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AHHOTAIIMA
[ToBeeHbl TPOMEXXYTOUHBIE UTOTY (DOPMUPOBAHUS
KOJUIEKITMY THEBHBIX YENTYEKPBLIBIX SHTOMOJOTHYE-
ckoro my3sest PI'BY «Bcepoccmiickuil MeHTP KapaH-
TuHA pacteHui» (®PI'BY «BHUUKP»). B KoJIeKIuU
npencTasiieHbl 6abouky u3 EBpasuu, Abpuku, CeBep-
HOU 1 I0)XHOU AMepUKY, KaK COOPaHHbIE COTPYIHM-
KaMU OpraHu3alluy, TaK U MOJIyUYeHHbIE B 1ap OT KOJI-
JIeT, B TOM YUCJIe OT U3BECTHBIX AesaTesei Hayku XX
u XXI BekoB. IlpuBogsaTca poTtorpadum 3TUKETOK,
UMEIOIIUX UCTOPUYECKOoe 3HaueHue. JlaH 0630p Kax-
JIOT0 M3 IIeCTU ceMeMcTB bynaBoychix 6abouexk c me-
peunciieHUeM BUJOB, XpaHAIuxcsa B mysee. O630p
COITPOBOXK/IAETCS UHTEPECHBIMU U MO3HABATEJIbHbI-
MU pakTaMu 06 OTAETbHBIX BUaX YEIIYEKPBIIbIX, Jle-
TIOHVMPOBAHHBIX B DHTOMOJIOTUUECKUY (POH/I, 8 TAKKE
IIBETHBIMY WJIJIFOCTPAIUSIMU. B KOJJIEKIIUY XPaAHSIT-
cs1 Kak 06bIYHbBIE BUJIBI 6a60YEK, TaK ¥ YHUKAJIbHBIE,
K YUCJY KOTOPBIX OTHOCUTCS, B YaCTHOCTHU, SLyxX in-
fernalis Staudinger, 1876 — kpaliHe pefKUl d9HJIEMUK
[Tepy. B cdoHme mpencTaBieHbl fHeBHbIe 6a60YKY,
UMeRIe KaDAaHTUHHOE U X03S91CTBEHHOE 3HAUYEHYE
LIS Pa3JIMYHBIX CTPaH U MEXIYHAPOIHBIX OPraHu-
s3amuit, — Pieris brassicae (Linnaeus, 1758), Lampides
boeticus (Linnaeus, 1767), Cacyreus marshalli Butler,
[1898] — u mpyrue Buzmbl. KpoMe TOro, B KOJJIEKITUU
XPaHSATCH YellyeKPbLIble, JeMOHCTPUPYIOIINE NHTE-
pECHBIE 3BOJIIOIIMOHHBIE SIBJIEHUS: OIUMOPPU3M,
rnmapaJsiiesin3M, KOHBEPreHI[UI0, Pa3iuYHble BUJbI
MUMUKPUU U IpoYure. ViMelTcs Takke 6a609Ky, s
KOTOPBIX XapaKTePHO HEOOBIUHOE GPavyHOE U TEPPUTO-
pUaJIbHOE TOBeleHUeE. P TPy 6yJ1aBOYyChIX Yelye-
KPBLIBIX, XPAHAIIUXCSA B (DOHJIE 9HTOMOJIOTUYECKOTO
my3est PI'BY «BHUVIKP», 3a/1efiCTBOBAH B COBMECTHBIX
UCCIeN0BATEIbCKUX ITPOEKTAX C IPYTUMU HAyYHBIMU
OpraHu3alusIMy, a TaKXXe JIJIs BBITIOJTHEHUS KaHU-
JIATCKUX U JOKTOPCKUX TUCCEPTAIIUH.

Kanrwuesvie cnosa. Lepidoptera, Rhopalocera, 6y-
JIaBOyChle UYeNTyeKpbLIble, KOJJIEKIIUS, BPEAUTEIH,
JIETIUZOIITEPOJIOTY, My3€el, MUMUKPUS, KOHBEPTreH-
1Y, TTapaJIeIu3M.
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ABSTRACT
The intermediate results of the development of the
butterfly collection of The All-Russian Plant Quaran-
tine Center (FGBU “VNIIKR”) Entomological Museum
are summarized. The collection includes specimens
from Eurasia, Africa, North and South America, both
collected by the organization’s specialists and received
as a gift from colleagues, including famous researchers
of the 20™ and 21t centuries. Photos of labels of histo-
rical significance are provided. An overview of each of
the six families of butterflies is given, listing the spe-
cies collected in the museum. The review includes in-
teresting and informative facts about some butterfly
species in the entomological fund, as well as color il-
lustrations. The collection contains both ordinary but-
terfly species and unique ones, which include, in par-
ticular, Styx infernalis Staudinger, 1876 — an extremely
rare endemic to Peru. The fund contains butterflies of
quarantine and economic importance for various coun-
tries and international organizations, — Pieris brassicae
(Linnaeus, 1758), Lampides boeticus (Linnaeus, 1767),
Cacyreus marshalli Butler, [1898] — and others. Besides,
the collection contains butterflies which demonstrate
interesting evolutionary phenomena: polymorphism,
parallelism, convergence, various types of mimicry,
and others. There are also species characterized by
unusual mating and territorial behavior. Some butter-
fly groups of FGBU “VNIIKR” Entomological Museum
fund are involved in joint research projects with other
scientific organizations, as well as to complete PhD and
Advanced Doctor dissertations.

Key words. Lepidoptera, Rhopalocera, butterflies,
collection, pests, lepidopterologists, museum, mimic-
ry, convergence, parallelism.
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BBEJIEHUE

HTOMOJIOTUYECKUY  My3ekt  OT'BY
«BHUVIKP» 6b11 ocHOBaH B 30-e TIT.
XX Beka Ha 0ase LIeHTpaJbHOM Ka-
paHTHUHHOUM Jabopatopuu (LIKJ) ee
MePBBIM pPyKOBOAuTeJaeM Hamexmoi
HuxkudoposHoii [llyToBO#. My3eii mo-
TIOJIHAJICS PaB3JIMYHBIMU pyHIIaMu
HACEKOMBIX, COOPAHHBIMU COTPYAHU-
KaMu JJabopaTopuH, a TaKXKe IOJYyUYeHHBIMU OT JPY-
rux cOOPIIUKOB, OJHAKO B 90-€ IT. U3-3a OTCYTCTBUSI
MO IEP)KKY MY3€es ero JIesITEIbHOCTh OblLIa MTPUOCTA-
HOBJIEHA ¥ 4YacTb (QOHJA OKaszajiach yTpaueHa B pe-
3yJIbTaTe TIOBPEXKIEHUS XKyKaMu-KoxKeeaMu. 1 ampe-
Js1 2008 1. My3elt 6bLI BOCCO3/IaH, B pe3yJbTaTe uero
TIOBPEeXJeHHAs KOJIJIEKIIVS TIOJIBEPTJIach pecTaBpa-
IIVY U ee TI0TI0JIHEHVE SHTOMOJIOTMYECKUM MaTepua-
JioM nipogoJikuiock (Kyp6aTos, JIoBiioBa, 2012).

Onpuoit u3 Haubosiee 3P PeKTHLIX yacTelr PoH-
Jla BHTOMOJIOTUYECKOTO My3€es SIBJISETCS KOJJIEKIUS
OyJaBOYCBIX, MJIW THEBHBIX, UellyeKpbLibiX (Rhopa-
locera). Biaromapsi cBoeli 3a4acTyi IPKOM OKpackKe
KPBLIbEB 1 KPYIIHBIM pa3zMepaM OHU CTaJU YI00HOH
MOJIEJIbHOY T'PYIIIION AJIs TIPOBEJEHUS Pa3IMUHbBIX
HAyYHBIX MCCJIEN0BAaHUM, a TaKXe M3JIIOJIeHHBIM
00'bEKTOM M3YUEHUS CIEIUaJUCTOB-CUCTEMATUKOB
¥ KOJUIEKITMOHUPOBAHUS KaK YYEHBIMU, TaK U DH-
TysuacTaMu-iburenamu. Cpexu GyraBoychix 6a-
60UYeK BCTPEUAITCS TAaK)Xe BPENUTENU CEJIbCKOTO
X035MCTBA, B TOM YKCJI€ BXOAAIVE B KAPAHTUHHBIE
MepevyHy Pas3JMYHBIX CTPAaH M MEXAYHapPOAHBIX
opraHu3alui o 3alUTe U KapaHTUHY PacTEeHUH.
3HaveHMe KOJUIEKIIUY THEBHBIX YEIIYEeKPBIJIbIX JJIS
SI'BY «BHUUKP» CJI0)KHO IEePEOLEHUTD: IIPENCTaBU-
TEeJIX TOM T'PYIIITbI HACEKOMBIX MOTYT OBITH 3alel-
CTBOBAaHbBI B IPOBEIEHUY UCCIIEOBATEBCKUX PaboT
Pa3IMYHON TeMaTUKY, IPUMEHSATHCS AJg 06pa3oBa-
TEeJIbHBIX IIPOLIECCOB HA Kypcax IOBBIMIEHUS KBaJIU-
brkanmuy CHenuaaucToB, UCI0Jb30BAThCS IJIST Ha-
YYHOTO COTPYAHUYECTBA C APYTUMU OPraHU3aIusIMU
U CJIY)KUTh B [103HABATEJbHBIX 1[€JIIX COTPYLHUKAM,
JKeJIaIMM 03HAKOMUTHCS ¢ GOoHLOM. [ToMUMO ITpo-
Yero KOJIJIEKIIVS UMeeT UCTOPUYECKOe 3HAUEeHNE: He-
KOTOPBIE 9K3eMILISIPHI IBJISIOTCS HACAeUeEM YUEHBIX,
CTOSIBIIMX Yy MCTOKOB KapaHTWHHOM jjabopaTopuu.
B donzme nuMeroTcs 6a604ku, COGpaHHbIE YIIOMSIHYTON
Bhiie H.H. [llyToBoii (puc. 1a), a TaKKe COTPYIHUKOM
LIKJI B.H. O6onenckuM (puc. 1b) enie B 40-X I'T. IIPOIII-
JIOTO CTOJIETHUSI.

YacTb cTaporo MaTepuaja cHabxeHa olpeJe-
JIUTENbHBIMY 3TUKeTKaMu (puc. 1b) M.A. Psg6oBa —
KJIacCuKa-uccyenoBaresis 6abouek KaBkasa, paboras-
IIIETO B CUCTEMe 3alUThI pacTeHUl B mepuof ¢ 1920
1o 1952 r. (TuxoHOB u Ap., 2022).

B 2022 r. 6plJ1a IpOBeIeHa MOJIHAs PEBU3US Ma-
Tepuasia ®T'BY «BHUVIKP», HaKOILJIEHHOTO 110 6yJ1aBO-
YCBIM YEIIYeKPBLJIbIM, B Pe3yJbTaTe KOTOPOU HK-
3eMILISIPBI 6BLIN UAeHTU(DUIIUPOBAHBI, PACKOJIOTEI
B KOPOOKY B CUCTEMATUYECKOM IOPsiKe U ohopmIe-
HbI B COOTBETCTBUU C OOLIETTPUHATON My3€HOM ITpaK-
TUKOU. Ha HacTosIee BpeMsi CMOHTUPOBaHHAS YacThb
KOJIJIEKIIUY JAaHHOU rpymIibl 6a60YeK HAaCUUTHIBAET
773 sk3eMIuIsipa (37 KOpoboK) U ITPOJOJIKAET ITOITOJI-
HSITHCS U3 ellle He PacIIpaBJIeHHBIX COOPOB, XPAHSIINX-
cs1 Ha MHOTOYMCJIEHHBIX SHTOMOJIOTUUYECKUX MaTpa-
cuKax sHToMoOJiorndeckoro ouza GTBY «BHUVIKP».
Konnexius BrirtogaeT 240 BUIOB GyiaBoychIix 6a6ouex

INTRODUCTION

GBU “VNIIKR” Entomological Museum was

founded in the 1930s on the basis of the Cen-

tral Quarantine Laboratory (CQL) by its first

head Nadezhda Shutova. The museum was

replenished with various insect groups col-
lected by the laboratory staff, as well as received from
other collectors, however, in the 1990s due to the lack
of support for the museum, its activities were sus-
pended and part of the fund was lost as a result of
damage by skin beetles. On April 1, 2008, the museum
was restored, with the damaged collection being re-
stored and its replenishment with entomological ma-
terial continued (Kurbatov, Lovtsova, 2012).

One of the most spectacular parts of the entomo-
logical museum is the collection of butterflies (Rhopa-
locera). Due to their often brightly colored wings and
large size, they have become a convenient model group
for various scientific studies, as well as a favorite ob-
ject of study by systematists and collectors by both sci-
entists and amateur enthusiasts. Among butterflies,
there are also pests of agriculture, including those on
the quarantine lists of various countries and interna-
tional plant protection organizations. It is difficult to
overestimate the importance of the butterfly collection
for FGBU “VNIIKR”: representatives of this insect group
can be involved in various research topics, used for
educational purposes at advanced training courses for
specialists, scientific cooperation with other organiza-
tions and serve for educational purposes to specialists
wishing to become familiar with the fund. Among other
things, the collection has historical significance: some
of the items are the heritage of scientists who stood
at the origins of the quarantine laboratory. The fund
contains butterflies collected by the above-mentioned
N.N. Shutova (Fig. 1a), as well as the CQL researcher
V.N. Obolensky (Fig. 1b) back in the 1940s.

Part of the old material is provided with identify-
ing labels (Fig. 1b) by M.A. Ryabov, a classic researcher
of butterflies of the Caucasus, who worked in the sys-
tem of plant protection in the period from 1920 to 1952
(Tikhonov et al., 2022).

In 2022, a complete revision of the FGBU “VNIIKR”
material concerning butterflies was carried out, with
the specimens being identified, split into boxes in a sys-
tematic manner and arranged in accordance with ge-
nerally accepted museum practice. At the present time,
the assembled part of the collection of this butterfly
group has 773 specimens (37 boxes) and continues to
be replenished from the still undistributed collections
stored on numerous cotton layers of FGBU “VNIIKR”
entomological fund. The collection includes 240 but-
terfly species and is represented by six families — Hes-
periidae, Papilionidae, Pieridae, Lycaenidae, Riodini-
dae and Nymphalidae (s. L.).

The collection contains materials by various re-
searchers of the 20™ and 21t centuries: the afore-
mentioned N.N. Shutova and V.N. Obolensky, a pro-
minent scientist in the field of forest entomology,
Professor S.S. Izhevsky, phytopathologist S.P. Mokro-
tovarov, coleopterologist P.N. Kulinich, Lepidoptera
specialists A.L. Monastyrsky and K.A. Kolesnichenko,
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U IIpeZicTaBJIeHa ecThio ceMelicTBaMu — Hesperiidae
(ToncroromoBku), Papilionidae (TTapycHukmn), Pieridae
(Bensinkm), Lycaenidae (Fony6ssukm), Riodinidae (Puo-
nuuuabl) 1 Nymphalidae (s. 1) (Humbanunsr).

B Kosekuuy npezicTaBiieHbl MaTepUajsbl, CO-
OpaHHbIe pa3IUUYHbIMY UccyienoBaTensimu XX u XXI BB.:
BeimeynoMsaHyTeiMu H.H. [llyToBo#t 1 B.H. O6oseH-
CKMM, KPYIIHBIM YUYeHBbIM B 00JIaCTH JIECHOU DHTOMO-
Joruu nipogeccopoM C.C. MbkeBckuM, (UTOTIATOJIOTOM
C.I1. MokpoTOBapoBbIM, KoJieornTeposiorom [1.H. Kynu-
HWY, CIIel[MaJIMCTaMU 110 YellyeKpblibiM A.JI. MoHa-
cThipckuM U K.A. KojleCHUY€EHKO, 1aJIE09HTOMOJIOIOM
A.C. IIMakOBBIM U LPYTUMU UCCIIeLoBaTeldMuU. B 3H-
ToMoJiorndeckui myseit I'BY «BHUVIKP» 6b11a mepe-
IaHa KoJuieKiusg 6abouek sHTOMOJIOTa AHpes Viio-
muHa 13 JIbITkapuHo (MOoCcKOBCKas 06J1acTh), a TAKXKe
KOJUIEKIIMS, cOOpaHHas B pa3IMUHbBIX peruoHax Poc-
cuu 6e3BpeMEHHO YIIeA UM CIIeIUaJINCTOM 10 60XKb-
uM KopoBKaM A.C. YKpauHCKUM, UbY COOPBI KEJITYIIEK
13 CeBEPHBIX pPernoHOB P® Halllin aKTUBHOE IIpUMe-
HeHUe B paMKax OJTHOT0 M3 BeAYyIIMXCS B HacCTosIee
BpeMs Hay4YHBIX TIPOEKTOB B KOJJIA60paIuy ¢ 3HTO-
MoJioraMu u3 300Jioruueckoro nuecrutyra PAH. B koJi-
JIEKIIUU My3esl TaK)Ke MMeeTcsd HeCKOJIbKo 6abouexk,
TTOJIYYEHHBIX OT HbIHE TTOKOWHOTO A.JI. JleBATKUHA —
B IIPOLIJIOM IJIaBHOTO ClleljuanucTa B Poccuu o Tos-
croroyioBkaM. Kpome Toro, B poHIe XxpaHITCsa 6abouku,
nepefaHHbIe KOJJIETaMU U3 IPYTUX CTPAH B PE3YJb-
TaTe MEeX/AYHapoJHOTro coTpygHuvecTBa. Haubosee
KPYIHBIY 06beM MaTepuaja ObLI IOJyUYeH 13 1IITaTa
Kepana oT mHAMICKOro sHTOMoOJiora M.I. PaMzaca
Menouna (Ramdas Menon) B 70-X I'T. IPOILJIOTO BEKA.
V3 HOBBIX MOCTYIJIEHUYM UMEITCS 9K3EeMILISIPHI, Tie-
pelaHHble YMIUNCKUM JIeumonTeposiorom ®. Yppoii
(F. Urra).

OCHOBHYI0 YacTh (QOHA UelTyeKPhIJIbIX SHTOMO-
JIOTMYECKOT0 My3€esI COCTaBJISAIOT SK3eMILISAPbI, COGpaH-
Hble coTpyauukamu ®Ir'BY « BHUUKP» 10.A. JIOBII0BOH,
B.JI. [ToHoMapeBsIM, C.A. Kyp6aToBbsiM, M.I. KoBajeH-
Ko, 9.H. KoBasenko, E.A. XynsakoBo#, A.B. [llaMaeBbIM
u C.10. MyxaHOBBIM BO BPeMs SKCIIeAUIINY B PA3IUY-
HbI€e YTOJIKY MUpa.

OB30P KOJIJIEKIIY JHEBHBIX BABOUYEK
9HTOMOJIOTUYECKOTO ®OHJJA
dI'BY «BHUUKP»

ITpu 0630pe KoJIeKIIuY (DOHIA MBI IIPUBOAUM HaPS-
Iy C JaTUHCKUMU PyCCKUe Ha3BaHUs AJi TEX BUIOB,
Yy KOTOPBIX OHU SIBJISIFOTCS YCTOSIBIIMMUCS U IIHPOKO
yIIoTpPe6sIeMbIMU.

CemeiicTBo ToJicTorosoBku (Hesperiidae)

B honme nmeeTcs 16 BUmOB JaHHOTO CEMENCTBA,
OTHOCSIIUXCS K YeThIpeM IofaceMelicTBaM — Euda-
minae, Pyrginae, Heteropterinae u Hesperiinae (cm.
Tabauily). TOJICTOTOJOBKY TIPENICTABIEHBI B OCHOB-
HOM MaTepuaJioM U3 eBpOoIelcKoyu yactu Poccun,
a Takxe coopamu ¢ JlaabHero BocToka. B KoJIIEeKIIUT
uMeeTcst 1 skzemmasp Lobocla bifasciata (Bremer &
Grey, 1853) u3 crapbix c60poB ¢ KopelcKoro moJjy-
ocTpoBa (puc. 1¢) 1 110 0JJHOMY IPEICTABUTEIIO POJIOB
Urbanus Hiibner, [1807] u3 I0xxuo# AMepuku (6oJiee
TOUHBIY JIOKAJUTET HeusBecTeH) u Tagiades Hiibner,
[1819] u3 NumoHe3uu. KpoMme TOro, UMeeTCsI HECKOJIb-
KO DK3eMILISIPOB, CJIOKHBIX B OIPeIesIeHNY TaKCOHOB,
Ha HacTosIlee BpeMs He UIAeHTU(PUIMPOBAHHBIX
110 TPUYMHE OTCYTCTBUS B CTPaHE CIIEIUAJUCTOB
10 3TOU TPyTIIIIE.

paleoentomologist A.S. Shmakov and others. The but-
terflies collection by entomologist Andrey Ilyushin
from Lytkarino (Moscow Oblast) was deposited in the
fund, as well as the collection from various regions
of Russia by the untimely departed specialist in la-
dybugs A.S. Ukrainsky. Clouded yellows collected by
A.S. Ukrainsky from the northern regions of the Rus-
sian Federation have been actively used in the frame-
work of one of the currently ongoing scientific projects
in collaboration with entomologists from the Zoologi-
cal Institute of the Russian Academy of Sciences. The
museum collection also contains several butterflies ob-
tained from now-deceased A.L. Devyatkin —in the past,
the main specialist in Russia in skippers. In addition,
the fund contains butterflies donated by colleagues
from other countries as a result of international coope-
ration. The largest amount of material was obtained
from the state of Kerala from the Indian entomologist
M.G. Ramdas Menon in the 1970s. Of the new acquisi-
tions, there are specimens donated by the Chilean lepi-
dopterist F. Urra.

The main part of the butterfly collection of the
entomological museum is made up of specimens col-
lected by J.A. Lovtsova, V.L. Ponomarev, S.A. Kurbatov,
M.G. Kovalenko, Ya.N. Kovalenko, E.A. Khudyakova,
AV. Shamaev and S.Yu. Mukhanov during expeditions
to various parts of the world.

FGBU “VNIIKR” ENTOMOLOGICAL
BUTTERFLIES FUND REVIEW

Hesperiidae

The fund contains 16 species of this family, be-
longing to four subfamilies — Eudaminae, Pyrginae,
Heteropterinae and Hesperiinae (see Table). Skippers
are mainly represented by material from the European
part of Russia, as well as collections from the Far East.
There is one individual of Lobocla bifasciata (Bremer
& Grey, 1853) from old collections from the Korean
Peninsula (Fig. 1c) and one representative of the ge-
nera Urbanus Hibner, [1807] from South America (the
exact locality is unknown) and Tagiades Hiibner, [1819]
from Indonesia. In addition, there are several speci-
mens that are difficult to identify taxa, currently not
identified due to the lack of specialists in this group
in Russia.

Papilionidae

The spectacular appearance of this family has
made them favorite objects for collecting, breeding,
keeping in zoos, as well as demonstrations at various
exhibitions and decorating premises. Thus, they are one
of the most spectacular parts of the fund. At present, the
collection includes 21 species, including 2 subfamilies —
Papilioninae and Parnassiinae (see Table).

Among the species of the first subfamily, the well-
known Papilio machaon Linnaeus, 1758 is most widely
represented. This ecologically plastic species has a Hol-
arctic distribution, and the collection contains speci-
mens from various parts of Russia and other countries.
The collection of the entomological museum also con-
tains other species of the genus Papilio Linnaeus, 1758,
which include some Asian species and 3 American
ones — Papilio andraemon (Hlbner, [1823]), P. garamas
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Dansug plexippus (1)

Puc. 1. MNpepctaButenu hoHAa SHTOMOJIOrMYECKOro My3est
®reyY «BHUUKP», nmerowme nctopmyeckoe sHaueHme,

C aTUKeTKamu: a — Papilio rutulus; b — Pieris brassicae;

¢ — Lobocla bifasciata; d — Danaus plexippus (Ky6a);

e — Doxocopa laure; f — Vanessa carye; g — Euploea core;

h — Hypolimnas bolina; i — Erebia ligea (c aTukeTkoW

A.C. YKpaunHckoro u3 MypMaHckoii obnactu)

(choTo HO.A. JloBLOBOW)

CemeiicTBo Ilapycuuku (Papilionidae)

S heKTHBIN BHENTHUYN BU, YEITYEKPbLIBIX JTaH-
HOT'O ceMeMcTBa chaejiajl uX MU3JII00JeHHbIMU 00b-
eKTaMU [IJiS KOJIEKIIMOHMPOBAaHUS, pPa3sBeleHusd,
colepyKaHMs B 300T1apKax, a TaKXe JeMOHCTpPaIluu
Ha PasjIMYHOIr0 POJA BhICTaBKaX U JEKOPUPOBAHUSI
roMeneHui. TakuM 06pa3oM, TapyCHUKYU SIBIISIOTCS
onHoM u3 Hanbosee 3pheKTHBIX yacTel doHma. Ha
HacTosllee BpeMs B KOJJIEKIMK IoCcTaBjaeH 21 BUT,
TTapyCHWKOB, BKJIIOUAIOIIMIT 2 oficeMelicTBa — Papi-
lioninae u Parnassiinae (cM. Tabuuiry).

Cpenu BUIOB IIEPBOTO IojceMelicTBa Haubo-
Jiee IMKUPOKO IIPeICcTaBJIeH BCEM M3BECTHBIM MaxaoH

- CAILE u\q
C'-\im]?zrt, g
= %'L _

c. Uvva

trrannERERRrRRRIRRIn

Fig. 1. Representatives of the FGBU “VNIIKR”
Entomological Museum Fund of historical significance,
with labels: a — Papilio rutulus; b — Pieris brassicae;

¢ — Lobocla bifasciata; d — Danaus plexippus (Ky6a);

e — Doxocopa laure; f — Vanessa carye; g — Euploea core;
h — Hypolimnas bolina; i — Erebia ligea (with label

by A.S. Ukrainsky from Murmansk Oblast)

(photos by J.A. Lovtsova)

(Geyer, [1829]), and P. rutulus Lucas, 1852. The repre-
sentative of the latter was caught by N.N. Shutova in
California in 1947 (Fig. 1a).

Among the butterflies of the subfamily Papilio-
ninae, the fund also contains Asian species of the tribe
Troidini from the collections of M.G. Ramdas Menon,
A.L. Monastyrsky and A.L. Devyatkin: Pachliopta hector
(Linnaeus, 1758), Atrophaneura varuna White, 1842 and
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» Papilioninae:

deplocircing
|* Iphiclides Hobner, [1819]

\ﬂ;\*i\\rﬁfﬂ padaliris (Linnagus, 1758y

5] YH 23 WV Q9%

Puc. 2. NapycHuku Tpubbl Leptocircini B kopobke;

Airaphium Scopoli. 17774 Airupiriiem sarpedon (Linnaeus, 1758)

[Waraphiianm enrgpytis | Linnacus, 1758y

Aeraphifinn agantenmon (Linnaeus, 1758

Fig. 2. Leptocircini tribe butterflies in an entomological box;

a—6abouku; b — pykonucHas atuketka A.J1. leBaTkuHa  a — butterflies; b — handwritten label by A.L. Devyatkin

(YH - roctuHuua Yen-Hop (BbeTHaM, XoiaH))
(choTo M.I. KoBaneHko)

Papilio machaon Linnaeus, 1758. 3TOT 5KOJOTrUYECKUI
TIJIACTUYHBIA BUJ, UMeEET ToJIJapKTUUYEeCKOe PacIpo-
CTpaHeHUe, 1 B QOHE UMEIOTCS SK3eMILISIPhI MaxaoHa
13 Pa3InYHbBIX YacTel Poccuu u Ipyrux cTpaH. B KoJ-
JIEKITUY SHTOMOJIOTUYECKOTO My3esl XPAHATCS U APY-
rue BUAbI pona Papilio Linnaeus, 1758, K KOTOPbIM
OTHOCHUTCS PsJ a3MaTCKUX BUIOB U 3 aMEPUKAHCKUX —
Papilio andraemon (Hiibner, [1823]), P. garamas (Geyer,
[1829]), a Taxxke P. rutulus Lucas, 1852. [IpeficTaBUTED
TIOCJIETHEr0 W3 BBINIEIIePEeYNCIEHHBIX OBl MOUMaH
H.H. lllyToBo# B Kanudopuuu B 1947 1. (puc. 1a).

Cpenu 6abouek momcemelicTBa Papilioninae
B (pOHIEe TaK)Xe MMEITCS a3uaTCKue BUIbI TPUOHI
Troidini u3 c6opoB M.I. Pammaca MeHoHa, A.JI. MoHac-
ThIpckoro u AJL leBatkuHa: Pachliopta hector (Linnae-
us, 1758), Atrophaneura varuna White, 1842 u Byasa
alcinous (Klug, 1836). Kpome TOro, B KOJJIEKITUN MY-
3es XpaHITCA IpelcTaBuTenu Tpubsl Leptocircini,
B yacTHOCTU nomanupui Iphiclides podalirius (Linnae-
us, 1758) — o0bIYHAS B I0KHBIX peruoHax Poccuu 6a-
6ouKa, a TaKXXe MapyCHUKY OOJIBIIOTO SK30TUYECKO-
ro poma Graphium Scopoli, 1777, npencraBieHHbIE
B KOJIJIEKIIMU TPEMsS BUAAMU, COOPaHHBIMU BO BreT-
"ame A.JL [eBATKUHBIM: Graphium eurypylus (Linnae-
us, 1758), G. agamemnon (Linnaeus, 1758) u G. sarpedon
(Linnaeus, 1758) (puc. 2).

Xpangmuecda B kojjgeknuu Goumza PTEY
«BHUUVKP» napycHuKM U3 rogceMelicTBa Parnasiinae

(YH - Yen-Hop Hotel (Vietnam, Hoi An))
(photo by M.G. Kovalenko)

Byasa alcinous (Klug, 1836). Besides, the museum col-
lection contains representatives of the tribe Leptocir-
cini, in particular Iphiclides podalirius (Linnaeus, 1758) —
a common butterfly in the southern regions of Russia,
as well as those of a large exotic genus Graphium Sco-
poli, 1777, represented in the collection by three spe-
cies collected in Vietnam by A.L. Devyatkin: Graphium
eurypylus (Linnaeus, 1758), G. agamemnon (Linnaeus,
1758) and G. sarpedon (Linnaeus, 1758) (Fig. 2).

The butterflies of the subfamily Parnasiinae of the
collection include Zerynthia polyxena (Denis & Schiffer-
miiller, 1775); Luehdorfia puziloi (Erschoff, 1872) — the
only representative of this genus known from Russia
(Primorye); as well as 3 species of a large genus Parnas-
sius Latreille, 1804: Parnassius apollo (Linnaeus, 1758),
P. stubbendorfii Ménétries, 1849 (Fig. 4a) and P. mnemo-
syne (Linnaeus, 1758).

Pieridae

Among this family, there are both agricultu-
ral pests and favorite objects of collectors. To date,
FGBU “VNIIKR” Entomological Museum collection
includes 33 species of three subfamilies — Dismor-
phiinae, Pierinae and Coliadinae (see Table).
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BKJIIOUAIOT TOJIMKCeHY Zerynthia polyxena (Denis &
Schiffermiiller, 1775); mogopduto ITyrwuno Luehdor-
fia puziloi (Erschoff, 1872) — emMHCTBEHHOTIO IIPEACTA-
BUTEJIST JAHHOIO poza, n3BecTHoro us Poccum (I[Tpu-
MOpbe); a TakXke 3 BUIA KPYHHOTO poja Parnassius
Latreille, 1804 — Tak Ha3bIBaeMbIX aIloJIJIOHOB. K HUM
oTtHOcaTcsa Parnassius apollo (Linnaeus, 1758), P. stub-
bendorfii Ménétries, 1849 (puc. 4a) u P. mnemosyne (Lin-
naeus, 1758).

CemeticTBo Besrstaku (Pieridae)

Cpenu 3TOro ceMecTBa BCTPEUAIOTCS KaK CeJlb-
CKOXO3SMCTBEHHbIE BPEIUTENIN, TaK U U3JII00JIeHHbIE
00GBEKTHI KOJJIEKIIMOHEPOB. B KOJJIEKIIMI0 SHTOMO-
joruyeckoro mysesd ®I'bY «BHMUKP» Kk HacTog1eMy
MOMEHTY ITOCTaBJieHO 33 Bua 6eJITHOK, OTHOCSIIX-
cq K TpeM mojceMericrBaM — Dismorphiinae, Pierinae
u Coliadinae (cm. Tabsuiry).

IToncemetlictBo Dismorphiinae mpezcTaBiieHO
B (horzme nByMs Bumamu poja Leptidea Billberg, 1820 —
Leptidea sinapis (Linnaeus, 1758) u3 EBporetickoii Poc-
cuu u Pymbiauu u L. amurensis (Ménétries, 1859)
u3 [IpuMopb4. Takke B KOJUIEKIIMY €CTh 1 IIpeAcTaBu-
TeJib moAceMeticTBa Dismorphiinae — Dismorphia ther-
mesia (Godart, 1819), co6paHHbIi B [TepyaHCKUX AHJaX.

Cpenu BuIOB moaceMelicTBa Pierinae umeeTcs
PAI U3BECTHBIX BPeAUTENEHN CeJIbCKOr0 X03sIHCTBa —
6ospermHULa Aporia crataegi (Linnaeus, 1758) (puc 4b),
6prokBenHuIa Pieris napi (Linnaeus, 1758), penauiia
P.rapae (Linnaeus, 1758) u kamyctaumna P. brassicae (Lin-
naeus, 1758) (puc. 1b). Bce OHU ABJISIOTCS O0bIYHBIMU
nist Poccuu Bugamu, OLHAKO IJIS IPYTUX TOCYNapCTB
HEKOTOpbIE M3 HUX — KAPAaHTUHHBIE BpenuTenu. Ha-
MIPUMeD, KaIlyCTHUIIA BXOAUT B KADAHTUHHbIE TTIEPEY-
HM TaKWX CTPaH ¥ MEeX/IYHAPOJHBIX OPTaHU3aI[UH, KakK
CIIIA, NAPPO (North American Plant Protection Orga-
nization) u OIRSA (Organismo Internacional Regional
de Sanidad Agropecuaria) (EPPO, 2023). IleHHOCTb
IOJOOHBIX BUJOB 3aKJIHUaeTCcs B X OOMEHHOM IIO0-
TeHIIuaJle C OpTaHu3alugaMu, paboTanuuMu B cepe
3aIIMThI ¥ KapaHTHHA pacTeHun. Tak, B 2016 I. B paM-
KaX KOMaHJIVPOBKU COTPYAHUKOB PI'BY « BHUUKP»
B Pecmrybiuky Ilepy GbLI Ipou3BeneH 06MeH C COTPYI -
uukamu SENASA (Servicio Nacional de Sanidad Agraria
del Pert) KaIryCTHUIIBI U IPYTUX POCCUNCKUX BPEeIUTE-
Jiell Ha KapaHTUHHbIE 111 EADC BUIBI, TPEXK/IE OTCYT-
ctBoBaBIue B pouHge ®I'BY «BHUUNKP».

W3 npyrux BumoB Pierinae B hoHIe umMeloTca
pamcoBas 6enssuka Pontia edusa (Fabricius, 1777),
30pbKa Anthocharis cardamines (Linnaeus, 1758), a Tak-
JKe JaJIbHEBOCTOUHBIE A. scolymus Butler, 1866 u Pieris
dulcinea (Butler, 1882).

B KOJIJIEKIIUM 3HTOMOJOTUYECKOTO My3esl Xpa-
HATCS TaK)Ke DK30TUYECKYe TIPeICTaBUTENN GeITHOK
nojaceMerictsa Pierinae: Mathania leucothea (Molina,
1782) us Yunu u Pereute callinira Staudinger, 1884
u3 Ilepy (puc. 3a), IPpUBE3EeHHbIE COTPYAHUKAMU
dI'BY «BHUVIKP» M3 3HTOMOJOTUYECKUX JKCIIeAU-
it (KoBaseHnko, KoBajieHko, JIoBiioa, 2016; Kyp6a-
TOB, JIoBIIOBa, 2018); CUJIBHO TTOBPEXIEHHBIN U elle
He UOeHTUQUIIMPOBAHHBIN SK3eMIIIAp poxma Bele-
nois Hubner, [1819] u Colotis danae (Fabricius, 1775)
us Cymasa; Delias hyparete (Linnaeus, 1758) u Hebomoia
glaucippe (Linnaeus, 1758) u3 BupMsl. [TociegHUN BUL,
pacmpocTpaHeH IpeuMylecTBeHHO B I0ro-BocTouHOM
A3UU ¥ 4aCTO COIEPKUTCS B KYJIBTYPE.

IToxcemericTBo Coliadinae mpezacTaBiaeHo B oHIE
IATHI0 pogamu. Bugsl pomga Colias Fabricius, 1807 — Tak

Subfamily Dismorphiinae is represented in the
fund by two species of the genus Leptidea Billberg,
1820 — Leptidea sinapis (Linnaeus, 1758) from Europe-
an Russia and Romania and L. amurensis (Ménétries,
1859) from Primorye. Also, there is 1 representative
of the subfamily Dismorphiinae — Dismorphia thermesia
(Godart, 1819) collected in the Peruvian Andes.

Among the subfamily Pierinae species, there are
some well-known pests — Aporia crataegi (Linnaeus,
1758) (Fig 4b), Pieris napi (Linnaeus, 1758), P. rapae (Lin-
naeus, 1758) and P. brassicae (Linnaeus, 1758) (Fig. 1h).
All of them are common species for Russia, but for oth-
er countries some of them are quarantine pests. For ex-
ample, P. brassicae is included in the quarantine lists of
such countries and international organizations as the
USA, NAPPO (North American Plant Protection Organi-
zation) and OIRSA (Organismo Internacional Regional
de Sanidad Agropecuaria) (EPPO, 2023). The value of
such species lies in their exchange potential with or-
ganizations working in the field of plant protection and
quarantine. Thus, in 2016, as part of a FGBU “VNIIKR”
mission to the Republic of Peru, P. brassicae and other
Russian pests were exchanged with SENASA (Servicio
Nacional de Sanidad Agraria del Peru) for species qua-
rantined for the EAEU that were previously missing in
the FGBU “VNIIKR” fund.

From other Pierinae species, the fund contains
Pontia edusa (Fabricius, 1777), Anthocharis cardamines
(Linnaeus, 1758), A. scolymus Butler, 1866 and Pieris dul-
cinea (Butler, 1882).

The collection of the entomological museum also
contains exotic representatives of the subfamily Pieri-
nae: Mathania leucothea (Molina, 1782) from Chile and
Pereute callinira Staudinger, 1884 from Peru (Fig. 3a),
brought by FGBU “VNIIKR” specialists from entomo-
logical expeditions (Kovalenko, Kovalenko, Lovtsova,
2016; Kurbatov, Lovtsova, 2018); heavily damaged and
not yet identified specimen of the genus Belenois Hiib-
ner, [1819] and Colotis danae (Fabricius, 1775) from
Sudan; Delias hyparete (Linnaeus, 1758) and Hebomoia
Slaucippe (Linnaeus, 1758) from Burma. The latter spe-
ciesis distributed mainly in Southeast Asia and is often
found in culture.

The subfamily Coliadinae is represented in the
collection by five genera. The genus Colias Fabricius,
1807 species — the so-called clouded yellows — due to
their bright appearance and interesting features of geo-
graphical distribution (high degree of endemism and
the presence of relic representatives), they are very
popular with both scientists and amateur collectors.
Among the species of this genus, to date, the fund in-
cludes Colias erate (Esper, [1805]), C. hyale (Linnaeus,
1758), C. palaeno (Linnaeus, 1761), C. croceus (Geoffroy,
1785) and C. myrmidone (Esper, 1781). Of the available
species, the most interesting is C. palaeno — boreal-al-
pine relic (Murzin, 1993; Kramp et al., 2016), repre-
sented in the museum collection by individuals from
the Arctic. The species is endangered in Central Europe
(Kuftina et al., 2020).

Of the other Coliadinae groups, there are 2 spe-
cies — the common and widespread Gonepteryx rham-
ni (Linnaeus, 1758) and G. aspasia Ménétries, 1859;
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Ha3bIBaeMble JKeJTYIIKU — 6yaromaps CBOed SpKoi
BHEIIHOCTY U WHTEPECHBIM 0COOEHHOCTSIM reorpa-
¢urueckoro pacrnpocTpaHeHus (BbICOKasI CTEIIEHb DH-
IeMu3Ma ¥ HaJIudre PeJIUKTOBBIX IIPEICTaBUTEIEH)
TIOJIB3YIOTCS GOJIBIION TTOIYISIPHOCTHIO KaK ¥ YUEHBIX,
TaK 1 Y KOJIJIEKIIMOHEPOB-It06uTeeii. Cpeay BUIOB
3TOr0 POZA K HACTOSANEMY MOMEHTY B (DOHZ, ITOCTaBJIE-
uel Colias erate (Esper, [1805)), C. hyale (Linnaeus, 1758),
C. palaeno (Linnaeus, 1761), C. croceus (Geoffroy, 1785)
u C. myrmidone (Esper, 1781). VI3 uMeIIIUXCS BUIOB
Hambosiee nHTepeceH C. palaeno (ToppIHUKOBAST JKEJI-
TyIIKa) — 60peaibHO-aJbIIUACKUM PeTUKT (Myp3uH,
1993; Kramp et al., 2016), mpencTaBIeHHbIN B KOJLJIEK-
Uy My3es ocobsamMu u3 3arnoasapbsa. B IleHTpanibHON
EBporie B/, HaXOOUTCS MOJ, YIPO30W MCUE3HOBEHUS
(Kuftina et al., 2020).

W3 ppyrux rpynn Coliadinae B ¢GoHIe UMeHOTCS
2 BUJA JIMMOHHUIL — OOBIUHBIN, IIMPOKO PacIIpocTpa-
HeHHBIN Gonepteryx rhamni (Linnaeus, 1758) u mamnb-
HEBOCTOYHBIN G. aspasia Ménétries, 1859; obuTaromui
B HoBoM CBeTe Phoebis sennae (Linnaeus, 1758); 3 Buma
PacIpoCTPaHEHHOr0 B MAJIEOTPONUKAX U ABCTpaIuu
poxa Catopsilia Hiibner, [1819], B TOM 4rcjie ©U3BECTHBIN
murpaut Catopsilia florella (Fabricius, 1775); npezcra-
BUTENU poaa Furema Hibner, [1819] — Eurema hecabe
(Linnaeus, 1758) us NMupuu u E. daira (Godart, 1819)
¢ Ky6r1, a Taxxe cobpanubiil Ha Kybe Abaeis nicippe
(Cramer, 1779) (puc. 3b), 3a HETOPOILJIUBLIMA ITOJIET
Y OPAHXXEBBIN IIBET KPbLIbEB Ha3bIBAEMbBIN COHHBIM
amesbcHOM (sleepy orange).

