoopauHaThl ILnomaap moJid, ra
examination KyabsTypa Culture wuccaezoBaHMIA Research area  Coordinates Field area, ha
2019 O3umas Winter TaMaJWHCKUMR Tamalinsky 52.793800, 43.533050 293
DI W 52.794480,43.541114 498
52.756430, 43.544510 237
52.756590, 43.555340 232
Cepnobckuit Serdobsky 52.778050, 43.886540 54
BekoBCKUt Bekovsky 52.486245, 43.552130 189
Kysnenxui Kuznetsky 52.976224, 46.732462 56
KosbImmienckuia Kolyshleysky 52.820720, 44.450500 251
52.812740, 44.464130 161
2020 Osumas Winter  KoJblieucKkuii Kolyshleysky 52.803357, 44.493202 221
mmenuna  wheat 52.800996, 44.511333 111
SIpoBas Spring 52.813050, 44.467390 408
IIIeHUIA wheat
Os3umasa Winter BekoBckuit Bekovsky 52.698760, 43.794010 2
nmenuna - wheat  cepnogekuin Serdobsky 52.397250, 44.081680 178
52.395780, 44.08060 203
TleH3eHCKUH Penzensky 53.036166, 44.771721 238
53.033895, 44.779172 363
MaJsoceppobunckuit Maloserdobinsky 52.474446,45.206296 255
52.474352, 45.209792 423
HapoBuaTckuii Narovchatsky 53.73107, 43.67059 130
53.93202, 43.60084 113
sIpoBas Spring 53.767513, 43.641062 65
mmeHuna - wheat 53.766680, 43.644632 127
Os3umasa Winter  Kysneuxui Kuznetsky 53.092770, 46.312259 50
TMIIeHua wheat
2021 O3umas Winter BamrMakOBCKUM Bashmakovsky  53.216426, 43.066862 55
mmeHuna - wheat 53.219568,43.110786 37
BaguHCKUI Vadinsky 53.628441, 43.290695 27
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Ta6.. 1. IIpogoskeHNE
Table 1. Continuation

Top, 0GcegoBaHUA
Year of Paiion KoopauHaTsl ILnowaas moJid, ra
examination KyabTypa Culture wuccaegoBaHMIA Research area  Coordinates Field area, ha
2021 Macauunpiii Oil flax ~ BamMakoBCKU Bashmakovsky  53.08229, 42.85944 85
ST 53.16058, 42.77430 210
53.17502, 42.79479 200
53.16166, 42.79605 150
53.13269, 42.67630 1,8
53.18331, 42.86830 210
53.17594, 42.90657 54,5
53.17588, 42.90622 59,1
53.14096, 42.89382 170
53.17257, 43.05841 15,2
53.17694, 43.10432 140
53.15635, 42.83590 40,4
53.19217, 42.71000 76,3
53.11811, 43.05875 5
53.14827, 43.06243 71,9
[TeH3EHCKUH Penzensky 53.00163, 44.46820 61,2
52.98618, 44.48543 210
52.98542, 44.50977 100
BaguHckui Vadinsky 53.64110, 43.09003 56,6
53.65359, 43.09821 69,3
53.64315, 43.07377 110
Cos Soy- [TeH3€eHCKUMI Penzensky 52.99387, 44.52308 170
beans 52.99160, 44.53357 170
benuHCcKUMA Belinsky 52.98946, 42.91183 190
52.99697, 42.96358 210
52.99839, 42.98442 72
CaxapHas Sugar BairmMakoBCKuUin Bashmakovsky 53.17634, 43.02953 92,4
cBeKa beet 53.16935, 43.08173 34,7
53.17582,42.75716 120
2022 Os3umas Winter TaMaJMHCKAHN Tamalinsky 52.687070, 43.580669 117
muennna - wheat 52.693870,43.556801 42
52.672063, 43.538733 340
52.535401, 43.244243 64
BenuHCKUi Belinsky 52.912225, 43.400566 20
SlpoBas Spring  [TauyenMcKuUi Pachelmsky 53.309013, 43.313954 4
muexuna  wheat 53.307548,43.317516 82
O3umasa Winter 53.308384,43.311265 52
muernna - wheat 53.306487,43.313774 72
SlpoBas Spring  KameHckui Kamensky 53.16043, 44.31742 93
TIIeHnna wheat  regzencruit Penzensky 53.14058, 44.30588 44
53.14961, 44.33366 166
53.16703, 44.35482 216
53.17572,44.39711 200
53.19051, 44.42113 22
53.18751, 44.42766 52
53.18221, 44.43361 12
53.09153, 44.37168 417
53.02213, 44.39672 286
Cmacckuit Spassky 53.687506, 43.535240 900
BaguHCKUHI Vadinsky 53.721780, 43.024960 44
53.733835, 43.025647 26
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30.06.2000 B TaMmanuHCKOM patioHe [IeH3eHCKOM 06-
JIACTYW Ha HACBHITIM JKeJe3HOJLOPOKHOU cTaHIuu Ta-
maJia (ConstHoB, 2001) (cM. Tabu. 2). B mocienyoieM
A. artemisiifolia BcTpevyanu JOBOJIBHO PEIKO U CHOBA
Ha YKeJIe3HOLOPOXKHBIX My TAX B p. IT. Tamasa, 1. Cepmo6-
cke u T. Ilense (Bacwoxkos, 2004; Baciokos, CaKCOHOB,
2020; TopbymmuHa, 2021; ®pomnosa, 2021) (cM. TadI. 2).
B 2021 r. aM6p0o3us MOJNBIHHOJUCTHAS ObLJIa BIIEP-
Bble OOHapyXeHa 1 Ha 060YnHe Tpacckl M-5 B palioHe
rurt Enameso (A.H. Adouwumn, F0.C. JIu, mepcoHaIbHOE
coobmieHune, 2021). BblJIOo OTMEUYeHO, YTO HalleHHasd
1eHOTIONYSIIUs 3aHNMAaJa I0KHYI0 U CeBePHYI0 060-
YMHY JOPOTHU C Pa3HbIM 06MJIMEM I10J10COH /10 100 M.

Co6CcTBEHHBIE M0JIEBbIE MCCIeI0BAHUS

2019-2022 rr.

B pesynbTaTe MPOBEIEHHBIX 06CIEIOBAHUN T10-
CEBOB CeJIbCKOX039CTBeHHBIX KyIbTYp IleH3eHCKOU
obisactu (cM. Taba. 1) B 2019-2022 rr. Ambrosia artemi-
siifolia He BBISBJIEHA.

3adukcupoanHas A.H. AbouunsiM u 10.C. JIu
B 2021 I. LIeHOTIOMYJIS IS aMOPO3U Y ITOJTBIHHOINCTHOM
110 060UYMHE aBTOOPOTHY HeLaJIeKo OT III'T EBranieBo

Gorbushina, 2021; Frolova, 2021) (Table 2). In 2021,
A. artemisiifolia was first detected on the side of the
M-5 highway in the area of the village of Evlashevo
(A.N. Afonin, Yu.S. Li, personal communication, 2021).
It was noted that the cenopopulation detected occupied
the southern and northern roadsides with different
abundances in a strip up to 100 m.

Personal field research

2019-2022

As a result of surveys of agricultural crops in Pen-
za Oblast (see Table 1) in 2019-2022 Ambrosia artemi-
siifolia was not detected.

Recorded by A.N. Afonin and Yu.S. Li in 2021, the
A. artemisiifolia cenopopulation along the roadside near
the village of Yevlashevo was also detected by us in
2022. The cenopopulation was still located both on the
southern and northern parts of the highway and occu-
pied the roadside at least 100 m long with a total area
of 0.6 ha. Specimens of A. artemisiifolia were quite often
detected, but they grew only along the roadside, slight-
ly descending along the roadside embankment, and
were not recorded in the adjacent field. Plants are low

Ta6u. 2. O6Hapy:KeHUsa Ambrosia artemisiifolia L. B [IeH3€HCKO0#1 06J1acTH

o o6Ha-

pyxkeHus PaiioH o6Hapy:KeHHUA KoopauHaTbl

Tun mecToo6uTaHus VcciemoBaTesu

HWCTOUYHUK
OaHHBIX

2000 TaMalMHCKUAN P-H, - JKEJIE3HOOPOXKHA B.M. Bacrokos, Conanos, 2001
K.-7I. cT. Tamana HAaCBIIb A.T1. CyxopyKoB
r. Cepmo6cekK, p. II. - JKEJIe3HOLOPOXKHBIE * Bacrokos, 2004;
Tamaua; r. [lensa yTu Bacroxkos, CakcoHOB, 2020
2021 Cepmobckuii p-H 52.447908, JKEeJIE3HOIOPOXKHAS T.B.Top6ymuHa https:/www.inaturalist.org/
44174652 HaCBIMb observations/92321335
2021 r. [leH3a, MUKpOparioH 53.235431, JKeJIe3HOIOPOXKHAsT E. ®ponosa https:/www.inaturalist.org/
CeBepHag IlosisiHA 45.02012 HaCBIMb observations/92225410
2021 Kysnenxuii p-H, 53.11417, 0604 HBI aBTO- A.H. AdponuH, A.H. Adonus, 10.C. Jn,
2,5 KM BOCTOUHEE 46.88406 MOGUJIBHOM JOPOTH 10.C. JIn IIePCOHAJIbHOE COObIIEHE
nrt Esjameso
2022 Kysuenxuii p-H, 2,5 KM 53.11417, 060YMHBI aBTO- E.A. CyxoJyio30Ba, coGCTBeHHOe HabJoleHe

BOCTOYHee NrT EBjanmieBo 46.88406

MOGMJIBHOM IOPOTH

E.A. Cyxos1030B

Table 2. Detections of Ambrosia artemisiifolia L. in Penza Oblast

Year of
detection Detection area Coordinates Habitat Researchers Data source
2000 Tamalinsky district, railway = railway V.M. Vasyukov, Solyanov, 2001

station Tamala embankment A.P. Sukhorukov

Serdobsk, Tamala; Penza - railways Vasyukov, 2004;

Vasyukov, Saksonov, 2020
2021 Serdobsky district 52.447908, railway T.V. Gorbushina https://www.inaturalist.org/
44.174652 embankment observations/92321335

2021 Penza, Severnaya Polyana 53.235431, railway E. Frolova https:/www.inaturalist.org/

microdistrict 45.02012 embankment observations/92225410
2021 Kuznetsky district, 2.5 km east 53.11417, roadsides A.N. Afonin, A.N. Afonin, Yu.S. Li,

of the village of Yevlashevo 46.88406 Yu.S. Li personal message
2022 Kuznetsky district, 2.5 km east 53.11417, roadsides E.A. Sukholozova, own observation

of the village of Yevlashevo 46.88406 E.A. Sukholozov
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6pL1a O6GHapYyKeHa HaMu U B 2022 T. LleHOTOTY A1 1S
MO-TIPE)KHEMY pacIiojiarajach Kak C I100KHOM, TaK U C ce-
BEPHOU CTOPOHBI TPACChl U 3aHUMAaJIa MPUI0POKHYIO
obounHy nmHOM He MeHee 100 M 1 06111e# TII0IIa b0
okoJyio 0,6 Ta. IK3eMILIAPHI A. artemisiifolia BcTpeua-
JINCh IOBOJIbHO OOMJIBHO, HO IIPOMU3PACTAIU TOJIbKO
1o 060YrHe, HEMHOTO CITYCKasiCh I10 TIPUIOPOXKHON
HACbhINM, U He BCTPEYAJIMCh B PAJAOM PACIIOJIOXKEH-
HOM TI0Jie. PacTeHUS HU3KOPOCJbIe, B 00OIIel Macce
15-20 cm (makcumyM 10 30 ¢M) BBICOTOH (CM. puUCy-
HOK). 27 UI0JII OHW HaXOAUJIKNCH OOJIbIIeN 4acThbIO
B (haze OyTOHU3AIIMY, HEKOTOPhIE — B HaUaJie IbLJICHUS.
Ha o6ounHe aBTOMAarucTpaay Hapsazay c A. artemi-
siifolia mpeo6aamanu Elymus repens (L.) Gould, 1947, Po-
lygonum arenastrum Boreau, 1857, Echinochloa crus-gal-
li (L.) P. Beauv., 1812, 10BOJIbHO 0OMJIBHO BCTPEYAJICS
Medicago lupulina L., 1753, paccessHo — Tripleurospermum
inodorum (L.) Sch. Bip., 1844, Trifolium hybridum L.,
1753, equauyano — Plantago major L., 1753, Chenopodium
album L., 1753, Taraxacum officinale F.H. Wigg. (1780),
Lactuca tatarica (L.) C.A. Mey, 1831, Conyza canaden-
sis (L.) Cronquist, 1943, Convolvulus arvensis L., 1753.
AMOPO3US MOJTBIHHOJVCTHASA — 9TO OLHOJETHEE
KOPOTKOJHEBHOE BETPOOIIbLIIEMOE PACTEHNE C IIUPO-
KUM SKOJIOTMUYECKMM JH1ara3oHoM. B ucciemoBaHugx
rocnenuux et (AdonrH, 2019; ATaITUBHBIN TOTEHIIN-
alnl..., 2022; OmpeneneHye 3K0JI0T0-reorpapuuecKkoro...,
2022) roxkasaHo, UTo IIPY IIPOJIBIKEHNY BHIa Ha CEBEP
ITPOUCXOIUT OTGOP TAKUX €T0 TEHOTUTIOB, KOTOPBIE OPU-
€HTHPOBAHbI Ha 3allBeTaHNe IIpU 0oJiee IJINHHOM JHeE,
YTO MBI ¥ HAOJIIOAJIV B UCCJIEIOBAHHOM 11€HOIIOITYJIS -
OUU BUJA HeJaJeKo OT nrt EBjiameBo. 3TO yBeJIUUN-
BaeT MPOJIOJIKUTETBHOCTD PENPOLYKTUBHOTO ITEPUOIA
U IAeT JIOTOJTHUTEIbHbIE PECYPCHI TETLIA JIJIsi CO3PeBa-
HUS 3aBSA3aBIIUXCSA ceMsH. C IPyTroil CTOPOHBI, YIJIN-
HEHUE PENPOAYKTUBHOTO ITEPHUOZA aMOGPO3UH TTOJIbIH-
HOJIMCTHOM ITPOMCXOIUT 3a CUET COKpaIlleHUs ITeproia
BEreTaTVWBHOI'O POCTA. ITO ITPUBOUT K YIIPOIIEHUIO Be-
reTaTMBHOM OpraHU3al Uy PAaCTEHUM CEBEPHBIX ITOITY-
JISITIMY, HU3KOPOCJIOCTH, YMEHbBIIIEHUIO MOIIHOCTH KOP-
HEBOU CHCTEMBI, UTO, B CBOIO OUepe/lb, 00yCIIOBIMBAET
3HAUYUTENbHOE YMEHbIIEHNE KOHKYPEHTOCIIOCOGHOCTHU
B (huTo1rieHO3€e. VIMEHHO TT0O3TOMY B CEBEPHBIX ITOITYJISI-
IIUSX, B TOM YKCJIe ¥ TIeH3E€HCKUX, BUJ, PACIIPOCTPAHSI -
eTCsl TPEUMYIIECTBEHHO B HAPYIIEHHBIX COOBIIECTBAX:
Ha OTKOCAaX JOPOT, yYaCTKaX CTPOUTEJbCTBA U T. II.
A.H. AdponuH ¢ coaBTopaMu (ALaNITUBHBIN MOTEHITU-
ai, 2022; OnpenesieHre 5K0JIOr0-reorparuyeckoro...,
2022) ripeAoiaraeT, YTo B Pe3yIbTaTe eCTECTBEHHOTO
oT6opa B MOJOGHBIX COOOIIECTBAaX, BO3MOXKHO, ITPOU-
30MIeT celeKIIns Hanbojee CKOPOCIIEIbIX FTeHOTUTIOB
A. artemisiifolia m coxpaHuBIIMECs HanboJiee yCTOMYNU-
BbI€ TEHOTUITBI 06Pa3y0T HATYPAJIU30BABIIYIOCS T10-
ITYJISIIIMEIO Y TIPOABUHYTCS €llle Ha ceBep. JJaibHenInee
pacimpeHre COBPeMEHHOI0 apeaia aMOPO3UY ITOJIbIH-
HOJIMCTHOM CBSI3aHO U C IVIO0AIbHBIMU KINMaTUYECKH -
MU u3MeHeHUuaMu (AZaOTUBHBIA mmoTeHIuami, 2022;
OmpenenieHre 9K0JI0r0o-reorpaduyuecKkoro..., 2022).
O6HapyxeHHasd LleHOTIONY I usa A. artemisiifolia
y nirT EBJ1alieBo HaXOAUTCS TOKA B IIpefiesiaX Teppu-
TOPUM IIOTEHIMAJbHON HKOJIOTO-TeoTpaduuecKou
HUIIY, MOJIeJIb KOTOPO#H GbLjIa Ipe/icTaBJieHa B CTaThe
A.H. Apouunna u np. (OnpemesieHre 3K0JIOr0-reorpa-
(huueckoro..., 2022).
OanbHelIIee NMPOABUIKEHUE CYIIECTBYIOILEH
IIEHOTIOMYJIAIIUY aM6pPO3UY TTOJIBIHHOJMCTHOM U 3a-
HOC HOBBIX IJIOJIOB OGYCJIOBJIEHBI B TIEPBYI0 OUYEPEb

growing, with a total mass of 15-20 cm (maximum up to
30 cm) tall (see Fig.). On July 27, they were mostly in the
budding phase, some were at the beginning of dusting.