CemeticTBo Riodinidae (Puoguumnabi)

TTomaBisioIiee 60JBIIMHCTBO IIPeACTaBUTENEN
IaHHOTO CEMelCTBa PacHpPOCTPAHEHO B TPOMIMKAX,
B 0OCHOBHOM — HoBoro CBeTa. B kosnekiiuu GoHma
Ha HACTOSIIVMI MOMEHT ITOCTaBJIEHO 4 BUA PUOIVHU]I,
cobpanHbIx coTpyaHukamMu OI'BY «BHUMKP» Bo BpeMs
SHTOMOJIOTUYECKOU SKCcIieaunu B Pecrry6auky I[lepy,
OMHAKO B HAJIMUUY MMEETCS TaKKe HepasoopaHHbIN
MaTepHraJl, IIOCTAaHOBKA KOTOPOTO — OfHA M3 JaJbHen-
muX 3a7a4. B KOJJIEKI UK IIpefcTaBJIeHbl 2 Moice-
MelicTBa — Riodininae u Nemeobiinae (cM. TabauiLy).
V3 BUIOB IEPBOTO IIoJiceMecTBa B GOHIE XPaHATCS

Izl : "““”““““”““

Puc. 3. NpepcraButenu cemenctea 6ensHok

occurring in the New World Phoebis sennae (Linnae-
us, 1758); 3 species of the genus common in the pa-
leotropics and Australia Catopsilia Hiibner, [1819], in-
cluding the famous migrant Catopsilia florella (Fabricius,
1775); representatives of the genus Eurema Hibner,
[1819] — Eurema hecabe (Linnaeus, 1758) from India and
E. daira (Godart, 1819) from Cuba, as well as collected
in Cuba Abaeis nicippe (Cramer, 1779) (Fig. 3b), called
sleepy orange for the leisurely flight and the orange co-
lor of the wings.

Riodinidae

The vast majority of representatives of this family
are distributed in the tropics, mainly in the New World.
At the moment, the collection of the fund includes
4 Riodinidae species collected by FGBU “VNIIKR” spe-
cialists during an entomological expedition to the Re-
public of Peru, however, there is also unsorted materi-
al, the formulation of which is one of the further tasks.
The collection includes 2 subfamilies — Riodininae and
Nemeobiinae (see Table). Of the species of the first sub-
family, the fund contains Ancyluris meliboeus (Fabricius,
1777), Amarynthis meneria (Cramer, [1776]) and Baeotis
bacaenis Hewitson, 1874, of the second one — Styx infer-
nalis Staudinger, 1876. S. infernalis — a unique and very
rare butterfly, known for its complex taxonomic histo-
ry, a kind of pearl of the collection. The species was de-
scribed by Staudinger (Staudinger, 1876) in Pieridae
family, which was due to its external resemblance to
representatives of this group, and then was referred to
other families, which is described in detail in our pre-
vious work (Kovalenko, Lovtsova, Kovalenko, 2022). On
Fig. 4 you can see a selection of butterflies which belong
to four different families and have parallelism in the
wing pattern: all 4 butterflies have a light wing back-
ground and dark veins. These include the before-men-
tioned S. infernalis (Riodinidae), A. crataegi (Pieridae),
P. stubbendorfii (Papilionidae) and Davidina arman-
di Oberthiir, 1879 (Nymphalidae, Satyrinae) — butter-
fly which also has a complicated taxonomic history
(Lukhtanov and Dubatolov, 2020). The first three spe-
cies are stored in the fund of FGBU “VNIIKR”, the photo
of the latter was kindly provided by I.A. Yudakov.

5 e 1N

Fig. 3. Pieridae in the FGBU “VNIIKR”

13 aHToMoNornveckoro myses Orey «BHUMKP»:  Entomological Museum Fund:

a - Pereute callinira, Nepy, npoBuHuusa CaTtuno;
b — Abaeis nicippe (coHHbIV anenbcuH), Kyba
(choTo HO.A. NoBLOBOI)

a — Pereute callinira, Peru, Satipo province;
b — Abaeis nicippe (sleepy orange), Cuba
(photos by J.A. Lovtsova)
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i

Puc. 4. Mapannenusm B okpacke 6a6ouek 13 yeTbipex pasHbix
CeMencTB: a—C — KOJJIEKLMS 3HTOMOJIOTMYECKOro My3es
drbY «<BHUNKP»; d — konnekuua U.A. KOpakosa.

a - Parnassius stubbendorfii (Papilionidae), Poccus, MpruMopbe;

b — Aporia crataegi (Pieridae), Poccusi, MockoBckas o6nacTb;
¢ — Styx infernalis (Riodinidae), Mepy, npoBuHuua Catuno;
d - Davidina armandi (Nymphalidae, Satyrinae), Kutaii,

nposuHums LWaHbeu. doTo H.A. Nlosuosoli (a—c) n U.A. Opakosa (d)

Ancyluris meliboeus (Fabricius, 1777), Amarynthis mene-
ria (Cramer, [1776]) u Baeotis bacaenis Hewitson, 1874,
u3 BTOporo — Styx infernalis Staudinger, 1876. S. inferna-
lis — yHUKaJIbHas ¥ OYeHb pefiKas 6abouka, u3BecTHaAS
CBOEeU CJIOKHOW TaKCOHOMUYECKOMN MCTOpUen, aBis-
€TCSI CBOETO POJIa KEMUYXUHOUN KOJIJIEKIINY JHEBHBIX
yenryeKpblibix ®TBY «BHUUKP». Bun 6b11 onirMcaH
lltaynuHrepoMm (Staudinger, 1876) B cemelicTBe Be-
snsaku (Pieridae), ueMy ITOCITYKUJIO BHEIITHEE CXOICTBO
C TIPeICTAaBUTEIIMU DTOU TPYIIIILI, @ 3aTeM T0OBIBAJ
¥ B IPYyTUX CEMEeHNCTBaX, O YeM MO POGHO pacCKasbl-
BaeTcs B Halllel mpenpiayileir pa6ore (KoBajgeHKO,
JloB1ioBa, KoBanenko, 2022). Ha puc. 4 MOXXHO YBUIETh
TIOJI60PKY YEILTYEKPBLIBIX, KOTOPhIE OTHOCSITCS K UEThI-
PEeM pa3sHbIM ceMeMCTBaM U 00JIaZai0T IapajIeIn3MOM
B OKpacKe KPbLIbeB: Bce 4 6a60UYKM UMEIOT CBETIbIN
(OH KpbLila ¥ TEMHBIE XXUIKY. K HUM OTHOCSITCS BhIIIE-
ynoMsHyThI S. infernalis (Riodinidae), A. crataegi (Pie-
ridae), P. stubbendorfii (Papilionidae) u Davidina armandi
Oberthiir, 1879 (Nymphalidae, Satyrinae) — 6a6ouxa,
TaK)Xe MMeI0Ias HEITPOCTYI0 TAKCOHOMUYECKYT0 UCTO-
puto (Lukhtanov, Dubatolov, 2020). Tpu IepBbIX BUIA
xpaHarcsa B poHze PTBY «BHUVKP», hoTorpadus mo-
cJiegHero JIi06e3Ho mpenocTaBiaeHa M. A, lOmaKkoBbIM.

CemeiicTBo Lycaenidae (ToryGsaHKM)

B KOJJIEKIIMM 3YHTOMOJIOTUUYECKOTO My3es
OI'BY « BHUUKP» Kk HacToA1eMy MOMEHTY II0OCTaBJIEHO

Fig. 4. Parallelism in the wing pattern of butterflies from

four different families: a—c - FGBU “VNIIKR” Entomological
Museum collection; d — I.A. Yudakov’s collection.

a - Parnassius stubbendorfii (Papilionidae), Russia, Primorye;
b - Aporia crataegi (Pieridae), Russia, Moscow Oblast;

¢ — Styx infernalis (Riodinidae), Peru, Satipo province;

d - Davidina armandi (Nymphalidae, Satyrinae), China, Shaanxi
province. Photos by J.A. Lovtsova (a—c) and I.A. Yudakov (d)

Lycaenidae

FGBU “VNIIKR” Entomological Museum collection
has 34 species belonging to four subfamilies — Cureti-
nae, Theclinae, Lycaeninae and Polyommatinae.

Subfamily Curetinae includes 1 genus Curetis Hiib-
ner, [1819], spread mainly in Southeast Asia, and in the
museum’s collection there is one of its species, not yet
identified due to the complexity of the group.

There are several species of the Theclinae sub-
family in the fund, which are typical representatives
of the Central Russia fauna: Satyrium w-album (Knoch,
1782) and S. ilicis (Esper, 1779), Callophrys rubi (Linnae-
us, 1758), and Favonius quercus (Linnaeus, 1758). The
latter, like other Favonius species (Takeuchi, Imafuku,
2005), is interesting by its territorial behavior: males
protect their territory, keeping away other butterflies
from it.

Lycaeninae subfamily butterflies — the so-called
coppers — are represented by seven species in the col-
lection: Lycaena virgaureae (Linnaeus, 1758), L. alciph-
ron (Rottemburg, 1775), L. tityrus (Poda, 1761), L. dispar
(Haworth, 1802), L. thersamon (Esper, [1784)), L. phlaeas
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Puc. 5. Cacyreus marshalli. Mapokko, Aragup, 12.10.2019.
a — BEPXHSA CTOPoHa; b — ucnog, (poto HO.A. JloBLOBO)

34 Bupa TOIyO0STHOK, OTHOCSANIUXCS K YETBIPEM IIOZICE-
MeiicTBaM — Curetinae, Theclinae, Lycaeninae u Poly-
ommatinae.

ITomcemeiicTBo Curetinae BkitouaeT 1 pox Curetis
Hiibner, [1819], pacripocTpaHeHHBIN TPEeNMYIIEeCTBEH-
HO B I0ro-BocTouHOM A3UH, 1 B KOJJIEKIIUY MY3€es MMe-
eTCsI OOUH M3 ero BUIO0B, I0KA He UIeHTU(MUIIMPOBAH-
HBIN BBUY CJIOXKHOCTHU I'PYIITIHIL.

V3 nopcemetictBa Theclinae B dhoHzme npucyT-
CTBYET HECKOJIBKO BUJIOB — TUITMYHBIX TIPEICTaBUTE-
Jie#t payHBI cpeHEl moJIoCchl Poccuu: XBOCTaTKU Sa-
tyrium w-album (Knoch, 1782) u S. ilicis (Esper, 1779),
manuHHUNA Callophrys rubi (Linnaeus, 1758), a Takxe
ny6oBeIit 3edup Favonius quercus (Linnaeus, 1758).
TMocnenuui, Kak u gpyrue Buzbl 3epupos (Takeuchi,
Imafuku, 2005), "HTepeCeH TePPUTOPHUATIBHBIM II0BE-
IeHUeM: caMIlbl OXPAHSIOT CBOIO TEPPUTOPUIO, OTTO-
HS4 OT Hee Apyrux 6abouex.

Tomy6siHKY TIOfICEMelicTBa Lycaeninae — Tak Ha-
3bIBaeMble YEPBOHIIBI — B KOJUIEKIIUY MTPE/ICTaBIEHBI
ceMblo Busmamu: Lycaena virgaureae (Linnaeus, 1758),
L. alciphron (Rottemburg, 1775), L. tityrus (Poda, 1761),
L. dispar (Haworth, 1802), L. thersamon (Esper, [1784]),
L. phlaeas (Linnaeus, 1761) u L. hippothoe (Linnaeus,
1761). HekoTophbIe 13 HUX ITOAJIEKAT OXPaHe, HAIIPpuMep
L. dispar (HeTapHbIii YepBOHeIl). B EBpoIle YMCIEHHOCTh
9TOr0 BUJA COKpallaeTcsd, B PsAle CTPaH HemapHbIN
YyepBOHEI Npu3HaH rucuesaomuM (Kim et al., 2014).

Hau6onbminM YMCIOM BUMIOB TOJYOIHOK B KOJI-
JIEKIIVY TIPEICTABJIEHO TToiIceMecTBO Polyommatinae.
B doume xpausaTcsa 6a60uKy, COGpaHHbIE B Pa3INIHBIX
peruoHax Poccuu 1 Ipyryx CTPaH, BCe OHY ITPUBEIEHbI
B TabiuIle. B KOJUJIEKIIUY TIPUCYTCTBYET 1 TOyOsTHKA
c octpoBa Kynamup, morimanHas C.A. Kyp6aToBsiM, —
Phengaris ogumae (Matsumura, 1910). XpaHsmuecs
B QoHIe roaybsHku us Vpaua — Plebejus christophi
(Staudinger, 1874) u Polyommatus icarus persica (Bienert,
[1870]) — cHaGKeHbI OTIPEIENTUTENbHBIMU STUKETKAMU
M.A. Psg60oBa. VI3 TponuUeCKUX IPeACcTaBUTEJIEN 110-
JIMOMMATHH B My3ee uMeetcs Jamides celeno (Cramer,
1775) us Uuaguu (mtat KepaJjia), o0cobu 9TOro Bra MMo-
Jgyuensl oT M.I. Pampaca MeHoOHa.

OTIeNbHO CTOUT OTMETUTD TOIYOSTHOK, UMEIOIIUX
X035UCTBEeHHOE 3HaUeHue. B oHIe XxpaHATCS 2 BUIA,
noiiMaHHbIE B Mapokko, — Lampides boeticus (Linnae-
us, 1767) u Cacyreus marshalli Butler, [1898]. [TepBrIii
IIXPOKO PACIPOCTPaHEH B CYyOTPOIIMYECKOM U TPO-
nuyeckoMm mosicax EBpasuu, B AQpuke, a Takxe B AB-
CTpaJiuy, IBJISETCS BpenuTenseM 6000BbIX ¥ BXOLUT

DR N

Fig. 5. Cacyreus marshalli. Morocco, Agadir, 12/10/2019.
a — upperside; b — underside (photos by J.A. Lovtsova)

(Linnaeus, 1761) and L. hippothoe (Linnaeus, 1761). Some
of them are protected, for example L. dispar. In Europe,
the number of this species is declining, in some coun-
tries it is recognized as endangered (Kim et al., 2014).

The largest number of Lycaenidae species in the
collection is represented by the subfamily Polyommati-
nae. The fund stores butterflies collected in various re-
gions of Russia and other countries, all of them are list-
ed in the table. The collection contains 1 butterfly from
Kunashir Island caught by S.A. Kurbatov, — Phengaris
ogumae (Matsumura, 1910). The butterflies from Iran —
Plebejus christophi (Staudinger, 1874) and Polyommatus
icarus persica (Bienert, [1870]) — are equipped with iden-
tification M.A. Ryabov’s labels. Of the tropical represen-
tatives of Polyommatinae, the museum has Jamides cele-
no (Cramer, 1775) from India (Kerala state), specimens
of this species were received from M.G. Ramdas Menon.

Separately, it is worth noting the butterflies of
economic importance. The fund contains two species
caught in Morocco, — Lampides boeticus (Linnaeus, 1767)
and Cacyreus marshalli Butler, [1898]. The first is wide-
spread in the subtropical and tropical zones of Eurasia,
in Africa, as well as in Australia; it is a pest of legumes
and is included in the quarantine lists of Brazil, the
USA and OIRSA (EPPO, 2023). C. marshalli (Fig. 5) origi-
nates from South Africa, but has now been introduced
into the northern part of Africa — Morocco, Algeria and
Egypt, as well as into some European countries. It is
a pest of geraniums and pelargoniums and is on the
quarantine lists of Morocco, Tunisia, Mexico, Turkey,
the European and Mediterranean Plant Protection Or-
ganization (EPPO) and NAPPO (EPPO, 2023). C. marshal-
li has been observed in Morocco since the late 1990s
(Tarrier, 1998) and regular detections are still reported
(iNaturalist, 2023).

Nymphalidae s. 1.

The Nymphalidae are the largest family of butter-
flies, having as its main distinguishing characteristics
the reduced pair of forelegs. Some subfamilies — Da-
nainae, Heliconiinae, Libytheinae, Morphinae and Sa-
tyrinae — were previously considered as independent
families, and the latter often appears in this status un-
til now (Zhdanko and Kazenas, 2014; Sinev et al., 2019,
etc.). Based on the results of molecular genetic studies,
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B KapaHTUHHbIe nepeuyHu bpasuauu, CIIA u OIRSA
(EPPO, 2023). T'ony6stuka C. marshalli (puc. 5) mpouc-
xonuT u3 HOxHOU AQpPUKY, HO B HACTOSIIEe BpeMs
IIPOHUKJIA B CEBEPHYI YacTh ADpPUKU — MapoOKKo,
Aspxup u Erurnert, a Takxe B psaj, cTpaH EBpoIibL. fB-
JISeTCsl BpenuTeeM repalu 1 MeJIapTOHUM U BXOIAUT
B KapaHTUHHLIe [lepeyHy Mapokko, TyHuca, MeKkcukuy,
Typuwnu, EBpometickoil 1 Cpeln3eMHOMOPCKOM opra-
HUM3aIUY 110 KAPAaHTUHY U 3amuTe pacteHui (EOK3P)
1 NAPPO (EPPO, 2023). B Mapoxkko C. marshalli ormeua-
eTcd HauMHag ¢ KoHa 90-x rr. XX Beka (Tarrier, 1998)
U IO CUX TIOP PErUCTPUPYIOTCS PEeTyJIsipHble BCTPeUU
(iNaturalist, 2023).

CemeiictBo Nymphalidae (Humdaaumgsi) s. 1.

HuMdanumbl — caMmoe KPyIIHOe CEMeNCTBO THEB-
HBIX 6ab0YeK, nMelollee B KaUueCTBE OCHOBHOI'O OTJIN-
YUTEJIbHOTO MMPU3HaKa HeJOPa3BUTOCTh IMepeaHeln
rmaphbl HOT. Psaj momceMeiicTB — Danainae, Heliconiinae,
Libytheinae, Morphinae u Satyrinae — paHee paccma-
TPUBAJINCh B KAUECTBE CAMOCTOSTEIbHBIX CEMEHCTB,
a rocjefHee B TAaKOM CTaTyce HepeAKo QUTYpupyeT
u mo cux rmop (OKmanko, Kazenac, 2014; Cunes u 1p.,
2019 u 1p.). Ha OCHOBaHUY PE3YIBTATOB MOJIEKYIISIPHO-
reHeTUUYECKUX MCCJIEIOBAaHUY B cOCTaBe HUMMaTUI
6bL10 BhIZENeHO 12 opcemeiicTB (Wahlberg, Weingart-
ner, Nylin, 2003). B hoHIe SHTOMOJIOTUUYECKOTO My3es
®I'BY «BHUMKP» Ha HaCTOSIINMI MOMEHT ITOCTaBJIe-
HO 130 BUZ0B HUMDaNUI, OTHOCIIIUXCSA K IeBATHU
nmojceMetictBaM: Danainae, Charaxinae, Morphinae,
Limenitidinae, Biblidinae, Apaturinae, Nymphalinae,
Heliconiinae u Satyrinae (cM. Tabiuiry).

[IpakTHUYeCKHU BCe INPEeACTaBUTENU IOICEMeEN-
ctBa Danainae 06MTalT B TPOMIUKAX U CYOTPOIIMKAX.
B dbonme umerTcs BuUAB U3 AByX Tpub — Danaini
u Ithomiini, cunTaBmINXCS paHee CaMOCTOATENbHBIMU
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Puc. 6. MpepcTaBuTENN PasnUYHbIX FPynn ceMencTea

Nymphalidae u3 aHtomonorunueckoro mysess Orby «BHUUKP»:

a — Heliconius charithonia, Kyb6a;

b - Cithaerias pyropina, Nepy, npoBuHuus CaTuno;
¢ — Melinaea mothone, MNepy, npoBuHUMa Catuno
(choTo HO.A. JloBLOBOW)

12 subfamilies were identified in Nymphalidae (Wahl-
berg, Weingartner, and Nylin, 2003). At the moment,
there are 130 species of Nymphalidae belonging to
nine subfamilies in the FGBU “VNIIKR” Entomological
Museum collection: Danainae, Charaxinae, Morphinae,
Limenitidinae, Biblidinae, Apaturinae, Nymphalinae,
Heliconiinae and Satyrinae (see Table).

Almost all members of the Danainae subfamily oc-
cur in the tropics and subtropics. The fund contains
species from two tribes — Danaini and Ithomiini, previ-
ously considered independent families. Of the species
of the first tribe, the collection contains Parantica agleo-
ides (C. & R. Felder, 1860), Tirumala limniace (Cramer,
[1775]), Danaus plexippus (Linnaeus, 1758), D. genutia
(Cramer, [1779]), D. eresimus (Cramer, [1777]), D. gilippus
(Cramer, [1775]), D. chrysippus (Linnaeus, 1758), D. erip-
pus (Cramer, [1775]) and Euploea core (Cramer, [1780]).
This group includes D. plexippus (Fig. 1d), known for his
long-distance migrations. It occurs in the New World,
also found in Africa, Australia, Oceania and some Eu-
ropean countries. E. core is one of Indian migrants, and
the entomological museum has several specimens
from the collection of M.G. Ramdas Menon (fig. 1g).

Ithomiini occur only in the neotropics, and so far,
several representatives of this group from Peru have
been supplied to the fund — Melinaea mothone (Hewitson,
1860) (Fig. 6¢), known from most papers in subspeci-
fic status as M. marsaeus mothone, however, as a result of
recent genetic studies (McClure and Elias, 2017), this
taxon is proposed to be considered as an independent
species; Napeogenes inachia (Hewitson, 1855), as well as
yet unidentified species of the genus /thomia Hiibner,
1816. Butterflies of the genus Melinaea Hiibner, 1816
are interesting for their Miillerian mimicry, that is,
convergence in which several non-edible species have

TEOLERTRRRRneerm

Fig. 6. Representatives of various groups of the Nymphalidae family

from the FGBU “VNIIKR” Entomological Museum collection:
a — Heliconius charithonia, Cuba;

b — Cithaerias pyropina, Peru, Satipo province;

¢ — Melinaea mothone, Peru, Satipo province

(photos by J.A. Lovtsova)
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Puc. 7. Morpho menelaus.  Fig. 7. Morpho menelaus.
Mepy, npoBuHuma Catuno  Peru, Satipo province
(choTo HO.A. NoBLOBOW) (photo by J.A. Lovtsova)

ceMelicTBaMU. V3 BUIOB ITEPBOY TPUOBI B KOJIEKIIUY
xpausarcsa Parantica agleoides (C. & R. Felder, 1860),
Tirumala limniace (Cramer, [1775]), Danaus plexippus
(Linnaeus, 1758), D. genutia (Cramer, [1779]), D. eresimus
(Cramer, [1777]), D. gilippus (Cramer, [1775]), D. chry-
sippus (Linnaeus, 1758), D. erippus (Cramer, [1775])
u Euploea core (Cramer, [1780]). K 3To# rpyImme 0THO-
CUTCS 3HAMEHUTBIX MoHapX — D. plexippus (puc. 1d),
M3BECTHBINM CBOMMU JaJbHUMU MUTPAIIUIMU. MOHAPX
obuTaeT B HoBoM CBeTe, Takke BcTpeuaeTcs B Appuke,
Apcrpanuu, OKeaHUU U HEKOTOPBIX CTPaHax EBPOIILL.
K umcny nHIUNACKUX MUTPAHTOB OTHOCUTCA E. core,
¥ B BHTOMOJIOTUUECKOM My3€€ XPaHUTCS HECKOJBKO
€ro 3K3eMIIIPOB 13 KoJutekuu M.I. Pampaca MeHo-
Ha (puc 1g).

Wtomunsl (Ithomiini) BcTpedyaroTcs TOIBKO B HEO-
TPOMIMKaX, U B (DOHE IIOCTABJIEHO II0KA HECKOJBKO
IpeICcTaBUTENIeH 3TOM Tpynel U3 [lepy — Melinaea mo-
thone (Hewitson, 1860) (puc. 6¢), U3BECTHBIN U3 OOJIb-
IMIMHCTBA UCTOYHUKOB B IIOLBUIOBOM CTaTyce Kak
M. marsaeus mothone, omHaKO B pe3yibTaTe HEJaBHUX
regetudeckux uccaenosaumuii (McClure, Elias, 2017)
IaHHBIN TaKCOH IIPEIJIOXKEHO pacCMaTPUBATh KaK ca-
MOCTOSATeNbHBIN BUl; Napeogenes inachia (Hewitson,
1855), a Tak)Ke MOKa He UAeHTU(UIITMPOBAHHbBIE BUIbI
poma Ithomia Hiibner, 1816. Babouku poma Melinaea
Hibner, 1816 uHTepecHbl CBOEH MIOJIJIEPOBCKON
MUMUKPUEN, TO €CTh KOHBEPTeHI[UEH, ITPU KOTO-
PO Y HECKOJIbKUX HECheNOOHBIX BUJOB CYIIECTBYET
CXOfHaa MpeAyIpeXkaaInas okpacka 1 OHHU, IToApa-
’Kas ApYyT Apyry, o6pasyoT Tak Ha3blBaeMble KOJib-
11a MUMHUKPUHU, [OBBIIIAS BhIKMBAEMOCTD IJISI BCEX
BXOIAIIVX B HUX BULOB. B AH/IaX BBISIBJIEHO KOJbIIO
MUMUKPUY U3 IPEICTABUTEJIEN PA3HBIX IPYIIII, B KO-
TOpOe HapAny ¢ M. mothone BXOASAT UTOMUHBI Hypo-
thyris mansuetus (Hewitson, 1860), Hyposcada anchiala
(Hewitson, 1868) u Mechanitis messenoides C. & R. Felder,
1865, mpeacTaBuTeNb mojceMeiicTBa Heliconiinae —
Heliconius numata (Cramer, 1780) u gaxe MefBenuiia
(Erebidae, Arctiinae) Chetone sp. (Elias, Joron, 2015).
Pasnuuus MeXIy MUMeTUUYECKUMU BULAMU B XOZe
SBOJIIOLUY CTAJIYX He3aMEeTHBI JJId IITHUL], HO BbIABJIAE-
MbI 6a60UYKaMY BO U36eKaHUe MEXBULOBOT'0 CKPEIIN-
BaHU. ITO 0O0YCJIIOBJIIEHO Pa3HBIMU 0COGEHHOCTSIAMU
3penus (Llaurens, Joron, Théry, 2014).

IMTomcemetictBo Charaxinae mpepacTaBJieHO
B (OHIEe TpeMd IIPeACcTaBUTEIIMU — I0)KHOIajaeap-
KTu4YeckuM Bupom Charaxes jasius (Linnaeus, 1767),

a similar warning coloration and, imitating each other,
form the so-called mimicry rings, increasing the sur-
vival rate for all species included in them. In the An-
des, a mimicry ring from representatives of different
groups was revealed, in which, along with M. mothone
include Hypothyris mansuetus (Hewitson, 1860), Hypos-
cada anchiala (Hewitson, 1868) and Mechanitis messenoi-
des C. & R. Felder, 1865, Heliconiinae subfamily mem-
ber — Heliconius numata (Cramer, 1780) and even tiger
moth (Erebidae, Arctiinae) Chetone sp. (Elias, Joron,
2015). Differences between mimetic species in the
course of evolution have become invisible to birds, but
are detected by butterflies in order to avoid interspeci-
fic crossing. This is due to different vision peculiarities
(Llaurens, Joron, Théry, 2014).

The subfamily Charaxinae has three representa-
tives in the fund — South Palearctic species Charaxes
Jjasius (Linnaeus, 1767), caught in Spain, and two neo-
tropical species — Archaeoprepona demophon (Linnaeus,
1758) and Fountainea nessus (Latreille, [1813]). The lat-
ter has a spectacular coloration: bright from above, and
when the wings are folded, it disguises itself as a dry
leaf (Fig. 8 a, b).

The subfamily Morphinae has one species from
Peru in the fund, — Morpho menelaus (Linnaeus, 1758)
(Fig. 7). Due to their outstanding size and brilliant
structural coloration, the butterflies of this group are
considered among the most beautiful in the world.

From the subfamily Limenitidinae, the collection
includes species of the genus Neptis Fabricius, 1807
collected in the Far East of Russia, India and Indone-
sia, — Neptis sappho (Pallas, 1771), N. rivularis (Scopoli,
1763) N. hylas (Linnaeus, 1758) and N. columella (Cra-
mer, 1780); Far Eastern Aldania raddei (Bremer, 1861);
Lexias pardalis (Moore, 1878) from Vietnam; Limenitis
populi (Linnaeus, 1758) and L. camilla (Linnaeus, 1764)
caught in Moscow Oblast, and L. reducta Staudinger,
1901 from Gelendzhik.

The subfamily Biblidinae is represented in the
fund by two species: Ariadne merione (Cramer, [1777]),
received from M.G. Ramdas Menon from India, and Di-
aethria neglecta (Salvin, 1869) from Peru. Butterflies of
the genus Diaethria Billberg, 1820, also referred to as
eighty-eights are famous for their pattern on the under-
side of the hind wing in the form of numbers (Fig. 8 ¢, d).

From the subfamily Apaturinae, the fund has spe-
cies collected in the European part of Russia — Apatu-
ra iris (Linnaeus, 1758) and A. ilia (Denis & Schiffer-
miiller, 1775); Mimathyma schrenckii (Ménétries, 1859),
as well as the American representative of this subfa-
mily — Doxocopa laure (Drury, [1773]) (Fig. 1e), popularly
known as the silver emperor.

The subfamily Nymphalinae is represented in the
fund by four tribes, each of which we will consider se-
parately.

The collection includes 11 species of the tribe
Nymphalini. Known for its seasonal dimorphism
(spring form is orange, summer is black), Araschnia
levana (Linnaeus, 1758) is represented by specimens
from various regions of Moscow Oblast. The genus
Vanessa Fabricius, 1807 is represented in the collec-
tion by Vanessa atalanta (Linnaeus, 1758), the famous

dutocaHuTapusi. KapaHTuH pactenuii 12
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Puc. 8. MpepctaButenu cemeiictea Nymphalidae us Nepy  Fig. 8. Representatives of the Nymphalidae family
(npoBuHUMa CaTuno), XpaHswmecsa B aHToMonornueckom  from Peru (Satipo province), kept in the FGBU “VNIIKR”

mysee OIbY «BHUUKP»: a, b — Fountainea nessus,
BEPXHSS U HUXKHSAS CTOPOHBI; ¢, d — Diaethria neglecta,
BEPXHSASA U HUXKHASA CTOPOHbI (hoTo HO.A. JloBLLOBOIA)

MMO¥MaHHBIM B VICcITaHUU, ¥ ABYMS HEOTPOIIUYECKUMU
Bumamu — Archaeoprepona demophon (Linnaeus, 1758)
u Fountainea nessus (Latreille, [1813)). [TociegHuit uMe-
eT 3¢ eKTHYI0 OKPACKY: IPKUH CBEPXY, a IIPU CKJIa-
IBIBAHUM KPBIJIBEB MACKUPYETCS ITOJ, CyXOU JIUCT
(puc. 8 a, b).

IToacemeticTBO Morphinae pezcraBiieHO B (hoH-
Jle OMHUM BUJIOM, TIOMMaHHbBIM B Ilepy, — Morpho me-
nelaus (Linnaeus, 1758) (puc. 7). Biarogapsi CBOUM
BBIZAIOIIVMCS pasMepaM U OJIeCTAIIed OIITUYEeCKON
OKpacke 6a60YKY 3TOY T'PYIIIIbI CUNTAIOTCS OOHUMU
13 CaMbIX KPaCUBBIX B MUPE.

Vi3 mopcemericTBa Limenitidinae B My3ee XpaHST-
cs cobpaHHble Ha JlaiibHeM BocToke Poccun, B UHAUYM
u VIHioHe3uu BUAbI poga Neptis Fabricius, 1807 — Neptis
sappho (Pallas, 1771), N. rivularis (Scopoli, 1763) N. hylas
(Linnaeus, 1758) u N. columella (Cramer, 1780); nanbHe-
BocTtouHas Aldania raddei (Bremer, 1861); Lexias pardalis
(Moore, 1878) u3 BbeTHaMa; cobpaHHble B MOCKOBCKOM
obustactu Limenitis populi (Linnaeus, 1758) u L. camilla
(Linnaeus, 1764), a Takxe L. reducta Staudinger, 1901
n3 l'eleHaKMKA.

TToxcemeticTBo Biblidinae ripencrasiieHo B hoHIE
nByms Bunamu: Ariadne merione (Cramer, [1777]), mosy-
yeHHBIM OT M.I. Pampgaca MeHoHa u3 IHIuN, a TakXe
Diaethria neglecta (Salvin, 1869) u3 [1epy. Babouku poma
Diaethria Billberg, 1820, n3BecTHbIe Kak 6a60UKy «89»
niy «88», 3HAMEHUTHI CBOUM PUCYHKOM Ha UCIIOZE
3aJHET0 KpbLIa B Buze 1udp (puc. 8 ¢, d).

W3 noxaceMerictBa Apaturinae B oHIEe mMe-
I0TCS coOpaHHBIE B eBpOINeMcKol yacTtu Poccum
BUJIbI TIEPENUBHUIL — Apatura iris (Linnaeus, 1758)
u A. ilia (Denis & Schiffermiller, 1775); majbHeBOC-
TouHad nepenuBHuna lllpenka Mimathyma schrenckii

Entomological Museum: a, b — Fountainea nessus,
upperside and underside; c, d — Diaethria neglecta,
upperside and underside (photos by J.A. Lovtsova)

migrant — V. cardui (Linnaeus, 1758), as well as a South
American representative of the genus — V. carye (Hiib-
ner, [1812]) (Fig. 1f). V. cardui and V. carye are some-
times referred to as superbutterflies because of their
ability to survive in extreme environmental conditions.
Recently, a new maximum altitude of 5,200 m above
sea level was established for V. carye populations (Beni-
tez et al., 2019).

Of the common Nymphalini species of central
Russia, which appear among the first in spring, the
museum has Nymphalis vaualbum ([Denis & Schuffer-
miiller], 1775), N. xanthomelas (Esper, [1781]), N. antio-
pa (Linnaeus, 1758), Aglais io (Linnaeus, 1758), A. urti-
cae (Linnaeus, 1758) and Polygonia c-album (Linnaeus,
1758). The fund also contains specimens of the Far
Eastern P, c-aureum (Linnaeus, 1758).

Tribe Victorinini (Fig. 9) is represented in the fund
by three species from the New World: popular in breed-
ing Siproeta stelenes (Linnaeus, 1758), as well as species
of the genus Anartia Hiibner, [1819] from Peru — Anar-
tia amathea (Linnaeus, 1758), referred to as brown pea-
cock or red peacock and A. jatrophae (Linnaeus, 1763),
known as white peacock. The latter is interesting for
its territorial behavior (Lederhouse et al., 1992). The
males of this butterfly occupy an area usually 15 m
in diameter on caterpillar host plants and defend it
against other insects, exhibiting aggressive behavior
against conspecific males as well as other butterflies,
dragonflies, flies, bees, and other insects.
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(Ménétries, 1859), a Takyke aMepUKAHCKUY ITPEICTaBY-
TeJIb JAHHOTO IoJiceMeicTBa — Doxocopa laure (Drury,
[1773]) (puc. 1e), u3BECTHBIN IO, HAPOLHBIM Ha3BaHU-
eM «cepebpaHbIi uMIieparop» (silver emperor).

IMopcemetictBo Nymphalinae mpezcTaBiaeHo
B )OHZE YeThIPbMS TpuUbaMU, KaXKAYI0 U3 KOTOPBIX
MbI PACCMOTPHUM OTEJIHHO.

V3 Tpuber Nymphalini B honzme xparnutes 11 Bu-
IoB. Mi3BecTHast CBOUM CE30HHBIM IUMOP(PU3IMOM
(BecenHss dhopMa UMeEET OPAaHIKEBYI0 OKPACKY, JIET-
Ha9 — 4depHYI) Araschnia levana (Linnaeus, 1758)
pencTaBjieHa 0cOOSIMU M3 Pa3IMUHBIX PalioHOB Moc-
KOBCKOI obyiactu. M3 BumoB poxa Vanessa Fabricius,
1807 B oHme uMmerTca agmupan Vanessa atalanta
(Linnaeus, 1758), 3HaMeHUTBIA
MUTpPaHT — peneinuna V. cardui
(Linnaeus, 1758), a TakXe I0KHO-
aMepuKaHCKUI IIpeICcTaBUTEJb
poma — V. carye (Hibner, [1812])

o S‘}j;:'-r-;:m Hiibner, [1823]°]

The tribe Junoniini is represented in the fund by
7 species of the genus Junonia Hiibner, [1819] from
various regions of the Old and New Worlds - Junonia
evarete (Cramer, [1779]), J. orithya (Linnaeus, 1758),
J. hierta (Fabricius, 1798), J. iphita (Cramer, [1779]),
J. atlites (Linnaeus, 1763), J. lemonias (Linnaeus, 1758),
J. erigone (Cramer, [1775]), and Hypolimnas bolina (Lin-
naeus, 1758). H. bolina (Fig. 1h) — a well-known object
for genetic and physiological research, distributed in
Madagascar, East and Southeast Asia and Australia, has
many forms. Butterflies from the western part of the
range mimic poisonous Danainae of the genus Euploea
Fabricius, 1807, which is an example of Batesian mi-
micry (Fig. 1g, h). Just such a specimen, collected in

L‘_"Aif-ﬁrr'_"arroqufrrc' gl..inﬁ L_-1;;, ?
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(puc. 1f). V. cardui u V. carye uHo-
rla Ha3bIBAIOT cynepbaboukaMu
M3-3a CIOCOOHOCTU BBIKMBATD
B 9KCTPEMAJIbHBIX YCIOBUIX OKPY-
JKamwIen cpenbl. HemaBHO ObliIa
yCTaHOBJIeHA HOBas MaKCUMaJlb-
Hast BbICOTAa OOMTAHUS TIOMYJIs-
uuii V. carye, coctaBuBimasg 5200 M
HaJ ypoBHEM Mops (Benitez et al.,
2019).

V3 06p1uHBIX BUAO0B Nympha-
lini cpexmueit mosocel Poccuw,
KOTOPBIE TOSBJSIOTCS B UMCIE
TIEPBBIX BECHOU, B My3€€e XPaHsT-
cs Nymphalis vaualbum ([Denis &
Schuffermiiller], 1775), N. xantho-
melas (Esper, [1781]), TpaypHUIia
N. antiopa (Linnaeus, 1758), maBiu-

IEE";E['?E""! stelenes (Linnacus, 1758

Huii rnas Aglais io (Linnaeus, 1758),

{=Anartia Hiibner, [1819]¢ |

KpanuBHUIA A. urticae (Linnaeus,
1758) u yraokpeLIbHUIIA C-6eJi0e
Polygonia c-album (Linnaeus,
1758). B hoHIe MMEITCS TaKXKe
SK3EeMILISAPhI JaJlbHEBOCTOUHOM
P. c-aureum (Linnaeus, 1758).
Tpuba Victorinini (puc. 9)
mnpencrasieHa B QOHIe TPeMs BU-
namu u3 Hosoro CBeTa: moryssap-
HOI B pasBeneHuU Siproeta stelenes
(Linnaeus, 1758), a Tak)xe BUIa-
mMu pona Anartia Hibner, [1819]
us [lepy — Anartia amathea (Linnae-
us, 1758), u3BECTHBIM KakK aJIblld
naBiauH (brown peacock mnu red
peacock) u A. jatrophae (Linnae-
us, 1763), U3BECTHBIM KaK OeJIbIi
naBauH (White peacock). ITocnen-
HUI MHTEepeceH CBOUM TEPPUTO-
puanbHbIM noBemenueM (Leder-
house et al., 1992). CaMIIbl 3TOH

“Anartia amatlea (Linnacus, 1758) <

6abouKy 3aHUMAIOT TEPPUTOPUIO,  pPyc, 9. Bumpl Tpubbi Victorinini B kopobke:  Fig. 9. Tribe Victorinini in a box:

KakK mpaBuiio, 15 M B AuaMeTpe, Siproeta stelenes, Anartia amathea
C KOPMOBBIMU PACTEHUSAMU T'yce- U A. jatrophae (hoTto M.I. KoBaneHko)

HUIL U 3aIIUIAI0T €e OT APYTux
HACEeKOMBIX, JEMOHCTPUPYS arPeCCUBHOE TIOBEIEHUE.
B xauecTBe TaKMX HACEKOMBIX (GUTYPUPOBAJIY CAMITbI
9TOTO JKe BUJA, a TakXKe Jpyrue 6a604Ku, CTPEKO3HhI,
MYyXW, ITYEJIbl U JPYTHE HACEKOMBIE.

Siproeta stelenes, Anartia amathea
and A. jatrophae (photo by M.G. Kovalenko)

dutocaHutapus. KapaHTuH pactenunin = 14
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Mellicta Billberg, 1820

I Sfeliicra athalie (Rottemburg, 1775)°

Puc. 10. Wawe4Hunubl (Melitaeini) B kopobke (choto M.I. KoBaneHko)

W3 Tpubsl Junoniini B ¢poHme XxpaHUTCS 7 BUAOB
pozna Junonia Hiibner, [1819] u3 pa3jinuHbIX PETUOHOB
Craporo u HoBoro CBeta — Junonia evarete (Cramer,
[1779)), J. orithya (Linnaeus, 1758), J. hierta (Fabricius,
1798), J. iphita (Cramer, [1779]), J. atlites (Linnaeus,
1763), J. lemonias (Linnaeus, 1758) u J. erigone (Cramer,
[1775]), a Takxe Hypolimnas bolina (Linnaeus, 1758).
H. bolina (puc. 1h) — U3BECTHBIN 00BEKT IJIsI TeHEeTH-
YyecKuX ¥ (U3UOJIOTUYECKUX MCCIEI0BAHNM, PacIpo-
cTpaHeH Ha Mazarackape, B BoctouHoii u I0ro-BocTou-
HOM A3uu u ABCTpajiuu, uMeeT MHOTO (hopM. Babouku
13 3a1aITHOM YacTH apeaja MUMUKPUPYIOT IO, SITOBY -
TBIX JaHau u3 poxa Euploea Fabricius, 1807, 4To aBJIs-
eTCcsI IpuMepPoM 6eHTCOBCKOM MuMukpuu (puc. 1 g, h).
Kak pas Tako¥ 9K3eMILIAP, COOpaHHBIN B HIWY 1 T10-
JIydeHHbIH oT M.T. Pampaca MeHOHa, uMeeTcs B poHIe
SHTOMOJIOTUYECKOTO My3€es.