On the side of the motorway, along with A. artemi-
siifolia, there were Elymus repens (L.) Gould, 1947, Polygo-
num arenastrum Boreau, 1857, Echinochloa crus-galli (L.)
P. Beauv., 1812, quite abundant Medicago lupulina L.,
1753, dispersed — Tripleurospermum inodorum (L.) Sch.
Bip., 1844, Trifolium hybridum L., 1753, sporadically —
Plantago major L., 1753, Chenopodium album L.,1753, Ta-
raxacum officinale F.H. Wigg. (1780), Lactuca tatarica (L.)
C.A. Mey, 1831, Conyza canadensis (L.) Cronquist, 1943,
Convolvulus arvensis L., 1753.

A. artemisiifolia is an annual, short-day, wind-pol-
linated plant with a wide ecological range. In recent
studies (Afonin, 2019; Adaptive potential..., 2022;
Definition of ecological and geographical..., 2022),
it has been shown that when a species moves north,
its genotypes are selected that are oriented towards
flowering with a longer day, which we observed in the
studied cenopopulation of the species near the village
of Evlashevo. This increases the duration of the repro-
ductive period and provides additional heat resources
for the maturation of the set seeds. On the other hand,
the lengthening of the reproductive period of A. arte-
misiifolia occurs due to the reduction of the period of
vegetative growth. This leads to a simplification of the
vegetative organization of plants of northern popula-
tions, short stature, and a decrease in the power of the
root system, which, in turn, causes a significant de-
crease in competitiveness in the phytocenosis. That is
why in the northern populations, including Penza, the
species occurs mainly in disturbed communities: on
the slopes of roads, construction sites, etc. A.N. Afonin
et al. (Adaptive potential, 2022; Definition of ecolo-
go-geographical..., 2022) suggests that as a result of
natural selection in such communities, the selection
of the most early maturing genotypes of A. artemisii-
Jfolia may occur and the remaining most stable geno-
types form a naturalized population and advance an-
other north. Further expansion of the modern range
of A. artemisiifolia is also associated with global climate
change (Adaptive potential, 2022; Definition of ecolo-
gical and geographical..., 2022).

The detected A. artemisiifolia cenopopulation near
Yevlashevo is still within the territory of a potential eco-
logical and geographical niche, the model of which was
presented in the article by A.N. Afonina et al. (Defini-
tion of ecological and geographical..., 2022).

Further expansion of the existing A. artemisiifolia
cenopopulation and the introduction of new fruits are
primarily due to the anthropogenic factor: accidental
spills from trucks during the transportation of con-
taminated plant products; the creation of powerful
air currents moving at a considerable speed along
the highway, capable of carrying the achenes of the
species to new places. Wind and melt water, of course,
take part in the dispersal of the species in roadside
conditions. In addition, according to recent obser-
vations made in Kazakhstan, A. artemisiifolia is also
characterized by endozoochory (Kazenas, Berezo-
vikov, 2020): Passer montanus, Fringilla coelebs, and
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s, Sl TP

PucyHok. UeHononynauua
A. artemisiifolia Ha 06ounHe poporn  on the roadside
(choTo E.A. Cyxono30Boit)

QHTPOIOTeHHBIM (DAKTOPOM: CIyUYaWHBIMU TTPOCHITIS-
MU U3 TPY30BBIX MAIlIH B X0/ TIEPEBO3KY 3aCOPEHHON
PAaCTUTENbHOM MPOAYKIIMY; CO3TaHUEM TIePEBUTa-
IOUUMUCS Ha 3HAYUTEJIbHOM CKOPOCTH I10 TPacce TPy-
30BUKaAMM MOIIHBIX BO3IYITHBIX TOTOKOB, CITOCOOHBIX
IIEPEHOCUTHh CEMSIHKY BUJAa Ha HOBbIe MecTa. B pac-
CeJIeHVU BUJIA B YCJIOBUSIX 060UYMHBI, KOHEYHO, ITPU-
HUMAIT y4yacTre BeTep U Tajible BOJbl. KpoMe TOTO,
110 HelaBHYM HaOJIIOLEeHNAM, CoeslaHHbIM B Kasaxcra-
He, a4 A. artemisiifolia XapakTepHa 1 3HI,0300X0PUS
(Kasenac, Bepe3oBukoB, 2020): ceMsTHKaMU aMOPO3UHU
TTOJIBIHHOJIMCTHOM KOPMSITCS TI0JieBble BOPOo6bU Passer
montanus, 356muxu Fringilla coelebs, vopru Fringilla mon-
tifringilla. Bce 3TU BUbI TIPUCYTCTBYIOT U B OPHUTO-
(ayne INensenckou obsactu (®posoB u ap., 2022),
a 3HAYUT, TAK)XXe MOTEHIINAJIbHO MOTYT y4acTBOBATh
B pacnpoCTpaHeHUU BUIA.

3AKJIOYEHUWE
C MoMeHTa mepBOro obHapyxxeHus A. artemisiifolia
B [leH3eHCKOU o6jacTu mpoiwio 23 rojga. BojabiiuH-
CTBO MOCJIEYIONUTUX HAXOIOK GBLIN CBSI3aHbBI C 3aHOCOM

Fig. A. artemisiifolia cenopopulation

(photo by E.A. Sukholozova)

Fringilla montifringilla feed on A. ar-
temisiifolia achenes. All these spe-
cies are also present in the avifauna
of Penza Oblast (Frolov et al., 2022),
which means that they can also po-
tentially participate in the distribu-
tion of the species.

CONCLUSION

23 years have passed since the first
report of A. artemisiifolia in Penza
Oblast. Most of the subsequent detec-
tions were associated with skidding
along railway tracks. Such periodic
detection of A. artemisiifolia indicates
that the species did not form stable
populations. However, the resumption
of the A. artemisiifolia cenopopulation
on the side of the highway for two
years, the retention of the occupied
territory with a sufficient abundance
of the species indicate the possible
beginning of its naturalization and
the shift of the northern boundary
of the species range. Due to the fact
that there is a change in the timing of
flowering by a longer day compared
to the southern populations (Adaptive
potential..., 2022), the reproductive
period is lengthened, which allows
ragweed to form normal fruits in the
conditions of Penza Oblast. However,
anincrease in the reproductive period
occurs due to a reduction in the peri-
od of vegetative growth, therefore, the
plants of the studied cenopopulation
are undersized, with a less powerful
root system, and therefore less com-
petitive, so far confined to ruderal
habitats — roadsides and slopes.

Thus, taking into account the ge-
neral trend of shifting the northern
border of A. artemisiifolia to the north,
the ecological plasticity of the species, it
isimportant to continue the systematic
survey of the area in order to timely identify outbreaks
of the quarantine species and prevent their further
spread.
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T10 JKeJIE3HOIOPOKHBIM ITyTSAM. Takoe mepruoguieckoe
obHapyXeHre aMOPO3UY TTOJIBIHHOJIUCTHOMN CBUAETEIb-
CTBYEeT O TOM, UTO BUJ] YCTOMYUBBIX TOTYJSIINI He 06-
pazoBeiBajl. OHAKO, BO30OHOBJIEHNE 1[€HOTIOMIYIIS NN
A. artemisiifolia Ha 060UYMHE aBTOMOOUIBHOU TOPOTH
B TeUEHME JBYX JIET, VAEP)KUBAHWE 3aHATOU TEPPUTO-
Ppul C JOCTATOYHBIM OOMJINEM BUIA TOBOPST O BO3MOXK-
HOM HayaJie ero HaTypaJu3alliy 1 CMeIleHUY CEBEPHOM
rpaHUIIbl apeajia BUAA. 3a CUYET TOTO, UYTO ITPOHCXOIUT
M3MeHeHre CPOKOB IIBETeHU Ha 6oJiee IIMHHbINA JeHb
10 CPABHEHUIO C IOXKHBIMU MONYAIIuAMU (AT TUB-
HBIW TOTEHIIMAL..., 2022), PEeNPOAYKTUBHBIN ITEPUO]T
VIJIMHSIETCSI, YTO TI03BOJISIET aMOPO3UY TIOJIBIHHOJIUCT-
HOMU B yCJIOBUSX [TeH3eHCKOM 06acTy chOopMUPOBATh
HOpMaJIbHbIe TIJI0ALI. OHAKO, YBeIMUeHNe PEeTIPOayK-
THUBHOTO IIEPUOA IIPOUCXOLUT 3a CUET COKpallleHUsT
Teproa BeTeTaTUBHOTO POCTA, II03TOMY PACTEHUS UC-
CJIeIOBaHHOU 1IeHOIIOMIYIAIUY HU3KOPOCJIbIe, C MeHee
MOIIHOM KOPHEBOU CUCTEMOM, a 3HAYUT, U MEHee KOH-
KYPEHTOCIIOCOOHbIE, TPUYyPOUEHHbBIE TTOKA K PyAepaIb-
HBIM MECTOOOHUTAHUSIM — 000UMHAM 1 OTKOCAM JOPOT.

TakuMm o6pasoM, yUUTHIBas OOIIYI0 TEHIEH-
IIVI0 CMEIEeHNS CEBEPHOY IPaHUIbl aMOPO3UH ITOJIBIH-
HOJIMCTHOU Ha ceBep, 9KOJIOTUYECKYI0 MJIaCTUUYHOCTh
BH[Ia, BAXKHO IPOAOJDKATh CCTEMaTHUUYeCKoe 00CIe0-
BaHUe 06JIaCTU AJIsI CBOEBPEMEHHOTO BBISIBJIEHUS OUa-
rOB KapaHTUHHOI0 BHIa 1 IPEIOTBPAallleHUs JaJbHel-
IIIET0 WX PACIIPOCTPAHEHNU .

Bnazodaprocme. ABTOPBI BBIpa)kaloT TIIyOOKYI0
6maromapHocTh A.H. Adoruny (CaukT-IleTepOypr,
CII6I'Y, MHCTUTYT HayK O 3eMJie) 3a UHGPOPMAIIUIO
o 1eHononynsAuu A. artemisiifolia 8 Ky3HelikoM pario-
He [leH3eHCKOI 061acTU U 0GCYXKIEHME MaTepruajoB
HACTOSIIelH cTaTbu. ABTOPhI UCKPEHHE MTPU3HATEb-
ubl 10.10. KymakoBoii (p. 1. BeikoBo, ®TBY «BHUUKP»)
v H.H. JlyneBotii (CaukT-ITeTep6ypr, BM3P) 3a KOHCTPYK-
TUBHOE 00CY’XK/IEHUE CTaThU B XOJIE €€ MO TOTOBKHU.
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AHHOTALIMA
B cTaTbe MPUBOASATCS CBeLeHUS O OMOJIOTUU TPaBe-
pa o6BIKHOBEHHOTO Pityogenes chalcographus Linnaeus,
1761 B Kapenuu. [IpencTaBieHbl JaHHBIE O BCTpeUYae-
MocTu P, chalcographus B palioHaX XBOMHBIX Hacax/e-
HUU ¢ pa3HBIMU KJIMMAaTUYECKUMU 30HAMU (CpenHe-
TaexHas 30Ha u Kpanauii CeBep). Mimaro rpaBsepa
OTJIABJIXBAJIU C TIOMOIIbI0 ()EPOMOHHBIX JIOBYIIIEK ITPO-
ussoncTtea ®I'BY « BHMYKP». JIOByLIKY BbICTABILIN
B HECKOJIBKUX TUTIaX 6MOIIEHO30B — Ha BETPOBAJIbHBIX
y4daCTKax U B XBOMHBIX Jiecax (eJIbHI/IKI/I 1 COCHAKN
3€JIEHOMOIIIHbIE) — Ha 1 BeTeTallMOHHBIN ce30H. CpaB-
HUBAEeTCS IIOTHOCTD TPaBepa B 6MOIIeH03aX MTPUPOJI-
HBIX OXPaHSIeMbIX 30H (3amoBefHUK «KuBau» 1 Ha-
IIMOHAJbHBINA Mapk «[laaHasipBU») U JECHUYECTBAX.
HawuGosbInee komuyuecTBO P. chalcographus B XBOMHBIX
6Mo1IeHO3aX OTMEUEHO B CpeJHeTaexXHoit 30He ([Tpu-
OHEXCKUU U [IPSHKUHCKUHI ParioHBI), TI€e B JIOBYLIKY
33 Ce30H II0TaZlaeTcsl B CPeJTHEM OKOJIO 1 ThIC. 0CO-
6ell; B ceBepHBIX paiioHaX YMCJIO OTIOBJIEHHBIX 0CO-
6eil yMeHbIIaeTcs B 2 pasa. B u3yyaeMbIX JiecHUYE-
CTBaX YCTaHOBJIEHA HEBBICOKAS YMCJIEHHOCTb 'PaBepa
B cbopax, 4To MOATBEPKIAET KOHTPOJIb JIECHBIX CIIYKO
3a COCTOSTHMEM JIECHBIX HacaXJeHuH. HampoTus, BeT-
pPOBaJIbHBIE YYAaCTKU MPUPOJHBIX OXPAaHIEMbIX 30H
ABJIAKTCA JIOKAJbHBIMU Pe3epBaTaMU AJid BpeAUuTeJid.
B cTaTbe ykasaHbI CDOKH JIETA IPaBepa Ha TEPPUTOPUU
U3y4aeMOoro PETrnuoHa, AaHbI CBEIEHUS O 3UMYIOUIUX
(hazax BpepuTensa. KoJimuecTBO OTJIIOBJIEHHLIX CaMIIOB
¥ CaMOK B JIOBYIIKAaX MPUOJU3UTEIBHO B PABHOM CO-
OTHOIIEHWHY, YTO TTOATBEPKAAET BHICOKYIO UyBCTBU-
TEJbHOCTh JUCIIEHCePa Ha OCHOBE arperaiuoHHOI0
(hepoMoHa xasnbKOrpaHa /Jst 060MX MOJIOB. ITO TAKXKe
IIpeIIoaraeT BOBMOXXHOCTD UCIIOJIb30BaTh JaHHBIN
q)epOMOH JAJId U3 BATUA BPeAUTeJId 13 ITOITYJIALI NN ITPKU
WHTETPUPOBAHHOM METO/ie 60PHOHI.

Knrouesvie cnosa. Kopoenbl, KCUIIOOMOHTEI, (e-
POMOH, (DePOMOHUTOPUHT, PUTOCAHUTAPHOE COCTOS-
Hue, Kapenus.

2 ORCID 0009-0009-1563-5571, e-mail: dmit.zl@yahoo.com

ABSTRACT
The article provides the data on the biology of Pityogenes
chalcographus Linnaeus, 1761 in Karelia. It outlines the
data on the occurrence of P. chalcographus in areas of
coniferous plantations with different climatic zones
(mid-taiga zone and the Far North). The imagoes were
collected with pheromone traps of FGBU “VNIIKR”.
The traps were set in several biocenoses — on windfall
areas and in coniferous forests (green moss spruce
and pine forests) — for 1 growing season. The P. chal-
cographus density is compared in biocenoses of natu-
ral protected areas (Kivach Reserve and Paanajarvi
National Park) and forestries. Most P. chalcographus in
coniferous biocenoses were noted in the middle taiga
zone (Prionezhsky and Pryazhinsky districts), where an
average of about 1 thousand individuals get into a trap
per season; in the northern regions, the number of cap-
tured individuals decreases by 2 times. In the studied
forest areas, a low number of P. chalcographus in col-
lections was established, which confirms the control
of forest services over the state of forest plantations.
On the contrary, windfall areas of natural protected
areas are local reserves for the pest. The article indi-
cates the terms of P. chalcographus flight in the territory
of the studied region, and provides information on the
wintering phases of the pest. The number of captured
males and females in traps is approximately equal,
which confirms the high sensitivity of the dispenser
based on the chalcogran aggregation pheromone for
both sexes. This also suggests the possibility of using
this pheromone to remove the pest from the population
with an integrated control method.

Key words. Bark beetles, xylobionts, pheromone,
pheromonitoring, phytosanitary status, Karelia.
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BBEJEHUE

opoesl  rpaBep  OOBIKHOBEHHBIN
Pityogenes chalcographus Linnaeus,
1761 (momcem. Scolytinae) saBiser-
Csl 4aCTbIM KOMITOHEHTOM XBOWHBIX
O1OIIeHO30B, U €r0o BCerja paccma-
TPUBAIOT B KOMILJIEKCE COOOIIecTBa
KCUJIOO6MOHTOB. B CEeBEPHBIX PETUO-
Hax eBporelickoil yactu P® rpasep
0OBIKHOBEHHBI, HAPSAY C TUITOrPacdoM U MMaJbIeX0z-
HBIM JIy00eoM, SIBJISIETCS OJHUM U3 Hanbojee 4acTo
BCTpeUYaeMbIX KopoemoB (MosoJjieBcKas U Ap., 1991;
[TaBjyioB, 2009; MaugenbinraMm, CeauxoBkud, 2020).
HecMOTps Ha TO, UTO STOT BUJ, OTHOCUTCS KO BTOPUY-
HBIM BPEIUTEJSIM U aKTUBHO 3aCEJISIET YKe 0CTabJIeH-
HbIE JIePEBbs, ITIOBBIIIEHNE €TI0 YUCIEHHOCTHY ITPEII0-
JlaraeT IpoBefieHre 0693aTeNIbHBIX CAHUTAPHBIX MepP
B JIOKQJILHBIX MecTaX. 'paBep OObIKHOBEHHBIN HaIla-
laeT Ha yChIXaIoIINe eJib, COCHY WU NUXTY (ABEPKU-
eB, 1984), namboJiee GJIATOTIPUATHBI [IJIg 3aceJIeHUS
rpaBepa mopybouHbIe OCTATKU. JJaHHBIN KOPMOBOM
cybeTpaT CcIiocoGCTBYIOT OBICTPOMY Pa3sMHOMKEHUTO
U CO3JAeT GJaronpUusTHbIE YCIOBUS JIJIST PacCesIeHUs
rpaBepa B IpuJjierainue Hacaxxaenus (Markovic, Sto-
janovic, 2010).
LlesbI0 HAIIMX UCCJIEIOBAHUM SIBJISJIOCH U3yUe-
HUe 0COOeHHOCTel pacIpocTpaHeHUsa U (PeHOJIOTUN
rpaBepa 06bIKHOBEHHOTO B Pecmy6simke Kapemaun.