Y, HaKOHeIl, TIpeficTaBJIeHHasa B (DOHIIe YeTBep-
Tasg Tpuba — Melitaeini, unu IllaneyHuUIIbI, TPEGYET OT-
IenbHOro 06y meHus (puc. 10). ITo Mosiogas B huJio-
TeHETUYECKOM U DBOJIIOIMOHHOM OTHOIIEHUY T'PYIITIa
6ab04eK, MHOTHE TaKCOHBI KOTOPOY HaXOMAATCS B IIPO-
1ecce BUI000pPa30BaHMsI, B PE3YJIbTATE YETO UMEIOT
CIIOPHBIN CTATyC cpenu yuyeHbIX. [llameyHuis: obJa-
JIAI0T CTOJIb U3MEHUYUBBIM PUCYHKOM KPBLJIA, UTO JIJIS
HaJIEX)KHOU UIAeHTU(DUKAIUY MHOTUX BUIOB UCIIOJIb3Y-
eTcs CTPOeHre TeHuTaIni. OLHaKO U II0JIOBOM amra-
paT 3avacTyio o6J1aiaeT YHUKAJIbHOM N3MEHUYUBOCTHIO,
YTO BBI3BIBAET CJIOXKHOCTH B OIIPEeIeHUY 1 OTKPhIBa-
eT OOJIBIIIME TEPCITEKTUBLI JIJIsI HOBBIX UCCIIeIOBAHMI].
Tak)xe y OTHIEeJNIbHBIX BUJIOB M3BECTHA MEXBULOBAS
rubpuausaius. biaaromaps BCceMy BhIIIENIEPEYNCIIEH-
HOMY, IIAIIEYHUIIBI SBJISIOTCS YIOOGHON MOZENTbHON

Tegora Higgms, 1981«

'ul'egwa :\.p, M

Telenassa Higgins. 1981 ¢
Telenassn delphie (C, & R. Fekler, 1861p

Fig. 10. Melitaeini in a box (photo by M.G. Kovalenko)

India and received from M.G. Ramdas Menon, is avail-
able in the fund of the Entomological Museum.

And, finally, the fourth tribe represented in the
fund — Melitaeini, or fritillaries, requires a separate
discussion (Fig. 10). This is a young group of butter-
flies in phylogenetic and evolutionary terms, many taxa
of which are in the process of speciation, as a result of
which they have a controversial status among scien-
tists. Fritillaries have such a variable wing pattern that
the structure of the genitalia is used to reliably iden-
tify many species. However, the genital apparatus of-
ten has unique variability, which causes difficulties
in determining and opens up great prospects for new
research. Interspecific hybridization is also known in
some species. Due to all of the above, fritillaries are
a convenient model group for morphological, evo-
lutionary and genetic studies (Bush, 2011; Kovalen-
ko, Kolesnichenko, Kudryavtseva, 2020; Pazhenkova,
Lukhtanov, 2021; Tahami et al., 2021; Kolesnichenko,
Kotlobay, 2022 et al.).

Most Melitaeini genera are concentrated in the
New World, with the center of species diversity in the
Neotropics; in the Old World, they actually live only in
the Palearctic. Among the fritillaries of the Old World,
3 genera were traditionally distinguished — Euphy-
dryas Scudder, 1872, Melitaea Fabricius, 1807 and Mel-
licta Billberg, 1820 (Higgins, 1955; Tuzov et al., 2000
et al.), however, there has recently been a tendency to
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KONNEKUUN

COLLECTIONS

TaoJuna
TaKCOHOMHUYECKHUH COCTAB KOJIJIEKIIMHU GyJIABOYCHIX YeIIyeKPbIJIbIX
3HTOMOJIOrnuYeckoro my3sesa ®I'byY «BHUUKP»

Table

Taxonomic composition of the butterfly collection (Lepidoptera, Rhopalocera)
of FGBU “VNIIKR” Entomological Museum

Iloace-

meiictBo Tpuba
Subfamily Tribe

Buasl
Species

Iloace-
meiictBo Tpuba Buasl
Subfamily Tribe Species

CemeiicTBo Hesperiidae

Eudami- FEudamini Urbanus sp.,
nae Lobocla bifasciata (Bremer & Grey, 1853)
Pyrginae Tagiadini  Tagiades sp.
Carcharo- Carcharodus lavatherae (Esper, 1783)
dini
Erynnini  Erynnis tages (Linnaeus, 1758),
E. montanus (Bremer, 1861)
Pyrgini Pyrgus alveus (Hiibner, [1803]),
P. maculatus (Bremer & Grey, 1853)
Heterop- Heterop- Heteropterus morpheus (Pallas, 1771),
terinae terini Carterocephalus palaemon (Pallas, 1771)
Hespe- Thymelicini Thymelicus lineola (Ochsenheimer, 1808),
riinae T. sylvestris (Poda, 1761)

Hesperiini Ochlodes sylvanus (Esper, 1777)

CemeiicTBo Papilionidae

Papilio-
ninae

Leptocircini Iphiclides podalirius (Linnaeus, 1758),
Graphium eurypylus (Linnaeus, 1758),
G. agamemnon (Linnaeus, 1758),
G. sarpedon (Linnaeus, 1758)

Papilionini Papilio machaon Linnaeus, 1758,
P, xuthus Linnaeus, 1767,

P. demoleus Linnaeus, 1758,

P, polytes Linnaeus, 1758,

P. maackii Ménétriés, 1859,

P, protenor Cramer, [1775],

P, doddsi Janet, 1896,

P. andraemon (Hubner, [1823]),
P. garamas (Geyer, [1829]),

P, rutulus Lucas, 1852

Pachliopta hector (Linnaeus, 1758),
Atrophaneura varuna White, 1842,
Byasa alcinous (Klug, 1836)

Troidini

Parnas-
siinae

Luehdorfiini Luehdorfia puziloi (Erschoff, 1872)
Zerynthiini Zerynthia polyxena
(Denis & Schiffermiller, 1775)

Parnassiini Parnassius apollo (Linnaeus, 1758),
P, stubbendorfii Ménétries, 1849,
P. mnemosyne (Linnaeus, 1758)

CemeiicTBo Pieridae

Dismor- Dismor- Leptidea sinapis (Linnaeus, 1758),
phiinae  phiini L. amurensis (Ménétries, 1859),
Dismorphia thermesia (Godart, 1819)
Pierinae Teracolini Colotis danae (Fabricius, 1775)
Antho- Anthocharis cardamines (Linnaeus, 1758),
charidini  A. scolymus Butler, 1866,
Mathania leucothea (Molina, 1782),
Hebomoia glaucippe (Linnaeus, 1758)
Pierini Aporia crataegi (Linnaeus, 1758),

Pereute callinira Staudinger, 1884,
Pieris napi (Linnaeus, 1758),

P rapae (Linnaeus, 1758),

P, brassicae (Linnaeus, 1758),

P, dulcinea (Butler, 1882),

Pontia edusa (Fabricius, 1777),
Belenois sp.,

Delias hyparete (Linnaeus, 1758)

Eurema hecabe (Linnaeus, 1758),
E. daira (Godart, 1819),
Abaeis nicippe (Cramer, 1779)

Coliadinae Euremini

Gonioptery- Gonepteryx rhamni (Linnaeus, 1758),
gini G. aspasia Ménétries, 1859

Catopsilia pyranthe (Linnaeus, 1758),
C. pomona (Fabricius, 1775),

C. florella (Fabricius, 1775),

Colias erate (Esper, [1805]),

C. hyale (Linnaeus, 1758),

C. palaeno (Linnaeus, 1761),

C. croceus (Geoffroy, 1785),

C. myrmidone (Esper, 1781),

Phoebis sennae (Linnaeus, 1758)

Coliadini

CemeiicTBo Riodinidae

Nemeo- Nemeobiini Styx infernalis Staudinger, 1876
biinae

Riodini- Riodinini  Ancyluris meliboeus (Fabricius, 1777),
nae Amarynthis meneria (Cramer, [1776]),

Baeotis bacaenis Hewitson, 1874

CemeiicTBo Lycaenidae

Curetinae Curetini Curetis sSp.

Theclinae Theclini Favonius quercus (Linnaeus, 1758)

Eumaeini  Satyrium w-album (Knoch, 1782),
S. ilicis (Esper, 1779),

Callophrys rubi (Linnaeus, 1758)

Lycaena virgaureae (Linnaeus, 1758),
L. alciphron (Rottemburg, 1775),

L. tityrus (Poda, 1761),

L. dispar (Haworth, 1802),

L. thersamon (Esper, [1784]),

L. phlaeas (Linnaeus, 1761),

L. hippothoe (Linnaeus, 1761)

Lycae- Lycaenini

ninae

Celastrina argiolus (Linnaeus, 1758),
Glaucopsyche lycormas (Butler, 1866),
G. alexis (Poda, 1761),

Pseudophilotes vicrama (Moore, 1865),
Cupido minimus (Fuessly, 1775),

C. argiades (Pallas, 1771),

Tongeia fischeri (Eversmann, 1843),
Cyaniris semiargus (Rottemburg, 1775),
Aricia eumedon (Esper, 1780),

Polyom-
matini

Polyom-
matinae

Polyommatus eros (Ochsenheimer, 1808),

P. amandus (Schneider, 1792),

P icarus (Rottemburg, 1775),

P, tsvetajevi (Kurentzov, 1970),
Plebejus argus (Linnaeus, 1758),

P idas (Linnaeus, 1761),

P, christophi (Staudinger 1874),
Scolitantides orion (Pallas, 1771),
Phengaris ogumae (Matsumura, 1910),
Jamides celeno (Cramer, 1775),
Lampides boeticus (Linnaeus, 1767),
Cacyreus marshalli Butler, [1898]
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KONMNEKLIUN

COLLECTIONS

IMoace-
meiictBo Tpuba
Subfamily Tribe

Bugbl
Species

meiictBo Tpuba
Subfamily Tribe

Bugsl
Species

CemeiicTBo Nymphalidae s. 1.

Danainae Danaini

Parantica agleoides (C. & R. Felder, 1860),
Tirumala limniace (Cramer, [1775]),
Danaus plexippus (Linnaeus, 1758),

D. genutia (Cramer, [1779]),

D. eresimus (Cramer, [1777]),

D. gilippus (Cramer, [1775]),

D. chrysippus (Linnaeus, 1758),

D. erippus (Cramer, [1775]),

Euploea core (Cramer, [1780])

Ithomiini

Melinaea mothone (Hewitson, 1860),
Napeogenes inachia (Hewitson, 1855),
Ithomia sp.

Charaxi- Charaxini

Charaxes jasius (Linnaeus, 1767)

nae

Preponini  Archaeoprepona demophoon
(Linnaeus, 1758)
Anaeini Fountainea nessus (Latreille, [1813])

Morphinae Morphini

Morpho menelaus (Linnaeus, 1758)

Limeniti- Adoliadini

Lexias pardalis (Moore, 1878)

dinae

Limeniti-  Limenitis populi (Linnaeus, 1758),
dini L. camilla (Linnaeus, 1764),

L. reducta Staudinger, 1901
Neptini Neptis sappho (Pallas, 1771),

N. rivularis (Scopoli, 1763),

N. hylas (Linnaeus, 1758),

N. columella (Cramer, 1780),
Aldania raddei (Bremer, 1861)

Biblidinae Biblidini

Ariadne merione (Cramer, [1777])

Callicorini

Diaethria neglecta (Salvin, 1869)

Apaturi-  Apaturini
nae

Apatura iris (Linnaeus, 1758),

A. ilia (Denis & Schiffermiiller, 1775),
Mimathyma schrenckii (Ménétries, 1859),
Doxocopa laure (Drury, [1773]),

Nympha- Nymphalini
linae

Araschnia levana (Linnaeus, 1758),
Vanessa atalanta (Linnaeus, 1758),
V. cardui (Linnaeus, 1758),

V. carye (Hiibner, [1812]),
Nymphalis vaualbum ([Denis &
Schuffermiiller], 1775),

N. xanthomelas (Esper, [1781]),

N. antiopa (Linnaeus, 1758),
Aglais io (Linnaeus, 1758),

A. urticae (Linnaeus, 1758),
Polygonia c-album (Linnaeus, 1758),
P. c-aureum (Linnaeus, 1758)

Victorinini

Siproeta stelenes (Linnaeus, 1758),
Anartia amathea (Linnaeus, 1758),
A. jatrophae (Linnaeus, 1763)

Junoniini

Junonia evarete (Cramer, [1779]),

J. orithya (Linnaeus, 1758),

J. hierta (Fabricius, 1798),

J. iphita (Cramer, [1779]),

J. atlites (Linnaeus, 1763),

J. lemonias (Linnaeus, 1758),

J. erigone (Cramer, [1775]),
Hypolimnas bolina (Linnaeus, 1758)

Melitaeini

Euphydryas aurinia (Rottemburg, 1775),
E. maturna (Linnaeus, 1758),

Mellicta athalia (Rottemburg, 1775),

M. britomartis (Assmann, 1847),

M. ambigua (Ménétries, 1859),

M. aurelia (Nickerl, 1850),

Melitaea diamina (Lang, 1789),

M. cinxia (Linnaeus, 1758),

M. phoebe ([Denis & Schiffermtiller], 1775),
M. trivia (Denis & Schiffermiiller], 1775),

Melitaeini

M. didyma (Esper, [1778])),
Telenassa delphia (C. & R. Felder, 1861),
Tegosa sp.

Acraeini

Acraea uvui Grose-Smith, 1890,
A. amicitiae Heron, 1909,
Altinote alcione (Hewitson, 1852),
A. negra (C. & R. Felder, 1862)

Heliconiini

Agraulis vanillae (Linnaeus, 1758),
Dryas iulia (Fabricius, 1775),
Heliconius charithonia (Linnaeus, 1767)

Vagrantini

Phalanta phalantha (Drury, [1773]),
Cirrochroa thais (Fabricius, 1787)

Argynnini

Argynnis paphia (Linnaeus, 1758),

A. aglaja (Linnaeus, 1758),

A. adippe ([Denis & Schuffermiiller], 1775),
A. niobe (Linnaeus, 1758),

A. pandora([Denis & Schuffermiiller], 1775),
A. laodice (Pallas, 1771),

Brenthis hecate ((Denis & Schuffermiiller],
1775),

B. ino (Rottemburg, 1775),

Issoria lathonia (Linnaeus, 1758),

Boloria selene ((Denis & Schuffermiller],
1775),

B. euphrosyne (Linnaeus, 1758),

B. dia (Linnaeus, 1767),

B. caucasica (Lederer, 1852)

Haeterini

Cithaerias pyropina(Salvin & Godman, 1868)

Melanitini

Melanitis leda (Linnaeus, 1758)

Lethini

Lethe kansa (Moore, 1857),

L. diana (Butler, 1866),

Kirinia climene (Esper, 1783),
Lasiommata megera (Linnaeus, 1767),
L. maera (Linnaeus, 1758),

Lopinga achine (Scopoli, 1763),
Pararge aegeria (Linnaeus, 1758),
Mycalesis mineus (Linnaeus, 1758)

Satyrini

Coenonympha pamphilus (Linnaeus, 1758),
C. arcania (Linnaeus, 1761),

C. leander (Esper, 1784),

C. glycerion (Borkhausen, 1788),

C. hero (Linnaeus, 1761),

Erebia ligea (Linnaeus, 1758),

E. aethiops (Esper, 1777),

E. neriene (Bober, 1809),

E. cyclopius (Eversmann, 1844),

E. wanga Bremer, 1864,

Aphantopus hyperantus (Linnaeus, 1758),
Maniola jurtina (Linnaeus, 1758),
Hyponephele lycaon (Rottemburg, 1775),
H. lupina (Costa, 1836),

Pyronia tithonus (Linnaeus, 1771),
Proterebia afra (Fabricius, 1787),
Melanargia galathea (Linnaeus, 1758),
M. russiae (Esper, 1783),

M. hylata (Ménétries, 1832),

Arethusana arethusa (Denis & Schiffer-
muiiller, 1775),

Brintesia circe (Fabricius, 1775),
Hipparchia fagi (Scopoli, 1763),

Chazara briseis (Linnaeus, 1764),

Minois dryas (Scopoli, 1763),

Satyrus ferula (Fabricius, 1793),
Oressinoma typhla Doubleday, [1849],
Pareuptychia ocirrhoe (Fabricius, 1776)

Despanb Ne 1 (13) 2023 17



KONMNEKUMMN  COLLECTIONS

TpynInon mJyisi MoOpdOJTOTUYECKUX, SBOJTIOIUOHHBIX
U TeHeTHYecKux rccaemopanu (Bym, 2011; Kovalen-
ko, Kolesnichenko, Kudryavtseva, 2020; Pazhenkova,
Lukhtanov, 2021; Tahami et al., 2021; Kolesnichenko,
Kotlobay, 2022 u gp.).

BOJbUIMHCTBO POMOB IIALIEeYHUI] COCPEHOTO-
yeHo B HoBoM CBeTe, C IIEHTPOM BUIOBOTO Pa3sHO-
obpasusa B HeoTpomnukax, B CtapoM CBeTe OHM 06U-
TawT QaKTUUYeCcKd TOJbKO B [lanmeapkTuke. Cpenu
mamevHul; Ctaporo CBeTa TPagUIIMOHHO BhIAEJISIIN
3 poma — Euphydryas Scudder, 1872, Melitaea Fabricius,
1807 u Mellicta Billberg, 1820 (Higgins, 1955; Tuzov
et al., 2000 u mp.), omHAKO B TIOCTEHEE BPEMS CyIIle-
CTBYeT TEHJIEHIIVS paccMaTpuBaTh Mellicta B KauecTBe
nozxpona 6osbuioro poga Melitaea (Wahlberg, Zim-
mermann, 2000; Oorschot, Coutsis, 2014; Jly6aTooB,
JIeBoBCKU, CTpesbioB, 2019 u ap.). B dhoHme ume-
eTcs 11 BUIOB NIAIIEYHUIL 9TUX TPEX I'PYIII, BCE OHU
npuBoaATca B Tabnuile. M3 Melitaeini HoBoro CBera
TIOKa CMOHTUPOBAHO 2 IpenacTaBuTens: Telenassa del-
phia (C. & R. Felder, 1861) u3 Koixymbuu u Tegosa Sp.
u3 Ilepy, co6parHbie corpynHuKamu ®I'BY « BHUUKP»
BO BpeMs SHTOMOJIOTUYECKUX dKCIIenumnui. lllamey-
HUIIBI, XpaHa1uecs B QOHJE, UCTIOJNb3YIOTCS IJIs
COBMECTHBIX ITPOEKTOB C COTPYAHUKAMU Kadempsl
SHTOMOJIOTUM GuojJoruveckoro ¢gakyabrera MI'Y
uM. M.B. JloMoHOCOBa 1 300JIOTUUYECKOT0 UHCTUTYTA
PAH, B TOM 4ncJiie U AJig BbIIOJHEHNSI KaHIUZATCKUX
¥ IOKTOPCKUX JUCCEPTAIIUT.

ITomceMetricTBo Heliconiinae mpencTaBiIeHO
B (hoHZE BCEMU YEThIPbMS TpUbaMu MUPOBOH (hayHBbI.

V3 Tpubbl Acraeini B KOJJIEKITUY UMeEIOTCSI ad-
pukaHckue Acraea uvui Grose-Smith, 1890 u A. amici-
tiae Heron, 1909, co6panHble B Pyanme u KeHuu,
a Taxxe Altinote alcione (Hewitson, 1852) u A. negra
(C. &R. Felder, 1862), co6panHbIe B [1epy.

Heorpomuueckas Tpuba Heliconiini mpexncrasie-
Ha TpeMs Bumamu — Agraulis vanillae (Linnaeus, 1758),
Dryas iulia (Fabricius, 1775) u Heliconius charithonia (Lin-
naeus, 1767). IlocneaHuii, ©3BECTHBIH 1O HAPOLHBIM
HasBaHMEM «JIMHHOKpbLIasg 3e6pa» (zebra longwing),
Kak U paj Opyrux BumoB poxa Heliconius Kluk, 1780,
WHTEePEeCeH YHUKAJIbHBIM GPauHbIM IOBEJIEHUEM — TaK
Ha3bIBAEMBIM KYKOJIOUHBIM cITapuBaHueM (pupal mat-
ing). CaMel] UIIET KYKOJIKY Ha KOPMOBBIX PACTEHUIX
TYCEHUII ¥ CaINTCS Ha Hee HaKaHyHe BbIXo/a 6a609ky,
4yTOOBI KaK MOXKHO paHbIle cnaputhbes (Beltran et al.,
2007). CunTaeTcs, YTO TaKas CTpaTerus [IOMOraeT 13-
6eraTh OMMOOK MEXBUOBOTO CKPEIIUBAHUS Y MUMe-
TUYECKUX BUIOB 3TOU I'PYIIThl 6a60UeK, 60IbITMHCTBO
KOTOPBIX, KaK N3BECTHO, OTJIMYAIOTCS 10 HAJIMYUKIO MJIN
OTCYTCTBUIO JAaHHOU ocobeHHocTu oBenenms (Gilbert,
1991). B Kojtekuu mMelTcsa ocobu H. charithonia,
noiiMaHHbIe Ha Ky6e (puc. 6a).

Vi3 npepcraBuTesiedt Tpubel Vagrantini B ¢oH-
Ile XpaHsaTcs cobpanublie B Uunuu Phalanta phalantha
(Drury, [1773]) u Cirrochroa thais (Fabricius, 1787).

Tpuba Argynnini, uiu [IepiaMyTPOBKH, TIpe-
CTaBjieHa B KOJUJIEKIIMU My3es MajleapKTUYeCKUMU
TaKCOHaMM, IPUBEIEHHBIMU B Ta0IUIIE.

[IpexncraBuTeN U MojceMelicTBa Satyrinae, MHO-
rIa pacCMaTpPUBaeMOro B KAUeCTBE CAMOCTOSITEIbHO-
ro ceMelicTBa Satyridae, UMelOT xapakTepHbIe UePThI:
B3AYThIE XXUJIKY Y KOPHS ITePeHET0 KPbLJa, «CKavy-
UH», 3aTPYAHIIONIUY TpecaeJoBaHYe TT0JIET, TOHKYE
YCUKU U, KaK ITPaBUJIO, HESIPKYI0 OKPACKY KPBLIbEB —
OypPyI0, OXPUCTYIO0, UEPHYIO WX KOPUYHEBYI, MHOTIA

consider Mellicta as a subgenus of the large genus Meli-
taea (Wahlberg, Zimmermann, 2000; Oorschot, Cout-
sis, 2014; Dubatolov, Lvovsky, Streltsov, 2019 et al.).
There are 11 Melitaeini species of these three groups
in the fund, all of them are listed in the table. So far
2 representatives from Melitaeini from New World
have been mounted: Telenassa delphia (C. & R. Felder,
1861) from Colombia and Tegosa sp. from Peru, collect-
ed by FGBU “VNIIKR” specialists during entomological
expeditions. The fritillaries stored in the fund are used
for joint projects with researchers of the Entomology
Department, Faculty of Biology, M.V. Lomonosov Mos-
cow State University, and the Zoological Institute of
the Russian Academy of Sciences, including for the
implementation of PhD and Advanced Doctoral dis-
sertations.

The subfamily Heliconiinae is represented in the
fund by all four tribes of the world fauna.

The tribe Acraeini is represented in the collection
by African Acraea uvui Grose-Smith, 1890 and A. amici-
tiae Heron, 1909, collected in Rwanda and Kenya, as
well as Altinote alcione (Hewitson, 1852) and A. negra
(C. & R. Felder, 1862), collected in Peru.

Neotropical tribe Heliconiini is represented by
three species — Agraulis vanillae (Linnaeus, 1758), Dryas
iulia (Fabricius, 1775) and Heliconius charithonia (Lin-
naeus, 1767). The latter, known by the popular name
“zebra longwing”, like some other species of the genus
Heliconius Kluk, 1780, is interesting for its unique mat-
ing behavior — the so-called pupal mating. The male
looks for a pupa on caterpillar host plants and sits there
waiting for the butterfly’s release in order to mate as
early as possible (Beltran et al., 2007). This strategy
is believed to help avoid interbreeding errors in the
mimetic species of this group of butterflies, most of
which are known to differ in the presence or absence
of this behavioral feature (Gilbert, 1991). The collec-
tion contains individuals H. charithonia collected in
Cuba (Fig. 6a).

The tribe Vargantini is represented in the fund by
Phalanta phalantha (Drury, [1773]) and Cirrochroa thais
(Fabricius, 1787) from India.

The tribe Argynnini is represented in the muse-
um collection by the Palearctic taxa shown in the table.

Representatives of the subfamily Satyrinae, some-
times considered as an independent family Satyridae,
have characteristic features: swollen veins at the base
of the forewing, “jumping” flight that makes it difficult
to pursue, thin antennae and, as a rule, a dull color of
the wings — brown, buffy, black or brown, sometimes
with white elements. On the wings there are often ring-
shaped spots called eyes. There are 4 Satyrinae tribes
in the entomological fund (see Table).

Neotropical tribe Haeterini is considered the
most archaic (Miller, 1968). The fund contains Cithaeri-
as pyropina (Salvin & Godman, 1868) collected in Peru
(Fig. 6b). Butterflies of this group are distinguished by
an unusual appearance for Satyrinae — their transpar-
ent wings have almost completely lost their scales, but
there are bright elements of the pattern on the hind
wings. Species of the genus Cithaerias Hiibner, [1819]
occur in shaded areas of the rainforest, hiding high in
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C sJeMeHTaMu 0eJIoTo 1BeTa. Ha KpPhLIbsSX YaCcTO UMe-
I0TCSI KOJIbIleoOpas3Hble MATHA — TJIa3KU. B 9HTOMOJIO-
ruyeckoM (hOoHIEe UMEITCSI 4 TPUObI cAaTUPUH (CM. Tab-
JIULLY).

HeoTponuueckas Tpuba Haeterini cumuraeTcs Hau-
6ostee apxanuHoii (Miller, 1968). [IpencrasiieHa B poHzIe
Cithaerias pyropina (Salvin & Godman, 1868), co6paHHbIM
B Ilepy (puc. 6b). BabouKY 3TOM I'PYMIITEI OTINUATCSI
HEeOObIUYHBIM [IJIST CATUPUH 0OJIMKOM — UX IIPO3PadyHbIe
KPbLIbSI TPaKTUYECKY ITOJTHOCTBIO YTPATUIIN YETTyHKY,
OJIHAKO Ha 33/THUX KPbLIbSIX UMEITCS SPKUE 3JIEMEHTHI
pucynka. Bupgsl pona Cithaerias Hiibner, [1819] o6uTtatoT
B 3aTE€HEHHBIX MecTaxX TPOIIMUYECKOTO Jieca, IpsgJyach
BBICOKO B KPOHAX WJIX TIIYOOKO B 3aPOCIISX, ¥ MX GHOJIO-
r'vs U3ydeHa cjiabo, OHAKO B TTOCJEHUE FO/Ibl CTAJIN
MIOSIBJISTHCS PABOTHI I10 ITPeNMarnHaJlbHbIM CTAAUIM
otaesbHbIX BuAoB (Murillo-Hiller, 2009).

HeMHOrouucjaeHHas, HO paclIpocTpaHeHHad
I10 BceMy cBeTy Tpuba Melanitini mpezgcTraBieHa B hoH-
ne Melanitis leda (Linnaeus, 1758), cobpaHHbIM B VH-
nuu. Babouka o6JialaeT TEPPUTOPUATbHBIM TTOBEEe-
HUEM U SBJIAETCS YIOGHBIM MOJIEbHBIM 06 EKTOM JIJIS
M3y4YEHMs TAKTUKY CIIAaPUBAHUS Y CYMEPEYHBIX BUIOB
(Kemp, 2002).

Kpynuasa Tpub6a Lethini mpexncraBieHa B GhoH-
e HeCKOJIbKUMU Bugamu: Lethe kansa (Moore, 1857)
u3 Bupmel u L. diana (Butler, 1866) c octpoBa KyHaniup;
Kirinia climene (Esper, 1783), Lasiommata megera (Lin-
naeus, 1767), L. maera (Linnaeus, 1758), Lopinga achine
(Scopoli, 1763) u Pararge aegeria (Linnaeus, 1758)
u3 EBpomnelickoli Poccun u Apyrux crpaH EBpOIHL,
a Takxe Mycalesis mineus (Linnaeus, 1758) u3 HauN.

W3 Tpubnl Satyrini — HauboJiee 6oraToM 110 BUIO-
BOMY Pa3HO00pa3uio — K HACTOSANEMY MOMEHTY B 9H-
TOMOJIOTMUECKUH My3el IocTaBjeHo 27 BUIOB. Poj
Coenonympha Hiibner, [1819] BkyItouaeT U3 XpaHIIIUX-
ca B houge C. pamphilus (Linnaeus, 1758), C. arcania
(Linnaeus, 1761), C. leander (Esper, 1784) u C. glycerion
(Borkhausen, 1788), cobpaHHbBIX B €BPOIIENCKOM YacTU
Poccun, a Taxkxe C. hero (Linnaeus, 1761) u3 3abaiika-
Jabsa u [Ipumopbs. VI3 poma Erebia Dalman, 1816 — Tak
Ha3bIBAEMBIX UEPHYIUIEK — B KOJJIEKIIUU UMEKTCS
E. ligea (Linnaeus, 1758) (puc. 1i) m3 MypMaHCKO} 06-
nactu, E. aethiops (Esper, 1777) u3 KpacHogapcKoro
Kkpad, E. neriene (Béber, 1809) 3 3abaiikaabs, a TaKXKe
E. cyclopius (Eversmann, 1844) u E. wanga Bremer, 1864
u3 [[pumopsda. I3 gpyrux ponoB B KOJJIEKIUU UMe-
1oTcs Aphantopus hyperantus (Linnaeus, 1758), Maniola
jurtina (Linnaeus, 1758), Hyponephele lycaon (Rottem-
burg, 1775), H. lupina (Costa, 1836), Pyronia tithonus
(Linnaeus, 1771), Proterebia afra (Fabricius, 1787),
Melanargia galathea (Linnaeus, 1758), M. russiae (Esper,
1783), M. hylata (Ménétries, 1832), Arethusana arethusa
(Denis & Schiffermiller, 1775), Brintesia circe (Fabricius,
1775), Hipparchia fagi (Scopoli, 1763), Chazara briseis
(Linnaeus, 1764), Minois dryas (Scopoli, 1763) u Satyrus
Sferula (Fabricius, 1793). VI3 TPOIUYECKUX TIPE/ICTaBU-
Tesieli Satyrini B hoHie mocTaByieHbl Oressinoma typhla
Doubleday, [1849] u Pareuptychia ocirrhoe (Fabricius,
1776), cobpanHble B [1epy.

3AKJIIOYEHUE

Kosiekiiyisg 6y/1aBoyChIX YellyeKPbLIbIX S HTOMOJIOTU -
yeckoro myseqa ®I'BY «BHUMKP» Ha IpeBapUTEeIbHOM
aTare paboTsl HacunThiBaeT 240 BUIOB, OTHOCSIIUX-
cs K IIeCTU ceMelcTBaM, U COCTaBJsIeT 773 3K3eM-
nngpa. Koinekuus uMeeT HaydHOe, UCTOPUYECKOE,

the crowns or deep in the thickets, and their biology is
poorly understood, however, in recent years, work has
begun to appear on the preimaginal stages of individu-
al species (Murillo-Hiller, 2009).

A small but widespread tribe Melanitini is repre-
sented in the fund by Melanitis leda (Linnaeus, 1758)
collected in India. The butterfly has territorial behavior
and is a convenient model object for studying mating
tactics in twilight species (Kemp, 2002).

The large tribe Lethini is represented in the fund
by several species: Lethe kansa (Moore, 1857) from Bur-
ma and L. diana (Butler, 1866) from Kunashir Island;
Kirinia climene (Esper, 1783), Lasiommata megera (Lin-
naeus, 1767), L. maera (Linnaeus, 1758), Lopinga achine
(Scopoli, 1763) and Pararge aegeria (Linnaeus, 1758)
from European Russia and other European countries,
as well as Mycalesis mineus (Linnaeus, 1758) from India.

The richest in species diversity tribe Satyrini is
represented in the entomological museum by 27 spe-
cies. The genus Coenonympha Hiibner, [1819] includes
from those stored in the fund C. pamphilus (Linnaeus,
1758), C. arcania (Linnaeus, 1761), C. leander (Esper,
1784) and C. glycerion (Borkhausen, 1788), collected in
the European part of Russia, as well as C. hero (Linnae-
us, 1761) from Transbaikalia and Primorye. The ge-
nus Erebia Dalman, 1816 is represented in the fund
by E. ligea (Linnaeus, 1758) (Fig. 1i) from Murmansk
Oblast, E. aethiops (Esper, 1777) from Krasnodar Krai,
E. neriene (Bober, 1809) from Transbaikalia, E. cyclopi-
us (Eversmann, 1844) and E. wanga Bremer, 1864 from
Primorye. From other genera in the collection there are
Aphantopus hyperantus (Linnaeus, 1758), Maniola jurti-
na (Linnaeus, 1758), Hyponephele lycaon (Rottemburg,
1775), H. lupina (Costa, 1836), Pyronia tithonus (Linnae-
us, 1771), Proterebia afra (Fabricius, 1787), Melanar-
gia galathea (Linnaeus, 1758), M. russiae (Esper, 1783),
M. hylata (Ménétries, 1832), Arethusana arethusa (Denis
& Schiffermiller, 1775), Brintesia circe (Fabricius, 1775),
Hipparchia fagi (Scopoli, 1763), Chazara briseis (Linnae-
us, 1764), Minois dryas (Scopoli, 1763) and Satyrus feru-
la (Fabricius, 1793). The tropical species of Satyrini are
represented in the fund by Oressinoma typhla Doubleday,
[1849] and Pareuptychia ocirrhoe (Fabricius, 1776), col-
lected in Peru.

CONCLUSION

The butterfly collection of the FGBU “VNIIKR” Ento-
mological Museum at the preliminary stage of work
includes 240 species belonging to six families, and
amounts to 773 specimens. The collection has a sci-
entific, historical, educational and aesthetic value and
will be replenished with further collections and pro-
duction of material.
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AHHOTALIUA
Pop Begomovirus — ogyuH 13 HanboJiee KPYITHBIX CPeAr
ponoB (UTOIIaTOTEHHBIX BUPYCOB. [IpeacTaBUTENU
9TOTr0 POZA 3apa’kal0T ABYIOJIbHbIE PACTEHUS U IIe-
penmarTca TabauHOM 6eJIOKPBLIKOM. PaHee 9TOT poj
OBLT M3BECTEH TAaK)Ke KaK moArpymra Il reMuHuBUPY-
COB, WJIY TPYIINIa BUPYyca 30JI0TUCTON Mo3anuKu 60608B.
Bupyc XenToi KypyaBocTy JucTbeB ToMaTta (TYLCV),
BUPYC XKEJTOW Kyp4yaBOCTU JIUCTbeB ToMaTta Capau-
Hus (TYLCSV), BUpyC Kyp4yaBOCTU JIUCTbEB TOMATa
Hreto-Zlenu (TOLCNDV) BXOAST B COCTaB poza Begomo-
Virus v IBJISI0TCS OMACHBIMU MaTOT€HAMU OBOIHBIX
KYJbTYP B OTKPBITOM U 3aIIUIIEHHOM I'PyHTE. Bce 3T
BUPYChI OTCYTCTBYIOT Ha TEPPUTOPUU Poccuiickoit
®enepanuy, a TYLCV BKIOYeH B EXMHBIN ITepeyveHb
KapaHTUHHBIX 00beKTOB EBpasuiicKoro 3KoHOMUYe-
ckoro cotoza (EAJC). [ToTepu ypoxxas ToMara, Iepliia,
LIYKWHU U JPYTUX OBOIIHBIX KYJIbTYP B Pe3yJIbTATe 3a-
pakeHud 3TUMU IIaToreHaMu Moryt gocturarb 100%.
CBOeBpeMeHHOE BhISIBJIEHVE 3apakeHHBIX PACTEHUN
MMeeT Ba)kKHelIee 3HaUEHNE IJI IPegOoTBPaIleHUs
IIPOHVKHOBEHUS BUPYCOB Ha TePPUTOPUI0 PD 1 ux
pacrpocTpaHeHus Ha Hell. O6beKTUBHOE BBISIBIEHNE
0c0060 OTTaCHBIX BUPYCOB poa Begomovirus v ux uieH-
TUGUKAINA 0 YPOBHS POZJA U BH/IAa BO3MOXKHBI JINIITh
Ha OCHOBE UCII0JIb30BAHUSI COBPEMEHHBIX METO/IOB Jia-
60paTOpPHOI IMarHOCTUKU. B X0/ie McciaeloBaHUM aB-
TOpaMU CTaThbU MIPOTECTUPOBAHBI 7 TTap YHUBEPCAJb-
HBIX U 4 TIapbl BULOCHIEU(PUUHBIX IPaliMepoB g
IIPOBENEHUS KJIACCUUYECKOH ITONMMePa3sHoH IIeITHON
peaxkimuu (TTLP) u 1P B peanbHOM BpeMeHu. Ompe-
JleJieHbl IpaliMephl, T03BOJISAIONINE TIPOBOIUTD VHU-
BepcajJbHOE BhIIBJIEHVE KOMILJIEKCa 6ETOMOBUPYCOB
Ha OBOIIHBIX KyJIbTypax. [TpoBefeHa oTpaboTKa MyJib-
TUTLIeKCHOU [TLIP 11 BBIIBIEHUS 1 UAeHTUPUKAIIUN
TYLCV u TYLCSV omHOBpeMeHHO. ABTOpaMu CTaTbU
paspaboTaHbl IpaliMephl, XapaKTePU3yIIuecs BbI-
cokoii crienupuuHocThio K TYLCV u TYLCSV.

Knwuesovle cnoéa. beroMoBUPYChI, BBISIBIEHUE
U uAeHTUDUKAIIYS, TToIuMepa3Has IelHas peaKiusd,
TecT-cucTeMbl, ipaiiMepsl, TYLCV, TYLCSV, TOLCNDV.
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ABSTRACT
The genus Begomovirus is one of the largest among the
genera of phytopathogenic viruses. Representatives of
this genus infect dicotyledonous plants and are trans-
mitted by the silverleaf whitefly. Previously, this genus
was also known as subgroup III of the geminiviruses,
or the Bean golden mosaic virus group. Tomato yel-
low leaf curl virus (TYLCV), Tomato Yellow Leaf Curl
Sardinia Virus (TYLCSV), Tomato leaf curl New Delhi
virus (ToLCNDV) belong to the genus Begomovirus and
are serious pathogens of vegetable crops in open and
protected ground. All these viruses are absent on the
territory of the Russian Federation, and TYLCV is in-
cluded in the Common List of Quarantine Pests of the
Eurasian Economic Union (EAEU). Yield losses of to-
mato, pepper, zucchini and other vegetable crops as
a result of infection with these pathogens can reach
100%. Timely detection of infected plants is essential
to prevent the entry of viruses into the territory of the
Russian Federation and their spread on it. Objective
detection of especially dangerous viruses of the Bego-
movirus genus and their identification to the level of
genus and species is possible only through the use of
modern methods of laboratory diagnostics. During the
research, the authors of the article tested 7 pairs of uni-
versal and 4 pairs of species-specific primers for classi-
cal polymerase chain reaction (PCR) and real-time PCR.
Primers have been identified that allow universal de-
tection of the begomovirus complex on vegetable crops.
Multiplex PCR was tested to detect and identify TYLCV
and TYLCSV simultaneously. The authors of the article
developed primers with high specificity for TYLCV and
TYLCSV.

Key words. Begomoviruses, detection and
identification, polymerase chain reaction, test
systems, primers, TYLCV, TYLCSV, ToLCNDV.
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BBEJEHUE

a MOCJEe[HIOK YeTBePTh BeKa AJd MU-
POBOTO CEeJIbCKOTO XO03sdKCcTBa 0coboe
3HaUYeHWe MPuobpesu BUPYCHI, pac-
IpocTpaHswuecs  6eJIOKPbhUIKaMU
u Tpuncamu. IIpex/ie BCero 3To OTHO-
CUTCS K IIPeJICTaBUTEIIIM Poza Begomo-
Virus, OCHOBHBIM [I€EPEHOCUYUKOM KOTO-
pBIX gBjsgeTcs TabauHas GeIoKpBLIKA
Bemisia tabaci.

Poxn Begomovirus BXOAUT B ceMeHcTBO Geminivi-
ridae. [eMUHUBUPYCHI — 3TO CeEMeNCTBO HEOOIBIINX
(110 BeIMYMHE BUPMOHOB) BUPYCOB PACTEHUM, TEHOMBI
KOTOPBIX COZLEP’KaT OJHY UJHU JIBE OJHOIeIIOUeUHble
konbLeBble JHK pasmepoM 2,5-5,2 Teicauu nap HyK-
JeoTunos (II. H.).

Poxn Begomovirus SBISETCSA CaMbIM KPYIIHBIM B Cce-
MeticTBe Geminiviridae. B HacTosiIee BpeMsi OH BKJTIO-
vaeT 425 Bugos (EPPO, 2022). 133 Buza 3TOro poja
TTOPaXkaroT TOMAT, 10 KpaliHel Mepe 34 BCTpedaroTcs
Ha pa3JIMYHbIX BUAAX U TTOABUIAX KYIbTYPHOIO IIEPIIA,
Ha TBIKBEHHBIX M3BECTHBI 27 BULOB 6ETOMOBUPYCOB,
a Ha 6060BBIX KYJIbTYpax — 31 BU/I.

[TepBOHAYaJIbHO, HA OCHOBAHWU CPAaBHEHUS T10JI-
HOT€HOMHBIX TIOCJIEIOBATEIbHOCTEN, BCE U3BECTHBIE
BUbI 6ETOMOBUPYCOB OBbLIM pasfiesieHbl Ha 6 TPYIII,
B3aMMOCBSI3aHHBIX C UX reorpaduyuecKuM pacipo-
cTpaHeHueM: 1) rpymnmna BauwxHero Boctoka u IleH-
TpaJbHOUM Asuu; 2) rpymnma 3anagHoro CpeguseM-
HOMOPbS; 3) rpynna MHAUNCKOTO CYOKOHTUHEHTA;
4) rpynna CeBepHolt Adpuku u Caxapsl; 5) rpynmna
Bocrounoi#i, I0ro-BocTouHOo! A3uu U ABCTpAJIUU;
6) rpymma 3amnajHoro mojyinapus, Bkiawyasa CIIA,
Mekcuky, LlenTpanbHyo AMepuky, I0xkHy10 AMEpUKy
u Kapubckue oCcTpoBa, 3a UCKJIHUYEHUEM W30JISITOB
TYLCV cpenn3eMHOMOPCKOIO TIPOUCX0XKAEHU s, pac-
MPOCTPAHUBUINXCA B 3TOM perruone (Brown, 2010).