MATEPHWAJIBI U METO/IbI

VicciiemoBaHUS IPOBOAMIIY B JIECHBIX 30HAX YETBIPEX
pationos Pecrybsimku Kapenuu: Kongomno)xckom, I1ps-
SKMHCKOM, [IpMOHEXXCKOM (CpeiHss Taira) 1 JIoyXCKoM
(ceBepHag Tatira). BUOIEHO3bI IPEICTABIIEHEI IIpe-
obJialaHMEeM COCHOBBIX U TEMHOXBOMHBIX JIECOB, Te
JiecooO0pa30BaTENIIMU BbICTYITAIOT COCHA OOBIKHOBEH-
Has (Pinus sylvestris L.), e1b cubupcKasi U eBpoIercKas
(Picea obovata Ledeb. u P, abies (L.) Karsten).

Umaro Pityogenes chalcographus oTnaBiuBaiu
C TIOMOIIbI (DEPOMOHHBIX JIOBYIIEK ITPOU3BOJICTBA
®I'BY «BHMMKP» ¢ gucrieHcepoMm, copepiKaliumM arpe-
raluoHHBIN (hePOMOH XaJabKorpaH. JIoByuIku ¢ Ghepo-
MOHOM Ha 1 BereTallOHHBIN C€30H BhICTABJISIN B He-
CKOJIBKMX MECTaX C Pa3HOM aHTPOITOreHHOM HATPY3KOM:
B 0CO00 OXpaHsIeMbIX IPUPOAHBIX TEPPUTOPHUIX (3aI10-
BeIHUK «KuBau», HAIIMOHAJbHBIN MapK «[laaHasgpBL»)
U paioHHBIX JiecHUYecTBaX. C60p IMTPOBOAUIIY B €CTe-
CTBEHHBIX OMOIIeHO03aX: XBOWHBIX JiecaX (€JIbHUKU
Y COCHSIKM 3€JIEHOMOIITHbBIE) ¥ YYaCTKaX, Pa3pylIeHHbIX
AQHTPOIIOTEHHBIMU U ITIPUPOAHBIMY (haKTOpamMu (BETPO-
BaJIbl, BRIPYOKM U IIpOYee). 3a MEPUO]] UCCIEN0BAHUS
(2019-2022 rr.) oTsioBJIEHO 60Jiee 20 ThIC. 0COGEH.

B 3amoBesHUKEe HA MOJIEJIbHBIX IEPEBBIX OCY-
IIECTBJISJIN DHTOMOJOTUYECKH cOop 1 HAOI0IeHUS
I10 3acejieHuIo U (peHoJIorny Buaa. Becero 6b110 oxBave-
Ho 60Jiee 300 MOZENIBHBIX IEPEBbEB. JJOTIOTHUTEIbHBIE
pe3ynbTaThl UCCIIeJOBAHUMN OBIIN TaKXKe TTOJIyUeHbl
IIyTeM ITPOBEJIEHUS JIECOIIATOJIOTUYECKUX 06CIeo-
BaHUY I10 OOIIENTPUHSITHIM B 3aIIUTE JIeca METOUKAM
(MososeBckas u fp., 1984).

PE3VJIBTATBI 1 OBCYXJAEHUE
I'paBep OOBIKHOBEHHBIM pacIpOCTpaHeH Mo BCeH
TeppuTopuu Kapenuu, HO ¢ pa3HOU IJIOTHOCTHIO.
Haun6oJsbIllee KOJIMUYECTBO 0CO6ell 0TMEeUYeHO B cpefl-
HeTaexHoll 30He ([IpMOHEXCKHUII paiioH). B He-
HaPYIIeHHBIX XBOMHBIX JIeCaX 3TON 30HBI B JIOBYIIKY

INTRODUCTION

ityogenes chalcographus Linnaeus, 1761 (sub-
fam. Scolytinae) is a frequent component of
coniferous biocenoses, and it is always con-
sidered in the complex of the xylobiont com-
munity. In the northern regions of the Euro-
pean part of the Russian Federation, P. chalcographus,
along with Ips typographus and Xylechinus pilosus, is one
of the most common bark beetles (Mozolevskaya et al.,
1991; Pavlov, 2009; Mandelshtam, Selikhovkin, 2020).
Despite the fact that this species belongs to secondary
pests and actively colonizes already weakened trees,
an increase in its abundance requires the implemen-
tation of mandatory sanitary measures in local areas.
P, chalcographus attacks drying spruce, pine or fir (Aver-
kiev, 1984), logging residues are most favorable for
its colonization. This fodder substrate promotes rap-
id reproduction and creates favorable conditions for
the settling of P. chalcographus in adjacent plantations
(Markovic, Stojanovic, 2010).
The objective of this research was to study the dis-
tribution and phenology of P. chalcographus in the Re-
public of Karelia.

MATERIALS AND METHODS

The studies were carried out in the forest zones of
four districts of the Republic of Karelia: Kondopozh-
sky District, Pryazhinsky District, Prionezhsky District
(middle taiga) and Loukhsky District (northern taiga).
Biocenoses are represented by the predominance of
pine and dark coniferous forests, mainly formed by
Pinus sylvestris L., Picea obovata Ledeb. and P, abies (L.)
Karsten.

The imagoes of Pityogenes chalcographus were
collected with pheromone traps produced by
FGBU “VNIIKR” with a dispenser containing aggrega-
tion pheromone chalcogran. Pheromone traps for one
growing season were set in several places with diffe-
rent anthropogenic load: in specially protected natu-
ral areas (Kivach Reserve, Paanajarvi National Park)
and district forestries. The collection was carried out
in natural biocenoses: coniferous forests (green moss
spruce and pine forests) and areas destroyed by an-
thropogenic and natural factors (windfalls, clearings,
etc.). During the study period (2019-2022), more than
20 thousand individuals were collected.

In the reserve, entomological collection and ob-
servations on the population and phenology of the spe-
cies were carried out on model trees. In total, more than
300 model trees were covered. Additional research re-
sults were also obtained by conducting forest patho-
logical surveys according to the methods generally ac-
cepted in forest protection (Mozolevskaya et al., 1984).

RESULTS AND DISCUSSION

P, chalcographus is spread in the territory of Karelia,
though with different density. Most individuals were
noted in the middle taiga zone (Prionezhsky District).
In the undisturbed coniferous forests of this zone, on
average, about 1000 individuals get into a trap per sea-
son, and in the North, twice as few (see Table). In all
studied areas of district forestries, a low population of
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3a Ce30H II0ITaJIaeTCs B CPeIHEM OKOJIO 1 ThIC. 0cobet,
a Ha CeBepe UX YMCJIO YMeHbIIaeTcs B 2 pasa (CM. Tab-
JimiLy). Bo BceX U3y4eHHbBIX yUaCcTKaX PaliOHHBIX Jiec-
HUYECTB OTMeueHa HeBbICOKAas UYMCIEHHOCTh P chal-
cographus, 4TO TIPEAIIOJaraeT Xopollee cCAaHUTapHOoe
COCTOsSIHME JIeCOHACAXKIEeHNN. I TOro UTOOBI Ipe-
MIITCTBOBATDb PA3BUTUIO 0UAaTOB CTBOJIOBBIX BPEeIUTE-
Jie#, B pecnybJimKe eXXeroHO TIPOBOAUTCS TIJIaHOBAs
caHuTapHas pybka, CBOeBpeMeHHas yTUIN3alUsI BET-
POBaJIBHBIX U YCBIXAIOIIUX IePEBbEB, a TAKXKe BO3006-
HOBJIEHUE JIECHBIX HACAKIEHU.

Cpenu m3yvyaeMbIX ILJIONAJIOK caMasi BbICOKAs
YHCJIEHHOCTb rpaBepa OOBIKHOBEHHOTO OTMedeHa
TOJIBKO B 3amoBefHUKe «KuBau» (CM. TabauIy). OTU
MeCTa XapaKTePU3YITCS yYaCcTKaMM, Pa3pyIleHHbI-
MU IIPY BO3IENCTBUY IIPUPOIHBIX ¥ AaHTPOIIOTEHHBIX
(akTopoB (MMo’kapuila, BbIBaJbl XBOMHBIX JEePEBb-
€B U HaJu4yue MOPYyOOUYHBIX OCTATKOB IPU OUUCTKE
BBICOKOBOJIbTHBIX JIMHUH, IIPOJIETAIOIINX YEPE3 TEPPU-
TOPUIO 3aTI0BeIH1KA). BMecTe ¢ Turorpadom U 1eJIbIM
KOMILJIEKCOM KCHJIOOMOHTOB B TaKMX Oodyarax rpaBep
YCKOpSIET NHTEHCUBHOCTDH OTMUPAHUS 0CJIabIeHHBIX
JiepeBbeB. KpoMe TOTO, B 3aII0BETHUKE ITEPUOIUUECKU
PETUCTPUPYIOT BCIBIIIKY PA3MHOXEHUS TTAJIUJIBIITKA
Neodiprion sertifer (Geoffroy, 1785) (Kyrenkosa, 2001).
CunbHOe 00'beflaHre XBOU MOAPOCTA COCHBI JUUNH-
KaMU MTUJIUJIbIIVUKOB MOXET TIPUBECTU K €T0 yChIXa-
HUIO, UTO TaKJ)Ke MPUBJIEKAET KOPOoeaoB. BeTpoBasbl
Ha OXPaHSIeMbIX TEPPUTOPUIX AJIST MHOTUX BpeIUTe-
JIel aBJISIOTCS JIOKaJbHBIMU pe3epBaTamu (Markovic,
Stojanovic, 2010), ofHAKO BICOKAS YMCIE€HHOCTD KCH-
JIOGMOHTOB TaM IOAEPKUBAETCS HETIPOIOJIKUTEb-
HOE BPEMSI, ¥ OHU PA3JIETAITCS 10 OKPYKAI0IIUM 610-
eHo3aM (Hangees, 2009). B gpyrux (HeHapyIIeHHBIX)
y4JacTKax 3allOBeIHMKA IIJIOTHOCTDb rpaBepa HeBbICO-
kas (cM. TabuiLy).

I'paBep OOBIKHOBEHHBIN — 3TO MEJKUM, 6JIeCTsI-
MUY KYK OJWHON 1,8—2,6 MM, HAIKPBIJIbsI KOPUUHE-
BbIe. Y rpaBepa OOBIKHOBEHHOTO XOPOIIO BhIpakKeH
TIOJIOBOY AMMOP(U3M: y caMIla J06 MIOCKUHN, y CAaMKHU
JI06 MeeT MOJIYKPYTJIYIO, JOBOJbHO TITyO0KYI0 BIIaU-
HY TIOCPeIVHE MeXAy riaszamMu. Takyke eCTh OTIAUYUS
10 CTPOEHUIO TAYKU: Y CAMIIOB OHA XOPOIIO BbIpaXe-
Ha ¥ I10 KpPasiM € KaXXJI0¥ CTOPOHBI MMEETCS T10 3 KO-
HYCOBMIHBIX 3y611a, y CAMOK OHa CUJIbHO PENYIIVPO-
BaHA W MPEJCTABJSAET CO60M JIMIIb MeJKre 6yropku
(cm. puc. 1).

YucjaeHHOe COOTHOIIEHNE CaMIOB M CaMOK
B c60pax (hePOMOHHBIMHU JIOBYIIKAMU UMEET TEHIEH-
110 K HEeOOJbIIOMY ITPEBAJUPOBAHUIO TTOCIEIHUX,

al

Puc. 1. F'paBep 06bIKHOBEHHbI Fig. 1. Pityogenes
Pityogenes chalcographus Linnaeus, chalcographus Linnaeus,
1761: a - cameu,; b — camka
(choTo C.H. Nab3uHomn

n O.M. 3nobuHa)

(photo by S.N. Lyabzina
and D.P. Zlobin)

1761: a— male; b — female

P. chalcographus was noted, which suggests a good sa-
nitary condition of forest plantations. In order to pre-
vent the development of stem pest outbreaks, planned
sanitary felling, timely disposal of windfall and drying
trees, as well as the renewal of forest plantations are
carried out annually in the republic.

Among the studied sites, the largest population
of P. chalcographus was noted only in the Kivach Re-
serve (see Table). These places are characterized by
areas destroyed under the influence of natural and an-
thropogenic factors (fires, fells of coniferous trees and
the presence of logging residues during the cleaning
of high-voltage lines that run through the territory of
the reserve). Together with Ips typographus and a whole
complex of xylobionts, P. chalcographus accelerates the
intensity of the dying off of weakened trees in such
outbreaks. In addition, outbreaks of Neodiprion sertifer
(Geoffroy, 1785) are reported from time to time in the
reserve (Kutenkova, 2001). Severe feeding on pine nee-
dles undergrowth by Neodiprion sertifer larvae can lead
toitsdrying out, which also attracts bark beetles. Wind-
blows in protected areas are local reserves for many
pests (Markovic and Stojanovic, 2010), however, a high
number of xylobionts is maintained there for a short
time, and they scatter over the surrounding biocenoses
(Naldeev, 2009). In other (undisturbed) areas of the re-
serve, the engraver density is low (see Table).

P. chalcographus — it is a small, shiny beetle,
1.8-2.6 mm long, with brown elytra. P. chalcographus
has a pronounced sexual dimorphism: the male has a
flat frons, the female has a semicircular frons, rather
deep depression in the middle between the eyes. There
are also differences in the structure of the declivity: in
males it is well expressed and there are 3 cone-shaped
spines along the edges on each side, in females it is
greatly reduced and consists of only small tubercles
(see Fig. 1).

The numerical ratio of males and females in col-
lections with pheromone traps tends to slightly pre-
dominate the latter, and this is manifested in all areas
of the study (see Fig. 2). The used dispenser based on
the aggregation pheromone chalcogran confirms high
sensitivity for both sexes, which makes it possible to
use it to remove the pest from the population.

P, chalcographus colonizes trees with a diameter of
8-28 cm almost from the base of the trunk, and on larg-
er trunks, colonies of this species are successful only in
the area of transitional and thin bark (see Fig. 3). The
galleries of P. chalcographus are clearly distinguishable:
on the inner side of the bark, the beetles arrange a nup-
tial chamber (mating habits), from which several uter-
ine galleries radiate (see Fig. 4).

During the year, P. chalcographus has one genera-
tion. The flight of beetles begins in mid-May, and the
peak occurs at the end of June — beginning of July.
Trapping of beetles completely ends in the third week
of August and almost simultaneously with Ips typogra-
phus. In the north of the studied region, the activity
starts two weeks later, and the peak falls on mid-July.
In autumn, all stages of development of P. chalcogra-
phus, except for eggs, can be detected in galleries un-
der the bark. At the same time, light-colored imagoes
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8571
7785
camel,
male

camka
female

2165 2603

637 764 923 1095

JNoyxckuii ~ KOHABOMOXCKUIA TIPUOHENCKUIA  TIPSXUHCKUIA
Loukhsky Kondopozhsky  Prionezhsky Pryazhinsky

Puc. 2. YucneHHoe Fig. 2. The numerical ratio
COOTHOLIeHne caMuoB 1 caMok  of males and females

B c60pax hepOMOHHbIMM in collections by pheromone
JIOBYLUKaMU B UcClieflyeMbIx traps in the studied areas of

panoHax Pecnybnukn Kapenun  the Republic of Karelia

Lons (%) BcTpeyaemocTun
Occurrence (%)

48
40 —
30
OuameTp
20~ 15 cteona (cm)
5 Trunk
| | | | 2 diameter (cm)

<5 5-15 15-25 25-30 > 30

Puc. 3. YactoTa BcTpeuaemoctn (%) Fig. 3. Occurrence (%)

rpaBepa o6bIKHOBEHHOIO of P. chalcographus under
P. chalcographus nop, kopoi cocHbl  the bark of pine trees
pasHoro guametpa of different diameters

U 3TO IIPOSIBJISIETCS BO BCEX palioHaX HCCJIEN0BaAHUS
(cM. puc. 2). Mcronb3yeMbIil JUCIIEHCEDP HA OCHO-
Be arperamuoHHOro epoMoHa XaJibKOrpaHa IToJ-
TBEPXXJAaeT BbICOKYIO UYBCTBUTEJIbHOCTD IJIsI 060UX
TI0JIOB, UTO AaeT BO3MOXXHOCTh €T0 IIPUMEHEHUS I
U3BITUS BPEAUTEIS U3 TIOIYISAIUU.

Kopoen-rpaBep 3acelseT JAepPeBbsS TUaMETPOM
8-28 cM ITpaKTHUUEeCKH OT OCHOBAaHUS CTBOJIA, a Ha 60-
Jiee KPYTIHBIX CTBOJIAX MOCEJIEHUS 3TOT0 BUIA yCIIell-
HBI TOJIBKO B 00JIaCTU MEePEXOIHON 1 TOHKON KOPbI
(cM. puc. 3). Xonsl rpaBepa 06GBIKHOBEHHOT'O XOPOIIO
pas3InMUYuMbl: Ha BHYTPEHHEN CTOPOHE KOPBI XYKU
ycTpauBaloT 6pauyHyio kKaMepy, 0T KOTOPOU Jiyueobpas-
HO OTXOZST HECKOJIbKO MAaTOYHBIX XOI0B (CM. puc. 4).