[To3nHee TPyNIION aBTOPOB IPOBENEH aHANIU3
3123 moJIHOpa3MePHLIX ITocaemoBaTebHOCTEM JIHK-A
pas3IMUHBIX 6€TOMOBUPYCOB, IOCTYITHBIX B 6a3ax JaH-
HBIX IT0 COCTOSTHUIO Ha Jekabphb 2012 1. Ha ocHOBaHUU
9TOT0 aHain3a MIpelJiokeHa HOBas Kjaaccuukaims
poxa Begomovirus, Bkatouaroias 38 moarpyrn (Brown
etal., 2015).

TYLCV u TYLCSV BxopdT B [lepeueHb KapaHTUH-
HBIX BPEIHBIX OPTaHU3MOB EBporietickoii u CpemseM-
HOMOPCKOM OpraHu3aliuy 10 KapaHTUHY U 3allUTe
pactenuii (EOK3P), a TYLCV — B EnuHBIN IepedyeHb
KapaHTUHHBIX 00beKT0B EASC. ToLCNDV BXOmUT
B CurHa/NbHBIN TepeueHb EOK3P, moaToMy MoKapaH-
TUHHBIN MaTepuaJl BOCTIPUUMYUUBbBIX PACTEHUN-X035-
€B 11eJ1eco06pa3HO TECTUPOBATh HA HAJIUYME STUX BU-
JIOB BPEeNOHOCHBIX 6eroMOBUPYCOB. OMHUM U3 TyTel
YMeHBIUIeHUSI KOJINUEeCTBAa U TPYA0EMKOCTU TECTOB SIB-
JISIETCS UCII0JIb30BaHYE TEXHOJIOTUY MYJIbTUILJIEKCHOM
[T11P, koTOpas MMo3BOJIIET OLHOBPEMEHHO JUATrHOCTU-
pOBaTh He MeHee IByX 06beKTOB.

MATEPUAJIBI U METO/IbI

ViccnenmoBaHus TPOBENEHBI HAa 6a3e HAYYHOTIO IO pas-
nenennsa ®I'BY « BHUVKP». OcHOBHBIMU 00beKTaMU
UCCJIeIOBAHUY SIBJISIVCH CIIELYIONUINE TPEICTaBUTEN N
pozna Begomovirus, 3apa)kaioliie OBOLUIHbIE KYJIbTYPhI:
BUPYC JKeJITOM KypuaBoCTH iucTheB ToMarta (TYLCV),
BUPYC XKEeJITOM KypuyaBOCTY JUCTbeB ToMaTa Capau-
uug (TYLCSV), BUpyC KypuyaBOCTHU JUCTbEB TOMATa
Heto-Zlenu (TOLCNDV), Bupyc Mo3auKu ahpruKaHCKOM

INTRODUCTION

ver the past 25 years, viruses spread by

whiteflies and thrips have acquired par-

ticular importance for world agriculture.

First of all, this applies to representatives

of the genus Begomovirus, the main vector of
which is the silverleaf whitefly Bemisia tabaci.

The genus Begomovirus belongs to the family Ge-
miniviridae. Geminiviruses are a family of small (viri-
on-sized) plant viruses whose genomes contain one or
two single-stranded circular DNAs 2.5-5.2 kb in size.

The genus Begomovirus is the largest in the family
Geminiviridae. It currently includes 425 species (EPPO,
2022). 133 species of this genus infect tomato, at least
34 occur on various species and subspecies of cultivat-
ed pepper, 27 species of begomoviruses are known on
cucurbits, and 31 species on legumes.

Initially, based on a comparison of genome-wide
sequences, all known begomovirus species were divid-
ed into 6 groups, interconnected with their geographi-
cal distribution: 1) the group of the Middle East and
Central Asia; 2) Western Mediterranean group; 3) In-
dian subcontinent group; 4) group of North Africa and
Sahara; 5) group of East, Southeast Asia and Australia;
6) Western Hemisphere group including USA, Mexico,
Central America, South America and the Caribbean,
excluding TYLCV isolates of Mediterranean origin that
have spread in this region (Brown, 2010).

Later, a group of authors analyzed 3123 full-length
DNA-A sequences of various begomoviruses available
in databases as of December 2012. Based on this ana-
lysis, a new classification of the Begomovirus genus was
proposed, including 38 subgroups (Brown et al., 2015).

TYLCV and TYLCSV are included in the List of
Quarantine Pests of the European and Mediterranean
Plant Protection Organization (EPPO), and TYLCV is in-
cluded in the Common List of Quarantine Pests of the
EAEU. ToLCNDV is on the EPPO Alert List, so regulated
material from susceptible hosts should be tested for
these harmful begomovirus species. One of the ways
to reduce the number and complexity of tests is to use
multiplex PCR technology, which allows you to simul-
taneously diagnose at least two objects.

MATERIALS AND METHODS

The studies were carried out on the basis of the scien-
tific division of FGBU “VNIIKR”. The main objects of re-
search were the following representatives of the genus
Begomovirus that infect vegetable crops: Tomato yellow
leaf curl virus (TYLCV), Tomato Yellow Leaf Curl Sar-
dinia Virus (TYLCSV), Tomato leaf curl New Delhi virus
(ToLCNDV), African cassava mosaic virus (ACMV), Bean
golden mosaic virus (BGMV) and Watermelon chloro-
tic stunt virus (WmCSV). The experiments were carried
out with the following reference begomovirus isolates
from the DSMZ collection (Germany): TYLCV PC-0560,
TYLCV PV-0844, TYLCV PC-0588, TYLCSV PV-0561,
TYLCSV PC-0596, ToLCNDV PC-1109, ToLCNDV PC-
1111, ACMV PC-0873,BGMV PC-0094, BGMV PV-0462,
WmCSV PC-0830, as well as with a positive control for
ELISA to TYLCV by Adgen (Great Britain) and isolate
Kaz-1 (VNIIKR).
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Ta6auia 1
XapaKTepHCTHKA IpaiiMepoB, HCIIBITAHHBIX B HCCJIEI0OBAHUH
Table 1
Characteristics of primers tested in the study
JauHa TemiiepaTypa
OOBEKT, MUILLIEHb npoaykra oT:xura (°C),t°C
HasBaHue B reHoMe (m. H.) Temperature
npaiimepa Object, target IMociegoBaTeJIbHOCTD 5° >3’ Product of annealing ABTOp
Primer name in the genome Sequence 5'-3’ length (bp) (°C),t°C Author
GemCP-V-5'  Begomovirus spp., GGR TTN GAN GCR TGH GTA CAY G 600 58 Lecoq,
(A1GemCP-V) reH 6eyika 060JI0UYKH Desbiez,
GemCP-C-3' g;i-ﬁf coat protein GCC YAT RTA YAG RAA GCC MAG AU
(A1GemCP-V) '
AV-494 Begomovirus spp., GCC YAT RTA YAG ARA GCC MAG  550-575 60 Wyatt,
reH 6ejika 060JI0YKUA Brown,
AC-1048 JTHK-A GGR TTD GAR GCA TGH GTA CAT G 1996
gene of coat protein
DNA-A
TY1-6F Begomovirus spp., GCC CAT GWA YMG RAA RCC 580 58 Saison,
TY1-3F reH GeKa 0B0MOUKE (v« o\ A YOG RAA RCC Gentit,
gene of coat protein 2015
TY-2R DNA-A GGR TTA GAR GCA TGM GTA C
Beg-CP-F Begomovirus spp., GCC CAT GTA YMG RAA RCC 580 58 Saison,
reH 6ejika 060JI0UKM unu 860 Gentit,
Beg580R  nhia 2015
gene of coat protein ~ GGR TTA GAR GCA TGM GTA CA
DNA-A
Begomo-F3  Bipartite Begomovirus, TCGAAGCGACCAGCAGAT 216 60 Naganur
reH 6eJjika 060JI0YKUA et al.,,
Begomo-R3 THK-A CTTACACGGGCCTTCACAG 2019
gene of coat protein
DNA-A
SPG1 Begomovirus spp., CCCCKGTGCGWRAATCCAT 922 60 Lietal.,
redbl AC1 u AC2 2004
SPG2 genes AC1 and AC2 ATCCVAAYWTYCAGGGAGCTAA
TY1(+) Begomovirus spp., GCCCATGTAYCGRAAGCC 580 59 Accotto et
TY2(-) reH 6eJjika 060JI0YKUA GGRTTAGARGCATGMGTAC al., 2000
JTHK-A
gene of coat protein
DNA-A
TYLCSV-P3F TYLCSV, AAAGCCGCGGATGTACAGAA 433 60 HMOBB
TYLCSV-P3R |oH O®KA OBOMOUKA (e ppeceTGACGGACCAC BRITKES
gene of coat protein RMDVB
VNIIKR*
TYLCV-P1F TYLCV, AGGCATGCGTACATGCCATA 282 60 HMOBB
TYLCy-piR  [OH O®KAOBOMONKK (o eoorargaanacaGTCCA BHITAKP
gene of coat protein RMDVB
VNIIKR
TY-209F TYLCSV CTYGCAATWAAATATTTGCAGCTA 366 60 Pellegrin
TY-575R CAACACCRGTATGCTTSACG 2;%15
TY-613F TYLCV GAATTACTCACAGAGTSGGTAAGA 750 60
TY-1363R GAACCACGACATCATTTCCA

* HayuHO-MeTOnUYeCcKUl O0Tiesl BUpycoJjioruu u 6akrepuosoruu ®I'BY « BHUUKP».
* Research and Methodology Department of Virology and Bacteriology, FGBU “VNIIKR”.
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Tao6sauia 2
Ycaosusa nposenenusa IIP

HaGop TepMOLUKINYECKUH PEKUM

5x MasPPMix-2025 95 °C — 5 MuH, 35 IJUKJIOB
(BAO «Iuamat JITh.», (95 °C - 30 cek, t °C oTxura —
Poccus) 30 cek, 72 °C — 1 MUH),

72 °C — 10 muH

ScreenMix-HS 95 °C — 5 MuH, 35 [IUKJIOB
(3A0 «EBporeHn», (95 °C —15 cek, t °C oTxura —
Poccus) 30 cek, 72°C — 30 cek)

2,5x Mas?*MIX-2025 94 °C — 3 MuH, 35 IIMKJIOB
(BAO «Iuamat Jith.», (94 °C — 30 cek, t °C oT)xura —
Poccus) 30 cek, 72 °C — 30 ceK)

Qiagen Multiplex 95 °C — 15 MuH, 35 JUKJIOB
PCR Kit (94 °C — 30 cexk, t °C oToxura —
(Qiagen, CIIIA) 90 cexk, 72 °C — 90 cek),

72 °C - 10 MmuH
Tomato yellow leaf ~ CoriacHo UHCTPYKIIUKT
curl disease-PB (hbUPMBI-TIPOU3BOIUTENST
(000 «HII® CuHTOJI»,
Poccust)

[Tpumeuanue: t °C — TeMIlepaTypa OTXKUra ykasdaHa
B Tabsuiie 1.

kaccaBbl (ACMV), BUPYC 30JI0TUCTON MO3auKu 6060B
(BGMV) 1 BUPYC XJOPOTUYECKON KapJIUKOBOCTH ap-
oy3a (WmCSV). DKCIIepUMEHTHI ITPOBOJIUIIN CO CIIETY-
oMy pepepeHTHBIMU U30JIITaMU 6ETOMOBUPYCOB
u3 xoJuteknuu DSMZ (Tepmanwus): TYLCV PC-0560,
TYLCV PV-0844, TYLCV PC-0588, TYLCSV PV-0561,
TYLCSV PC-0596, ToLCNDV PC-1109, ToLCNDV
PC-1111, ACMV PC-0873, BGMV PC-0094, BGMV
PV-0462, WmCSV PC-0830, a TakXe C ITOJIOKUTEIb-
HBIM KOHTpoJseM mJys MPA k TYLCV ¢dupmer Adgen
(Benukobpurtanus) u nsonsatom Kaz-1 (BHUUKP).

st BhIIEIEHUST HYKJIEMHOBBIX KUCJIOT UCITOJIb-
30Bajs Habop «[Ipoba-HK» (000 «Arpo/lnarHoCTuKa»,
Poccus).

Jiia iposenenud [T P vcrionb3oBaiu ciaenyoliye
Habops! peareHToB: «Qiagen Multiplex PCR Kit» (Qia-
gen, CIITA), «ScreenMix-HS» (3AO «EBporen», Poccus);
«5x MasPPMIX-2025» (3AO «Jluamart Jita.», Poccus),
«2,5x Mas?®MIX-2025» (3A0 «JIuanart JITz.», Poccus),
«Tomato yellow leaf curl disease-PB» (OO0 «HI1® CuH-
TOJI», Poccus).

[NocyeloBaTeIbHOCTY TPAaiMEPOB YKa3aHbI B Ta6-
aunne 1.

TepMOIUKINYECKe PEXXUMbI IPUBEIEHEI B Tab-
JnIe 2.

Ilg mpoBefeHU peakIuy aMIIuDUKaIUY 1c-
noab3oBaiu Tepmouukiep C1000 Touch (Bio-Rad,
CIIA).

JeTexuuio pe3ynbraToB [1LP ocyliecTBIIsAIU C 110~
MOIIbIO BjIeKTpodopesa B 1,5%-M arapo3HoM reje.
BenuuuHYy MPOAYKTOB aMILIU(DUKAIIUY U3MEPSIJIHU, UC-
I10JIb3yd MapKepsl MoJieKyagapHoro Beca JHK GeneRu-
ler™ 100+ 11. . (Thermo Fisher Scientific, CIITA).

PE3VJIBTATBI U OBCYXKJOEHHNE

B xoze paboThI [Jis BhISIBJIEHMS KOMILIEKca 6ETOMOBU-
PYCOB GBLIM TPOTECTUPOBAHBI 7 TIap YHUBEPCATbHBIX
npariMepos (Taba. 1).

[To pe3ynbTaTaM IMPOBEAEHHBIX WUCHBITAHUN
OblJIa yCTAHOBJIEHA pasjuvyHas CHeruGUUIHOCTH

Table 2
Conditions for PCR

Kit Thermal cycling mode

5x MasP’Mix-2025 95 °C — 5 min, 35 cycles
(Dialat Ltd., Russia) (95°C-30sec, t°C

annealing — 30 sec,

72 °C —1 min), 72 °C — 10 min
95 °C — 5 min, 35 cycles
(95°C—-15sec, t°C

annealing — 30 sec,

72°C — 30 sec)

2,5x Mas?“MIX-2025 94 °C — 3 min, 35 cycles
(Dialat Ltd., Russia) (94 °C - 30 sec, t°C

annealing — 30 sec,

72 °C - 30 sec)
Qiagen Multiplex 95 °C — 15 min, 35 cycles
PCR Kit (Qiagen, USA) (94 °C -30sec,t°C
annealing — 90 sec,
72 °C -90 sec), 72 °C — 10 min
According to the
manufacturer’s instructions

ScreenMix-HS
(Evrogen, Russia)

Tomato yellow leaf
curl disease-RT
(Syntol, Russia)

Note: t °C — temperature of annealing is shown in table 1.

Nucleic acids were isolated using the “Proba-NK”
kit (AgroDiagnostica, Russia).

The following reagent kits were used for PCR: “Qia-
gen Multiplex PCR Kit” (Qiagen, USA), “ScreenMix-HS”
(Evrogen, Russia); “5x MasPPMIX-2025” (Dialat Ltd.,
Russia), “2.5x Mas**MIX-2025” (Dialat Ltd., Russia),
“Tomato yellow leaf curl disease-RT” (Syntol, Russia).

Primer sequences are shown in Table 1.

Thermal cycling modes are shown in table 2.

A C1000 Touch thermal cycler was used to carry
out the amplification reaction (Bio-Rad, USA).

PCR results were detected by electrophoresis in
1.5% agarose gel. The magnitude of the amplification
products was measured using DNA molecular weight
markers GeneRuler™ 100+ bp (Thermo Fisher Scien-
tific, USA).

RESULTS AND DISCUSSION

Inthe course of the work, 7 pairs of universal primers were
tested to identify the begomovirus complex (Table. 1).

According to the results of the tests, different
specificity of universal primers was established for
Begomo-F3/Begomo-R3 (Naganur et al., 2019), Gem-
CP-V-5’/GemCP-C-3’ (Lecoq, Desbiez, 2012), TY1-6F/
TY1-3F/TY-2R (Saison, Gentit, 2015), SPG1/SPG2 (Li et
al., 2004) (Fig. 1), Beg-CP-F/Beg-580-R (Saison, Gen-
tit, 2015), AV-494/AC-1048 (Wyatt, Brown, 1996) and
TY1(+)/TY2(-) (Accotto et al., 2000) by their relation
with different representatives of the genus Begomovirus.

It was found that primers Begomo-F3/Begomo-R3
(Naganur et al., 2019) detect only TOLCNDV, ACMV and
some TYLCV isolates and do not react with TYLCSV
isolates, while primers GemCP-V-5'/GemCP-C-3’ react
with TYLCV, ToLCNDV, ACMV and BGMV but do not re-
act with TYLCSV.

duTtocaHuTapusa. KapaHTuH pacteHuin 26
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YHUBEPCAJIbHBIX ITpaiiMepoB Begomo-F3/Begomo-R3
(Naganur et al., 2019), GemCP-V-5’/GemCP-C-3’ (Le-
coq, Desbiez, 2012), TY1-6F/TY1-3F/TY-2R (Saison,
Gentit, 2015), SPG1/SPG2 (Li et al., 2004) (puc. 1),
Beg-CP-F/Beg-580-R (Saison, Gentit, 2015), AV-494/
AC-1048 (Wyatt, Brown, 1996) u TY1(+)/TY2(-) (Accot-
to et al., 2000) 110 OTHOLIEHUIO K PA3JIMYHBIM ITPEICTa-
BUTEJSAM pojia Begomovirus.

YcTaHOBJIEHO, YTO NpaliMepsl Begomo-F3/Be-
gomo-R3 (Naganur et al., 2019) BBISBISIOT JUILIb
ToLCNDV, ACMV u HekoTOpble u30a4Thl TYLCV
U He pearupywT c uzonsaramu TYLCSV, a mpaiime-
pel GemCP-V-5’/GemCP-C-3’ pearupywoT c TYLCV,
ToLCNDV, ACMV u BGMV, Ho He pearupywT ¢ TYLCSV.

B IByX 9KCIIEPUMEHTAaX C Pa3INUYHbIMY HabopaMu
pearenToB s [P npaiimepsr Beg-CP-F/Beg-580-R
(Saison, Gentit, 2015) pearupoBaJiv CO BCEMU UCTIBITY-
eMmbIMu u3ongaramMu TYLCV u TYLCSV, a Takoke ¢ 130141~
Tamu BGMV u ACMV, HO He BBISBIISIN
13014Tbl TOLCNDV 1 WmCSV.

IMpatimepbr SPG1/SPG2 (Li et
al., 2004) ns36bupaTeabHO pearupymT
c oTmeabHbIMU uzoagaramMu TYLCV
u TYLCSV, HO 3h(heKTUBHO AUarHo-
cTUpyroT u30a4Tel TOLCNDV.

IIpatimepsr AV-494/AC-1048
(Wyatt, Brown, 1996) sddekTus-
HO BBIABASKT u30Jd49Thl TYLCV

1 TOLCNDV, HO HecTabuJIbHO BbigB- a) Begomo-F3/Begomo-R3
(Naganur et al., 2019)

agioT TYLCSV.

IIpatimepsr TY1(+)/TY2(-) (Ac-
cotto et al.,, 2000) nIMarHOCTUPYIOT
u3osatel TYLCV u TYLCSV, HO He pe-
arupywoT c usongaramu ACMV, BGMV
1 ToLCNDV.

HauMeHee y3KOU crenuaaunsa-
Vel XxapakTepPUsyrTCcs TpPaliMepsl
TY1-6F/TY1-3F/TY-2R (Saison, Gentit,
2015), KOTOpbIE PearupyT CO BCEMU
BBINIEIIEPEYNCIEHHBIMY 6erOMOBH-
pycamu (Tabi. 3).

CrenymouiuM 3TaloM Halleu

c) TY1-6F/TY1-3F/TY-2R
(Saison, Gentit, 2015)

In two experiments with different PCR reagent
kits, primers Beg-CP-F/Beg-580-R (Saison, Gentit,
2015) reacted with all tested TYLCV and TYLCSV iso-
lates, as well as with BGMV and ACMYV isolates, but did
not detect TOLCNDV isolates and WmCSV.

Primers SPG1/SPG2 (Li et al., 2004) selectively
react with individual TYLCV and TYLCSV isolates but
effectively diagnose ToLCNDV isolates.

Primers AV-494/AC-1048 (Wyatt and Brown,
1996) efficiently detect TYLCV and ToLCNDV isolates,
but are unstable at detecting TYLCSV.

Primers TY1(+)/TY2(-) (Accotto et al., 2000) diag-
nose TYLCV and TYLCSV isolates but do not react with
ACMYV, BGMYV, and ToLCNDV isolates.

Primers TY1-6F/TY1-3F/TY-2R (Saison, Gentit,
2015), which react with all of the above begomovirus-
es, are characterized by the least narrow specialization
(Table 3).

9 1011 1213 14 9 10 11 12 13 14

b) GemCP-V-5’/GemCP-C-3’
(Lecoq, Desbhiez, 2012)

9 10 11 12 13 14 T 8 m 9 10011 12 13 14

d) SPG1/SPG2 (Li et al., 2004)

paGOTLI ABJISJIACH 0Tpa60TKa MYJib- Puc. 1. 3nekTpodoperpamma. Pesynbrarbl UCNbITAHUS YHUBEPCANbHbIX npal‘&MepOB
TUTINEKCHBIX TECTOB MJS ONHO- C PE(EPEHTHBIMU N30NIATaMM Pa3SINiHbIX 6EroMOBUPYCOB.

BPEMEHHOTI'O BBIABJIEHUA B OﬂHOﬁ
peaKHHOHHOﬁ CMeCH HEeCKOJIbKUX

BoigeneHue OHK — Ha6opom «Mpob6a-HK» (000 «ArpouarHocTuka», Poccus),
nposepeHue MLP — HabopoM «5x MasP’Mix-2025» (3A0 «Ouanar Jitg.», Poccus).
O6pasubl: 1 — nsonat TYLCSV PV-0561; 2 — uzonat TYLCSV PC-0596;

6eromMoBUPYyCcOB. MccaemoBaHUS,
IIpOBeJleHHbIE C IPUMEHEHUEM Ly-
maekcHou IILIP myig ogHOBpEMEH-
Horo BeigBjeHud TYLCV u TYLCSV,
rokasaju, uTo npariMepsr TY-209F/
TY-575R u TY-613F/TY-1363R BbICO-
kocrenuduuebl K TYLCSV u TYLCV
coorBeTcTBeHHO (Pellegrin et al.,
2008). B sKcmiepuMeHTax ¢ HabopoM
pearenToB «Qiagen Multiplex PCR
Kit» (Qiagen, CIIIA) kaueCTBEHHBbIE
cnenuduruueckue MPOAYKTHI aM-
MAu(GUKAIUY ObIIY TTOJYYEeHBI JJI
060uX I1eJieBbIX BUPYCOB KakK IpPU
UX MOHOMH(EKIIUY, TaK U IIPU CMe-
MaHHOW MHQEKIIUW B Pa3InMUIHBIX
coueTaHusIX. [Ipu IPOBEEHUN 3TO-

3 - u3zonart TYLCV PC-0560; 4 — uzonat TYLCV PV-0844; 5 — nszonar ToLCNDV PC-1109;
6 —un3onat ToLCNDV PC-1111; 7 — usonat ACMV PC-0873;

8 — nsonat BGMV PV-0462; 9 — usonat BGMV PC-0094 (sce — DSMZ);

10 - usonat TYLCV Kaz-1 (BHUMKP); 11-12 — nucTba pacTeHuii ToMarta ¢ CMMNToMaMu
6eroMoBUpYyCcHON MH(eKLMK; 13 — NoNoXKMTeNbHbI KOHTposb K TYLCV (Adgen);

14 - oTpuuaTeNbHbI KOHTPOb (BoAa), M — Mapkep MONeKynspHoro Beca.

Fig. 1. Electrophoregram. Results of testing universal primers with reference isolates
of various begomoviruses. Isolation of DNA — with the “Proba-NK” kit (AgroDiagnostica,
Russia), PCR — with the kit “5x MasP’Mix-2025" (Dialat Ltd., Russia).

Samples: 1 — isolate of TYLCSV PV-0561; 2 — isolate of TYLCSV PC-0596;

3 —isolate of TYLCV PC-0560; 4 — isolate of TYLCV PV-0844;

5 - isolate of TOLCNDV PC-1109; 6 — isolate of TOLCNDV PC-1111;

7 —isolate of ACMV PC-0873; 8 — isolate of BGMV PV-0462;

9 — isolate of BGMV PC-0094 (all - DSMZ); 10 - isolate of TYLCV Kaz-1 (VNIIKR);
11-12 - tomato leaves with symptoms of begomovirus infection;

13 - positive control to TYLCV (Adgen); 14 — negative control (water),

M — molecular weight marker.

r'o TecTa c HabopoM peareHToB «2,5x Mas?“MIX-2025»
(BAO «Inanat JiTH.», Poccust) pe3ysibTaThl He OTIUYA-
JIUCh OT TAKOBBIX IIPM MCIIOJIb30BaHUU Habopa pe-
areHTOB «Qiagen Multiplex PCR Kit» (Qiagen, CIIIA),
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Taoauna 3

HUTorosasa Ta6.rmua pPe3yjibTaTOoB MCIIBITaHUI YHHUBEPCAJbHBIX HpaﬁMGPOB C U30JIATaMHU

H3yYyaeMbIX 6€TOMOBHUPYCOB
Table 3

Summary table of test results for universal primers with isolates of studied begomoviruses

IIpaiimepsl Primers

GemCP-V-5'

(A1GemCP-V)/
OGBEKT Begomo-F3/ GemCP-C-3' TY1-6F/ SPG1/ Beg-CP-F/ AV-494/ TY1(+)/
Object Begomo-R3 (A1GemCP-V) TY1-3F/TY-2R SPG2 Beg-580-R AC-1048 TY2(-)

TYLCV PC-0560 =
TYLCV PV-0844 =
TYLCV PC-0588

TYLCSV PV-0561
TYLCSV PC-0596
ToLCNDV PC-1109
ToLCNDV PC-1111
ACMV PC-0873
BGMV PC-0094
WmCSV PC-0830

TYLCV, +K (Adgen)

TYLCV Kaz-1

OTpuiaTesbHbIN = =
KOHTPOJIb (Boza)
Negative control (water)

«+» — ITOJIOKUTEJIbHBIN CUTHAJT; «—» — OTpHHaTeJ’IbeIﬁ CUTHAJIL.

“,»

+” — positive signal; “~” — negative signal.

YTO CBUJIETEIIBCTBYET O BBICOKOM BOCIIPOU3-
BOJIMMOCTH BTOr0 TecTa (puc. 2).

IMpatimepsr TYLCV-P1F/TYLCV-P1R
u TYLCSV-P3F/TYLCSV-P3R 6blIu paspa-
6oTaHbl aBTOPaAMU [Jis CIeNUPUUIECKOTO
BBISIBJIEHUS BUPYCA JKeJITOY KypUuaBOCTU JI-
CTBEB TOMAaTa U BUPYCAa XKEJITOU KypYaBOCTU
JUCTbeB ToMaTa CapAauHusg. JKCIIepUMeH-
ThI, IPOBEJIEHHBIE C HUMU paHee, IT0Ka3aJu
BBICOKYI0 3(D(EeKTUBHOCTD ITUX [TPAMEPOB,
HO IT0 TEXHOJIOTUY AyTIIeKCcHOM TP oHM pa-
Hee He UCIIBbIThIBAJIUCD.

[Ipu mmocTaHOBKEe TecTa C IIpaiMepa-
mu TYLCV-P1F/TYLCV-P1R + TYLCSV-P3F/
TYLCSV-P3R (HMOBB BHUVIKP) ycTaHOBJIEHO,
YTO 5TU IIParMepPbI MO3BOJIIIOT 3 (PEKTUBHO
nuarHoctupoBarhb u3oyaAThl TYLCV u TYLCSV
KaK ITPpY UX MOHOMHQEKIINH, TaK U B CMeCH
B Pa3JIMYHBIX COUeTaHUAX. OZHAKO IT0JI0XKY-
TeJIbHBIY curHaJI AJig usongara TYLCV PV-0844
6bLI cytabbiM (puc. 3). [lyis mosyyeHus 6osee
KauyeCTBEHHBIX ITPOLYKTOB aMILIU(MUKAIUN
U TIOBBINIEHUST YYBCTBUTENBHOCTU AAHHBIN
TECT HyXXJlaeTCs B lajbHelel 1opaboTke.

B xoze sKcrepuMeHTa GbLIIO IIPOBEIEHO
UCHbITaHUE Habopa peareHToB nJd ITLIP-PB
K TYLCV u TYLCSV «Tomato yellow leaf curl
disease-PB» (OO0 «HII® CunToJ», Poccus).

B cnenudpukanuu GUPMBI-TIPOU3-
BOJNUTEJS yKa3aHo, YTO HabOp peareHTOB

a) Qiagen Multiplex PCR Kit
(Qiagen, CLUA) (Qiagen, USA)

b) 2,5x Mas?*MIX-2025 (3A0 «Oduanat
Ntp.», Poccua) (Dialat Ltd., Russia)

Puc. 2. dnekTpooperpamma. PesynbtaTbl AyNIEKCHOro Tecta

Ons ogHoBpeMeHHoro BbisiBneHus TYLCV u TYLCSV

¢ nparimepamu TY-209F/TY-575R (k TYLCSV) n TY-613F/TY-1363R (k TYLCV)
(Pellegrin et al., 2008).

0O6pasupl: 1 = TYLCSV PV-0561; 2 - TYLCSV PC-0596; 3 — TYLCV PC-0560;

4 -TYLCV PV-0844; 5 - TYLCSV PV-0561 + TYLCV PC-0560;

6 - TYLCSV PV-0561 + TYLCV PV-0844; 7 - TYLCSV PC-0596 + TYLCV PC-0560;
8 — TYLCSV PC-0596 + TYLCV PV-0844; 9 — oTpuuaTenbHbI KOHTPOnb (Boaa);
M — MapKep MonekynsipHoro Beca.

Fig. 2. Electropherogram. Results of a duplex test for simultaneous detection
of TYLCV and TYLCSV with primers TY-209F/TY-575R (for TYLCSV)

and TY-613F/TY-1363R (for TYLCV) (Pellegrin et al., 2008).

Samples: 1 = TYLCSV PV-0561; 2 - TYLCSV PC-0596; 3 — TYLCV PC-0560;

4 -TYLCV PV-0844; 5 - TYLCSV PV-0561 + TYLCV PC-0560;

6 — TYLCSV PV-0561 + TYLCV PV-0844;

7 — TYLCSV PC-0596 + TYLCV PC-0560;

8 — TYLCSV PC-0596 + TYLCV PV-0844; 9 — negative control (water);

M — molecular weight marker.

«Tomato yellow leaf curl disease-PB» mo3BoJisieT ofi-
HOBPEMEHHO BBISBJISATH B OLHON PEaKIIMOHHOMN cMe-
cu crienuduuHbIll gyt Tomato yellow leaf curl virus

(TYLCV) dparmenT reHa (1o kaHaiy GJyyopecleHIIun

dutocaHuTapusi. KapaHTuH pactenuii = 28
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1 2 3 4 8§ 6 7 8 9 m

Puc. 3. AnekTpodoperpamma. Pesynbratbl ynaeKCcHOro
TecTa Ansg ogHOBpPeMeHHOro BbigeneHua TYLCV u TYLCSV
¢ npaiimepamm TYLCV- P1F/TYLCV-P1R (HMOBB BHUUKP)
1 TYLCSV-P3F/TYLCSV-P3R (HMOBB BHUUKP).
O6pasubl: 1 - TYLCSV PV-0561; 2 - TYLCSV PC-0596;

3 -TYLCV PC-0560; 4 - TYLCV PV-0844;

5-TYLCSV PV-0561 + TYLCV PC-0560;

6 — TYLCSV PV-0561 + TYLCV PV-0844;

7 — TYLCSV PC-0596 + TYLCV PC-0560;

8 — TYLCSV PC-0596 + TYLCV PV-0844;

9 — oTpULATENbHbIN KOHTPOJb (BOAA);

M — mapkep MoneKynsapHoro Beca.

Fig. 3. Electrophoregram. Results of a duplex test

for simultaneous detection of TYLCV and TYLCSV

with primers TYLCV-P1F/TYLCV-P1R (RMDVB VNIIKR)
and TYLCSV-P3F/TYLCSV-P3R (RMDVB VNIIKR).
Samples: 1 - TYLCSV PV-0561; 2 - TYLCSV PC-0596;
3 -TYLCV PC-0560; 4 - TYLCV PV-0844;

5 - TYLCSV PV-0561 + TYLCV PC-0560;

6 — TYLCSV PV-0561 + TYLCV PV-0844;

7 — TYLCSV PC-0596 + TYLCV PC-0560;

8 — TYLCSV PC-0596 + TYLCV PV-0844;

9 - negative control (water); M — molecular weight marker.

FAM/Green) u cienuuuHbIH g Tomato yellow leaf
curl Axarquia virus (TYLCAX), Tomato yellow leaf curl
Malaga virus (TYLCMA), Tomato yellow leaf curl Sar-
dinia virus (TYLCSV) ¢pparmeHnT resa (o kaHamuy (Jyo-
pecuenninu ROX/Orange), a Tak-

The next stage of our work was the development
of multiplex tests for the simultaneous detection of
several begomoviruses in one reaction mixture. Du-
plex PCR studies for the simultaneous detection of
TYLCV and TYLCSV showed that primers TY-209F/
TY-575R and TY-613F/TY-1363R are highly specific
for TYLCSV and TYLCV, respectively (Pellegrin et al.,
2008). In experiments with the “Qiagen Multiplex PCR
Kit” (Qiagen, USA), high-quality specific amplification
products were obtained for both target viruses both in
their monoinfection and in mixed infection in various
combinations. When conducting this test with the “2.5x
Mas?®MIX-2025" reagent kit (Dialat Ltd., Russia), the re-
sults did not differ from those when using the “Qiagen
Multiplex PCR Kit” (Qiagen, USA), which indicates a
high reproducibility of this test (Fig. 2).

Primers TYLCV-P1F/TYLCV-P1R and TYLCSV-P3F/
TYLCSV-P3R were developed by the authors for the
specific detection of tomato yellow leaf curl virus and
tomato yellow leaf curl Sardinia virus. Previous ex-
periments with them have shown the high efficiency
of these primers, but they have not been tested using
duplex PCR technology before.

When performing a test with primers TYLCV-P1F/
TYLCV-P1R + TYLCSV-P3F/TYLCSV-P3R (RMDVB
VNIIKR), it was found that these primers allow for the
effective diagnosis of TYLCV and TYLCSV isolates both
in their monoinfection and in mixtures in various com-
binations. However, the positive signal for the TYLCV
PV-0844 isolate was weak (Fig. 3). To obtain better am-
plification products and increase sensitivity, this test
needs further development.

During the experiment, the reagent kit for RT-PCR
to TYLCV and TYLCSV “Tomato yellow leaf curl dis-
ease-RT” was tested (Syntol, Russia).

The manufacturer’s specification states that the
“Tomato yellow leaf curl disease-RT” reagent kit al-
lows simultaneous detection in one reaction mixture of

- . Amplification

’Ke BHYTPEHHUU MOJIOKUTETbHBIN ok 2
KOHTPOJb (IT0 KaHay QJuyopec- i & =S
neHnuu R6G/HEX). i >

[IpoBeleHHOE WUCIIBITAHUE G //,, R e — :
MIOJTBEPAMIIO, YTO HAb6Op peareH- I /’ i R
ToB «Tomato yellow leaf curl dis- se00 | i s
ease-PB» (000 «HII® CuHTOI», ] Jj';*
Poccus) 03BOJISIET OHOBPEMEH- — /r‘ ;,-‘
HO BBIABJATD B OAHOH peaknu- 5 | [/
OHHOU cMecu u3o0aaATel TYLCV Emn J_I I,:'

1 TYLCSV. OmHaKo Ha BBICOKMX I10-
porosaix 1ukiaax (Cq Beinie 35) Ha-
BJII0AJICS JIOKHOIIOJIOXKUTEIbHbIHN 2000 |
curHaj c usonasaramu ToLCNDV, ]
ACMV u BGMV no kanany FAM

u ¢ usoagaramu TYLCV, ToLCNDV 1
1 BGMV mo kananry ROX (ta6u. 4, 1.
puc. 4). 01 mm—

BbIBO/IbI

Cysles

B cepuu NMpPOBeAEeHHBIX BKCIIEPU-
MEHTOB yCTaHOBJIeHA pas3juyuHas
Ccenu@UUHOCTh YHUBEPCATbHBIX

Puc. 4. Kpusble amnnudmkaumm gns Habopa
peareHToB «Tomato yellow leaf curl disease-PB»
(000 «HM®d CunTton», Poccus).

RFU — MHTEHCUBHOCTb (hlyopecueHLuun.

npatiMmepoB Begomo-F3/Bego-

mo-R3 (Naganuret al., 2019), GemCP-V-5’/ GemCP-C-3’
(Lecoq, Desbiez, 2012), AV-494/AC-1048 (Wyatt,
Brown, 1996) u TY1-6F/TY1-3F/TY-2R (Saison, Gentit,
2015) 110 OTHOLIEHUIO K PA3JIMYHBIM IIPEICTaBUTEIIM

Fig. 4. Amplification curves for

the reagent kit “Tomato yellow leaf curl
disease-RT” (Syntol, Russia).

RFU - fluorescence intensity.
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Tao6auna 4

Pe3ysnbTaThl aMiutuukanuy c HabopoM peareHToB «Tomato yellow
leaf curl disease-PB» ¢ u3ojiaTaMi HEKOTOPBIX GETOMOBHPYCOB

Table 4

Amplification results with the “Tomato yellow leaf curl disease-RT”

reagent kit with some begomoviruses isolates

N2 HM30a9ThbI

IMoporossrii uk (Cq)

Threshold cycle (Cq)

a gene fragment specific for Tomato
yellow leaf curl virus (TYLCV) (via
the FAM/Green fluorescence chan-
nel) and specific for Tomato yellow
leaf curl Axarquia virus (TYLCAX),
Tomato yellow leaf curl Malaga vi-
rus (TYLCMA), Tomato yellow leaf
curl Sardinia virus (TYLCSV) gene
fragment (via the ROX/Orange fluo-

FAM

ROX

HEX

(BHYTpPEHHMIi KOHTPOJIb)

rescence channel), as well as inter-
nal positive control (via the R6G/
HEX fluorescence channel).

The test performed confirmed

that the “Tomato yellow leaf curl

disease-RT” reagent kit (Syntol,

Russia) allows simultaneous detec-
tion of TYLCV and TYLCSV isolates

in one reaction mixture. However, at

high threshold cycles (Cq above 35),

a false positive signal was observed

with ToLCNDV, ACMV, and BGMV iso-
lates via the FAM channel and with

TYLCV, TOLCNDV, and BGMV isolates

via the ROX channel (Table 4, Fig. 4).

CONCLUSION

In a series of experiments, different

specificities of the universal primers
Begomo-F3/Begomo-R3 (Naganur
et al.,, 2019), GemCP-V-5’/ Gem-

n/o Isolates (TYLCV) (TYLCSV) (internal control)
1 TYLCSV PV-0561 N/A 14,11 33,34
2 TYLCSV PC-0596 N/A 12,78 33,57
3  TYLCV PC-0560 14,46 N/A 33,30
4  TYLCVPC-0588 12,93 N/A 33,13
5  TYLCV PV-0844 31,37 39,35 33,48
6  ToLCNDV PC-1109 39,17 37,83 33,38
7  ToLCNDV PC-1111 N/A N/A 23,33
8 ACMV PC-0873 37,58 N/A 33,38
9 BGMV PC-0094 39,36 39,48 33,08
10 BGMYV PV-0462 37,01 N/A 33,34
11 WmCSV PC-0830 N/A N/A 33,13
T gy s aado
13 TIoNOXUTETbHBINA KOHTPOJIb 29,75 28.95 33,37

Positive control

CP-C-3’ (Lecoq, Deshiez, 2012), AV-
494/ AC-1048 (Wyatt, Brown, 1996)

N/A — Bupyc He o6Hapy’KeH.
N/A - virus not detected.

pona Begomovirus. YCTaHOBJIEHO, YTO HauboJiee BbICO-
KOU YHUBEPCAJIIbHOCTBIO XapaKTePUBYIOTCS ITPaliMe Pl
TY1-6F/TY1-3F/TY-2R (Saison, Gentit, 2015), KOTopbIe
pearupynT co BCeMU BhIIIENIePeYrCIeHHbIMU 6ETOMO-
BUPYCaMM U MOTYT OBITH PEKOMEH/IOBAHBI IJIsI IIPOBE-
IeHUs CKPpUHUHTOBBIX TECTOB HA HAJIMUYKE KOMIIJIEKCA
6eTroOMOBUPYCOB C ITOCJIeYIONUM CEKBEeHUPOBAaHUEM
IPOAYKTOB aMINIU(DUKAIINU.

[IpoBelleHbl UCHBITAHUSA NYIJEKCHOTO TECTa
Ha Hajmuuue TYLCV u TYLCSV c nmpatiMmepamu TY-209F/
TY-575R + TY-613F/TY-1363R (Pellegrin et al., 2008)
u TYLCV-P1F/TYLCV-P1R + TYLCSV-P3F/TYLCSV-P3R
(HMOBB BHMMKP). OGe KoMOUHAIIMK IIPaiMepoB
TIOKa3ajJX CBOIO IEPCIIEKTUBHOCTh. PaboTa ¢ 3TUMU
npariMepaMu 6yIeT TPoIoJKeHA.

YcTaHOBJIEHO, YTO Habop peareHToB «Tomato yel-
low leaf curl disease-PB» (OO0 «HII® CuuToJ», Poc-
CUS$T) TI03BOJISIET O HOBPEMEHHO BBISIBJISITh B OLHOH pe-
aKIuoHHOM cMecu n30JiaThl TYLCV 1 TYLCSV. OgHako
Ha BBICOKHX ITOPOroBbIX IKKJIaxX (Cq BhIlIe 35) MOXKET
Hab/I01aThCs JIOKHOIIOJOXXUTEJIbHBIN CUTHAJM C U30-
JIITaMU OPYTUX HelleJieBbIX 6€TOMOBUPYCOB.