B TeueHme rosa y rpaBepa 00bIKHOBEHHOTO HAGJII0-
naetcs 1 reHepaniud. JIET )KyKOB HQUMHAETCS B cepeLu-
He Mad, a TUK IIPUXOIUTCS Ha KOHEIl MIOHS — HavaJio
ui0J151. OTJIOB YKYKOB B JIOBYIITKY ITOJTHOCTBIO 3aKaHUIMBA-
eTCs1 B TPEThel lekaie aBryCcTa U ITOUYTH OLHOBPEMEHHO
¢ kopoenmoM-Turiorpacdom. Ha ceBepe ucciemyemMoro pe-
TMOHA CPOKY Havajia aKTUBHOCTY CIBUTAIOTCS Ha 2 He-
Jlenu, a TUK IPUXOAUTCS Ha cepeAuHy uiojisg. OCeHbI0
10T KOPOM MOXKHO 0OHAPYXUTh B XOZaX BCE CTAIUU
pasButus P. chalcographus, kpoMe suil. I[Ipy 3TOM CBET-
JIOOKpallleHHbIe Maro BCTPeUarTCs Jallle, YTO I'OBO-
PUT O MOJIOJOM TIOKOJIEHWU. BECHOM MOJIOZbIe KYKU
BBLJIETAIOT B ITOWCKAaX JOMOJHUTENbHOrO MUTAHUS,
a JUYMHKYU Y KYKOJIKU TTPOJIOJKAI0T CBOE Pa3BUTHE.

AKTUBHOCTB JIETA )XYKOB B Kapenuu 6I13Ka ¢ Ta-
KOBOU B peruoHax IleHTpajibHOl Benopyccun (KyxrTa,
2012). [To MHEHUIO psijla aBTOPOB, Y TPaBepa 06bIK-
HOBEHHOTO B TEUEHUE CE30HA BO3MOXKHA YaCTHUUYHAS

Puc. 4. Xoppl rpaBepa Fig. 4. Galleries
ob6bikHOBeHHoro P. chalcographus  of P. chalcographus
(choto C.H. N1563unHoM (photo by S.N. Lyabzina
n 0.M. 3nobuHa) and D.P. Zlobin)

are more common, which indicates a younger gene-
ration. In spring, young beetles fly out in search of ad-
ditional food, and larvae and pupae continue their de-
velopment.

The summer activity of beetles in Karelia is close
to that in the regions of central Belarus (Kukhta, 2012).
According to some authors, P. chalcographus can have
a partial realization of the second generation during
the season, which is capable of forming the earliest
hatching young beetles of the first generation (Averki-
ev, 1984; Kukhta, 2012).

P. chalcographus population is considerably re-
duced by the bark bugs Epuraea spp., Rhizophagus spp.
and Thanasimus formicarius (L., 1758) (Peltonen, He-
libvaara, 1999). However, for most bark beetles, the
main factor regulating population density is the prin-
ciple of interference (Lindeman, 2004). An increase in
the number of individuals leads to an increase in the
mortality of next generations at vulnerable stages of
their development. The death generally occurs at the
larval stage due to lack of food, mutual harm in dense
settlements, or direct cannibalism.

CONCLUSION

P. chalcographus is spread throughout the territory of
Karelia, but with different density. The largest number
of bark beetles was collected in protected areas of the
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peasmsalus BTOPOTO MTOKOJIEHN s, KOTOPO€e CITIOCOGHO
opmupoBaTh Haubosee PaHO OTPOXKIAIOIIUXCS MO-
JIOJIBIX JKYKOB T1epPBOM reHepanuu (ABepkues, 1984;
Kyxta, 2012).

Cpelnu XUIIHUKOB-TIOJKOPHUKOB CYIECTBEH-
HO CHWJKAIOT YUCJIEHHOCTh I'PaBepa 0ObLIKHOBEHHOTO
Epuraea spp., Rhizophagus spp. u Thanasimus formicarius
(L., 1758) (Peltonen, Heliovaara, 1999). OnHako njasa
OOJIBIIMHCTBA KOPOEN0B OCHOBHBIM (PaKTOPOM, pery-
JIMPYIOIIUM TIJIOTHOCTD TOMYJISIIUY, SBIISETCS TIPUH-
nun uateppepennuu (JIuugeman, 2004). PocT uuc-
JIEHHOCTU 0C00el BeJleT K YBeJINUEeHUI0 CMEPTHOCTU
CIIeIYIOIIUX ITOKOJIEHU I Ha YI3BUMBIX CTAIUSAX UX Pa3-
BUTHUSA. ['16GeJIb TOTOMCTBA ITPOUCXOAUT, KaK ITPaBUJIO,
Ha CTaAVU JUUYUHKY 110 IPUUNHEe HeloCTaTKa MUIIH,
B3aMMHOTI'0 ITOPAYKEHUS B IIJIOTHBIX ITOCEJIEHUSX JTUO0
IIPSIMOTo KaHHKGaIu3Ma.

3ARKJIIOYEHUE

I'paBep OOBIKHOBEHHBIM pacHpOCTpPaHEeH IO Bcel
TeppuTopuu Kapenuu, HO ¢ pPa3HOU MIOTHOCTHIO.
Hau6osbllee KOJIMYECTBO KOPOELA OTJIaBIUBAJIOCH
B OXPaHsIEMbIX 30HaX PECITyOINKY; HATIPOTHUB, B M3yYa-
eMbIX MecTax jecHuuecTB (KoHIO0MTOXKXCKOM, JIOYXCKOM,
[TpuoHexckoM U IIPSHKMHCKOM palioHaX) OTMeYeHa
HEBBICOKAs €T0 YUCJIEHHOCTD, UTO TTIO3BOJISIET ClI€JIATh
MIPEeTI0N0oKeHE O XOPOoIlleM CAHUTAPHOM COCTOSHUY
HacaKIeHUH.

B Teuenue roma B Kapenuu y rpaBepa 0GbIKHO-
BEHHOTO IIPOUCXOAUT 1 reHepalius: JET )KYKOB HaUU-
HaeTCs B cepeJluHe Mas U 3aBePIIaeTcs B TPEThEN Je-
KaJle aBrycTa. [IMK aKkTUBHOCTY IPUXOJUTCS Ha KOHEI]
UIOHS — HauaJIo uioJisd. Ha ceBepe pecIiybyinKy BCce CPo-
KU JIETA COBUTAIOTCA Ha 2 Helelu. [lepe3aMOBBIBAET
rpaBep OGBIKHOBEHHBIH ITOJ] KOPOU XBOMHBIX JEPEBHEB
Ha BCeX CTaAUsAX Pa3BUTUS, KpoMe Aiu1ia.

[IpuMeHsIEMBIH JUCIIEHCED HA OCHOBE arperamu-
OHHOT0 (hepOMOHA XaJIbKOTPaHa IT0Ka3aJi BICOKY0 3(-
(beKTMBHOCTD OTJIOBA B OTHOIIEHNY 060X II0JIOB, YTO
TIO3BOJIIET MPEIJIOKUTH UCIOJIb30BaHue (hepOMOHA
nmpousBozicTBa ®T'BY «BHUVIKP» mist 60pb0bI C JaH-
HBIM BpeJUTEeJIEM.
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republic; on the contrary, in the studied forest areas
(Kondopozhsky, Loukhsky, Prionezhsky and Pryazhin-
sky districts), its low population was noted, which al-
lows us to make an assumption about the good sanitary
condition of plantations.

During the year, P. chalcographus has one genera-
tion in Karelia: the flight of beetles begins in mid-May
and ends in the third week of August. The peak of ac-
tivity falls on the end of June — the beginning of July.
In the north of the republic, the flight starts two weeks
later. P, chalcographus overwinters under the bark of co-
niferous trees at all stages of development, except for
the egg.

The used dispenser based on the aggregation
pheromone chalcogran showed high catching efficien-
cy for both sexes, which allows us to suggest using the
pheromone produced by FGBU “VNIIKR” to control
this pest.
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Pepakuunsa xypHana «PutocaHu-
Tapusi. KapaHTuH pacTteHuin» paga
npeanoXunTb BaM BO3MOXHOCTb
nybnunkaLmm Balimx cTaTein Ha cTpa-
HUUAX XypHana. Hawa uenb — npu-
B/leYeHne BHMUMaHusa K Hanbonee
aKTyanbHbIM NpobsemMam KapaHTu-
Ha pacTeHUI CneunannucToB Cefb-
CKOr0 X035ICTBA M BCEX 3aUHTepe-
COBaHHbIX B 3TOM JIOAEN.

B »kypHane paccmaTtpuBaroTcs
OCHOBHbI€ HanpaBfeHUs PasBUTUS
HayKu 1 NepenoBoro onbiTa B 0bna-
CTU KapaHTMHA 1 3aLLUTbl PaCTEHWN,
nybnvkyeTcs BaxkHas MH(hopMaLLms
0 HOBbIX MeTodax U CpeacTBax,
npuMmeHsaeMmbIx Kak B Poccum, Tak
1 3a pybexom, a Takxe o hutoca-
HUTAPHOM COCTOSIHUW TEPPUTOPUM
Poccuiickon depepauun.

Mbl LOHOCUM [0 LMPOKOro
Kpyra untateneh 06bEeKTUBHYHO
Hay4YHO-MPOCBETUTENbCKYH U aHa-
JINTUYECKYHO MH(OPMAaLNIO: MHEHUS
BeAyLLMX CreunanmcToB no Hanbo-
Jlee NpUHUMNManbHbIM BOMpocam
KapaHTMHa pacTeHWl, OaHHble
0 3HAYMMbIX HOBENLLINX 3apybex-
HbIX M OTeYeCTBEHHbIX UCC/lef0Ba-
HUAX, MaTepuanbl TeMaTUYeCKNX
KOHthepeHL M.