Baaeodapnocms. ABTOPBI BHIPAXAKT CBOIO
NPU3HATEJbHOCTh COTPYLHUKAM HAayYHO-METOLU-
YEeCKOTO OTJleJla BUPYCOJIOTUM UM OAKTEPUOJIOTUU
SI'BY «BHVMMKP» 3a 11oMO111b B IIPOBEEHUY UCCIIeL0-
BaHUM.
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TYLCSV was tested with primers TY-209F/TY-575R +
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ease-RT” reagent kit (Syntol, Russia) allows simulta-
neous detection of TYLCV and TYLCSV isolates in one
reaction mixture. However, at high threshold cycles
(Cq above 35) a false positive signal may be observed
with isolates of other non-target begomoviruses.
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AHHOTALIA
DKCIIOPT 3€PHOBBIX KYJbTYP — BaXXHasd 4acCTb 3KO-
HoMuku Poccuu. B cBA3U ¢ MeXIAyHapOLHBIM [I1PO-
IOBOJIbCTBEHHBIM KPU3KUCOM 3€PHOBBIE CTAHOBSAT-
Cs1 CTPaATETUUECKUM ChIPheM. YPOXKalHOCTb 3€ PHOBBIX
KyJIBTYP 3aBHUCHUT OT MHOTUX (PaKTOPOB, B TOM UUCJIE
OT KaueCcTBa CEMEHHOTO MaTepuajia U yCTOUNUYMBOCTHU
pacTeHM K MHOTOUMCIIEHHBIM 3a60JieBaHUSIM. Bupyc
IITPUXOBATOM MO3aMKK SUMEHS SIBJISIETCSI OIIaCHBIM
3a60/IeBaHUEM, TTOPAXKAIONUM 3€PHOBBIE KYJIbTYPHI,
J4YMEeHb U IIIEeHUIY, & B OKCIIePUMEHTAJbHBIX yCJIO-
BUSIX — PAJl IPYTUX PACTEHUN CEMENCTB MATINKO-
Bble (Poaceae) u AMapaHToBble (Amaranthaceae). 9ToT
BUPYC BXOLUT B [IEPEYHYU KAPAHTUHHBIX BPEIHBIX OP-
TaHM3MOB MHOTHX CTPaH — UMIIOPTEPOB POCCUMCKOTO
3epHa, B TOM YuCJie JULEPOB 10 UMIOPTY — Typuuu
u Erunra. llenbio HAlIKUX KCCIENOBAaHUN ABISIACH
OLleHKa MeTOLOB JUAarHOCTUKU U CPaBHEHUE Pe3YJlb-
TaTOB, ITOJIYUEHHBIX KaK B X0/€e OLleHKU ITPUMEHUMO-
CTHU, TaK U C PeaJIbHbIMU PAaCTUTEJIbHBIMIU 00pa3ilaMu,
COOpPaHHBIMU B IIPOIeCCe HAYYHOTO MOHUTOPUHTA.
B cTraTbe mpezncTaBieH 0630p, KpaTKas XapaKTepu-
CTUKa BUpYyca, ero 0COOeHHOCTH, a TaKXXe pe3yJsibTa-
TBI anpobaIy COBPEeMEHHBIX METOLOB BhIIBICHUS
U neHTU(OUKALIMY. B X0/le UCTIBITAHUYN TECT-CUCTEM
WCIIOJIb30BaJU ITOJIOKUTENbHBIE KOHTPOJHU U pede-
PEHTHbIE U30JIAThHI BUPYCOB, [I0PAXKAIOLINX 3€PHOBLIE
KYJIbTYPbI U ITIOTEHIMAJbHO 3aTPYAHAIIUX JUATHO-
CTUKY 13-3a JIO)KHOIIOJI0XKUTEJIbHBIX PE3YJIbTaTOB.

Pe3ysnbTaThl O1leHKY CIIEU(MUIYHOCTU U UyBCTBU-
TEJIbHOCTU TECT-CUCTEMBI AJII UMMYHO(QEPMEHTHO-
ro aHaju3a I10Ka3aJii BbICOKYI UYBCTBUTEJIBHOCTD
U cIenu(UIHOCTD CO BCEMU UCCIELYEMBIMU B DKCIIE-
PUMEHTaxX BUPYCaMH, B CBSI3Y C UYeM ObLIIO IIPUHSTO pe-
IIeHre TPOBECTY CKPUHUHT-TECTHPOBaHMe 0OTOOpaH-
HBIX B X0Jle U3y4YeHUsd (PUTOCAHUTAPHOTO COCTOSTHUS
TI0CEBOB 3€PHOBBIX KYJIbTYP. BbIJIO BBHIIBIEHO 6OJIb-
1IIoe KOJMYECTBO CEPOIIOJIOXKUTENbHBIX 00pa3Iios,
KOTOpBIE B JajJbHENIIeM OABEPTai TECTUPOBAHUIO
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ABSTRACT
The export of grain crops is an important part of the
Russian economy. In connection with the internation-
al food crisis, grains are becoming a strategic raw ma-
terial. The yield of grain crops depends on many fac-
tors, including the quality of seed material and plant
resistance to numerous diseases. Barley stripe mosa-
ic virus is a serious disease affecting grain crops, bar-
ley and wheat, and in experimental conditions — some
other Poaceae and Amaranthaceae plants. This virus is
included in the quarantine pest lists of many countries
importing Russian grain, including the leaders in im-
ports — Turkey and Egypt. The purpose of our studies
was to evaluate diagnostic methods and compare the
results obtained both during the applicability assess-
ment and with real plant samples collected during sci-
entific monitoring. The article presents an overview, a
brief description of the virus, its peculiarities, as well
as the results of testing modern detection and identi-
fication methods. During testing of test systems, posi-
tive controls and reference isolates of viruses that in-
fect crops and potentially complicate diagnosis due to
false positive results were used.

The results of assessing the specificity and sensi-
tivity of the test system for enzyme-linked immunosor-
bent assay (ELISA) showed high sensitivity and speci-
ficity with all the viruses studied in the experiments,
and therefore it was decided to conduct screening test-
ing of grain crops selected during the study of the phy-
tosanitary state of crops. A large number of seroposi-
tive samples were identified, which were subsequently
subjected to testing by molecular methods — Russian
test kits for the polymerase chain reaction (PCR). The
test results showed that all seropositive samples did

dutocaHuTapusi. KapaHTuH pactenuii -~ 32
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MOJIEKYJISIPHBIMU METOAMU — TECT-HA60paMU JIJIs 110-
JIMMepasHo 1ermHou peakiuy (TT1[P) oTeuecTBEHHOTO
IIPOV3BOACTBA. Pe3y/ibTaThl TECTUPOBAHUS ITOKA3AJIH,
YTO BO BCEX CEPOIIOJIOKUTEIbHBIX 06pasiiax He I01-
TBEPAWJIOCH HAJIMUME I1eJIEBOTO BUPYCA, B CBSA3Y C UeM
Heo0X0IMO IPOBECTHU AOIIOJTHUTEIbHOE UCCIEN0BA-
HYe IPUYYH JIOXKHOIIOJIOKUTEbHBIX PEAKIINA.

Kntroueswie cnosa. Barley stripe mosaic virus, ka-
PaHTUH pacTeHUH, SKCIIOPT, 3JIaKU, TUMEHb, ITIIeHH-
1a, ITpUXoBaTasd Mo3auKa suMeHs, BSMV.

BBEJEHUE

occuiickasg demepalys TPALUIIMOHHO
SBJISIETCS OJJHUM U3 BEAYIIUX KCIIOP-
TEPOB 3€PHOBBIX KYJIBTYP B Mupe. Poc-
CUICKOe 3epHO 3KCIopTupyercs 6o-
Jjee yeM B 130 cTpaH mupa. CoriacHo
naHabiM deflepalibHOM TaMOXXeHHOM
CJTy’K6BbI, OCHOBHBIMM TIOKYIIATEJISIMU
3epHa POCCUUCKOTO ITPOUCXOXKIEHUS
B IIOCJIeHUE roAbl aBjadTca Typruud, Erunert, Vpas,
CaymoBckast ApaBus, Baurmagemni, Azepbaiimxkan, Cy-
naH, Hurepusd, Kasaxcras, I'pysusd, JluBud, 3pauis,
Voppauus (http://stat.customs.ru).

B 2019 r. pocCUUCKMMU arpapusMu ObLIO CO-
6pano 121,2 myH T 3epHa (74,4 MJIH T NIOIEHUIIHI,
20,5 MJIH T TuMeHs, 14,2 MJIH T KyKypy3bl), B PEKOP/I-
HoM 2020-M — 133,5 MJutH T 3epHa (85,9 MJIH T muie-
HUIbl, 20,9 MJIH T suMeHs, 13,9 MJIH T KYKypy3bl),
B 2021-M — 121,4 maH T 3epHa (76,1 MJIH T HIIEHUIHI,
18,0 MmaH T TuMeHs, 15,2 MITH T KyKypy3sI) (https://ros-
stat.gov.ru, http://www.fao.org).

Ha sxcmopTt B 2019 r. 6b1JI0 OTIIpPaBJEHO
39,4 muH T 3epHa (31,9 MJIH T OINEHUIIBI U 3,94 MJIH T
ayMeHs), B 2020-M — 48,61 MiH T (38,4 MJIH T IIIE€HUIIBI
1 6,00 MITH T guMeHs), B 2021-M - 42,9 Maa T (32,5 MIH T
MIIEeHUIIBI 1 5,1 MJIH T SUMEH), YTO COCTABJIIET He Me-
Hee 35% oT o611ero cobpanHoro yposxas (https://ross-
tat.gov.ru, http://stat.customs.ru).

3epPHOBBIE KYJIbTYPbI — BLICOKOJIMKBUIHBIN TOBAPD
Ha BHEIIHEM pbIHKe. Jloxozbl Poccuu 0T 3KCIIOpTa BCexX
3€PHOBBIX KyJIbTyp B 2019-2021 IT. COCTaBUJIN OKOJIO
30 mupn poytapoB CIMA. SKCIOPTHBIM MOTEHITXAT
HAIMIPSIMYIO 3aBUCUT OT YPOXKAWHOCTY 3€ PHOBBIX KYJIb-
Typ (CpebeHHnKOB u Ap., 2020). OnHUM U3 HaKTOPOB,
CHIDKAKUIUX YPOXKAWHOCTD U BaJIOBble COOPHI 3ePHA,
SIBJIIETCS 3apakeHUe MHOTOUUCIEHHBIMU TPUOHBI-
MU, 6aKTepUaJbHBIMU U BUPYCHBIMU OOJIE3HAMU.
[Tpu mopakeHWU BUpPyCaMU yrHETAIOTCId PacTeHUdd,
CHUIKAETCI KAaUueCTBO U KOJUYECTBO IMOJYy4aeMOTO
yposkas, a ocjiabjieHre pacTeHUU CIIOCO6CTBYET UX
BOCIIPUMMYMBOCTH K 3aPa’KEHUI0 IPYrUMu QUTOMA-
ToreHaMu. Hau6oJbIIyIo IMTOTEHIINAIbHYIO OTIaCHOCTD
MIPELCTABJIANT BUPYCHI, IIepelarllrecd ceMeHaMu
pacTeHui-xo3seB. Takye BUPYCHI COXPAHSIOTCS B 3€p-
He B JIJAaTEHTHOU hopMe, YTO IIPU OTCYTCTBUY KOHTPOJIS
CcrIoco6CTBYeT MepeMellleHII0 BUpyca Ha aJibHUE pac-
cTossHu4. [Ipy moceBe 3apaKeHHbBIX CEMSH U3 HUX pPas-
BUBAIOTCS ocjabiieHHbIE PACTEHUS, KOTOPBIE B 1aJIb-
HellleM JJaloT MEHbBIINUH Ypo)kall UJIM BOBCe IOTUbaroT.
Kpome aToro, mpu moceBe 3apaXkeHHBIX CEMSIH BUPYCHI

not confirm the presence of the target virus, and there-
fore it is necessary to conduct additional research into
the causes of false positive reactions.

Key words. Barley stripe mosaic virus, plant
quarantine, export, cereals, barley, wheat, barley
stripe mosaic, BSMV.

INTRODUCTION

he Russian Federation is traditionally one of

the leading exporters of grain crops in the

world. Russian grain is exported to more

than 130 countries of the world. According

to the Federal Customs Service, the main
buyers of grain of Russian origin in recent years are
Turkey, Egypt, Iran, Saudi Arabia, Bangladesh, Azer-
baijan, Sudan, Nigeria, Kazakhstan, Georgia, Libya, Is-
rael, Jordan (http://stat.customs.ru).

In 2019, Russian farmers harvested 121.2 million
tons of grain (74.4 million tons of wheat, 20.5 million
tons of barley, 14.2 million tons of corn), in the record
2020 —133.5 million tons of grain (85.9 million tons of
wheat, 20.9 million tons of barley, 13.9 million tons of
corn), in 2021 — 121.4 million tons of grain (76.1 mil-
lion tons of wheat, 18.0 million tons of barley, 15, 2 mil-
lion tons of corn) (https://rosstat.gov.ru, http:/www.fao.
org).

In 2019, 39.4 million tons of grain were sent for
export (31.9 million tons of wheat and 3.94 million
tons of barley), in 2020 — 48.61 million tons (38.4 mil-
lion tons of wheat and 6.00 million tons of barley), in
2021 —42.9 million tons (32.5 million tons of wheat and
5.1 million tons of barley), which is at least 35% of the
total harvested crop (https://rosstat.gov.ru, http://stat.
customs.ru).

Cereal crops are highly liquid goods on the foreign
market. Russia’s income from the export of all grain
crops in 2019-2021 amounted to about 30 billion US
dollars. The export potential depends directly on the
yield of grain crops (Grebennikov et al., 2020). One of
the factors that reduces the yield and gross harvest of
grain is infection with numerous fungal, bacterial and
viral diseases. When affected by viruses, plants are in-
hibited, the quality and quantity of the crop is reduced,
and the weakening of plants contributes to their sus-
ceptibility to infection by other phytopathogens. Vi-
ruses transmitted by the seeds of host plants pose the
greatest potential threat. Such viruses remain in the
grain in a latent form, which, if not controlled, contrib-
utes to the movement of the virus over long distances.
When sowing infected seeds, weakened plants develop
from them, which later give a smaller yield or even die.
In addition, when infected seeds are sown, viruses are
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PacIpoCTpPaHSIITCS TOPU30HTAJNIbBHO — MEXaHUYECKHU,
C IOMOIIbI0 HACEKOMBIX-TIEPEHOCUYMKOB UJIX ITPOYUX
BEKTOPOB.

BBICOKOUYBCTBUTEIbHBIE METO bl JUATHOCTUKY
(uTOTIATOTEHHBIX BUPYCOB SIBJISIOTCSI OCHOBOM 0TGOPa
3[J0POBOr0 CEMEHHOT0 MaTepualjia 1 pellaT II0TeH-
uaJIbHbIe ITPO6JIEMBI IPY COBEPIIEHUYN SKCIIOPTHO-
UMIIOPTHBIX OTleparuii ¢ 3epHoM. B ®TBY «BHUVIKP»
TIPOBOMASTCS UCCIAEeIOBaHUS T10 BBISIBJIEHUIO U UIEH-
TUQUKAIIUYU BUPYCOB 3€PHOBBIX KYJIBTYP, BIUSIOIINX
Ha BKCIIOPTHBIN IToTeHITnaN Poccuiickoit ®enmepanuu,
a Taxke pa3paboTka MEeTO[OB UX MOJIEKYIIPHO-TeHe-
THUYecKkou upeHtudukanuy u suddepennuanun (Jlo-
maTKuH U 1p., 2020; Zvyaginceva et al., 2021).

OIHUM 13 OTIaCHBIX ITAaTOTE€HOB 3€PHOBBIX SIBJISIET-
¢S BUPYC NITPUXOBATOM MO3anKu suMeHs (Barley stripe
mosaic virus, BSMV). BriepBble 5T0 3a60JieBaHIE, OTMe-
yeHHoe B 1910r. B CIIIA B mTaTe BUCKOHCHUH, OBLJIO OITH-
CaHO KaK JIOXKHAA MTPUXOBATOCTh TUMEHS («JI0KHA
rmoJjiocatas Mo3arka»). OHO CUMTAJIOCh HellapasuTap-
HbIM. Tosibko crycTd 40 jeT, B 1951 r. Mak-KuHHU [10-
KasaJl BUPYCHYI0 pupojy 3abosieBanus, B 1954 1. Xaz-
Gopr nmoATBepAu 5TU gaHHbie (KpbLioB u ap., 1980).

CorJjlacHO JTUTEPATyPHBIM UCTOUHUKAM, Ha TeP-
puTtopum 6b1BIIEro CCCP mTpuxoBaTast MO3anKa suMe-
Hs ObLJIa BbIsIBJIEHA B 1960 I. B MOCKOBCKO} 00J1aCTH.
B mocsenyouiyie ToAbl PETUCTPUPOBANUCH CIyUan
obHapyxeHus 3TOro 3a6oseBaHus B JIEHUHTPALCKOM,
Openbyprckoii, Camapckod, CBepIJIoBCKOM, TaMbOB-
CKOM, YIbTHOBCKOM 06J1aCTsIX, a TaK)XKe B AJITAICKOM,
KpacuomapckoMm u [IpuMopckoM Kpasgx (lepacuMoB,
1966; MakeeBa, boroyrnuuos, 1993; BoroyrguHoB
u np., 2017; Kakapeka u ap., 2020). B [IpuMopke,
o nHopMauy psama ucciaemoBaTeieir, BSMV aBis-
eTcs HauboJiee MIMPOKO PACITPOCTPAHEHHBIM BUPYCOM
3€PHOBBIX KYJIbTYP U €XeroJlHO IopakaeT 0KOJIO TPETU
TIOCEBOB TUMEHS U nuieHuIbl (Kakapeka u np., 2020).
B rociiegHee BpeMs MacCOBBIX 00CJIEIOBAHNI TTOCEBOB
3€PHOBBIX He ITPOBOAUIOCH, [T09TOMY TOUHBIX JaHHBIX
0 pacIpoCcTpaHeHU!U aToreHa HeT.

CornacHo maHHBIM EBpomnetickoit u Cpen3eMHO-
MOPCKOM OpraHu3aluy o KapaHTUHY U 3aluTe pac-
tenuit (EOK3P) BSMV oduliraabHO 3aperucTPUPOBaH
B CJIEAYIOIIAX CTPAHAX:

Adpuxka: Erurnert, IOAP, TyHuc;

AMepuka: ApreHTuHa, bpasunud, Kanaga, Mek-
cuka, [Tepy, CIIA;

Asus: Kurait, ispauib, dnoHus, Mopmanus, Pec-
nybsnuka Kopes, JluBaH, [Takuctad, Cupus, TaliBaHb;

EBpomna: bonrapug, Yexud, Jauud, I'penud, Ben-
rpug, Moagasug, IlTosnbuia, IToptyranusa, PymbeiHNA,
Poccus, Cepbus, CinoBakus, CiioBeHnusd, llBeiiiapus,
YKpaunHa;

Oxeanwus: ABctpanud, Hoag 3enaunus (https://
gd.eppo.int).

C 1975 110 1999 r. BSMV Bxopui B [lepeueHs Ka-
paHTUHHBIX opraHu3MoB EOK3P, Ho 3aTeM 6bLII UCKITIO-
YeH M3 DTOT0 IePevHs B CBI3Y C IIMPOKON PacIipo-
CTpaHeHHOCTbhI. OJHAKO BO MHOTUX CTpaHaX MUpa
IITPUXOBATas MO3auKa TUMEHS IBJISIETCS KapaHTUH-
HBIM 00BEKTOM, B TOM YKCJIe ¥ CTPaHaX — MMIIOPTepax
poccuiickoro 3epHa: Baxpeiin, EruneT — Ciucok A2,
Typuwusga, Yunu, Ypyreay, Nopmanus, I'py3us, Bpasu-
Jus, ¥36eKrucTaH — KapaHTUHHBIA OPTaHU3M, OTCYT-
CTBYIOIIMU Ha TeppuTopuu ctpaH (Al). B Vzpauie
BSMV BKJIIOUYEH B KapaHTUHHBIHN nepedersb (https://
gd.eppo.int).

spread horizontally — mechanically, with the help of in-
sect vectors or other vectors.

Highly sensitive methods for diagnosing phyto-
pathogenic viruses are the basis for the selection of
healthy seed material and solve potential problems
when performing export-import operations with grain.
FGBU “VNIIKR” conducts research on the detection
and identification of crop viruses that affect the export
potential of the Russian Federation, as well as the de-
velopment of methods for their molecular genetic iden-
tification and differentiation (Lopatkin et al., 2020;
Zvyaginceva et al., 2021).

One of the serious grain crops pathogens is bar-
ley stripe mosaic virus (BSMV). This disease, noted in
1910 in the USA in the state of Wisconsin, was first de-
scribed as false barley stripes (“false striped mosaic”).
It was considered non-parasitic. It was only 40 years
later, in 1951, when McKinney proved the viral nature
of the disease, in 1954 Hadborg confirmed these data
(Krylov et al., 1980).

According to literary sources, barley stripe mosa-
ic was detected in the territory of the former USSR in
1960 in Moscow Oblast. In subsequent years, cases of
detection of this disease were recorded in the Lenin-
grad Oblast, Orenburg Oblast, Samara Oblast, Sverd-
lovsk Oblast, Tambov Oblast, Ulyanovsk Oblast, as well
as in Altai Krai, Krasnodar Krai and Primorsky Krai
(Gerasimov, 1966; Makeeva, Bogoutdinov, 1993; Bo-
goutdinov et al., 2017; Kakareka et al., 2020). In Primo-
rye, according to some researchers, BSMV is the most
widespread virus in grain crops and annually infects
about a third of barley and wheat crops (Kakareka et
al., 2020). Recently, mass surveys of grain crops have
not been carried out, so there is no accurate data on the
spread of the pathogen.

According to the European and Mediterranean
Plant Protection Organization (EPPO), BSMV is official-
ly reported in the following countries:

Africa: Egypt, South Africa, Tunisia;

America: Argentina, Brazil, Canada, Mexico, Peru,
USA;

Asia: China, Israel, Japan, Jordan, Republic of Ko-
rea, Lebanon, Pakistan, Syria, Taiwan;

Europe: Bulgaria, Czech Republic, Denmark,
Greece, Hungary, Moldova, Poland, Portugal, Roma-
nia, Russia, Serbia, Slovakia, Slovenia, Switzerland,
Ukraine;

Oceania: Australia, New Zealand (https://gd.eppo.
int).

From 1975 to 1999, BSMV was included in the
EPPO Quarantine Pest List, but then was removed from
it due to its widespread occurrence. However, in many
countries, BSMV is a quarantine pest, including coun-
tries importing Russian grain: Bahrain, Egypt — List A2,
Turkey, Chile, Uruguay, Jordan, Georgia, Brazil, Uzbeki-
stan — a quarantine pest, absent in the territory of the
country (Al). In Israel, BSMV is on the quarantine list
(https://gd.eppo.int).

The main host plants for BSMV are barley (Hor-
deum vulgare) and wheat (Triticum aestivum, Triticum
durum) (https://gd.eppo.int). More rarely, the infec-
tion occurs on oats (Avena sativa) (McKinney, Greeley,
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OCHOBHBIMU pacTeHUAMU — x03g9eBaMu BSMV
SIBJISIIOTCS TuMeHb (Hordeum vulgare) v nuenutia (Tri-
ticum aestivum, Triticum durum) (https://gd.eppo.int).
Pexxe nH(peKIIusa BcTpevaeTcsa Ha oBce (Avena sativa)
(McKinney, Greeley, 1965; Atabekov, Novikov, 1989;
Jackson et al., 2009). B ITpuMopckoM Kpae BSMV
nneHTU(UIMPOBAaH B KAUYeCTBE BO3OYIUTENS XJIOPO-
TUYECKOM TT0JI0CATOCTY KYKYPY3bI, UTO SIBJISETCS ITEP-
BBIM CJIy4aeM BBISIBJIEHUS 3TOT'0 BUPYyca Ha JaHHOU
kynbType (Fameka u gp., 2018; Gapeka et al., 2018).
Taxxe B [IpUMOPCKOM Kpae BUPYC MITPHUXOBATOU MO-
321Ky ObLI BhISIBJIEH HA PACTEHUSX IIbIPES TTOJI3YyUEro
(Elytrigia repens) v MmeTUHHWKA HU3KOTO (Setaria pumi-
la) (Gapeka et al., 2018). ITo manubsiM EOK3P, B sKC-
IIepUMeHTAJNbHBIX ycaoBusAx BSMV 3apaxaeT oBec
nyctoit (Avena fatua), poxs (Secale cereale), KyKypy3y
(Zea mays), puc (Oryza sativa), copro (Sorghum bicolor),
rpoco (Panicum miliaceum), mapb (Chenopodium album,
Chenopodium giganteum), kutuoa (Chenopodium quinoa),
mInuHAT (Spinacia oleracea), cBexiy (Beta vulgaris) u Ta-
6ak (Nicotiana tabacum) (https://gd.eppo.int).

Bupyc mTpuxoBaToi MO3auKU SUYMEHS SABJISETCS
TUTIOBBIM BUIOM poaa Hordeivirus (Hamilton, Jackson,
1995) cemeticTBa Virgaviridae. Yactuiisl BSMV npen-
CTaBJISIIOT COGOM JKeCTKYEe ITaJOYKOBUIHbIE BUPUOHBI
araMeTpoM okojio 20 HM u AjauHoM ot 100 10 150 HM
B 3aBUCUMOCTH OT pasMepa WHKarmcyaupyemoi PHK.
MosekynsipHas Macca HamboJiee KPYITHBIX BUPYCHBIX
YacTUILL COCTaBJSAET OKOJIO 26 KJla, IIpU 3TOM e uH-
CTBEHHBIN 6eJI0K 060JIOUKU UMeeT MOJEKYJISIPHYIO
Maccy okoJio 22 k/la (Atabekov, Novikov, 1989; Adams
et al., 2011). ¥ BupuoHoB BSMV 0TUeTINBO mpocMa-
TPUBAETCs 0CEBOM KaHaJI, UMEIIINKN JruaMeTP 0KOJIO
3—-4 HM, ¥ cIUpaJibHas CTPYKTypa C IIaroM crupa-
au 2,5-2,6 M (Gibbs et al., 1963). TeroM BSMV, kak
Uy OPYyrux npefcTaBuTtesel pomga Hordeivirus, COCTO-
UT U3 TPEX MOJIeKyJ ofHOHUTEeBOU PHK (o, B my, pas-
MepoM 3,8 ThIC. OCHOBaHU# (T. 0.), 3,3 T. 0. 1 3,2 T. O.
coorBeTcTBeHHO) (Hamilton, Jackson, 1995). Bece 3 re-
HoMHbIe PHK HEOOXOAMMBI AJI 3apaKeHUST PaCcTeHUs
(Petty et al., 1990).

HecMoTps Ha MHOTOJIETHEE M3yUYeHUe BUpYyca
IITPUXOBATOM MO3auKU SUMEHS, er0 eCTECTBEHHbIE
IIPYPOIHbBIE TIEPEHOCUMKY JIO CHX TIOP HE YCTAHOBJIEHBI
(Carroll, 1981; Atabekov, Novikov, 1989). MudexIiiusa
MOJKET IIepeflaBaThCa Yepes3 MeXaHUYeCKU KOHTaKT
JINCTBHEB 3[IOPOBBIX U MOPAKEHHBIX pacTeHuY (Pa3Bss-
KuHa, 1975), n3-3a 4ero BUpPyC GbICTPO PaCIIPOCTPaHI-
eTcs B [I0JIe OT pacTeHus K pacteHuio (Carroll, 1981).
Ho OCHOBHBIM CITIOCOG0M pacCIPOCTPaHEHUs BUpyca
SIBJIAIOTCS 3apakeHHbIe ceMeHa. CeMeHHas nHDeKIua
BSMV Bnepsble 6bla ycTaHoBJeHa B 1954 1. (Gold et
al., 1954), a 3aTeM uccjemoBaHa Pa3IUYHBIMU aBTO-
paMu C UCII0JIb30BaHMEM METOMIOB SJIeKTPOHHON MU-
KPOCKOITMY, 6OTECTOB U CEPOJIOrUH. [IPOIIEHT ITepe-
naum 3a60J1€BaHYs, TT0 PA3HBIM JJAHHBIM, COCTABJISIET
0T 90 10 100% (Gold et al., 1954) 1 3aBUCUT OT IITaMMa
BUpYCa, CTaIUM PAa3BUTHUS PACTEHNUI B MOMEHT 3apa-
JKEHUS M TeMIIepaTyphl OKpykawiel cpenb! (Singh
et al., 1960). BSMV crocob6eH OJUTEeJIbHOE BpeMs CO-
XPaHAThCS B IMOPaXeHHbIX 3€PHOBKaX. B wacTHOCTH,
YCTaHOBJIEHO, UTO XpaHeHNe UH(PUIITMPOBAHHBIX CEMSIH
B TeueHue 6oJiee 5 JIET He OKa3bIBAJIO CYLIECTBEHHOTO
BJIMSIHUS Ha WH(EKIIMOHHOCTD BUpyca (Pa3BA3KMHA,
1975; Makkouk, Attar, 2001), oH coXpaHSJCs, Jaxe
KOTJla CaM¥ CEMEHA y)Ke TTOTePSIN CBOI0 BCXOXECTh
(PasBsg3kuHa, 1975).

1965; Atabekov, Novikov, 1989; Jackson et al., 2009).
In Primorsky Krai, BSMV was identified as the caus-
ative agent of MCMV, which is the first case of detection
of this virus on this crop (Gapeka et al., 2018). Also, in
Primorsky Krai, BSMV was detected on plants of couch
grass (Elytrigia repens) and yellow foxtail (Setaria pumi-
la) (Gapeka et al., 2018). According to EPPO, under ex-
perimental conditions, BSMV infects empty oats (Avena
fatua), rye (Secale cereale), maize (Zea mays), rice (Oryza
sativa), sorghum (Sorghum bicolor), millet (Panicum mili-
aceum), pigweed (Chenopodium album, Chenopodium gi-
ganteum), quinoa (Chenopodium quinoa), spinach (Spina-
cia oleracea), beet (Beta vulgaris) and tobacco (Nicotiana
tabacum) (https://gd.eppo.int).

BSMV is a type species of the genus Hordeivirus
(Hamilton, Jackson, 1995) family Virgaviridae. BSMV
particles are rigid, rod-shaped virions about 20 nm in
diameter and 100 to 150 nm in length, depending on
the size of the encapsulated RNA. The molecular weight
of the largest viral particles is about 26 kDa, while the
only envelope protein has a molecular weight of about
22 kDa (Atabekov, Novikov, 1989; Adams et al., 2011).
BSMV virions clearly show an axial channel with a di-
ameter of about 3-4 nm and a helical structure with
a helical pitch of 2.5-2.6 nm (Gibbs et al., 1963). The
BSMV genome, like that of other members of the Hordei-
virus genus, consists of three single-stranded RNA mo-
lecules (o, B and vy, 3.8 kb in size, 3.3 kb and 3.2 kb re-
spectively) (Hamilton and Jackson, 1995). All 3 genomic
RNAs are required to infect a plant (Petty et al., 1990).

Despite many years of study of BSMV, its natural
vectors have not yet been determined (Carroll, 1981;
Atabekov and Novikov, 1989). The infection can be
transmitted through mechanical contact between the
leaves of healthy and diseased plants (Razvyazkina,
1975), due to which the virus quickly spreads from
plant to plant in the field (Carroll, 1981). But the main
way the virus spreads is through infected seeds. Seed
infection with BSMV was first detected in 1954 (Gold
et al., 1954) and subsequently investigated by various
authors using electron microscopy, bioassays, and se-
rology. The percentage of disease transmission, accord-
ing to various sources, ranges from 90 to 100% (Gold et
al., 1954) and depends on the virus strain, the stage of
plant development at the time of infection, and the am-
bient temperature (Singh et al., 1960). BSMV is able to
persist for along time in the affected caryopses. In par-
ticular, it was found that the storage of infected seeds
for more than 5 years did not significantly affect the in-
fectivity of the virus (Razvyazkina, 1975; Makkouk, At-
tar, 2001), it persisted even when the seeds themselves
had already lost their germination capacity (Razvyaz-
kina, 1975).

In addition to seeds, the phytopathogen spreads
with the pollen of infected plants (Gold et al., 1954; Raz-
vyazkina, 1975). The contamination of pollen grains
varies from 10 to 35% (Carroll and Mayhew, 1976). This
method can ensure the infection of plants growing at
some distance from the outbreak of the virus (Jackson
et al., 1989).

There are numerous BSMV strains that cause
different disease symptoms and vary in seed transfer
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I[ToMmuMo ceMsIH (uTOMIaTOTEeH
pacIpocTpaHseTcs C MbLILION 3apa-
’KeHHbIX pacteHui (Gold et al., 1954,
PasBa3kuHa, 1975). 3apa)keHue bLb-
11eBbIX 3epeH BapbupyeT oT 10 10 35%
(Carroll, Mayhew, 1976). 9ToT cioco6
MO’KeT 06eCIIeunThb 3apakeHre pacTe-
HUH, TPOU3PACTAIIMX HA HEKOTOPOM
yaaJeHnu OT oyara Bupyca (Jackson et
al., 1989).

CyIliecTBYIOT MHOTOYHUCJIEHHBIE
mTaMMbl BSMV, BeI3bIBawIIE pa3s-
JINYHBIE CUMIITOMBI 60OJIE3HU U pas-
auyuamiuecsd no 3¢pHeKTUBHOCTHU
nepenoca ¢ cemenamu (Jackson et al.,
2009). Ha guMeHe, MIIEHUIIE U OBCE
OBbLJIM OITKMCAHbI HECKOJbKO M30JIITOB
BSMYV, cyuiecTBeHHO pa3jnyaioniu-
ecsl TI0 BbI3bIBAEMBIM MMU CHUMIITO-
MaM, KOTOpPbIE TMOJYyYUJIU Ha3BaHUE
JIaTeHTHOTO, cJ1aboro, yMepeHHOTO,
CypOBOT0 Y HEKPOTUUECKOTO LITaM-
MOB. BbBIJIM OTMeueHbl TaKXe M30-
JISITBHI, BBI3bIBAOIME KapPJIUKOBOCTh
pacTeHU ¥ MOXXEeJTEeHHEe JIUCThEB
(McKinney, Greeley, 1965). TTo3nuee

uyyBLIKeE HasBaHue Type («TUIIOBOW»), BSMV (thoTo Aleksandra Zarzyiiska,
Russian («pycckuii»), Norwich, North  https://www.cabi.org/cpc/datasheet/10529)

Dakota 18 (ND18), Argentina mild (AM)
u Rothamsted (Jackson, Brakke, 1973). Crtoco6HOCTb
K TIepeHOoCy ceMeHaMu y U30JIITOB BUPyca pasjinyHa.
HeKkoTopble M30JISIThI PEIKO 3apakaloT 3aPOIBIII Ce-
MSTH, HEKOTOPbIE MHAKTUBUPYIOTCS B IIPOIIECCE TIPO-
pacranus cemsH (Singh et al., 1960; Carroll, 1972).
BOJBIIMHCTBO AUBEPTEHTHBIX U30JSTOB OBIJIO OMU-
CaHO B PAHHUWU IepUOJ, U3yUYeHUsI BUPYCa, U UX Te-
HeTUYecKre 0COOeHHOCTY He O6bLIN U3yUeHbl. B CBs-
3W C 9THM B HACTOSIIlee BPeMs HEBO3MOXXHO CJIeJIaTh
reHeTHMYecKy 060CHOBAHHBIYM BHIBOJ, O HAJIMYUU He-
CKOJIbKUX CTAOMJIbHBIX IITAMMOB BSMV.
BpenloHOCHOCTD 3a60JieBaHUs 3aBUCUT OT COPTa
mopa’kaeMo# KyJbTYpPbl, (Da3bl PA3BUTUS PACTEHUU
P 3apakeHuH, mramMma Bupyca. CoTyiacHO JIUTe-
paTypHBIM JaHHBIM, IOTEPU 3epHA MOTYT COCTaBUTH
16-27%, a B oTHenbHBIX caydasx — 30-50% (KpbLioB
u 1p., 1980). B mepuos 1953-1970 I'T. 5)KOHOMUUECKIE
noTepu npousBoguTeseli B CIIIA oT 3apakeHus TuMe-
H olleHuBaauch B 30 MaH mosaapos (Carroll, 1980).
B PyMBIHUM [TOTEpU ypoXKasd SUMeHd B pe3yjbTaTe
s3apakenus BSMV cocraBisiau 16-27% (EPPO, 1983).
CHMXXeHMe yPOXKAaWHOCTY IIIIEHUIBI OT 3apakeHUs
BSMV moxeT mocturarb 40-75% (EPPO, 1983), a mo-
Tepu yporkas 3epHa KyKypy3bl, KOTa B HEKOTOPHIX
cITy4dasix HaGJIioLaeTes ITOYTY ITOJTHAS HELOPa3BUTOCTD
nouatka, — 37,1% (Famneka u np., 2018).
BhIpa)keHHOCTh CUMIITOMOB YCUJINBAETCS MPU
BBICOKUX TeMmepaTypax (24-30 °C) (McKinney, 1954).
Ha TuCcThsX CUMIITOMBI BAPbUPYIOT OT CJIa60¥ 0 0UeHb
pe3Koil MO3auKu B 3aBUCUMOCTH OT IITaMMa BUpyca
¥ COPTOBBIX OCOGEHHOCTEN MOPaKeHHOU KYJIbTYPHI.
Mo3auKy COCTABJISAIOT ITapajjieSibHbIe CBETJIO-3eJIeHbIe
TI0JIOCHI, UAYIYE BIOJb XKUJIOK JUCTA OT OCHOBAHUSI
K ero BepIIrHe, HeCKOJIbKO MEHSISICh IT0 INMPUHE U Ya-
CTO TIpepbIBasich. Hepeako MO3avYHbIN PUCYHOK MMe-
eT hopMy 6yKBBI V — IIPSIMOM UJIU TTIEPEBEPHYTON. ITOT
npusHak oTianuuaeT BSMV oT Bcex Ipyrux BUPYCHBIX

Puc. 1. CpaBHeHne CMMNTOMOB JIUCTbEB,
BbI3BaHHbIX Y iUMeHs copTa AHHabenb

Fig. 1. Comparison of leaf symptoms
caused in Annabelle barley
ObLIH OMCAHBI U30JATEI BSMV, ONY-  arpeccuembiMu (a) n cnabbimu (b) nsonstamu by aggressive (a) and mild (b) BSMV

isolates (photos Aleksandra Zarzynska,

efficiency (Jackson et al., 2009). Several BSMV isolates
have been described in barley, wheat and oats, differ-
ing significantly in the symptoms they cause, and have
been termed latent, mild, moderate, severe, and ne-
crotic strains. Isolates causing dwarfing of plants and
yellowing of leaves were also noted (McKinney and
Greeley, 1965). Later, BSMV isolates were described
and named Type, Russian, Norwich, North Dakota 18
(ND18), Argentina mild (AM), and Rothamsted (Jack-
son and Brakke, 1973). The ability to carry seeds in
the virus isolates is different. Some isolates rarely
infect the seed embryo, some are inactivated during
seed germination (Singh et al., 1960; Carroll, 1972).
Most of the divergent isolates were described in the
early period of the study of the virus, and their gene-
tic characteristics have not been studied. Therefore, it
is currently not possible to make a genetically based
conclusion about the presence of multiple stable
BSMYV strains.

The harmfulness of the disease depends on the va-
riety of the affected crop, the phase of plant develop-
ment during infection, and the virus strain. According
to literature data, grain losses can be 16-27%, and in
some cases — 30-50% (Krylov et al., 1980). In the peri-
0d 1953-1970, the economic loss to US producers from
barley infection has been estimated at $30 million (Car-
roll, 1980). In Romania, barley yield losses due to BSMV
infection were 16—-27% (EPPO, 1983). The reduction in
wheat yield from BSMV infection can reach 40-75%
(EPPO, 1983), and the loss of corn grain yield, when in
some cases almost complete underdevelopment of the
cob is observed, is 37.1% (Gapeka et al., 2018).

dutocaHutapus. KapaHTuH pactenuii = 36
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6ose3Helr 31akoB (Pa3Ba3kuHa, 1975). [lopakeHHbIE
pacTeHus OTCTAlOT B POCTE, UMEIOT YKOPOUYEHHbIE
cTebJIV U KOJIOChSI, YMEHbIIaeTCsd YKCJI0 3ePeH B KO-
Jioce, 3ePHOBKU CTAHOBSATCS IIYILJIBIMU U MEJIKUMY,
Ha6JII0TaeTCsI CTEPUIbHOCTD ITBETKOB.

BremHue cuMmnToMbl BSMV HarloMUHAIOT ITopa-
’KeHHe TeJIbMUHTOCIIOPKXO30M, BBI3bIBAEMBIM I'PHGOM
Pyrenophora graminea Ito & Kuribayashi (CABI, 2021).

Taxxe cuMnToMbl BSMV (puc. 1) B HEKOTOPBIX
cJrygastX MOXKHO JIETKO CITyTaTh C CUMIITOMaMU JIPYTUX
BUPYCOB, 3apa’karolyX PACTEHUS MIIIEHUIIbI U SUMEHS,
TaKUX KaK BUPYCHI caaboii Mo3auku stuMeHns (Barley
mild mosaic virus, BaMMV), »xeITOl MO3aUKUA TUMEHI
(Barley yellow mosaic virus, BaYMV) (puc. 2), »keJaToi
xapaukoBocTu guMeHs (Barley yellow dwarf virus,
BYDV), BepeTeHOBUIHOM IT0JI0CATON MO3aNKHU ITIIEHM-
el (Wheat spindle streak mosaic virus, WSSMV), mmou-
BEHHBIM BUPYC MO3aWKU MIIeHuIs! (Soil-borne wheat
mosaic virus, SBWMV), Bupyc Mmo3amku koctpa (Brome
mosaic virus, BMV) (puc. 3).

BcaencTBue 3TOro Bu3dyajbHas NUAarHOCTUKA
3a60JeBaHU HA 3€PHOBBIX KYJbTYPaxX MUMeeT cyry6o
IpeBapUTEJIbHBIN XapaKTep, a uAeHTU(UKaII U BU-
PYCOB BO3MO>KHA JINIIb C MCIIOJIb30BAHUEM CEPOJIOTH-
YEeCKUX U MOJIEKYJISIPHBIX METOJIOB IMArHOCTUKU.

Il BeIsiBJieHUsS BSMV B MUPOBOY MPaKTUKE KC-
TI0JIb30BAJIMCH PA3JIUYHBIE CEPOJIOTUUECKIE METO/IbI,
BKJIFOUAsT METOJbI ABOMHOU nMMyHOAnDGy3um (Carroll
et al., 1979), paguanbHoit uMMyHonuddysuu (Slack,
Shepherd, 1975), naTekc-arrntoruHanuu (Lundsgaard,
1976), dot-mMmmyHo6soTTUHTa (Lange, Heide, 1986),
UMMYHOCITeIIN(UIECKOM 3JIEKTPOHHON MUKPOCKOTTUHT
(Brlansky, Derrick, 1979) u uMMyHO(pEPMEHTHOT0 aHa-
ausa (UPA) (Huth, 1988).

B melicTBy0OIIEM AUAarHOCTUYECKOM MPOTOKOJIE
EOK3P PM3/034 (1) (OEPP/EPPO, 1991) s BbIBIIE-
HUug u ugeHTuduranuum BSMV pekomeHzmoBaH VDA,
KOTOPBIM XapaKTepPU3yeTCs MOCTATOYHO BBICOKOU
YyBCTBUTEJNBHOCTHIO U B HACTOSIIIEE BpeMs Hauboee
amarTUPOBAaH IJIsT OMHOBPEMEHHOTO TECTUPOBAHUSA
GoJibIIoro KomuecTsa 06pasiios (CABI, 2021).

Ilng TectupoBaHus MeTooM VDA mpurofHbl Kak
cyxue ceMeHa, TaK ¥ CeEMeHa, IIPOopalleHHbIe BO BJIaX-
HOU KaMepe B TeueHue ogHol Hemenu (CABI, 2021).
YcraHoBIEeHO, YTO MeToZ, VDA 1103BOJIsIeT 06HAPYIKHU-
BaTh OJIHO 3epHO, MHPUIIMPOBaHHOe BSMV, B mapTuu
u3 1000-2000 HenHpUUpPOBaHHBIX 3epeH (Huth,
1988).

B ciyuae ciabbpIx ¥ JJaTEHTHBIX U30JI1TOB BSMV,
BCTPEUAIONIUXCS B CEMEHAX TUMEeHSI B HU3KOW KOH-
1eHTpalluy, [UarHOCTUYecKas IIpolleAypa, peKoMeH-
noBaHHag crangmapToM EOK3P PM3/034 (1), apisercs
HEJIOCTAaTOUYHO YyBCTBUTEJIbHOU. PEKOMEHIyeTCSI MO-
IuduipoBaHHas IpolleAypa, BKIoUaolas IpeiBa-
puTeabHOE MpopallBaHye CEMSH IIepel TeCTUPOBa-
HueM MetosoM MDA (Jezewska, Cajza, 2010).

Jlng BeigBieHud BSMV npeuMyleCTBEHHO UC-
noJsib3yeTcst MDA B hopmaTe DAS-ELISA (Clark, Adams,
1977). lnarHOCTUYECKUE HABOPHI HJIS BhISIBIEHUS
BSMV meTozioM VDA B popmaTe DAS-ELISA BrIIIyCKa-
FOT HECKOJIBKO BEIYIINX MUPOBBIX (DMPM-TIPOU3BOJIU-
Tenel, HanpuMep Loewe u DSMZ (06e — l'epMaHust).

MATEPUAJIBI U METO/1bI
B pa6oTe 6b1J UCIOJB30BAH ITOJOXUTEBHBIN KOH-
TPOJIb BUPYCAa MITPUXOBATON MO3auKu suMeHs (BSMV)
07004 PC (Loewe, I'epmanus). CrenudrUIHOCTD

Puc. 2. CumnToMbI BUpyca Fig. 2. Symptoms of Barley
KenTou Mo3auku sumeHs (Barley  yellow mosaic virus (BaYMV)
yellow mosaic virus, BaYMV) on the leaves of barley plants
Ha JINCTbAX pacTeHUl aUuMeHs (photo IACR-Rothamsted,
(cpoTo IACR-Rothamsted, https://www.cabi.org/
https://www.cabi.org/isc/ isc/datasheet/

datasheet/10540#toPictures) 10540#toPictures)

Symptoms are aggravated at high temperatures
(24-30 °C) (McKinney, 1954). On leaves, symptoms
vary from mild to very severe mosaic, depending on the
virus strain and the varietal characteristics of the af-
fected crop. The mosaic consists of parallel light green
stripes running along the leaf veins from the base to its
top, somewhat varying in width and often interrupted.
Quite often, the mosaic pattern has the shape of the let-
ter V — straight or inverted. This feature distinguishes
BSMV from all other viral grain diseases (Razvyazki-
na, 1975). Affected plants lag behind in growth, have
shortened stems and ears, the number of grains per

Puc. 3. CumnToMmbl BUpyca Fig. 3. Symptoms of Brome
Mo3aukm kocTpa (Brome mosaic  mosaic virus (photo by
virus) (cpoTo H0.A. LLHeligepa) Yu.A. Schneyder)
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TECT-CHUCTEMBbI OLIeHUBAJIU C ITOJIOXKUTEJIbHBIMU KOH-
TposssMu upmel Loewe (TepMaHus) CleyOIINX BU-
PYCOB: XKEJITOM KapIMKOBOCTU siuMeHs (BYDV), ciraboii
Mo3auku guMeHda (BaMMV), s)keJITo MO3auKy SUMeHI
(BYMV), Mmozauku kocTpa (BMV), rmosiocaToir Mo3auku
nmenuilbl (WSMV), KapJarKOBOCTH MineHuIlsl (WDV),
MITPUXOBATOM MO3auKu KocTpa (BStMV), BepeTeHO-
BUIHOM IoJjiocaToi Mos3amkuy nmeHuis (WSSMV),
MO3auYHOMN KapJMKOBOCTY KyKypy3sl (MDMV), mo3a-
WKY caXapHOro TpocTHuKa (SCMV), 1 u30JIITaMHU CJie-
IYVIOUIUX BUPYCOB U3 KoJuteKuu DSMZ (TepMaHU):
Mo3auku kocTpa (BMV), MO3anYHOUM KapPJIUKOBOCTH
KyKypy3sl (MDMV), MO3auK1 caxapHOTO TPOCTHU-
Ka (SCMV), XJIOPOTUYECKOM KPaIm4aTOCTU KyKypPy3bl
(MCMV), Mmo3auku copro (StMV).

Ta6auna 1
OueHKa crielu()UIYHOCTHU TECT-CUCTEMBI
nJia UPA k BSMV ¢pupmel Loewe (TepmaHus)

Table 1

Evaluation of the specificity of the test system
for ELISA to BSMV by Loewe (Germany)

N2 06p. BSMV (Loewe)
Sample O6paszser _—
Ne Sample X Ao Ao/Ak *¥*
1 MDMYV, PC-0802, DSMZ 0,039 1,00 -
2 MDMYV, +K, Loewe, PC-07059 0,050 1,22 —
3 SCMV, PC-0731, DSMZ 0,045 1,10 -
4 SCMV, +K, Loewe, PC-07088 0,036 1,00 —
5 MCMYV, PC-1087, DSMZ 0,043 1,05 -
6 SrMV, PC-0801, DSMZ 0,046 1,12 -
7 BMYV, PV-0194, DSMZ 0,053 1,29 -
8 BMYV, +K, Loewe, PC-07016 0,044 1,07 -
9 BSMYV, +K, Loewe, PC-07004 0,381 9,29 +
10 BYDV, +K, Loewe, PC-07005 0,055 1,34 —
11 BStMV, +K, Loewe, PC-07123 0,051 1,24 —
12 WDV, +K, Loewe, PC-07082 0,049 1,20 -
13 BYMYV, +K, Loewe, PC-07007 0,066 1,61 —
14 WSMYV, +K, Loewe, PC-07048 0,049 1,20 -
15 WSSMYV, +K, Loewe, PC-07171 0,045 1,10 -
16 BaMMYV, +K, Loewe, PC-07006 0,075 1,83 —

OTpUILIATEIbHBINH KOHTPoab 0,041
Negative control

IToJI0KUTEIbHBIN KOHTPOJIb 0,422
Positive control

** 3aKJIIOUEeHNeE O HAJIUUYUU BUPyCa:

«—» — BUPYC OTCYTCTBYeET (A0/AK < 2, 0);

«+—» — HEJIOCTOBEPHOe Hajuuue Bupyca (Ao/Ak = 2,0-3,0);
«+» — MOCTOBEepHOE Hajguure Bupyca (Ao/Ak > 3,0),

rae Ao — cpefiHee 3HaUeHMe SKCTUHKIIMY 06paslia,

AK — cpenHee 3HAUEHNE S9KCTUHKIIMY OTPUIIATEIBHOTO
KOHTPOJIS.

** Conclusion on the virus presence:

“~” —no virus (Ao/Ax < 2, 0);

“+-” —unreliable virus presence (Ao/Ak = 2.0-3.0);
“+” —significant virus presence (Ao/Ax > 3.0),

Ao is the average extinction value of the sample,

Ak —the average value of the extinction of the negative control.

ear decreases, grains become puny and small, sterility
of flowers is observed.

The external symptoms of BSMV resemble those
of helminthosporiosis caused by a fungus called Pyreno-
phora graminea Ito & Kuribayashi (CABI, 2021).

The BSMV symptoms (Fig. 1) can in some cases
be easily confused with those of other viruses that in-
fect wheat and barley plants, such as Barley mild mosa-
ic virus (BaMMYV), Barley yellow mosaic virus (BaYMV)
(Fig. 2), Barley yellow dwarf virus (BYDV), Wheat spindle
streak mosaic virus (WSSMV), Soil-borne wheat mosa-
ic virus (SBWMV), Brome mosaic virus (BMV) (Fig. 3).

As a result, the visual diagnosis of grain diseases
is purely preliminary, and the identification of viruses
is possible only using serological and molecular diag-
nostic methods.

Various serological methods have been used to
detect BSMV worldwide, including double immuno-
diffusion (Carroll et al., 1979), radial immunodiffusion
(Slack, Shepherd, 1975), latex agglutination (Lunds-
gaard, 1976), dot-immunoblotting (Lange, Heide,
1986), immunospecific electron microscopy (Brlansky,
Derrick, 1979) and enzyme-linked immunosorbent as-
say (ELISA) (Huth, 1988).

The current EPPO diagnostic protocol PM3/034 (1)
(OEPP/EPPO, 1991) recommends an ELISA for the de-
tection and identification of BSMV, which is charac-
terized by a fairly high sensitivity and is currently the
most adapted for the simultaneous testing of a large
number of samples (CABI, 2021).

Both dry seeds and seeds germinated in a humid
chamber for one week are suitable for ELISA testing
(CABI, 2021). It has been established that the ELISA
method makes it possible to detect one grain infected
with BSMV in a batch of 1000-2000 uninfected grains
(Huth, 1988).

In the case of weak and latent BSMV isolates oc-
curring in low concentrations in barley seeds, the di-
agnostic procedure recommended by EPPO standard
PM3/034 (1) is not sensitive enough. A modified pro-
cedure is recommended that includes pre-germination
of seeds prior to ELISA testing (Jezewska, Cajza, 2010).

To detect BSMV, ELISA in the DAS-ELISA format is
mainly used (Clark, Adams, 1977). Diagnostic kits for
the BSMV detection by ELISA in the DAS-ELISA format
are produced by several leading manufacturers, such
as Loewe and DSMZ (both from Germany).

MATERIALS AND METHODS

We used a positive control for BSMV 07004 PC (Loewe,
Germany). The specificity of the test system was eva-
luated with positive controls from Loewe (Germany)
of the following viruses: BYDV, BaMMV, BYMV, BMV,
WSMV, WDV, BStMV, WSSMV, MDMV, SCMV, and iso-
lates of the following viruses from the DSMZ collection
(Germany): BMV, MDMV, SCMV, MCMYV, SrMV.

To detect BSMV by ELISA, a Loewe test system
(Germany) was used. Testing was carried out in accor-
dance with the instructions of the manufacturer.

To confirm the results of ELISA, real-time PCR
(RT-PCR) reagent kits for BSMV from AgroDiagnostica
and Syntol (both from Russia) were used.
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Il BeigBieHUs BSMV meTomoMm MDA rcmonb3o-
BaJIu TecT-cucTeMy hupmbl Loewe (Tepmanus). TecTu-
poBaHUe IPOBOJIUJIIU B COOTBETCTBUU C UHCTPYKIIMEH
(bUpPMBI-TTPON3BOAUTENS.

[ ioaTBepXKAeHUA pel3ysibTaToB MDA UcCIionb-
30Baji HabophI peareHTOB A5 ITLIP B peaJbHOM Bpe-
menu (T[TLP-PB) k BSMV ¢upm 000 «Arpo/IlarHOCTH-
ka» 1 000 «HII1® CurTOI» (06€ — Poccus).

PE3VYJIbTATBI U OBCYXJEHUE

CrnenuduUUHOCTh TecCcT-cUucTeMHBI aJjig UPA kK BSMV
dbupmbr Loewe (l'epMaHUs) OLleHUBAJK II0 OTHO-
meHUI0 K 16 n3onaraM 13 BUPYCOB, 3apa’kamiiux
3epHOBBIE KYJbTYPbI. B pe3yiibTaTe MCCIEL0BaHUN
rokasaHa BBICOKAS CIEIUPUUHOCTD UCCIIelyeMOoit
TecT-cucTeMbl. CEepOIOJ0KUTENbHBIN CUTHAJ Ha-
GJIIoIAJICS JINIIb IJI9 M30JIATa 1leJieBoro oobekra. He
OTMEYEHO ITEPEKPECTHON peakIIuy ¢ U30JIITaMU He-
LesieBbIX BUpycoB MDMV, SCMV, MCMV, StMV, BMV,
BYDV, BStMV, BYMV, BaMMV, WDV, WSSMV u WSMV
(Tabi. 1).

C ucronb30oBaHUEM TecCT-cucTeMbl gasa MDA
K BSMV cdupmel Loewe (lepMaHUs) ITPOBEIEH CEPO-
MOHUTOPUHT BSMV B r1oceBax pas3JjIMYHBIX 3€PHOBBIX
KYJIbTYP B HECKOJIbKMX XO3AHCTBaX BOPOHEKCKOU
u Bonrorpazckoit o6iacteir, CTaBpPOIIOJIbCKOTO Kpas,
[TpuMopckoro kpas u Pecriybsiuku JlarecTaH.

Ta6auna 2

RESULTS AND DISCUSSION

The specificity of the ELISA test system for BSMV from
Loewe (Germany) was evaluated with respect to 16 iso-
lates of 13 viruses infecting crops. As a result of the re-
search, the high specificity of the test system under
study was shown. A seropositive signal was observed
only for the target isolate. No cross-reaction with iso-
lates of non-target viruses MDMV, SCMV, MCMV, SrMV,
BMYV, BYDV, BStMV, BYMV, BaMMV, WDV, WSSMV and
WSMV was noted (Table 1).

Using the test system for ELISA for BSMV by Loewe
(Germany), BSMV seromonitoring was carried out in
crops of various grain crops in several farms of Vo-
ronezh Oblast and Volgograd Oblast, Stavropol Krai,
Primorsky Krai and the Republic of Dagestan.

BSMV seropositive samples were detected in
most sites surveyed, but with varying frequency. Sero-
positive samples were most often noted in winter and
spring wheat samples, but were also detected in barley,
oats, corn, and Sudan grass (Tables 2—4).

It should be noted that the values of extinction
in seropositive samples were relatively low, most of-
ten in the range of 0.118-0.245 optical unit (0. u.) and
only in rare cases reached 0.300-0.400 o. u. The pre-
sence of such low extinction values does not exclude
the possibility of a false positive reaction. All seroposi-
tive samples were further tested for BSMV by PCR.

BhisiBJIeHUE BHpyca HITPUXOBATOM Mo3anuKHu suMeHs (BSMV) meTomom UPA
B PACTEeHMIX MIIEHUIIbI K KYKYPY3bl, 0TOGPaHHBIX B OKPECTHOCTSX I. [IaTuropcka

CTaBpOII0JILCKOT'0 Kpas
Table 2

BSMV detection by ELISA in wheat and corn plants selected in the vicinity

of the city of Pyatigorsk, Stavropol Krai

BSMV (Loewe) BSMV (Loewe)
N2 06p. OGpaszser N2 oGp. OGpaszer,
Sample N Sample X Ao Ao/Ak * Sample N2 Sample X Ao Ao/Ak ¥
IMwenuya, 6ezemamuensle 4acmu pacmenus 21 N2 29 0,135 2,41 +=
Wheat, vegetative parts of the plant 29 Ne 72 0113 2.02 _
1 N2l 0,089 1,59 - Kyxypysa, 6ecemamugeHbsle 4acmu pacmenus
2 Ne2 0,180 3,21 + Maize, vegetative parts of the plant
3 N2 3 0,065 1,16 - 23 Ne 36 0,154 2,75 +—
4 Ne 4 0,075 1,34 - 24 Ne 37 0,104 1,86 -
5 Ne5 0,086 1,54 - OTpuLATEIbHBINH KOHTPOJIb 0,056
6 N2 6 0113 2,02 - Negative control
7 Ne 7 0,081 1,45 - IToJI0KUTEIbHBIN KOHTPOJb 0,303
38 Ne 8 0,096 1,71 _ Positive control
9 Ne9 0,089 1,59 - * 3aKJII0UeHME O HAJIUUKUY BUpYyca:
10 Ne18 0075 1.34 _ «—» — BUPYC OTCYTCTBYeET (A0/AK < 2,0);
" ’ ’ «+—» — HeZIOCTOBEpHOE Haymure Bupyca (Ao/Ak = 2,0-3,0);

11 Ne19 0,098 1,75 - «+» — MOCTOBEpPHOE Hanuuue Bupyca (Ao/Ak > 3,0), rae
12 Ne20 0,127 2,27 +— Ao - cpeJiHee 3HaUeHNeE SKCTUHKIINY 06pasIa,

AK — cpeiHee 3HaueHe SKCTUHKIINY OTPUIATEIbHOTO
13 N2 21 0,089 1,59 - KOHTPOJISL.
14 Ne 22 0,082 1,46 - * Conclusion about the virus presence:
15 Ne 23 0,087 1,55 - “~” —no virus (Ao/Ak < 2.0);

o B “+—” —unreliable virus presence (Ao/Ak = 2.0-3.0);

16 N2 24 0,091 1,63 “+” —gignificant virus presence (Ao/Ak > 3.0),
17 Ne 25 0,077 1,38 — Ao is the average extinction value of the sample,
18 Ne 26 0,090 1,61 _ Ak — the average value of the extinction of the negative control.
19 Ne 27 0,099 1,77 -
20 Ne 28 0,085 1,52 -
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Taoauna 3
BbIIBJIEHHE BHUpPYca HMITPUX0BaTOI Mo3auku suMeHsa (BSMV) meTomom DA B pacTeHUAX
3€PHOBBIX KYJIbTYP, OTOOPAHHBIX B YeThIPEX X03AiicTBaX BopoHe:KCKoii 06J1acTH

- BSMV (Loewe) Ne BSMV (Loewe)
06p. O6pa3sery X Ao Ao/Ak * o6p.OGpa3ser X Ao Ao/Ak *
HoBoycMaHCKU# paiioH, BopoHe)xckasi 061acThb 33 Oswmmag nmeHuIla, c. 'pom PC-3,N218 0,096 1,48 -
1 Aumens, copm Mapeapem, N° 66 0,127 2,27 +- 34 OsuMadg miuieHuila, c. 'pom PC-3,N219 0,081 1,25 -
2 SluMeHb, c. Maprapert, N2 67 0,113 2,02 - 35 OsumMadg nmeHwuna, c. 'pom PC-3,N220 0,095 1,46 -
3 OsumMag nueHuIla, c. bazanpr-2, N2 68 0,102 1,82 - 36 OsumMadg nieHwuIa, c. 'pom PC-3,N221 0,078 1,20 -
4 O3umas nwenuya, c. Basarem-2, N°69 0,133 2,38 +- DPTUIbCKUI paiioH, BopoHeXcKas 061acTh
5 Osumas nwenuya, c. bazanem-2, N°70 0,141 2,52 +- 37 SpoBas nieHuna, c. Jappbs, N2 22 0,079 1,22 -
OPTUIBCKUI PalioH, BopoHeXxcKast 061acTh 38 fposag nieHulia, c. lapbsg, N2 23 0,087 1,34 -
6 SpoBag nuieHuna, c. Japps, N2 71 0,112 2,00 - 39 fpoBag miueHwulla, c. lapbda, N2 24 0,101 1,55 -
7 Apoeas nwenuya, c. lapos, N° 72 0,118 2,11 +- 40 Kykypysa, 0,063 0,97 -
8 Apoeas nuwenuya, c. Japos, N° 73 0,143 2,55 +- ru6puz Espamc PTI0-7288, N° 25
9 Kykypysa, 0,171 3,05 + 41 Kykypysa, 0,075 1,15 -
2u6pud Kpacrnodapcxuii, N° 74 rubpup EBpanuc PI10-7288, N2 26
10 Kyxypysa, 0,108 1,93 - 42 Kykypysa, 0,076 1,17 -
ru6puz KpacHomapckuit, N© 75 rubpuy EBpanuc PIT0-7288, N2 27
11 Kykypysa, 0,123 2,20 +- 43 fumens, c. Bakyma, N2 45 0,081 1,25 -
2ubpud Kpacnodapcxuii, N° 76 44 dJumeHb, c. Bakyna, N2 46 0,133 2,05 -
12 Aumenov deyxpadnuiil, 0,131 2,34 +- 45 fumeHsb, c. Bakyma, N2 47 0,078 1,20 -
¢. Tanoscxuii-9, N° 77 46 Slumewns, c. Bakyma, N2 48 0,110 1,69 -
13 SduMeHb ABYXPSALHBIN, 0,102 1,82 - 47 IMmenuua siposas, 0,115 1,77 -
c. Tanosckuii-9, N° 78 c. YepHO3eMHOypaIbcKkas, N° 49
14 SluMeHBb IBYXPSALHBIN, 0,110 1,96 - 48 TlueHuIa SPoOBas, 0,119 1,83 -
c. Tanosekuii-9, N° 79 c. YepHozeMHOypaJbckas, N2 50
15 Adumens deyxpaduulil, 0,165 2,95 +- 49 [lmenuna sposag, 0,131 2,02 -
¢. Tanoscruii-9, N2 80 c. YepHoseMHOypanbckas, N2 51
OTpuIaTeIbHbIil KOHTPOJIb 0,056 50 TlmeHwuIA IPOBas, 0,127 1,95 -
IToJI0KUTEIbHBII KOHTPOJIb 0,303 c. Kanrwxk K-40, N2 52
c. CTapOHMKOJIbCKOE, XOXOJIbCKUI PAOH, 51 TlmeHwuIta spoBasd, 0,104 1,60 -
BopoHexckas 061acTb c. Kanroxk K-40, N2 53
16 Kykypysa, c. Mapumb6a, N2 1 0,075 1,15 - 52 TlweHuna aposag, 0,115 1,77 -
17 Kyxypysa, c. Mapum6a, N2 2 0,083 1,28 - c. Kantok K-40, N° 54
18 Kykypysa, c. Mapum6a, N2 3 0,075 1,15 - 53 Ilmenuna sposas, ¢. Tpuso K-29, N2 55 0,105 1,62 -
19 Kykypysa, c. HoBoToIr, N 4 0,085 1,31 - 54 Huenuya aposas, c. Tpuzo K-29, N°56 0,149 2,29 +-
20 Kykypysa, c. HoBororr, N 5 0,088 1,35 - 55 [MmweHuna gaposag, c. Tpuso K-29,N257 0,081 1,25 -
21 Kyxypysa, c. HoBoTor, N2 6 0,096 1,48 — 56 Ilmenurna sposasd, 0,103 1,58 -
22 Kykypysa, c. HoBoror, N2 7 0,086 1,32 - ¢. Toppunon K-33, N° 58
23 dumens, c. [IpuazoBckuii-9 PC1,N28 0,086 1,32 — 57 TlmeHnna aposas, 0,096 1,48 -
- S c. Toppugon K-33, N2 59
24 {umeHs, C. l'[pna30BCK1/H:1-9 PC1,N29 0,075 1,15 - 58 Ilmemuma aposas, 0,082 1.26 —
25 fumens, c. [IpuaszoBckuu-9 PC1,N210 0,096 1,48 - c. Toppuzon K-33, N° 60
26 llmenuna osuma, 0,115 1,77 - OTpUIATEIbHBIH KOHTPOJb 0,065
c. Axyat dabTaH, N2 11 ”
ITos10:XUTEJbHBIV KOHTPOJIb 0,303
27 TlmeHuIa o3mMasi, 0,088 1,35 -
c. AxJjiat DibTaH, N2 12 * 3akJI0UeHre O HaIM4YuY BUpyca:
28 Mmerma oauMas, 0077 138~ meprios nammte snpyea (Ao/AK - 2.0-3.0)
C. AXnaT JnbTaH, N2 13 «+» — I0CTOBepHOe Haruue Bupyca (Ao/AK > 3,0),
29 TlmeHwuIla o3umad, 0,110 1,69 - rae Ao — cpefiHee 3HaUEHME SKCTUHKITUY 00pasIia,
c. AxjiaT DsbraH, N2 14 AK — cpellHee 3HaUeHUE SKCTUHKIIUY OTPULIATEJIBHOIO
30 dpoBas nmeHuIa, 0,085 1,31 —  |oHTROTE
c. lappg asuta, N2 15
31 fpoBag nueHuna, 0,087 1,34 -
c. lappg asiuta, N2 16
32 fpoBag nuieHuna, 0,094 1,45 -

c. lappg asiuta, N2 17
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Table 3
Detection of BSMV by ELISA in grain crops selected in four farms of Voronezh Oblast

BSMV (Loewe) BSMV (Loewe)

N2 Sample X Ao Ao/Ak * N¢ Sample X Ao Ao/Ak *
Novousmansky district, Voronezh Oblast 33 Winter wheat, var. Grom RS-3, N218  0.096 1.48 -
1 Barley, var. Margaret, N° 66 0.127 2.27 +- 34 Winter wheat, var. Grom RS-3,N219 0.081 1.25 —
2 Barley, var. Margaret, N2 67 0.113 2.02 - 35 Winter wheat, var. Grom RS-3,N220  0.095 1.46 -
3 Winter wheat, var. Basalt-2, N2 68 0.102 1.82 - 36 Winter wheat, var. Grom RS-3,N221  0.078 1.20 -
4  Winter wheat, var. Basalt-2, N? 69 0.133 2.38 +- Ertilsky district, Voronezh Oblast
5 Winter wheat, var. Basalt-2, N° 70 0.141 2.52 +- 37 Spring wheat, var. Darya, N2 22 0.079 1.22 -
Ertilsky district, Voronezh Oblast 38 Spring wheat, var. Darya, N2 23 0.087 1.34 -
6 Spring wheat, var. Darya, N2 71 0.112 2.00 - 39 Spring wheat, var. Darya, N2 24 0.101 1.55 -
7 Spring wheat, var. Darya, N° 72 0.118 2.11 +- 40 Maize, hybrid Evralis RPO-7288, N225 0.063 0.97 —
8 Spring wheat, var. Darya, N° 73 0.143 2.55 +- 41 Maize, hybrid Evralis RPO-7288, N2 26 0.075 1.15 —
9 Maize, hybrid Krasnodarsky, N° 74 0.171 3.05 + 42 Maize, hybrid Evralis RPO-7288, N227 0.076 1.17 -
10 Maize, hybrid Krasnodarsky, N2 75 0.108 1.93 — 43 Barley, var. Vakula, N2 45 0.081 1.25 -
11 Maize, hybrid Krasnodarsky, N° 76 0.123 2.20 +- 44 Barley, var. Vakula, N2 46 0.133 2.05 -
12 Two-row barley, var. Talovsky-9, N°77 0.131 2.34 +- 45 Barley, var. Vakula, N2 47 0.078 1.20 -
13 Two-row barley, var. Talovsky-9, N2 78 0.102 1.82 - 46 Barley, var. Vakula, N2 48 0.110 1.69 -
14 Two-row barley, var. Talovsky-9,N279 0.110 1.96 — 47 Spring wheat, var. 0.115 1.77 -
15 Two-row barley, var. Talovsky-9, N°80 0.165 2.95 +- Chernozemnouralskaya, N° 49

Negative control 0.056 48 Spring wheat, var. 0.119 1.83 -

R — e Che'rnozemnouralskaya, Ne 50
Staronikolskoye, Khokholsky district, Voronezh Oblast 49 gizﬁo‘;v;?:c’n\iiglskaya, Ne 51 0131 2.02 -
16 Maize, var. Marimba, N° 1 0075 1.15 = 50 Spring wheat, var. Kanuyk K-40, N°52 0.127 1.95 —
17 Maize, var. Marimba, N¢ 2 0083 1.28 = 59 Spring wheat, var. Kanuyk K-40, Ne53 0.104 1.60 —
18 Maize, var. Marimba, N° 3 0075 115 = 55 Spring wheat, var. Kanuyk K-40, N° 54 0.115 1.77 —
19 Maize, var. Novotop, N° 4 0.085 1.31 - 53 Spring wheat, var. Trizo K-29, N2 55 0.105 1.62 —
20 Maize, var. Novotop, N¢ 5 0088 1.35 = 54 Spring wheat, var. Trizo K-29, N° 56 0.149 2.29 +-
21 Maize, var. Novotop, N2 6 0.096 1.48 = 55 spring wheat, var. Trizo K-29,Ne57  0.081 1.25 —
22 Maize, var. Novotop, N* 7 0086 1.32 = 56 Springwheat, var. Torridon K-33, N° 58 0.103 1.58 —
23 Barley, var. Priazovsky-9 RS1, N° 8 0086 1.32 - g Spring wheat, var. Torridon K-33, N259 0.096 1.48 -
24 Barley, var. Priazovsky-9 RS1, N° 9 0.075 1.15 - g4 Spring wheat, var. Torridon K-33,N260 0.082 1.26 —
25 Barley, var. Priazovsky-9 RS1, N2 10 0.096 1.48 - Negative control 0.065
26 Winter wheat, var. Akhlat Eltan, N¢11 0.115 1.77 - T e ] 0.303
27 Winter wheat, var. Akhlat Eltan, N¢12 0.088 1.35 —

- * Conclusion about the virus presence:

28 Winter wheat, var. Akhlat Eltan, N°13  0.077 1.18 - «_» _ 5 virus (Ao/Ak < 2.0):
29 Winter wheat, var. Akhlat Eltan, N°14 0.110 1.69 —  "+-”-unreliable virus presence (Ao/Ax = 2.0-3.0);
30 Spring whet,var. Darya lite,N' 150085 131 — oy e irus prsence o/ 30
31 Spring wheat, var. Darya elite, N2 16 0.087 1.34 - Ak - the average value of the extinction of the negative control.
32 Spring wheat, var. Darya elite, N2 17 0.094 1.45 -

O6pasIlbl C CEPOTIOJOKUTENbHON peakiiuen
K BSMV Ob111M BBISIBJIEHBI Ha OOJIBIIMHCTBE 00CIe0-
BAaHHBIX YUYACTKOB, HO C PA3JIMUHON YaCTOTOU BCTPeE-
vyaeMocTu. CepoIioIoKUTeIbHbIE 06Pa31Ibl Yallle BCEro
OBbLIV OTMeYeHbI B 06pasiiax 03uMOU U SPOBOU IIIEeHN-
IIBI, HO TaKXXe 06HAPY>KUBAJIUCh B TYMEHE, OBCE, KYKY-
py3e u cymaHckoii TpaBe (Tabi. 2—4).

Heob6X0a1uMo OTMETUTD, UTO 3HAUEHUS DKCTUHK-
IIUYM Y CEPOIOJ0XKUTEIbHBIX 06Pa3I[OB 6BIIN OTHO-
CUTEJIbHO HEBBICOKMMMU, Yallle BCEro HaXOAUJNCh
B npexenax 0,118-0,245 onTuyeckoy equHUIIHI (0. €.)
U JIUIID B pefKuX citydadax gocturanu 0,300-0,400 o. e.
Hanuuyue cTONb HUBKUX 3HAUYEHUH DSKCTUHKIIUU

According to the results of confirmation of samples
tested by ELISA, which was carried out with commercial
kits for PCR-RT by Syntol and AgroDiagnostica, none of
the seropositive samples was confirmed, while the po-
sitive control of BSMV had a high level of fluorescence.

The results of molecular tests prove the need to
confirm all seropositive samples due to the high rate of
false positives with plant samples.
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Tao6auna 4

BhISIBJIEHUE BHpyca HITPUXOBATOI Mo3anku sumeHsa (BSMV) meTosiom UPA B pacTeHUAX
3ePHOBBIX KyJIBTYP, OTOGPaHHBIX B X03giicTBax BoJsirorpaickoii o6iactu, Pecny6iiiku JlarecTaH

u IIpuMopcKoro kpasa

Ne BSMV (Loewe) Ne BSMYV (Loewe)
o6p. OGpaszer, X Ao Ao/Ak * 0o6p. OGpaser, X Ao Ao/Ak *
TopopullleHCKWH paiioH BoJrorpazckoi o6aacTu 22 0Oeec N° 64 0,190 2,41 +=
1  Hwenuya N°7 0,200 2,53 +-= 23 Huwenuya N° 65 0272 3,44 +
2 TMmenwura N° 8 0,085 1,08 — 24 TmeHwura N2 66 0,141 1,78 —
3 TMTwenuuya N° 9 0,245 3,10 + 25 Tlmenuia N2 67 0,144 1,82 -
4 Cymanckas TpaBa N2 10 0,084 1,06 - Pecny6nuka Jlarectas
5 Cynmanckag TpaBa N2 11 0,139 1,76 - 26 Kyxkypysa, none N° 1 0,165 2,09 +—
6  Cydancxas mpasa N°12 0,228 2,89 +— 27  Kykypysa, noae N°2 0,409 5,18 +
VIIOBIMHCKUY palioH Boarorpaickoi obyactu 28 Kykypysa, noje N°3 0,314 3,97 +
7  Cydanckas mpasa N°23 0,227 2,87 +— 29 Kyxkypyaa, moje N2 1 0,131 1,66 -
8  Cymamckas TpaBa N2 24 0,058 1,00 - [TpUMOpPCKUIT Kpait
9 CynmaHckag TpaBa N2 25 0,113 1,43 - 30 Kyxkypysa N251 0,072 1,00 -
CoBeTcKUM palioH I. Boirorpaza 31 Kyxkypy3a N2 52 0,102 1,29 -
10 Iwenuuya N°42 0227 2,87 +— 32  Kykypysa N°53 0,178 2,25 +—
11 TMmenwura N2 43 0,071 1,00 — 33 Kyxkypysa N2 54 0,055 1.00 —
12 Hwenuuya N°44 0,183 2,32 +— 34 Kyxkypy3a N2 56 0,066 1.00 -
TopopuieHCKU palioH BoJirorpaickoii obsiactu 35 Kykypysa N?67 0,164 2,08 +—
13 Kyxkypysa N245 0,095 1,20 - 36 0Oeec N°64 0,177 2,24 +-
14 Kyxkypysa N2 46 0,089 1,13 - OTpuUnaTeJIbHbII KOHTPoIb 0,079
15 Kyxkypysa N°47 0215 2,72 += IoJi0KUTEIbHBII KOHTPOJIb 0,494
16 Cydanckas mpasa N°48 0,193 2,44 +— * BAKITIOUEHME O HATUIUH BUPYCA:
17 Cynauckadg TpaBa N2 49 0,089 1,13 - «—» — BUPYC OTCYTCTBYeT (Ao/AK < 2,0);
18 Cymaxckasi TpaBa Ne 50 0,085 1,08 _ «+—» — HeIOCTOBepHOe Hajuuue Bupyca (Ao/Ak = 2,0-3,0);
19 Cymamckas Tpasa Ne 51 0101 128 _ «+» — IOCTOBEPHOE Hanm4re Bupyca (Ao/Ax > 3,0),

rze Ao — cpefHee 3HaUEHYe SKCTUHKIINY 06pasIia,
20 Cydancxas mpasa N° 52 0,255 3,23 * AK — cpeJlHee 3HaUeHUE 9KCTUHKIIUY OTPUIATEIbHOTO
CoBeTcKult paiioH I. Bosirorpaga KOHTPOJIS.
21 OBec N263 0,083 1,05 -

CONCLUSION

He HCKJII0UaeT BO3MOXKHOCTB JIOXKHOTIOJIOKUTEIbHOMN
peaxkiiuu. Bce 06pasIiibl ¢ CEPOIOTI0KUTENIBHON peak-
1yel B JaJbHENIeM TECTUPOBAJIY Ha Hamume BSMV
MmeTomoM ITLIP.

[To pe3ynbTaTaM MOATBEPKIEHUS IPOTECTUPO-
BaHHBIX MeTOHoM VDA 06pasIiioB, KOTOPOE ITPOBEIEHO
KoMMepueckuMu Habopamu ajis [TLP-PB ripousBo-
ctBa OO0 «HI1® CunTos» 1 000 «Arpo/luarHocTrka»,
HU OAUH U3 CEePOMOJOXKUTEIbHBIX 00Pa3IloB He OBLIT
TIOATBEPKIEH, TIPU STOM TIOJIOKUTEIbHBIN KOHTPOJIb
BUpYyCa IMTPUXOBATON MO3aUKU TUMEHS UMeJI BBICO-
KUY YPOBEHDb (DIIYOPECIIEHITUN.

Pe3ysnbTaThl MOJIEKYISIPHBIX TECTOB JOKa3bIBa-
0T He0OXOIMMOCTD ITOATBEPKIECHUS BCEX CEPOIIOJIO-
JKUTEJIbHBIX 00Pa3I[0B B CBSI3M C BLICOKMM YPOBHEM
JIOXKHOTIOJIOXKUTEJIbHBIX PE3YJIbTaTOB C PACTUTEIbHbI-
MU o6pasilaMu.

3AKJ/IIOYEHUE

YcTaHOBJIEHA BBICOKAS CIIEIIM(PUUYHOCTD TECT-CUCTEMBI
nis DA k BSMV npoussozcTBa Loewe (lepMaHus),
C UCITI0JIb30BAaHUEM KOHTPOJIEN U U30JISITOB OJIN3KO-
POICTBEHHBIX BUPYCOB. JlaHHAI TeCT-CUCTEMA MOXKET
OBITh PEKOMEH0BaHa JJIs TIPOBEIEeHMS CKPUHUHTO-
BBIX TECTOB Ha HaJIU4YUe 3TOT0 BUPYyca.

[IpoBenieH cepOMOHUTOPUHT BSMV ¢ ucrosib3oBa-
HUEM TecCT-cucTeMsl nJid VMPA k BSMV nipousBozcTBa
Loewe (l'epMaHMs) B II0CEBaX Pa3JINUYHBIX 3€PHOBBIX
KyJIBTYP B HECKOJIBKUX X03SUCTBaX BOPOHEXKCKOU

The high specificity of the test system for ELISA to
BSMV manufactured by Loewe (Germany) was estab-
lished, using controls and isolates of closely relat-
ed viruses. This test system can be recommended for
screening tests for the presence of this virus.

BSMV seromonitoring was carried out using a test
system for ELISA for BSMV manufactured by Loewe
(Germany) in various grain crops in several farms of
Voronezh Oblast and Volgograd Oblast, Stavropol Krai,
Primorsky Krai and the Republic of Dagestan. Some
BSMV seropositive samples have been identified. To
confirm the infection of the samples for the presence of
BSMYV, positive samples were tested by PCR with com-
mercial PCR test systems by Syntol and AgroDiagnos-
tica (both Russia). According to the results of the mole-
cular studies, it was found that only in positive controls,
specific PCR products were amplified. None of the sam-
ples identified during seromonitoring was confirmed
by PCR results.

It can be concluded that the data obtained and
published by scientists from the Russian Federation
and the world and which concern the spread of viruses
and obtained on the basis of serological methods, with-
out confirmation by molecular genetic methods, cannot
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Table 4

Detection of BSMV by ELISA in plants of grain crops selected in the farms of Volgograd Oblast,

the Republic of Dagestan and Primorsky Krai

Sample BSMV (Loewe) Sample BSMV (Loewe)
Ne Sample XAo Ao/Ak * e Sample XAo Ao/Ak *
Gorodishchensky district, Volgograd Oblast 22 Oat N° 64 0.190 2.41 +—
1 Wheat N° 7 0.200 2.53 +- 23 Wheat N° 65 0.272 3.44 +
2 Wheat N2 8 0.085 1.08 - 24 Wheat N2 66 0.141 1.78 -
3 Wheat N° 9 0.245 3.10 + 25 Wheat N2 67 0.144 1.82 -
4 Sudan grass N2 10 0.084 1.06 - Republic of Dagestan
5 Sudan grass N2 11 0.139 1.76 - 26 Maize, field N° 1 0.165 2.09 +—
6 Sudan grass N° 12 0.228 2.89 +— 27 Maize, field N2 2 0.409 5.18 +
Ilovlinsky district , Volgograd Oblast 28 Maize, field N° 3 0314 3.97 +
7 Sudan grass N° 23 0.227 2.87 +- 29 Maize, field N2 1 0.131 1.66 -
8 Sudan grass N2 24 0.058 1.00 - Primorsky Krai
9 Sudan grass N2 25 0.113 1.43 - 30 Maize N2 51 0.072 1.00 -
Sovetsky district, Volgograd 31 Maize N2 52 0.102 1.29 -
10 Wheat N° 42 0.227 2.87 +— 32 Muaize N° 53 0.178 2.25 +=
11 Wheat N2 43 0.071 1.00 - 33 Maize N2 54 0.055 1.00 -
12 Wheat N° 44 0.183 2.32 += 34 Maize N2 56 0.066 1.00 -
Gorodishchensky district, Volgograd Oblast 35 Maize N? 67 0.164 2.08 +—
13 Maize N2 45 0.095 1.20 - 36 Oat N° 64 0.177 2.24 +-
14 Maize N¢ 46 0.089 113 - Negative control 0.079
15 Maize N°47 0215 2.72 +— Positive control 0.494
16 Sudan grass N° 48 0.193 2.44 - * Conclusion about the virus presence:
17 Sudan grass N2 49 0.089 1.13 - “~” —no virus (Ao/Ak < 2.0);
18 Sudan grass N° 50 0085 1.08 — - .umjeliable yirus presence (Ao/Ak = 2.0-3.0);

“+” — gignificant virus presence (Ao/Ak > 3.0),
19 Sudan grass N° 51 0101 1.28 — Ao is the average extinction value of the sample,
20 Sudan grass N° 52 0.255 3.23 + Ak — the average value of the extinction of the negative
Sovietsky district, Volgograd control.
21 Oat N2 63 0.083 1.05 -

u Bonrorpazckoi obsacteii, CTaBporoybckoro, [Tpu-
MOPCKOTO KpaeB u Pecniy6auku JlarecTaH. BeisiBiieH
LIeJIBIH PsiJT 06Pa3IloB C CEPOITOJIOKUTETbHON peaKkIn-
eti k BSMV. 111 mOATBEePXKAeHUS NHPUITUPOBAHUS 00-
pasuoB Ha Hajgu4yue BSMV npoBOAMId TECTUPOBAHUE
TTOJIOKUTEJIbHBIX 00pa3IioB MeTomoM [P ¢c komMep-
yeckumu [TIIP-TecT-cucteMamu pupm «HI1P CurTOI»
u «ArpoJluaraocTtuka» (06e — Poccus). [To pesynbratam
IIPOBEZEHHBIX MOJIEKYJISPHBIX MCCJIeN0BaHUN ycTa-
HOBJIEHO, UTO TOJIBKO B ITOJIOXKUTEIbHBIX KOHTPOJISIX
aMOIudUIINPOBAINCD ciellupUUHbIe TPOAYTHI [TIP.
Hu onuH 13 06pasiioB, BEISBJIEHHbBIX B X0OJI€ CEPOMO-
HUTOPUHTA, He ObLJI TOATBEPXKIeH peaynbraTamu IT1P.