Pepakuuns xxypHana «®duto-
caHuTapusa. KapaHTuH pacTeHumn»
npurnawaeTr K COTPYLHWUYECTBY
KaK BblOAKOLLMXCS OedaTenen HayKu,
TaK U MONOAbIX YYeHbIX, cneLna-
JINCTOB-MPAaKTUKOB, paboTaroLimx
B obnactu utocaHuTapuu, ons
obmeHa onbiToM, obecneveHus
yCTONYMBOro (hUTOCAHUTAPHOrO
6narononyyunst U Ans HOBbIX Hayu-
HbIX AMCKYCCUN.

3A0A4YU XXYPHAJA

* /I3yyeHne OCHOBHbIX TEHAEHLMI PAa3BUTUA HAYKM B 0611aCTU KapaHTUHA PacTEHNI

« AHanM3 LWMPOKOro Kpyra nepenoBbiX TEXHONOrMI B 061aCTU MOHUTOPMHIa
1 N1abopaTopHbIX UCCER0BAHNUI MO KAPAHTUHY PaCcTeHUI

« O6CyxKaeHWe akTyasbHbIX BOMPOCOB KapaHTMHA PpacTeHMi

OBUWLME TPEBOBAHUA K NPEOOCTABJIAEMbIM CTATbAM

K nybnvkauuy npMHUMatoTCs CTaTbU Ha ABYX S3blKax: PYCCKOM M aHIIMNCKOM, CO-
Lepaline pesynbraTbl COBCTBEHHbIX HayYHbIX MccnenoBaHuin, obbemMom o 15 ctpa-
HWLL, HO He MeHee 3 (Mpu ogUHApPHOM MHTEpBase 1 pasMepe WpudTa 12). ONTUManbHbIN
06bem ctatbm — o1 1500 cnos. Ctatbm 6onbLiero o6bema MoryT H6bITb MPUHATLI MO corna-
COBaHUIO C pefaKLmen xypHana.

CTPYKTYPA NPEOOCTABJISEMOM CTATbU*

1. VIK, Ha3BaHue cTaTbu.

2. MHnumanel, hamunvsg aBTopa.

3. MecTo paboTbl aBTOpa, ropoa, ctpaHa, ORCID ID, agpec 3f1eKTPOHHOM NoYThbl.

4. AHHOTauuMa (KpaTKoe TOUHOE U3MOXKEeHMe CoaepKaHMsa CTaTbu, BKtOUatoLLee
thakTmMueckme cBeneHnsa U BbIBOAbI OnuncbiBaemMon paboTsl): 200—250 cnoB., Ho He 6onee
2000 3HakoB c npobenamu.

5. Kntouesble crosa (5—10 cnoB, cioBocoYeTaHuin), Hanbonee ToOUHO oTobpaxkato-
Lwne cneundurKky crtatbu.

6. BBegeHue.

7. Matepuasibl U METOAbI.

8. PesynbTathl U 06CyKOeHNS.

9. BbiBOAbI/3aKNtOYEHME.,

10. Cnucok nutepaTypbl (T. . CMUCOK BCEWN MCMONb30BAHHOW NUTEPATYPbI, CCbIIKM
Ha KOTOPYIO AATCS B CAaMOM TEKCTe CTaTbM): MpaBuia COCTaBEHMS HANpPaBAsSoTCS aB-
TOPY MO 3anpocy.

11. MHdopmaums 06 aBTopax: NPUBOANUTCS NOMHAS MHOPMAaLLMS O KaXXgoM U3 aB-
TopoB (MecTo paboThbl, ropof, cTpaHa, ORCID ID, agpec aNeKTPOHHOW NMoYThl).

12. inntocTpaTrBHble MaTepuanbl (hoTorpadumm, pUCyHKM) LOMYCKAKTCSH XOPOLLEN
KOHTPACTHOCTK, C paspeLlieHneM He Hke 300 Touek Ha awonm (300 dpi), opurnHabl
NPVKNaAblBalOTCA K CTaTbe OTAeNbHbIMU hainamu B hopmare .tiff unu .jpeg (unntoctpa-
LMK, He cooTBeTCTBYHOWME TpeboBaHNSAM, ByayT NCKIOUYEHbI U3 CTaTel, MOCKOJIbKY A0-
CTOMHOE UX BoCcnpou3BeeHue Tunorpadckm cnocobom HeBo3MOXHO0). Heobxoonumo
yKasaTb aBTOPCTBO Kaxaou thotorpacmm (®. U. O. hoTorpada mnm ccoiky).

13. B pepakumto HeobxoaMMo NpefocTaBUTb ABE PEeLEH3UN Ha cTaTblo («BHELL-
HIOH0» U «BHYTPEHHIOD»).

* B TakoM e nopsioke U CTPYKType npedoCcTas/sieTcsl AHr/1053bi4HbIli hepeBod CTaTbU.

PaboTa pnonxHa 6biTb NnpepgocTaBneHa B pegaktope WORD, dopmat DOC, wpudt
Times New Roman, pasmep wpudra — 12, MEXCTPOUHbIN MHTEpPBaN — OAMHAPHbIN, Pa3-
Mep rnoseln — no 2 cM, OTCTyn B Havase ab3aua — 1 cM, hopMaTUpoBaHME Mo LNPUHE.
PucyHku, Tabnuubl, cxembl, rpadivik U Np. LOKHbI 6bITb 0683aTENBHO NPOHYMEPOBaHbI,
MMEeTb UCTOYHUKM 1 MOMELLATbCA Ha MeYaTHOM Mnose CTpaHuubl. HasBaHve Tabnuubl —
Hapn Tabnvuen; HasBaHWe pUCyHKa/rpacmKka — NoL pUCyHKOM/rpadinKoM.

BOJIEE NOAPOEHbIE YCJIOBUA NYBNNKALUU CTATEW Bbl MOXKETE
Y3HATb B HALUEW PEOAKLNN:

Appec: 140150, Poccus, MockoBckas obnacTb, r. PameHckoe,

p. n. BoikoBo, yn. [orpaHnyHas, g. 32

KoHTakTHOE nuuo: 3nHoBbeBa CBeTnaHa leoprnesHa

TenedoH: 8 (499) 707-22-27, e-mail: zinoveva-s@mail.ru



denepajibHOE roCyIapCTBEHHOE
OIOI’KETHOE yUpe:KIeHue
«BcepoccUMCKUH IIEHTP KapaHTHHA
pactenuii» (PIrbBY « BHUUKP»)

— Hay4yHoe 1 MeToguyeckoe obecneveHue
neatenbHocTu PoccenbxosHag3opa,
ero TeppuTopUanbHbIX yNpaBsieHUi
n nogBegoMCTBEHHbIX eMy
yupexaeHuii B chepe KapaHTUHA
M 3aLUTbI pacTeHUM

— YcTaHoBneHue KapaHTUHHOrO
(hUTOCAaHMTAPHOrO COCTOAHMS
noAKapaHTUHHbBIX MaTepuanos
n TeppuTopun Poccuinckoin Gepepaumum
nyTeM NpoBeAeHUs nabopaTopHbIX
3KCMEPTU3 U MOHUTOPUHIOB

= HayuHoe CoTpyaHU4YecTBO
C HaUWOHaJbHbIMU
N MeXOyHapoOHbIMM
opraHusauusaMu B obnactu
KapaHTUHA pacTeHui

Bepyuiee yupexxkaeHue B Poccuiickon depepaumm no CUHTE3Y U NPUMEHEHUIO
thepoOMOHOB AN19 BbIIBNIEHUS KapaHTUHHBIX U HEKapaHTUHHbIX BpeguTene
1 60pbbbl C HUMMK

OreyY «<BHUMKP» — napTHep MexayHapogHoM NporpaMMbl N0 KOOpAUHaLUU
Hay4HbIX UccnepoBaHuin B obnactn kapaHTMHa pacteHuin EUPHRESCO 11
(EUropean PHytosanitary RESearch COordination)

B ®rbY «BHUUKP» co3paH u nenctsyet TeEXHUUECKUIN KOMUTET
no ctaHgapTusaumm TK 42 «KapaHTWH U 3aWuMTa pacTeHnn»

Bepnyluee Hay4yHO-MeTOANYECKOE YUpexxaeHue B cocTaBe KoopanHaUMoHHOro
CoBeTa No KapaHTUHY PacTeHUI rocyaapcTe — y4acTHUKOB CHI

19 hunnanos Ha TeppuTopun Poccunckon Mepepauym

[onoBHOE Hay4yHO-MeTogu4YecKoe yupexageHue no peanmsauum MNnaHa
nepBoo4yepenHbIX MepOI'IpVIHTMl‘;I, HanpaBJZiIeHHbIX HAa rapMOHU3aLU0
KapaHTUHHbIX (PUTOCAHUTAPHbIX MEP rOCyAapcTB — YieHoB TaMOXXEHHOro coto3a
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