MOXHO cAenaTh MpeABAPUTENbHBIN BBIBO/I,
YTO JJAHHBIE, KOTOPbIE MOJYyYEeHbl U ONYyOJINKOBaHbI
yueHbIMU U3 Poccuiickoii ®efepanuu u Mupa 1 Ko-
TOPBIE KacalTCd PacIpoCTPaHeHUs BUPYCOB U II0-
JIlydeHbl Ha OCHOBAHUU CEPOJIOTUYECKUX METOJOB,
6e3 Mo TBEPKIEHUS MOJIEKYJISIPHO-TeHeTUYEeCKUMU
MeTOJlaMU, He MOTYT CUMTAThCS BAJIUIHBIMU B CBI3U
C BBISIBJIEHWEM OOJIBIIOTO KOJIUYECTBA JIOKHOIIO0JIO-
JKUTEJIbHBIX PeaKIIuii U, COOTBETCTBEHHO, C JIOXKHBIMU
pe3yJibTaTaMy LUATHOCTUKU.

JlaHHBIEe O pacHpOCTpPaHEeHWU BUpPyca IITPU-
XOBaTOM MO3auWKU SUMeHd B peruoHax Poccuiickoi
denepanuu ciefyeT CUNTAaTh OPUEHTUPOBOUYHBIMY,
U TpebyeTcs MpoBeleHYe MUPOKOMACIITa6HOTO Te-
CTUPOBAHUS 06pPa3I[0B MOJIEKYIIPHBIMU MeTOLAMU
IVIaTHOCTUKU.

be considered valid due to the detection of a large num-
ber of false positive reactions and, consequently, with
false diagnostic results.

Data on the distribution of BSMV in the regions of
the Russian Federation should be considered indica-
tive, and large-scale testing of samples using molecular
diagnostic methods is required.
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AHHOTALIUA

B pamMKkax u3y4eHUS KCUI0(aros, MMeEWNIUX TTOTEH-
IuaJibHOe (UTOCAHUTAPHOE 3HAUEHNE, IPOBEEHBI
HabJI0geHNs 38 OMOJOTUYECKUMU 0COOEHHOCTIMU
KOpoemoB ponioB Tomicus u Scolytus B JIECHBIX 3KOCH-
cTeMax U MapKOBBIX HACAXKAEHUIX I0KHOTO [IpuMo-
pbsi. HaMu n3yvanrch 6M0J0TUYECKEe OCOGEHHOCTHU
KOPOEJIOB, BKJIFOUAIOILE TPO(GUUECKYIO CIIeIaJiu-
3a11uio, (EHOJIOTHUIO, ITOTYIAIMOHHYI0 IUHAMUKY OT-
IleJTbHBIX BUI0B. HaburoeHs (heHOJIOTUY U SKOJIOTU U
IlaTbHEBOCTOYHOTO KePOBOTO Jiy6oena Tomicus pilifer
(Spessivtsev, 1919) BenuCh B TOPHBIX CMENIAHHBIX
Jiecax (KeIp KOpelcKuii, muxTa 6ejoKopas, esib asH-
ckag, 6epesa maypckas, 6epesa pe6pucras), Ha CKJO-
HaX I0T0-3aITaIHOY SKCITO3UIIUY B OKPECTHOCTSIX ceJia
AnucumoBKka (IIIKOTOBCKMII palioH). Hamu omnpee-
JIEHBI IPOJOJIKUTEJIbHOCTh U CPOKY JIETA KEIPOBOI0
Jy6oezia B roJ, C XOJIOJHBIM ITEPUOJIOM, BHI3BABIIUM
3aJIEPXKKY B PA3BUTUM KCUIODUIbHBIX BUIOB Ha-
CEeKOMBIX. B 1a60paTOPHBIX YCIOBUSIX TTPOCIEKEHBI
CPOKY OKYKJIMBAHUS, BBITIIIOLA MOJIOJIOTO TIOKOJIEHUS
KeZpoBOTo JIyboe/la U paHee HEM3BECTHBIE 0COBEHHO-
CTY IOTIOJTHUTEJIbHOT'O TIMTAHUS JKYKOB. BBISCHUIIOCH,
uTo Tomicus pilifer B mporiecce JOMOJHUTEIbHOTO ITH-
TaHUs CII0COGEH MOBPEXIATh COCHY OOBIKHOBEHHYIO
Pinus sylvestris L., IporpbI3as XOAbl BHYTPU MOJIOJIBIX
1mo6eroB. B JIeCHBIX SKOCHUCTEMAaX H0)KHOTO [TpuMOpbs
M3y4eHbl OMOoJIornUeckre 0cobeHHoCcTH 11 BUIOB poza
Scolytus. Bénpinas yacTh 3a60JIOHHUKOB TPOPUIECKHT
cBsizaHa c miabMoBbIMU TTopogamu (Ulmaceae). iibMo-
BBIY KOMILJIEKC 3a00JIOHHUKOB IIPECTABIISET ITOTEH-
IVAJIbHYI0 MHBA3WMOHHYIO OITACHOCTb, TAK KaK BCE 3TU
BU/IBI YCITEIITHO Pa3BUBAIOTCS HA BA3€ MEJIKOJIMCTHOM
Ulmus pumila L., UMelOIIEeM UIMPOKUY apeasl 1 aKTUBHO
KCIIOJIb3YEMOM B O3eJIeHEHUY HACEeJEHHBIX MYHKTOB
U TapKOBBIX HacaXJIeHusxXx B EBporelickoy Poccum.
B MecTax u3y4yeHus 6UOJIOTUY KOPOEL0B MbI ITPOBOL Y-
JIY c60P KCMIIO(UIIBHOT'0 KOMILJIEKCa HaCEKOMBIX, B KO-
TOPOM KPOMe KOPOEIOB IOMUHYUPYIOT BUIbI CEMENCTBA
Cerambycidae. IIpoBesieHa IpeJBapuUTeIbHas OLleHKA
pUCKa MHBa3UH NAJIbHEBOCTOYHBIX BUJIOB B EBpoIei-
CKyI0 Poccuio 1 uX pacpoCcTpaHeHus Ha 3TON TepPU-
TOPUM.
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ABSTRACT

As part of the study of xylophages of potential phy-
tosanitary importance, observations were made of the
biological characteristics of bark beetles of the gene-
ra Tomicus and Scolytus in forest ecosystems and park
plantations of southern Primorye. We studied the bio-
logical characteristics of bark beetles, including trophic
specialization, phenology, and population dynamics of
individual species. Observations of the phenology and
ecology of larger pith borer Tomicus pilifer (Spessivtsev,
1919) were carried out in mountain mixed forests (Pi-
nus koraiensis, Abies nephrolepis, Picea jezoensis, Betula da-
hurica, Betula costata), on the slopes of the southwest-
ern exposure in the vicinity of the village of Anisimovka
(Shkotovsky district). We determined the duration and
timing of the flight of the Tomicus pilifer in a year with a
cold period, which caused a delay in the development
of xylophilous insect species. Under laboratory condi-
tions, the timing of pupation, the birth of the young ge-
neration of Tomicus pilifer, and previously unknown fea-
tures of the additional feeding of beetles were traced.
It turned out that Tomicus pilifer in the process of addi-
tional feeding is able to damage Pinus sylvestris L., gnaw-
ing passages inside young shoots. Biological character-
istics of 11 species of the genus Scolytus were studied in
the forest ecosystems of southern Primorye. Most Sco-
lytus are trophically associated with elms (Ulmaceae).
The elm complex of Scolytus represents a potential inva-
sive danger, since all these species successfully develop
on Ulmus pumila L., which has a wide range and is ac-
tively used in landscaping settlements and park plant-
ings in European Russia. In places where the biology
of bark beetles was studied, we collected a xylophilic
complex of insects, which, in addition to bark beetles,
is dominated by species of the family Cerambycidae.
A preliminary assessment of invasion risk by Far East-
ern species into European Russia and their distribution
in this territory was carried out.
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Knrouesvle c106a. ®UTOCAHUTAPHBIN KOHTPOJIb,
JIy6oenbl, 3a60JI0HHUKY, SKOJIOTHS, TIOIMYIAIIMOHHbIE
nokasatesu, peHosIoTusl.

BBEJEHUE

ITHOW M3 BaXKHEWIIMX 3a7ad KapaH-
TUHHOU CJIYy»X0b! sByseTcs (uroca-
HUTAPHBIM KOHTPOJb TEPPUTOPUY
Poccutickoti depmepaliyu, TI03BO-
JITIOMIMY CBOEBPEMEHHO OIIeHUTD
BEPOSITHOCTh WHTPOAYKIIMU TIOTEH-
IIMAJIbHO OMAaCHBIX BUJIOB B JIPyTHE
peruonsl  Poccuu. MOHUTOPUHT
sHTOMOGayHbl JlanbHero BocTtoka Poccuu coxpaHs-
€T CBOI0 aKTyaJbHOCTh Ha (hOHEe WMHBA3UU yCCypHUi-
ckoro mnosurpada Polygraphus proximus Blandford,
1894, MaiXMHCKOTO HEMapHOro Kopoema Anisandrus
maiche (Kurenzov, 1941), 0JIbXOBOTO HEMIApPHOI'0 KO-
poena Xyleborinus attenuatus (Blandford, 1894) u yc-
CypUICKOTO [APEeBOSIOHOTO Kopoena Scolytoplatypus
tycon Blandford, 1893 B eBpormelickyio yacTb Poccuu,
Ha CeBepHbI# KaBkas u B BocTounHyo Cubups (3amo-
tannoB, Hukutckuii, 2010; ManzenpmtaMm, 2019).
KpoMme Toro, 1xHoe [IpuMopbe ABJISETCSI OOHUM U3
MIPUMEPOB POCCUNCKON IMIPUTPAHUYHON TEPPUTOPUH,
KyZla B TOCJelHee NeCITUJeTHe MPOHUKAIOT KCUJIO-
MutleTouUIbHbIe BUJbI MoJiceMelicTBa Scolytinae u3
COITpeeIbHBIX TEPPUTOPU: Cnestus mutilatus (Bland-
ford, 1894) u Microperus molestus Park and Smith, 2020
(MangenbuITam u ap., 2018). O6Hapy’KeHUEe Ha TEPPU-
Topuu llanbHero BocToka Poccuum M comnpenesibHbIX
TOCYZlapCTB HOBBIX JJIST HAayKU BUIOB Scolytinae 1mof-
TBEPXKAET HEOOXOAVMMOCTD NAJIbHENIIEr0 U3YUEeHUSs
neunpodunbHOl ayHbl permoHa (Park et al., 2020;
Petrov, Shamaev, 2020). O6beKTaM1 HAIIero HabJro-
IEeHUs SIBJSINCh KCUIO(GUIbHBIE BUIBI )KYKOB, €CTE-
CTBEHHBIH apeaJjl KOTOPLIX OrpaHuYrBaeTcs JalbHUM
BocTokoMm. Oco60oe BHMMAHWE MbI YAEJSIIU YKECTKO-
KpBLIBIM mojiceMeiicTBa Scolytinae (Coleoptera: Cur-
culionidae). ITesibio aKCTIEAUIIUY GBLIIO U3yYEHWE OCO-
GeHHOCTel 6GMOJIOTUY 1 SKOJOTUU JaJIbHEBOCTOUHBIX
Jay6oenoB poma Tomicus Latreille, 1802 u 3a60710HHU-
KOB poja Scolytus Geoffroy, 1762, IpUCYTCTBYIOUIUX
B JlecoMaTepuaiax; yrouHeHve (GeHoJO0TUY BULOB KO-
PO€oB; OIleHKa IIOTEeHINaJbHOM BEPOSTHOCTY NHBA-
31l JaJIbHEBOCTOYHBIX BUIOB Scolytinae B pPervoHbI
EBpomnetickoir Poccuu, BocTouHoit Cubupu u CeBep-
Horo KaBkasa.

MATEPUAJIBI U METO/IbI

Cpoku mpoBeleHUS BKCHeAUIIMOHHOU pPaboThl
B IOXKHBIX parioHax [IpyMopcKoro Kpasg — ¢ 19 mas
no 17 nwHga 2022 1. ViccnenoBaHUsd IPOBOLUIINUCH
B OKPECTHOCTSX cejla AHMCUMOBKa ([IIKOTOBCKUI
paiion) (puc. 2, 4), B OKPECTHOCTSX II. I. T. KpacKuHO
u ropbl TymMaHHas, cea Butsass (XacaHCKUM paiioH),
Ha HYDKHEM CKJIajzie IpeBecuHbl (20 KM ceBepHee ceJia
YepHbIIIeBKa, AHYYMHCKUH paiioH), cesia lopHo-Taex-
HOTO (YCCypUICKUH TOPO/ICKOM OKPYT), B OKPECTHOCTY
cesia YepusaTuHo (OKTAGPbCKUIT palioH), B BoTraHuye-
CKOM capy I. BjalmBOCTOKA, B TTapKax I. ApceHbeBa

Key words. Phytosanitary control, Tomicus pilifer,
Scolytus, ecology, population indicators, phenology.

INTRODUCTION

ne of the most important tasks of the qua-

rantine service is the phytosanitary con-

trol of the territories of the Russian Fede-

ration, which makes it possible to timely

assess the likelihood of the introduction
of potentially dangerous species into other regions of
Russia. Monitoring of the entomofauna of the Russian
Far East remains relevant against the background of
invasions of Polygraphus proximus Blandford, 1894, Ani-
sandrus maiche (Kurenzov, 1941), Xyleborinus attenuatus
(Blandford, 1894) and Scolytoplatypus tycon Blandford,
1893 into the European part of Russia, the North Cau-
casus and Eastern Siberia (Zamotailov and Nikitsky,
2010; Mandelshtam, 2019). In addition, southern Pri-
morye is one of the examples of the Russian border
area, where xylomycetophilic species of the subfamily
Scolytinae were introduced from adjacent territories
in the last decade: Cnestus mutilatus (Blandford, 1894)
and Microperus molestus Park and Smith, 2020 (Man-
delshtam et al., 2018). The detection of Scolytinae spe-
cies new to science in the Russian Far East and neigh-
boring countries confirms the need for further study of
the dendrophilic fauna of the region (Park et al., 2020;
Petrov and Shamaev, 2020). The objects of our obser-
vation were xylophilous species of beetles, the natu-
ral range of which is limited to the Far East. We paid
special attention to beetles of the subfamily Scolytinae
(Coleoptera: Curculionidae). The purpose of the expe-
dition was to study the features of biology and ecology
of Tomicus Latreille, 1802 and Scolytus Geoffroy, 1762,
present in timber; clarification of the phenology of
bark beetle species; assessment of the potential pro-
bability of invasions of Far Eastern Scolytinae species
into the regions of European Russia, Eastern Siberia
and the North Caucasus.

MATERIALS AND METHODS

The terms of the expeditionary work in the southern re-
gions of Primorsky Krai were from May 19 to June 17,
2022. The studies were carried out in the vicinity of the
village of Anisimovka (Shkotovsky district) (Fig. 2, 4),
in the vicinity of the village of Kraskino and Mount Tu-
mannaya, in the village of Vityaz (Khasansky district),
in the lower timber yard (20 km north of the village of
Chernyshevka, Anuchinsky district), in the village of
Gorno-Taezhnoye (Ussuriysky urban district), in the
vicinity of the village of Chernyatino (Oktyabrsky dis-
trict), in the Botanical Garden of Vladivostok, in parks
Arseniev and on the left bank of the Bogataya River in
the vicinity of the village of Sputnik (Fig. 1). The col-
lection of beetles was carried out manually during

duTtocaHutapus. KapaHTtuH pactenuin 48
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¥ Ha JieBOM Gepery peku BoraToil B OKPeCTHOCTSIX T10-
cenka CryTHUK (puc. 1). C60p KYKOB OCYIIECTBIISICS
PYYHBIM CII0CO60M BO BpeMs PEKOTHOCIIMPOBOUHBIX
o6clemoBaHUYN HaCaXXIEHWM U CKJIAIOB IpPEeBECU-
HbI, OKOHHBIMU JioBYIIKaMu ITeTposa (Nikulina et al.,
2015) (puc. 3) u hepOMOHHBIMYU JIOBYLIKaMU (puc. 5).
JlJ1s TpUBJIeYeHUS KCUITO(UITBHBIX HACEKOMBIX MBI UC-
T10JIb30BAJIU JIOBUKE TT06ETY XBOMHBIX U JIUCTBEHHBIX
nepeBbeB Ha rope ®ajyaza (OKpPeCTHOCTH cejia AHU-
CUMOBKA), HA TePPUTOPUU [OPHOTAEKHOU CTAHIIUU
IanbHEBOCTOUHOrO oTAeseHus PAH, Ha BeIpyOKax
U HIDKHEM CKJiaJle JpeBeCUHbl B AHYyUYMHCKOM pario-
He (puc. 6) 1 B mapkax I. ApceHbeBa. Bo BpeMs pyu-
HOro c60opa HaceKOMbIX BCKPhIBAJIAaCh KOpa Ha mobe-
rax B MeCcTax IOCeJIeHUI KOPoeoB UJU I0Ji3alolre
10 KOPE€ JKYKU CTPSIXUBAJIUCH B «ITIOHCKUU 30HTUK».
[MTonyNsAIIMOHHBIE TIOKA3aTeJI KOPOEOB OMpeseis-
Jauchk o metonuke E.I. MososeBckoit u O.A. KaTaeBa
(Mo3zoneBckas u ap., 1984).

Omnpenenenue Scolytinae BeirmosHeHO A.B. IeT-
POBBIM, BUIBI ceMelicTBa Cerambycidae onpeseneHbl
A.B. llTamaesoblM, C.H. MIBaHOBBIM 1 /I.A. KyJie10BbIM.
dororpaduu XYKOB BBHITIOJIHEHBI
A.B. ITeTpoBbIM KaMepoi Canon 50D
c o6bekTuBOM MP-E 65. lludpoBas
o6paboTka ¢oTorpaduit mposeze-
Ha C UCIIOJIb30BAaHUEM IMIPOTPaMMBbI
Picolay.

PE3VYJIbTATbI
N OBCYXJEHUE

Pox Tomicus Latreille, 1802 mipencTaB-
JieH B [TajleapKTUKE BOCEMbIO BU/Ia-
mu: Tomicus brevipilosus (Eggers, 1929),
T. destruens (Wollaston, 1865), T. heuk-
sandoensis Park, 2017, T. minor (Hartig,
1834), T. pilifer (Spessivtsev, 1919),
T. piniperda (Linnaeus, 1758), T. puellus
(Reitter, 1895), T. yunnanensis Kirken-
dall & Faccoli, 2008 (Knizek, 2011;
Park et al., 2017; Wood, Bright, 1992).

Ha tepputopuu IIpuMOpCKOro
Kpasg P® oTMedeHBI 2 S5HIEMUUYHBIX
BUA Jy060em0OB: NaJlbHEBOCTOUHBIN
KeZpoBbIN Jiyb6oen (KeILPOBBIN Jec-
HOU camoBHUK) Tomicus pilifer (puc. 7)
¥ JaJbHEBOCTOYHBIN €JI0BBI JIyOOe]T
(enmoBbIi JecHOU camoBHUK) T. puel-
lus (KypeHn1os, 1941; KpuBoJyiikas,
1996; Mamaes, 1985; Ctapk, 1952;
sroBcKkui, 1999). KpoMme 3THUX BUIOB

reconnaissance surveys of plantations and timber
stores, using Petrov’s window traps (Nikulina et al.,
2015) (Fig. 3) and pheromone traps (Fig. 5). To attract
xylophilic insects, we used trapping shoots of coni-
ferous and deciduous trees on Mount Falaza (near the
village of Anisimovka), on the territory of the Gorno-
taiga Station of the Far Eastern Branch of the Russian
Academy of Sciences, in clearings and the lower tim-
ber yard in the Anuchinsky district (Fig. 6), and in the
parks of the city of Arsenyev. During the manual col-
lection of insects, the bark on the shoots in the places
of bark beetle settlements was opened or the beetles
crawling along the bark were shaken off into a “Japa-
nese umbrella”. Population indicators of bark beetles
were determined by the method of E.G. Mozolevskaya
and O.A. Kataev (Mozolevskaya et al., 1984).

Scolytinae was identified by A.V. Petrov, species of
the family Cerambycidae were identified by A.V. Sha-
maev, S.N. Ivanov and D.A. Kuleshov. Photos of beetles
were made by A.V. Petrov with a Canon 50D camera
with an MP-E 65 lens. Digital processing of photographs
was carried out using the Picolay software.

1- Kopea

205 SRy NPUMOPCKUA KPAR

B sHTOMOGayHe [I[puMOPCKOro Kpas
MIPUCYTCTBYIOT 2 IUPOKO pacpocTpa-
HEHHBIX BUJIa COCHOBBIX JIyDOEIOB:
T. piniperda v T. minor.

Mb1 HabmoOmanu (GeHOJIOTUI0
KenpoBoro sy6oema Tomicus pilifer
B OKPECTHOCTSIX cejla AHMCUMOBKA
(ropa ®ajaza) B TOUKe C KOOPAUHATA-
Mu43°06 44" " c.m.132°47°17 " ' B. 1.
Ha BbIcOTe 470 M HaJ, yDOBHEM MOpP4
c 22 maga 1o 15 uwoua 2022 r. Habmroge-
HUS BEJINCh B TOPHBIX CMEIIaHHbIX JIe-
cax (KeIp KopelcKuii, muxTa 6eJIoKopas, eJib aTHCKasd,
OGepesa maypckas, 6epesa pebpucras), Ha CKJIOHAX
FOT0-3aITaHOM SKCI03UIIM K. JIy60oe ] 3aCelIsiyl TOJICThIe
Cy4Ybs KeJipa KOPeNCKOoTo, CJIOMaHHbIe BETPOM (puc. 8).

Puc. 1. Mecta nposepeHuns
nccnefoBaHUIM Ha TeppuTopUn
Mpumopckoro kpas P®: 1 — KpackuHo;
2 - byxTa Butasb; 3 — AHUCMMOBKA;

4 — boTaHU4YecKui cap r. BnaanBocToKa;
5 — okpecTHoOCTU I. BnagmBocTOKa,

noc. CnyTHuK; 6 — ceno fopHo-TaexHoe;
7 — AHYUMHCKUI paiioH, OKPECTHOCTH
cena YepHbileBKa; 8 — OKPECTHOCTMN
cena YepHATUHO; 9 — . ApceHbeB
(https://maps-rf.ru/primorskij-kraj/)

Fig. 1. Locations of research

on the territory of Primorsky Krai

of the Russian Federation: 1 — Kraskino;
2 - Vityaz Bay; 3 — Anisimovka;

4 - Botanical Garden of Vladivostok;

5 — surrounding areas of Vladivostok,

7 — Anuchinsky district, the vicinity of

areas of Chernyatino village; 9 — Arseniev
(https://maps-rf.ru/primorskij-kraj/)
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Sputnik village; 6 — the village of Gorno-Taiga;

the village of Chernyshevka; 8 — surrounding
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Puc. 2. YuacTHuku akcneguummn. Fig. 2. Expedition members.
CneBa Hanpago: A.B. MNeTtpos,
A.B. lLlamaes, [.A. Kynelwos A.V. Shamaev, D.A. Kuleshov

ToJiHa 3aceJIeHHBIX IT0OETOB Keipa KOPerncKo-
ro xojiebasach oT 13 1o 76 MM. Bece rmoberu uMesiu Jje-
TaJIbHbIE MEXaHWYECKME TIOBPEXIEHY S, HO COXPAHSIN
3eJIeHy10 XBOI0 6e3 MPU3HaKOB yBaaHusA. Habmawome-
HUS 32 Pa3BUTUEM MOJIOLOTO ITOKOJIEHUS KYKOB IIPO-
BOJIMJIUCH B JTAGOPATOPHBIX YCIOBUIX B IIEPUO], C UIOHS
o aBrycT 2022 T. B U30JIMPOBAHHBIX J1abOPATOPHBIX
TIOMEIIEHUIX.

BeceHHU JIET )KYKOB K€ POBOT0 Jiy6oea B OK-
PECTHOCTSAX cejla AHMCUMOBKA IIpoTeKas B 2022 T.
C TepBOY JeKaJbl Mas 10 MEPBYI JeKaay WIOHS.
Ilo cocTostHMIO Ha 22 Mas Mbl HaXOAWJIN XOIbl Tomi-
cus pilifer TONbKO ¢ caMKaMU BHYTPU MATOUHBIX XO-
OB (caMIIbl BO BCEX XOJlaX OTCYTCTBOBaJiu). CaMKu
B OOJIBITMHCTBE XOJIOB Ha COGpaHHBIX HaMU Imoberax
3aBepPIINJIN OTKJIAJIKY SIUI] B sililleBble kamepsl, 0,3%
XOJIOB JIy60€JI0B MMEJIM JIMUYMHOK TIEPBOT0 BO3PacTa
Ha HavaJIbHBIX (pparMeHTax MaTOYHBIX XOHOB. B X0-
Iax, BCKPBITBIX 12 MIOHS, Mbl HAOJOZANN JTUUYNHOK
BTOPOTO U TPETHETO Bo3pacTa (puc. 8), OKyKIUBaHUE
MOJIOZIOTO TOKOJIEHUS B JIa60PATOPHBIX YCIOBUIX IIPO-
ucxonuo ¢ 19 1o 25 nwHg. Mojofble )KyKU ITOKU LA
XoZbl ¢ 28 uwoHg 1o 9 utoiig 2022 roga. Okpacka Mo-
JIOIBIX XXYKOB Tomicus pilifer 6bl1a CBETI0-KOPUYHE-
BOM M CHJIBHO OTJIMYAJIaCh OT POLUTENbCKOM (PUC. 7¢C).
CBeTnag OKpacKa MOJOJBIX >XYKOB COXpaHdJach
BO BPEMS JOTOJHUTEJIbHOTO ITUTAHUS.

Jlng ompenesieHUs MPOILOJKUTEJIbHOCTU JIETA
Ha cKJIoHax ropsl dajasa (OKPEeCTHOCTU cejia AHUCH-
MOBKa) HaMM 23 Mas ObLJIU CIIUJIEHBI 6 TT00ET0B KeJl-
pa KopercKoTro M U3 HUX c(POPMUPOBAHBI 2 JOBULE
Ky4H, HaJi KOTOPBIMU OBLIY YCTAHOBJIEHBI 2 OKOHHBIE
JIOBYIIKY. 3aceJieHre JIOBUMX BETBEU IIPOUCXOLUIIO
Ha 3—-5-1 JeHb II0cje UX CIWJINBAHUI 1 10 11 uoHa
2022 r. Ha 12 nioHS B MaTOYHBIX XOJaxX HaXOIUJINCH
caMIIbl ¥ CAaMKU KeJpOBOTo Jiyboena B IIpoliecce sii-
LekJanku. JIMUMHKYA B X04ax OTCYTCTBOBaJiv. B pa-
nuyce 70 M OT JIOBUMX Ky4Y HaM¥ GbLJIY pa3BelleHbl
20 hepOMOHHBIX JIOBYIIEK (-TTUHEH + 3-TUIPOKCU-
OKTaH-2-0H + STUJIOBBIM cuupT). [Ipu exeqHEeBHOUN
MIPOBepKe 3TUX JIOBYIIEK He BBISIBJIEHO IPUBJIEUEH-
HBIX (hepoMoHOM Tomicus pilifer. B TO )Xe BpeMsI OKOH-
Hble JIOBYILIKY A.B. [TeTpoBa, IpuBJIeKaBIlIre KOPOeJ0B
STAaHOJIOM, CUJIBHO pa36aBjIeHHbIM BOJIOM, IT03BOJIMIIN

From left to right: A.V. Petrov,

Puc. 3. OkoHHas noBywka  Fig. 3. A.V. Petrov’s

A.B. MeTpoBa
(choTo A.B. MeTpoBa)

window trap
(photo by A.V. Petrov)

RESULTS AND DISCUSSION

The genus Tomicus Latreille, 1802 is represented in the
Palaearctic by 8 species: Tomicus brevipilosus (Eggers,
1929), T. destruens (Wollaston, 1865), T. heuksandoen-
sis Park, 2017, T. minor (Hartig, 1834), T. pilifer (Spes-
sivtsev, 1919), T. piniperda (Linnaeus, 1758), T. puellus
(Reitter, 1895), T. yunnanensis Kirkendall & Faccoli, 2008
(Knizek, 2011; Park et al., 2017; Wood, Bright, 1992).

On the territory of the Primorsky Territory of
the Russian Federation, 2 endemic species of bark
beetles were noted: Tomicus pilifer (Fig. 7) and T. puel-
lus (Kurentsov, 1941; Krivolutskaya, 1996; Mamaev,
1985; Stark, 1952; Yanovsky, 1999). In addition to these
species, the entomofauna of Primorsky Krai contains
2 widespread species: T. piniperda and T. minor.

We observed the phenology of Tomicus pilifer in
the vicinity of Anisimovka village (mountain Falaza) at
the point with coordinates 43°06 "44 " * North lalitude
132°47 17" East longitude at an altitude of 470 m
above sea level from May 22 to June 15, 2022. Obser-
vations were carried out in mountain mixed forests
(Korean cedar, white fir, Ayan spruce, Dahurian birch,
ribbed birch), on the slopes of the southwestern expo-
sure. The beetle inhabited the thick branches of the Ko-
rean pine, broken by the wind (Fig. 8).

The thickness of the populated shoots of the Kore-
an pine ranged from 13 to 76 mm. All shoots had lethal
mechanical damage, but retained green needles with-
out signs of wilting. Observations on the development
of the young generation of beetles were carried out in
laboratory conditions from June to August 2022 in iso-
lated laboratory rooms.

The spring flight of Tomicus pilifer in the vicini-
ty of Anisimovka village proceeded in 2022 from the
first ten days of May to the first ten days of June. As of
May 22, we found galleries of Tomicus pilifer only with
females inside the mother galleries (males were absent
in all galleries). Females in most of the galleries on the
shoots we collected completed laying eggs in the egg

dutocaHutapus. KapaHtuH pactenuii = 50
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Puc. 4. TopHbIi cMewaHHbIi  Fig. 4. Mountain mixed forest
nec (AHMcuMMoBKa, BepxoBbsi  (Anisimovka, upper reaches
pyubss CMosiIbHOO) of the Smolny stream)

(¢hoto A.B. MeTpoBa) (photo by A.V. Petrov)

Ham cobpaTh 27 caMI[OB ¥ CAaMOK KeJIpOBOro Jiyboeza.
BBIX0OJ, MOJIOZIBIX XKYKOB B XOJlaX MO3LHUX ITOCEJIEHU
Tomicus pilifer Mb1 HabIOmATN B JIaBOPATOPHBIX YCJIIO-
BUAX ¢ 9 1o 15 utonig 2022 1.

[InoTHOCTD TnoceneHus Tomicus pilifer Ha 11e-
CTU MOZEeJbHBIX Moberax AJWHON 2 M BapbrpoBaJa
OT 2 10 9 MaTOYHBIX XOHOB (M. X.)/mM? (cpelHee 3Ha-
yeHne 5,8 + 3,2 M. X./nM?), IJIHA MaTOYHBIX XO/I0B —
30-62 MM (cpenHee 3HadeHnE 38 MM). PaKTHUUECKAsS
TIJIOIOBUTOCTD CAMOK COCTaBJIsIA 45 SIUII/M. X., CMEPT-
HOCTh MOJIOZOT0 TIOKOJIEHUSI Ha MOJIEJIbHBIX Ioberax
KoJiebajiach B mpezenax 45—-53%. [Tnomamb KOPMOBOM
TIOBEPXHOCTM U3MeHsach ot 0,9 mo 1,2 am?. [ToMuMo
KeJIpoBOro Jiyboeia JoBUMe IT06ery KeJipa Kopelickoro

chambers, 0.3% of the galleries of beetles had larvae of
the first age on the initial fragments of the mother gal-
leries. In the galleries opened on June 12, we observed
larvae of the second and third instars (Fig. 8); pupation
of the young generation under laboratory conditions
took place from June 19 to 25. Young beetles left the
galleries from June 28 to July 9, 2022. The coloration
of young Tomicus pilifer beetles was light brown and
strongly differed from that of the parents (Fig. 7c). The
light coloration of young beetles was preserved during
additional feeding.

To determine the duration of the flight on the
slopes of Mount Falaza (near the village of Anisimov-
ka), on May 23, we cut down 6 shoots of the Korean pine
and formed 2 trap heaps from them, over which 2 win-
dow traps were installed. Settling of trapping branches
took place on the 3'-5™ day after their cutting and until
June 11, 2022. On June 12, males and females of Tomi-
cus pilifer were in the mother galleries in the process of
oviposition. There were no larvae in the galleries. We
hung 20 pheromone traps (x-pinene + 3-hydroxy-oc-
tan-2-one + ethyl alcohol) within a radius of 70 m from
the trapping heaps. Daily inspection of these traps did
not reveal Tomicus pilifer attracted by the pheromone.
At the same time, A.V. Petrov, attracting bark beetles
with ethanol highly diluted with water, allowed us to
collect 27 male and female Tomicus pilifer. We observed
the emergence of young beetles in the tunnels of late
settlements of Tomicus pilifer in laboratory conditions
from July 9 to 15, 2022.

The population density of Tomicus pilifer on six
model shoots 2 m long varied from 2 to 9 mother gal-
leries (m. g.)/dm? (mean value 5.8 + 3.2 m. g./dm?),
the length of the mother gallerieswas 30—62 mm (ave-
rage 38 mm). The actual fecundity of females was
45 eggs/m. g., the mortality of the young generation
on model shoots ranged from 45-53%. The area of
the feeding surface varied from 0.9 to 1.2 dm?. In ad-
dition to Tomicus pilifer, trapping shoots of the Kore-
an pine were inhabited by Hylurgops interstitialis (Cha-
puis, 1875), H. glabratus (Zetterstedt, 1828), Pityogenes
chalcographus (Linnaeus, 1761). Larvae of H. glabratus

Puc. 5. ®epomoHHas noBywka Fig. 5. Pheromone trap

(AHUCMMOBKA, BEPXOBbS (Anisimovka, upper reaches
pyubs CMonibHOI0) of the Smolny stream)
(choTo A.B. MeTpoBa) (photo by A.V. Petrov)

Puc. 6. O6cnepoBaHuve Fig. 6. Investigation

HUXKHEero cknapa of the lower warehouse of
neconpopykunu (AHyumHckuin  timber products (Anuchinsky
pavioH) (poto A.B. MeTpoea) district) (photo by A.V. Petrov)
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a b c

Puc. 7. KeppoBblil NecHOW caf0BHUK
Tomicus pilifer (Spessivtsev, 1919):
a - Bupg ceepxy; b — Bug cboky;

Fig. 7. Tomicus pilifer
(Spessivtsev, 1919):
a —dorsally; b - laterally;

Puc. 8. Xoabl kegpoBoro
JIeCHOro Caf0BHUKA

Fig. 8. Galleries
of Tomicus pilifer

C — IOBEHU/IbHAs CaMKa CO CBETIoN

¢ —juvenile female with light coat ~ Tomicus pilifer (Spessivtsev, (Spessivtsev, 1919)

oKpackoi nokpoBoB (thoto A.B. MeTpoBa)  coloration (photos by A.V. Petrov)  1919) (dhoto A.B. MeTposa)  (photo by A.V. Petrov)

3acensnuch kopoemamu Hylurgops interstitialis (Cha-
puis, 1875), H. glabratus (Zetterstedt, 1828), Pityogenes
chalcographus (Linnaeus, 1761). Jluuunaku H. glabratus
COCTaBJISJIN MEXBUAOBYI0 KOHKYPEHITUIO Tomicus pi-
lifer Ha 3aceIeHHBIX TOJICTHIX YUYACTKAX BETBEMH, ITOBbI-
1masi CMepTHOCTh KeZIpoBoro Jyboea 1o 53%.

B naGopaTOPHBIX YCIAOBUAX MOJIOAbIE KYKU TI0-
cJie 3aBepIIEHUS Pa3BUTUS MTOKUJANN CTaPbIE XOIbI
¥ IIPOXOIMJIN NOIIOJHUTEIbHOE NIUTAHNE HAa TOHKUX
ro6erax Pinus sylvestris. B 9T0 BpeMs KyKU BbITPBI3ATHN
MIPOMIOJIbHBIE KaHAJIbl B IPEBECHHE B )KMBBIX BETBSIX
COCHBI OOBIKHOBEHHOMU (pHc. 9).

C GOJIBIION CTEeNeHbI0 BEPOITHOCTH MOXHO
MIPEeLIoJ0XUTb, UYTO 3TOT Jy6oesd B MecTaX CBOETO
€CTEeCTBEHHOTr0 PacIpOCTPAHEHUS IIPOXOLUT JOTIO0J-
HUTEeJbHOE MUTaHWe B moberax Keapa KOpercKoro,
TaK KaK COCHa O0BIKHOBEHHAsI BCTPEYAETCS B I0XKHOM
[TpuMopbe JIOKAJIBHO.

Buosorus emoBoro ay6oenma Tomicus puellus
He 6blJIa HaMU M3y4YeHa BBUY OKOHUYAHUS [TOJIEBBIX
pabor 16 UIOHS, B TO BPEMS KakK 3TOT KOPOeJ, 3acesi-
€T ZIepeBbsl CO BTOPOU MOJOBUHBI nioHS (KypeHIIoB,
1941). Ha 2023 T. B Hi0Jie — aBr'yCTe ILIaHUPYETCS Clie-
IyIoIast SKCIIEIUIINS C 11eJIbI0 cbopa mMaro, o6pasiioB
TIOBPEXAEHUM U U3YUEHUS MOMYJISIMOHHBIX ITOKa3a-
TeJel 3Toro gyboeza.

dayHa kopoenioB poza Scolytus Geoffroy, 1762
B Poccuu U B compeleibHbIX CTpaHaxX HaCUUThIBAET
40 Bugos (Petrov et al., 2019), B JIeCHBIX 9KOCHCTEMAaX
IanbHero Boctoka — 17 BUI0OB 3a00JIOHHUKOB. B 10k-
HoM IIpuMopbe HaM yAaJloch U3YYUTh (HEHOJOTHIO
u 6uosioruyeckue ocobeHHocTH 11 BuIOB Scolytus B fe-
BSITU TOYKaX cO0pa SHTOMOJIOTMYECKOro MaTepuaJia
(Tabu. 1, puc. 1).

Bénbirasa yacTh 3a60JIOHHUKOB TPO(DUIECKY CBSI-
3aHa ¢ wibMOBbIMU TTopogamu (Ulmaceae): Scolytus ara-
tus Blandford, 1894, S. butovitschi Stark, 1936, S. chiki-
sanii Niisima, 1905 (puc. 10a), S. esuriens Blandford,

constituted interspecific competition with Tomicus
pilifer on the inhabited thick sections of branches, in-
creasing the mortality rate of Tomicus pilifer up to 53%.

Under laboratory conditions, young beetles, after
the completion of development, left the old galleries
and passed additional feeding on thin shoots of Pinus
sylvestris. At this time, the beetles gnawed longitudinal
channels in the wood in the living branches of Pinus syl-
vestris (Fig. 9).

With a high degree of probability, it can be as-
sumed that this beetle in the places of its natural dis-
tribution undergoes additional feeding in the shoots
of Korean pine, since Pinus sylvestris is found locally in
southern Primorye.

The biology of Tomicus puellus was not studied by
us due to the completion of field work on June 16, while
this bark beetle inhabits trees from the second half of

Puc. 9. lononHutenbHoe
nutaHue Tomicus pilifer
Ha nobere cocHbl 06bIkHOBEHHOM.  sylvestris. On the left —

Fig. 9. Additional feeding
of Tomicus pilifer on Pinus

CneBa — BCKPbITbI X0p, an open gallery with young

C MOJ10bIMM XXYKamu, cnpasa — beetles, on the right — places
MecTa BHepeHus XKYKoB B nober  where beetles enter the shoot
(choTo A.B. MNeTpoBa) (photo by A.V. Petrov)

1894, S. jacobsoni (Spessivtsev, 1919) (puc. 10b), S. japo-
nicus Chapuis, 1875, S. pubescens Stark, 1936 (puc. 10c),
S. semenovi (Spessivtsev, 1919) (puc. 11a), S. seulensis Mu-
rayama, 1930, S. trispinosus Strohmeyer, 1908. /IBa Buza
pasBuBawTCS Ha 6epesax: Scolytus dahuricus Chapuis,
1869 (puc. 11b), S. ratzeburgii EW. Janson, 1856; Scoly-
tus claviger Blandford, 1894 nmpenmounTaeT pa3BUBaTh-
cs Ha rpabe cepauenuctHoM Carpinus cordata; Scolytus
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a b

Puc. 10. 3a6010HHUKM toxkHOro Mpumopbsi:  Fig. 10. Scolytus of southern
Primorye: a — Scolytus chikisanii
Niisima, 1905; b — Scolytus
AkobcoHa Scolytus jacobsoni (Spessivtsev, jacobsoni (Spessivtsev, 1919);
1919); ¢ — 3a60NIOHHUK NyLWUCTbIN Scolytus ¢ — Scolytus pubescens Stark,
pubescens Stark, 1936; camubl, Bug cBepxy  1936; males, dorsally

(photos by A.V. Petrov)

a — 3a6onoHHUK LLnkunsanu Scolytus
chikisanii Niisima, 1905; b — 3a60/10HHUK

(choTo A.B. MeTpoBa)

a b

Puc. 11. 3a6onoHHUKM t0xxHOro Mpumopbs:
(Spessivtsev, 1919); b — 3a6010HHUK

¢ — 3a60110HHUK NuNoBbIN Scolytus koltzei
Reitter, 1894; camu,bl, BUL, CBEPXY
(choTo A.B. MeTpoBa)

koltzei Reitter, 1894 (puc. 11c) — Ha juIle; Ha A6J0HE
pasBuBaetrcd S. kononovi Kurenzov, 1941. B oTnuuue
OT BBINIETIEPEUYUCIEHHBIX BUI0B, 3aCEeJII0MIUX JIN-
CTBEHHBIE TTIOPOMBI IePeBbEB, Scolytus morawitzi Se-
menov, 1902 pa3BuBaeTCst Ha XBOWHBIX Topofax (Larix,
OYeHb PeKo Ha Picea). BUmoBasi cCaMOCTOSITEIbHOCTD
S. nunbergi Michalski, 1964 BbI3bIBaeT cCOMHeHUeE. Bup,
OIMCAaH II0 OLHOMY 3K3EMILISAPY, U MOCceAyolire 06-
Hapy>XeHUsI HeM3BEeCTHBHI, KaK U ero MulleBas Creiu-
anmaarnus.

VI3 repeyumncleHHbIX BUJ0OB 3a60JI0HHUKOB I10-
TeHIIMAJbHYI0 OMTAaCHOCTh MHBA3UM B 3aMagHble pe-
TUOHBI TIPEACTABISIOT TOJBKO BUBI, ACCOLIUUPO-
BaHHbIE C UJIbMOBBIMU ITOpogamMu. YacTb 3TUX BUJIOB
OTHOCSTCS K BeceHHel (ayHe, 3acesngoileli fJepeBbs
C TIepPBOY IeKaIbl Mas B palioHaX I0KHOTO [IpUMODhS,
3HAUUTENbHO yAaJIeHHBIX OT OKeaHa. B HacaXXJeHUIX,
MIPOM3pPaCTAIIINX B HEIIOCPEACTBEHHON GJIN30CTU
K OKeaHy, CPOKM JIETA 33IePKUBAIOTCA Ha 2—3 HeLleJIN.
JIET Mosomoro mokoseHus Scolytus japonicus, S. pubes-
cens 1 S. semenovi B AHyYUHCKOM palioHe U YcCypuii-
CKOM T'OpPOJICKOM OKpyre B 2022 r. mpoTekalt ¢ 12 Mag
mo 10 utoH4. B Tex ke MecToo6UTaHUSIX JIET Scolytus
chikisanii, S. jacobsoni u S. seulensis HaUMHAJCS HA He-
JIeJTI0 TI03IKE.

Fig. 11. Scolytus of southern
a —3abonoHHuk CemeHoBa Scolytus semenovi  Primorye: a — Scolytus semenovi

(Spessivtsev, 1919);

naypckuii Scolytus dahuricus Chapius, 1869; b — Scolytus dahuricus Chapius, - et
1869; ¢ - Scolytus koltzei Reitter, known, as well as its food specialization.
1894; males, dorsally
(photos by A.V. Petrov)

June (Kurentsov, 1941). The next expedi-
tion is planned for 2023 in July — August
in order to collect adults, damage sam-
ples and study the population indicators
of this beetle.

The fauna of bark beetles of the ge-
nus Scolytus Geoffroy, 1762 in Russia and
neighboring countries includes 40 species
(Petrov et al., 2019), in the forest ecosys-
tems of the Far East — 17 species. In south-
ern Primorye, we managed to study the
phenology and biological characteristics of
11 Scolytus species at nine points of entomo-
logical material collection (Table 1, Fig. 1).

Most Scolytus are trophically associ-
ated with Ulmaceae: Scolytus aratus Bland-
ford, 1894, S. butovitschi Stark, 1936,
S. chikisanii Niisima, 1905 (Fig. 10a),
S. esuriens Blandford, 1894, S. jacobsoni
(Spessivtsev, 1919) (Fig. 10b), S. japonicus
Chapuis, 1875, S. pubescens Stark, 1936
(Fig. 10c), S. semenovi (Spessivtsev, 1919)
(Fig. 11a), S. seulensis Murayama, 1930,
S. trispinosus Strohmeyer, 1908. Two spe-
cies develop on birches: Scolytus dahuri-
cus Chapuis, 1869 (Fig. 11b), S. ratzebur-
gii E.W. Janson, 1856; Scolytus claviger
Blandford, 1894 prefers to develop on
Carpinus cordata; Scolytus koltzei Reitter,
1894 (Fig. 11c) — on lime tree; S. kononovi
Kurenzov, 1941 develops on an apple
tree. Unlike the above species that inha-
bit deciduous trees, Scolytus morawitzi Se-
menov, 1902 develops on conifers (Larix,
rarely on Picea). Species independence of
S. nunbergi Michalski, 1964 raises doubts.
The species is described from one speci-
men, and subsequent detections are not

Of the listed Scolytus species, only
those associated with Ulmaceae are po-
tentially dangerous for invasions in the
western regions. Some of these species belong to the
spring fauna, inhabiting trees from the first ten days of
May in areas of southern Primorye, which are far from
the ocean. In plantations growing in close proximity
to the ocean, the flight time is delayed by 2—-3 weeks.
Young generation flight of Scolytus japonicus, S. pubescens
and S. semenovi in Anuchinsky district and Ussuriysky
urban district in 2022, it was from May 12 to June 10.
In the same habitats, the flight of Scolytus chikisanii,
S. jacobsoni and S. seulensis started a week later.

All these species successfully develop on Ulmus
pumila, which has a wide range and is actively used in
landscaping settlements and park plantings in Europe-
an Russia. Most of the elm Scolytus inhabit drying, irre-
versibly weakened trees. Some species manifest them-
selves as highly aggressive phleo- and xylophages with
specific behavioral features: aggressive species cease
to develop on shoots with lethal mechanical damage
and on fallen trees, preferring shoots without external
signs of weakening. Such species in southern Primorye
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Bce 3Ty BUZBI YCIIENIHO Pa3BUBAIOTCS Ha Bs3e
MeJKoJMuCTHOM Ulmus pumila, nMeIONeM MUPOKUYN
apeaJl ¥ aKTUBHO MCIIOJIb3YEMOM B 03€JIEHEHUM Ha-
CeJIEHHBIX ITyHKTOB U MapPKOBBIX HACAXKIEHUSAX B EB-
poreticko¥t Poccuu. BOJNbIMIMHCTBO MJIBMOBBIX 3a-
GOJIOHHMKOB 3aCEJIAI0T yChIXalolnue, Heo6pPaTUMO
ocyabyieHHbIE fepeBbs. OTAeNbHbIE BULBI TPOSBIISIOT
cebs1 KaK BBICOKO arpeccuBHble (jieo- U Kcuyioharu
co cnenupUUIEecKUMU MOBEJEeHUYECKUMU 0COBEHHO-
CTSIMU: arPECCUBHBIE BU/IBI TIEPECTAOT PA3BUBATHCS
Ha 1oberax ¢ JeTaJbHbIMU MEXaHUUYECKMUMU TTIOBPEX-
IEeHUSIMU U Ha TIOBAJIEHHBIX EPEBbSX, TPEIOUYNTAS
uM 1noberu 6e3 BHEIIHUX ITPU3HAKOB ocyabiaenus. K
TaKUM BUZAM B I0)KHOM [IprMOpbe OTHOCUTCS Scolytus
Jjaponicus. CaMKU 9TOTO BU/Ia BBITPBI3AIOT B )KMBBIX TKa-
HSIX YKOPOYEHHBIE MAaTOYHBIE XOJIbI C OUeHb HE6OJIb-
1IMM KOJINYECTBOM SUII.

Ha 'xu3HecIoco6HbIX moberax HabIIaeTCs BblI-
JIleJleHVe COKa, B Pe3ysIbTaTe Yero Mbl OTMeYaeM I10-
BBIIIEHHY CMEPTHOCTD KOpoeJa B (hase AUl U INYU-
HOK ITEPBBIX BO3PACTOB. B Hauaje 3aceyieHus lepeBa
JIMYMHOYHBIE XOZ bl BBIIVIAAAT YKOPOUEHHBIMHU U TI€-
PEIyThIBAIOTCS BOKPYT MAaTOUYHBIX XOA0B. [Ipu 3TOM

Taoauia 1

include Scolytus japonicus. Females of this species gnaw
shortened mother galleries in living tissues with a very
small number of eggs.

On viable shoots, sap is observed, as a result of
which we note an increased mortality of the bark beetle
in the phase of eggs and larvae of the first instars. At
the beginning of the colonization of the tree, the larval
galleries look shortened and are entangled around the
mother galleries. In this case, the branches of the plant
rapidly die off, but the entire plant remains alive for
many years (Lindeman, 1993; Petrov, 2022). After the
irreversible weakening of the trees, the aggressive Sco-
lytus japonicus inhabiting a living tree continues to de-
velop on it together with other non-aggressive species
of bark beetles: Scolytus chikisanii, S. jacobsoni, S. pubes-
cens, S. semenovi, S. seulensis.

In total, during our work in southern Primorye,
we detected 50 species of Scolytinae. In the forest
ecosystems of Primorsky Krai, we managed to clari-
fy the phenology Xylechinus bergeri Spessivtsev, 1919
on Acanthopanax sessiliflonis, Dryocoetes infuscatus Mu-
rayama, 1937 on Pinus koraiensis, Taphrorychus carpini
(Kurenzov, 1941) on Carpinus cordata.

HOHyJIHH,I/IOHHbIe IMoKa3aTeJIu NJIbMOBBIX BU/IOB .S'colytus B 10;kHOM [Ipumopsbe

Ha Bf3€ MEJIKOJIMCTHOM B 2022 1.

Bupgosoe CpepHada moTHOCTL CpenHAd NJIOL0BU-

Ha3BaHue  MecTo U3yyeHUsa BcTpeuaeMoCcTh IIOCEJIEHUS, M. X./IM?> TOCTb CAMOK, IML/M. X. CMepTHOCTb, %

S. aratus cesio l'opHO-TaexxHoe  peaKuit y4er He yuer He y4eTr
Yecypuiickoro TIPOBOJIAJICS TIPOBOUAJICS He ITPOBOUJICS
TOPOZCKOT0 OKPyTa

S. chikisanii ~ ceyno F'opHO-Tae)xHOEe  OOBIUHBIN 4,95 24,7 63,0
Yecyputickoro
TOPOZ,CKOT0 OKPyTa
OKPECTHOCTU TIOCEJIKA  OOBIYHBIN 4,18 19,0 56,5
CryTHUK (OKPECTHOCTH
. BlaznBoCTOKA)

S.jacobsoni  OKPECTHOCTH ceJia OOBITHBIN yuer 73,0 yuer
CUHEJIbHUKOBO-2 He ITPOBOIUIICS He ITPOBOUJICS
OKDECTHOCTH ITOCEJIKa MaCCOBBIN yuer 82,3 46,3
CryTHUK (OKPECTHOCTH He IIPOBOIUIICS
T. BlagmBOCTOKA)

S.japonicus ~ OKPECTHOCTHU ceJia MAacCCOBBIH yueT yueT He yuer
CUHEJbHUKOBO-2 He ITPOBOAUJICS TIPOBOJUJICS He ITPOBOJUJICS
mapKu r. ApceHbeBa MAaCCOBBIH 7,05 6,6 67,0
OKpPECTHOCTU MaCCOBBIN 6,03 7,0 84,1
noceska CIIyTHUK
(okp. I. BmaguBocToKa)

S. pubescens  OKPECTHOCTH ceJjia penKui y4er yuer yuer
CUHEJIbHUKOBO-2 He IIPOBOAUIICS He IIPOBOAUIICS He ITPOBOJUJICS
apKu I. ApceHbeBa O0OBIYHBIN 2,0 37,5 34,2

S.semenovi  OKPECTHOCTH ceJia MaCCOBBIN 7,08 27,8 86,8
CHUHEJIbHUKOBO-2
ceyno l'opHO-TaeXXxHOE  MaCCOBBIN 5,9 13,6 69,9
Yecypuiickoro
TOPOZICKOT'0 OKPyTa
apKu r. ApceHbeBa MAacCCOBBIH 9,02 15,1 65,5

S. trispinosus OKDECTHOCTHU ITOCENIKa OOBIUHBIN yuer y4eT He yuer
CryTHUK (OKPECTHOCTH He ITPOBOIUIICS TIPOBOJUAJICS He ITPOBOJUJICS

T. BlagmBOCTOKA)
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Table 1

Population indicators of elm species Scolytus in southern Primorye on Ulmus pumila in 2022

Average population The average fecundity

Species Place of study Occurrence density, m.g./dm?> of females, eggs/m.g. Deathrate, %
S. aratus the village of Gorno-Taezhnoye, rare not counted not counted not counted
Ussuri urban district
S. chikisanii  the village of Gorno-Taezhnoye, normal 4.95 24.7 63.0
Ussuri urban district
neighborhood of Sputnik village normal 4.18 19.0 56.5
(neighborhood of Vladivostok)
S. jacobsoni  neighborhood of the village of normal not counted 73.0 not counted
Sinelnikovo-2
neighborhood of Sputnik village massive not counted 82.3 46.3
(neighborhood of Vladivostok)
S.japonicus neighborhood of the village massive not counted not counted not counted
of Sinelnikovo-2
Arsenyev parks massive 7.05 6.6 67.0
neighborhood of Sputnik village massive 6.03 7.0 84.1
(neighborhood of Vladivostok)
S. pubescens neighborhood of the village rare not counted not counted not counted
of Sinelnikovo-2
Arsenyev parks normal 2.0 37.5 34.2
S.semenovi neighborhood of the village massive 7.08 27.8 86.8
of Sinelnikovo-2
the village of Gorno-Taezhnoye, massive 5.9 13.6 69.9
Ussuri urban district
Arsenyev parks massive 9.02 15.1 65.5
S. trispinosus neighborhood of Sputnik village normal not counted not counted not counted

(neighborhood of Vladivostok)

Puc. 12. Umaro Ropalopus
(Pronocerodes) aurantiicollis
Plavilstshikov, 1940

(choTo A.B. LLlamaesa)

Fig. 12. Imago Ropalopus
(Pronocerodes) aurantiicollis
Plavilstshikov, 1940

(photo by A.V. Shamaev)

IIPOUCXOIUT OBICTPOE OTMUPAHYE BETBE pacTeHusd,
HO BCe pacTeHue JOJITHeE TOIbl OCTaeTCs XKUBBIM (JIMH-
memaH, 1993; INeTpos, 2022). [Tociie HEOGPATUMOTO
ocJiabyieHNd IepeBbeB arPECCUBHBIN Scolytus japonicus,
3aCeJIUBUINH KUBOE JePEBO, IPOIOJIKAET Pa3BUBATHCS
Ha HEM COBMECTHO C APYTUMU HearpPeCcCUBHBIMU BU-
IaMu KOPOenoB: Scolytus chikisanii, S. jacobsoni, S. pubes-
cens, S. semenovi, S. seulensis.

Bcero 3a BpeMs IpoBeieHUs paboT B 10ykHOM [Tpu-
Mopbe HaMu 06HapykeHo 50 BUI0B Scolytinae. B iecHbIX
9KocucTeMax [IpMMOPCKOTO Kpas HaM yAaJIoCh yTOY-
HUTB eHosioruto Xylechinus bergeri Spessivtsev, 1919
Ha aKaHTOTIaHAKCe CUITUYEIIBETKOBOM, Dryocoetes infiis-
catus Murayama, 1937 Ha Kexpe KopeickoM, Taphrory-
chus carpini (Kurenzov, 1941) Ha rpa6e cepAIIeTUCTHOM.

B JlecHBIX SKOCHCTEMAaX IOXKHOTO [IpuMOphd
B paMKax paboT 110 U3y4YeHU KOMILJIEKCA KCUITODUITb-
HBIX HACEKOMBIX 6bLIV cOOpaHbl 114 BUIOB ceMelicTBa
Cerambycidae. Ocobbili MHTEpeC MPEeACTaBISIOT Ha-
XOIKY PEIKUX BUIIOB ycauei (Tabir. 2).

In the forest ecosystems of southern Primorye,
114 species of the family Cerambycidae were collect-
ed as part of the study of the complex of xylophilous
insects. Of particular interest are the detections of rare
bark beetles species (Table 2).

CONCLUSION

As a result of our research, for the first time, we have
obtained data on population dynamics, habitat charac-
ter, phenology, and biological features of Tomicus pilifer
(Spessivtsev, 1919). Under laboratory conditions, the
ability of Tomicus pilifer to pass additional feeding on
European pine species was discovered (Pinus sylvestris).

Imagoes of 11 species of Scolytus bark beetles
were collected, which can be carriers of diseases of elm
trunks and shoots. For Scolytus, it was possible to clarify
the phenological features in different regions of south-
ern Primorye. The collection of xylophilic insects made
it possible to supplement information on the distribu-
tion and food specialization of 15 species of longhorn
beetles (family Cerambycidae), which are considered
rare and very rare.

Acknowledgement. The authors are grateful to the
staff of the Primorsky branch of FGBU “VNIIKR” for
their help in providing the expedition with vehicles,
missing reagents and tools; S.N. Ivanov (Vladivostok)
and D.A. Kuleshov (Tomsk) for help in identifying Ce-
rambycidae imagoes, collecting material, and also in
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Ta6auia 2

Penxkue Bujapl Cerambycidae, o6Hapy:xeHHbIe B 10:KHOM IIpuMopbe

B nepuof 24 mad — 9 uoHa 2022 1.

JlaTa MecTo oGHapy:xeHUs/
BuoBo€e Ha3BaHHUE HaXOoJKH KOpMoBas Iopoza I[pumMevyauus
Encyclops macilentus (Kraatz, 1879) 24.05 ceyio l'opHO-TaexHoe YcCypuicKkoro PEenKui BUT

TOPOJICKOT0 OKPYTa/ny6 MOHTOJIbCKUT

Pseudosieversia rufa (Kraatz, 1879) 07.06

OKPECTHOCTHU ITOCEeJIKa Cl'IyTHI/IK

IIOBOJIBHO PEIKUY BUT,

(3 kM ceBepHee T. BiraguBocToKa)/
MaHbWKYPCKHUE SICEHD 1 OPEX

Sachalinobia koltzei (Heyden, 1887) 07.06

OKPECTHOCTHU IT0CEJIKa Cl'IyTHI/IK

OTHOCHUTEJIbHO pe,Z[KI/Iﬁ BUL

(3 kM ceBepHee I. BIafiluBOCTOKA)

Amarysius sanguinipennis 09.06 AHYYMHCKUY paiioH KpariHe PeKui BUT,
(Blessig, 1872) (20 kM ceBepHee cejia UepHBIIIEBKa)

Molorchus (Molorchus) starki 08.06 OKPECTHOCTU ITOCeNIKa CIIyTHUK PEenKUi BUT,
Shabliovsky, 1936 (3 KM ceBepHee I. BiiaguBOCTOKA)

Molorchus (Molorchus) ishiharai 08.06 OKPECTHOCTH Tocesika CITyTHUK PenKuii BUI

Ohbayashi, 1936

(3 kM ceBepHee T. BiiaguBoCcTOKa)

Ropalopus (Pronocerodes) aurantiicollis 01.06
Plavilstshikov, 1940 (puc. 12)

AHYYVHCKUY palioH
(20 kM ceBepHee cejia YepHBIIIEeBKa)

KpalHe peiKuii Buj,. VI3BeCTHBI
eIMHUYHbBIE DK3EMILJISIPBI

Epiclytus ussuricus (Pic, 1933) 04.06 OKPECTHOCTH T. Bonburoit KaMeHb/ITUTIOBHUK  BbIBEJEH U3 IMUYNMHKYI
Xylotrechus (Xylotrechus) rufilius 09.06 AHYYUHCKUI PalioH penKui Bu,

Bates, 1884 (20 kM ceBepHee cejia YepHBIIIEeBKa)

Asaperda stenostola Kraatz, 1879 24.05 cejio l'opHO-TaexHOe YcCcypuiickoro OTHOCUTEIbHO PENKUN BUT,

TOPOACKOI'0O OKpyra

Anaesthetis confossicollis Baeckmann, 28.05

OKTSI6PbCKUI PalioH,

OTHOCUTEJIbHO pe,I[KI/Iﬁ BU[L

1903 OKPECTHOCTH ceJjia YepHATHUHO

Cylindilla grisescens Bates, 1884 07.06

OKPECTHOCTH ITOCEeJIKa Cl'IyTHI/IK

OTHOCUTEJIbHO PENKUI BUT,

(3 kM ceBepHee BiiafiuBoCTOKA)

Oplosia suvorovi (Pic, 1914) 24.05 cejio l'opHo-TaexHoe YcCypuncKoro OTHOCHUTEJIbHO PEJKUM BUT,
TOPOJICKOTO OKPyTa

Saperda (Saperda) populnea ssp. 06.06 Bi1aguBOCTOKCKUY TOP. OKPYT OTHOCUTEIbHO PEIKUI TTOIBU/I

balsamifera (Motschulsky, 1860) (8 xM BocTOUHEE T. BlIaJUBOCTOKA)

Eumecocera callosicollis 07.06 OKPECTHOCTY Toceyka CIIyTHUK penkuii Buj,

Breuning, 1943

(3 KM ceBepHEe T. BiaguBOCTOKA)

3AKJ/IIOYEHUE

B pesynbTaTe MpPOBeAEeHHBIX WUCCIEJOBAaHUN HaMU
BIIEPBBIE ObLIY MOJYUEHBI JaHHBIE O MOMYJISIIMOHHON
IVHaAMUKe, XapaKkTepe MecToo6uTanusi, (heHOJIOTUH,
6MOJIOTUYECKUX O0COGEHHOCTSX IaJibHEBOCTOYHOTO
KempoBoro Jyboena Tomicus pilifer (Spessivtsev, 1919).
B y1abopaTopHBIX YCI0BUAX ObLIa 0OHaApyXeHa Crioco6-
HOCTb KeJIPOBOT0 JIy60€e/1a ITPOXOIUTH IOTIOJTHUTEIbHOE
MIUTaHNE Ha eBPOTIENCKUX BUIAX COCHBI (Pinus sylvestris).

Cobpanbl umaro 11 BUI0B KOPOEI OB poza Scolytus,
KOTOPBIE MOTYT SIBJISIThCS IIePEHOCYMKAaMU 60JIe3HEN
CTBOJIOB U MOGEr0B UJIBbMOBBIX ITOPOJ. [Iyis majibHe-
BOCTOYHBIX 3a60JIOHHUKOB y/IaJIOCh YTOYHUTH (DEHO-
Jiorrnyeckue 0CO6eHHOCTY B PA3HBIX PaliOHAX FOXKHOTO
IMpuMopbsa. C60pbI KCUIOPUIbHBIX HACEKOMBIX T10-
3BOJIMJIU JIOTIOJIHUTD CBEIEHUS O PACIIPOCTPAaHEHUU
¥ TIUIEBOY Clieluanus3anuu 15 BUI0B XKyKOB-ycadei
(ceM. Cerambycidae), cumTaroImuxcs PpeIKUMY 1 OUEeHb
PEIKUMU.

Baazodaprocms. ABTOPEI G1arofapHbl COTPYIHU-
kam [Mpumopckoro dunuana ®TBY «BHUVKP» 3a 110-
MOIIb B 06eclieYeHUM SKCIENUIINY TPAHCTIOPTHBIMU
CpelcTBaMU, HEIOCTAIIMMY PeaKTUBaMU U UHCTPY-
menTamu; C.H. ViBaHoBy (. BnaguBocTok) u JI.A. KysenioBy
(r. ToMcK) 3a moMoIIh B uieHTHUGuKanmy numaro Ceram-
bycidae, c6ope maTepuraga, a Tak)ke B BbI6ope Hanbo-
Jiee TIEPCIIEKTUBHBIX JJIsI PA6OThI PAaliOHOB 1 GMOTOIIOB.
Ocobyto 6irarogapHOCTb MbI BeipakaeM M.C. TUTOBOH,

choosing the most promising areas and biotopes for
work. We are especially grateful to M.S. Titova, director
of the Gornotaiga station named after V.L. Komarov —
branch of the Federal Scientific Center for Biodiversity,
Far Eastern Branch of the Russian Academy of Scienc-
es, for cooperation and the opportunity to conduct re-
search on the territory of the station’s arboretum.
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Table 2

Rare Cerambycidae species detected in southern Primorye

during May 24 — June 9, 2022

Detection
Species date Location of detection/host plant Comments
Encyclops macilentus (Kraatz, 1879)  24.05 the village of Gorno-Taezhnoye, rare
Ussuri urban district/Quercus mongolica
Pseudosieversia rufa (Kraatz, 1879)  07.06 neighborhood of Sputnik village (3 km north of Vladi- quite rare
vostok)/Fraxinus mandshurica and Juglans mandshurica
Sachalinobia koltzei (Heyden, 1887) 07.06 neighborhood of the village of Sputnik quite rare
(3 km north of Vladivostok)
Amarysius sanguinipennis (Blessig, 09.06 Anuchinsky district (20 km north of Chernyshevka very rare
1872) village)
Molorchus (Molorchus) starki 08.06 neighborhood of the village of Sputnik rare
Shabliovsky, 1936 (3 km north of Vladivostok)
Molorchus (Molorchus) ishiharai 08.06 neighborhood of the village of Sputnik rare

Ohbayashi, 1936

(3 km north of Vladivostok)

Ropalopus (Pronocerodes) aurantiicollis 01.06
Plavilstshikov, 1940 (Fig. 12)

Anuchinsky district (20 km north of Chernyshevka
village)

rare. Single
specimens are known

Epiclytus ussuricus (Pic, 1933) 04.06 neighborhood of Bolshoy Kamen/rosehip hatched from a larva

Xylotrechus (Xylotrechus) rufilius 09.06 Anuchinsky district (20 km north of Chernyshevka rare

Bates, 1884 village)

Asaperda stenostola Kraatz, 1879 24.05 the village of Gorno-Taezhnoye, Ussuri urban district — quite rare

Anaesthetis confossicollis Baeckmann, 28.05 Oktyabrsky district, near the village of Chernyatino quite rare

1903

Cylindilla grisescens Bates, 1884 07.06 neighborhood of the village of Sputnik quite rare
(3 km north of Vladivostok)

Oplosia suvorovi (Pic, 1914) 24.05 the village of Gorno-Taezhnoye, Ussuri urban district  quite rare

Saperda (Saperda) populnea ssp. 06.06 Vladivostok city district (8 km east of Vladivostok) quite a rare

balsamifera (Motschulsky, 1860) subspecies

Eumecocera callosicollis 07.06 neighborhood of the village of Sputnik rare

(3 km north of Vladivostok)

Breuning, 1943

nupekTopy 'opHOTaeXHOMU cTaHImu uM. B.JI. Koma-
poBa — ¢uauana GHII 6uopazHoobpasus IBO PAH,
33 COTPYAHUYECTBO U BO3MOXXHOCTH ITPOBOAUTH UC-
clIeIOBaHUS HA TEPPUTOPUU IAeHApapus CTaHIIWU.
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AHHOTALIUA
B craTbe NMpuUBemEeHBI Pe3yJbTAThl UCCIEL0BAHUS
OITACHOTO KaPaHTUHHOT'O BPEAUTENISI — YCCYPUHCKOTO
nosiurpada Polygraphus proximus — B TIEPUOJ, C aTipesis
I10 CeHTsI6pb 2022 I. HA TEPPUTOPUYU KomIapKa «O3epa
Ha CHexHOU» (CAIAIHCKUYE palioH, UpKyTcKasa 06-
JlacTh). []esibio paboThl OBLIIO BBISIBJIEHUE YCCYPUMCKOTO
nosimrpada, 3akjaambiBaHye IIPOOHBIX ItoIamer (IIT)
JIJIST OTIPE/IeJIEHNS] €0 OCHOBHBIX MOMYJISIITMOHHBIX
ToKasaTesiel U OIeHKU COCTOSIHUS ITHMXTOBBIX JPEBO-
cToeB. Bo Bcex 61oIleHO3aX 9KOIIapKa 1 ero OKPECTHO-
CTSX, TZle B COCTaB APEBOCTOS BXOAUT MUXTA CUOUP-
ckasa (Abies sibirica Ledeb.), Ha Hell 3a(UKCUPOBAHO
MIPUCYTCTBUE yCCypuUIcKoro moaurpada c pasHou
CTeIleHbI0 BCTPEUYaeMOCTHU. B ucciemyeMoM paioHe
13 XBOMHBIX ITOPOJ, KPOMeE ITHUXThI CUOMPCKOM ITPOU3-
pacTaioT Takxe eab cubupckas (Picea obovata Ledeb.)
U cCOCHa KexpoBas cubupckas (Pinus sibirica Du Tour),
Ha 9TUX XBOMHBIX ITOPO/IaX BPEUTENb B X0OIe IIPOBeIie-
HUs 06cyiefoBaHMs He OOHAPYKeH. 3a1oxeHb! nBe [1I1,
pasnuyaioecs M0 COCTABY IPEBOCTOS U PACTUTENb-
HOMY TOKPOBY HUXKHero gpyca. )Ku3HeHHOe COCTOsI-
HIUE ITMXTOBBIX JIPEBOCTOEB Ha MPOOHBIX IJIOMIAMIX
BO BpeMs MCCJIEN0OBAHUS OIleHEeHO KaK ocjabiieHHOoe
U CUJIBHO OcJIabJieHHOe, CO CpPeJHEN CTeNeHb0 Je-
rpajanuy, BCTPEYaeMOCTh yCCypUiicKoro moyaurpada
BBICOKAs. JIET kKyKOB B 2022 T. HaUaJICA BO BTOPOI Jie-
Kajie Mas, ero MUk 3aUKCUPOBAH B IIEPUOJ, C 26 Mas
110 20 utoHs. OTIpeieIeHbl OCHOBHBIE TTOTTYJISIIMOHHbIE
IoKas3aTeJ I MHBA3MOHHOTO KOPOe/Ia: MIOTHOCTD 0~
ceJIeHV s, IPOIYKTUBHOCTD, 9HEPTUSI Pa3MHOXEHN,
IJIHA MAaTOYHOI'O X0 U IJIOJOBUTOCTD. YCTaHOBJIE-
HBI €70 3UMYIOIIYE CTaJUY PA3BUTUS B YCIOBUAX F0XK-
Horo [Tpubatikayibs B 2021 T.

Knrowueevte cnosa. VIHBasMBHBIN Kcuyodar, Ka-
PAHTUHHBIA 00BEKT, MUXTAa cUOUpPCKas, xHoe I1pu-
batikasibe, Xamap-ZlabaH.
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ABSTRACT
The article presents the results of a study of a serious
quarantine pest — four-eyed fir bark beetle Polygraphus
proximus — in the period from April to September 2022
on the territory of the “Lakes on Snezhnaya” Ecopark
(Slyudyansky district, Irkutsk Oblast). The aim of the
work was to identify Polygraphus proximus, laying tri-
al plots (TP) to determine its main population indica-
tors and assess the state of fir forest stands. In all bio-
cenoses of the ecopark and its environs, where the
forest stand includes Siberian fir (Abies sibirica Ledeb.),
it recorded the presence of Polygraphus proximus with
varying degrees of occurrence. In the study area, co-
niferous species, in addition to Siberian fir, also grow
Siberian spruce (Picea obovata Ledeb.) and Siberian ce-
dar pine (Pinus sibirica Du Tour), no pest was found on
these coniferous species during the survey. Two TPs
were established, differing in the composition of the
forest stand and vegetation cover of the lower tier. The
vital state of fir forest stands on the TPs during the
study was assessed as weakened and severely weak-
ened, with an average degree of degradation, the occur-
rence of Polygraphus proximus is high. The flight of bee-
tlesin 2022 began in the second decade of May, its peak
was recorded in the period from May 26 to June 20.
The main population indicators of the invasive bark
beetle were determined: population density, producti-
vity, reproduction energy, length of the uterine passage
and fecundity. Its wintering stages of development have
been established in the conditions of the southern Bai-
kal region in 2021.

Key words. Invasive xylophage, quarantine pest,
Siberian fir, southern Baikal region, Khamar-Daban.
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BBEJIEHUE

ccyputickuii monurpad Polygraphus
proximus Blandford, 1894 (Coleoptera,
Curculionidae, Scolytinae) — mHBa3uB-
HBI BpEIUTENb JaJbHEBOCTOUHOIO
IIPOUCXOXKIEHUS, BKIIIOUEH B IVHBIN
repeyeHb KapaHTUHHBIX OGBHEKTOB
KaKk OrpaHWYEeHHO PaCIIPOCTpPaHEeH-
HBI Ha Teppuropuu EBpasuiickoro
SKOHOMUYECKOT'0 COI03a. ECTECTBEHHBIM apeagoM
BU/IA SIBJISIIOTCS aJIbHEBOCTOUYHbIE PETMOHBI Poccuu
(XabapoBckuii u [TpuMopcKuil kpasi, CaxaJIMHCKast 06-
JlacTb, BryIouas Kypuibckue ocTpoBa), CeBepo-Boc-
TouHbll Kutaii, Kopesa u dmoHus, re OH SBJISETCS
06BIYHBIM BU/IOM KCUJIO(DATrOB, Pa3BUBAIOIUMCS TIpe-
UMYLIECTBEHHO Ha JAJbHEBOCTOYHBIX BUIIAX ITUXTHI
(Kypesr1ios, 1950; Kpusoayiikas, 1958, 1996; Nobu-
chi, 1966; Kpuser u np., 2015a).

Bo BTOpUYHOM apeajsie B CUOUPU yCCYyPUNCKUM
nonurpad SBJISETCS arPECCUBHBIM BPeIUTEIEM TTUX-
ThI CUOMPCKOI, KOTOPBIN BBI3BIBAET €€ ocjiabjieHue
¥ ychIXxaHMWe Ha 60JbUINX TePPUTOPHUAX. Ero arpec-
CUBHOCTD 3aKJII0UAEeTCS B TOM, UTO OH CIIOCO6€EH, KPO-
Me ocJIabJIeHHBIX Pa3IMUYHBIMU (PaKTOPaMU IEPEBBEB,
3aceydaTh BIIOJHE 3mopoBeie (Kpuser u ap., 2015a).
TToMUMO TIPSIMOTO BO3ZIECTBUS BPENUTENS Ha Jlepe-
BO, OH SIBJISIETCS IEPEHOCUYMKOM (DUTOIIATOTEHHBIX
otrocToMoBBIX TpU6OB. [JeHCTBYIOIIUN COBMECTHO
TaHAeM «Ioaurpag — opruOoCTOMOBBIN I'Pub» IPU NH-
TEHCUBHBIX aTaKaXx )XyKOB CIIOCOOEH ITPUBECTHU JIEPEBO
K YCBIXaHUIO B TeueHue 2—4 JIeT Iocje ITepBoro Hara-
nenus (Kpuserl u gp., 2015b).

B HacTosIee BpeMs KapaHTUHHbIE (DUTOCAHU-
TapHbIE 30HEI 10 P. proximus BO BTOPUYHOM €T0 ape-
ajle yCTaHOBJIEHBI B 9 peruoHax P®: AnTalickowM,
KpacHosipckoMm kpasx, Pecrybauke AnTaii, TOMCKOH,
KemepoBckoii, UpKyTcKoit 061acTsax, [IlepMCKOM Kpae,
pecny6nukax Tarapctan u Yamyptus (https:/fsvps.
gov.ru/ru/poleznaya-informaciya). Taxxe IOITyms-
UM JaHHOTO BPEIUTEJs ObLIY 3apPEerucTPUPOBAHEI
B HoBoCcubupckol obyacTu 1 Pecriy6inmnke Xakacuu
(Kpusern u mp., 2015c). B eBpormeiickoii yacTu Poccuu
BIlepBbIe BUJ 06HApPyXeH B 1999 I. B OKPECTHOCTSX
r. CaukT-ITeTepbypra Ha eau 06bIKHOBEeHHOU (Picea
abies (L.) H. Karst.), 4To 6bLJIO pa30BbIM BhISIBJIEHUEM
(MauzenbiitaM, [Tormosuues, 2000), B 2006 1. B Moc-
KOBCKOU o6iactu (Uumaxcaesa, 2008), KpyIHble ova-
T' OTMEYEHBI Ha TEPPUTOPUHU I. MOCKBHI (BapaHUYMKOB
u 1p., 2020).

Ha tepputopuu VUpKyTCcKOU 06JIaCTU MTPUCYT-
CTBUE YKa3aHHOTO MHBallepa BIEPBbIE 3aPETUCTPU-
poBaHoO B CIl0msTHCKOM palioHe (toxkHoe ITpubaiika-
Jbe) B 2017 1. (BBICTPOB U Ap., 2019). CunTaeTcs, 4To
yccypulickuii monurpad 3aceyiuyicsd B 3TOM paiioHe,
BeposTHee Bcero, B 2005-2006 rr. (EdhpeMeHKo u ap.,
2019). Ilo cocToguuio Ha 1 ceHTsa6psa 2022 1. ouaru
5TOTO BPeIUTEJS B 06JIACTH AEUCTBYIOT Ha IJIOIAIU
1655,3 ra (https://rosleshoz.gov.ru/activity/forest_se-
curity_and_protection/stat).

OTHOCUTEJNILHO HeJlaBHEE 3acCeJIeHUE TaeXHbIX
sKocucTeM [Ipubarikaibsa moaurpadom, exeromgHoe
yBeJIMUeHUE TIJIOMAZel ero 0Uaros, KJimMaTUu4YecKue
0COGEHHOCTHY PETMOHA, a TAK)KE TIPEIBAPUTENIHHOE OC-
JlabJieHNe IepeBbeB OaKTeprabHOM BOAIHKOM (Bopo-
HUH U 1p., 2013) MoguepKUBaIOT aKTyaJIbHOCTh HCCIIE-
JIoBaHUS 6aliKaJIbCKOM TIOMYIALNY P, proximus.

INTRODUCTION

olygraphus proximus Blandford, 1894 (Coleo-

ptera, Curculionidae, Scolytinae) is an in-

vasive pest of Far Eastern origin, included

in the Common List of Quarantine Pests as

alimitedly present in the territory of the Eur-
asian Economic Union. The natural range of the spe-
cies is the Far Eastern regions of Russia (Khabarovsk
Krai and Primorsky Krai, Sakhalin Oblast, including
the Kuril Islands), Northeast China, Korea and Japan,
where it is a common xylophagous species that deve-
lops mainly on Far Eastern species of fir (Kurentsov,
1950; Krivolutskaya, 1958, 1996; Nobuchi, 1966; Kri-
vets et al., 2015a).

In the secondary range in Siberia, Polygraphus
proximus is an aggressive pest of Siberian fir, which
causes its weakening and drying out over large areas.
Its aggressiveness lies in the fact that it is able, in addi-
tion to trees weakened by various factors, to populate
quite healthy ones (Krivets et al., 2015a). In addition
to the direct effect of the pest on the tree, it is a vector
of phytopathogenic Ophiostomataceae fungi. The joint
tandem “Polygraphus — Ophiostomataceae fungus” un-
der intense attacks of beetles can lead the tree to dry
out within 2—4 years after the first attack (Krivets et al..,
2015b).

Currently, quarantine phytosanitary areas for
P. proximus in its secondary range have been estab-
lished in 9 regions of the Russian Federation: Altai
Krai, Krasnoyarsk Krai, Altai Republic, Tomsk Oblast,
Kemerovo Oblast, Irkutsk Oblast, Perm Krai, the Repub-
lics of Tatarstan and Udmurtia (https:/fsvps.gov.ru/ru/
poleznaya-informaciya). Also, populations of this pest
were registered in Novosibirsk Oblast and the Republic
of Khakassia (Krivets et al., 2015c). In the European part
of Russia, the species was first detected in 1999 in the vi-
cinity of St. Petersburg on Norway spruce (Picea abies (L.)
H. Karst.), which was a one-time occurrence (Mandelsh-
tam and Popovichev, 2000), in 2006 in Moscow Oblast
(Chilakhsaeva, 2008), large outbreaks were detected in
the territory of Moscow (Baranchikov et al., 2020).

On the territory of Irkutsk Oblast, the presence
of this invader was first registered in the Slyudyansky
district (southern Baikal region) in 2017 (Bystrov et al.,
2019). It is believed that P. proximus was introduced
in the area, most likely in 2005-2006 (Efremenko et
al., 2019). As of September 1, 2022, the outbreaks of
this pest in the region cover an area of 1655.3 hectares
(https://rosleshoz.gov.ru/activity/forest_security and_
protection/stat).

The relatively recent colonization of the taiga eco-
systems of the Baikal region by P, proximus, the annual
increase in the area of its outbreaks, the climatic fea-
tures of the region, as well as the preliminary weaken-
ing of trees by bacterial dropsy (Voronin et al., 2013)
emphasize the relevance of studying the Baikal popu-
lation of P, proximus.

MATERIALS AND METHODS

The study was conducted in the period from April to
September 2022 in the forest areas of the recreatio-
nal “Lakes on Snezhnaya” Ecopark and its environs.
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MATEPWAJIBI U METO/1bI

ViccremoBaHue TIPOBEIEHO B TIEPUOI, C AITPEJIS 10 CEH-
T26pb 2022 T. B JIECHBIX MaccHUBaX peKpealuoHHO-
ro skomapka «03epa Ha CHEXXHOI» U er0 OKPECTHO-
CTSIX. DKOITAPK PACITOJIOKEH B JoJUHe peku CHeXHOU
B IIPEITOPhSIX CEBEPHOr0 MaKPOCKJOHA XpebTa Xa-
map-JlabaH, Ha Tepputopuu CIIOISIHCKOTO palioHa
VIpKyTCKO# o6JiacTy, BOJIM3M rpaHuUIl ¢ PecIty6anKoi
BypsaTtueii. JlaHHasg MECTHOCTb BXOJUT B COCTaB IleH-
TPaJbHON DKOJIOTUYECKOUN 30HbI BaliKaabCKOM IpU-
POMHO TEePPUTOPUH, dTa DKOJIOTHUYECKas 30HA OT-
HOcUTCS K BalikajibCKOMYy TOPHOMY JIECHOMY palioHy
I0xHO-Cubupckoi ropuoit 30HbI (https://irkobl.ru/
sites/alh/documents/lesplan/112-ug.pdf).

CpenHerofioBas TeMIepaTypa Bo3[lyxa Bapbupy-
etcst ot —0,3 °C Ha mob6epeXkbe 10 —2 °C B ropax, CpeaHsas
TeMIlepaTypa BO3yXa B dHBape cocTaBigeT oT —18 °C
1o —22 °C,a B caMbl¥l TEILJIBIA MECAII, MI0JIb, COCTaBJISIET
+14...20 °C. TomoBas cyMMa ocaJikoB KoJie6yiercs ot 500
10 1000 MM B rofi, BBICOTA CHEXXHOI'O ITIOKPOBA OCTU-
raet 0,9-1,2 M. Ecsiu Ha TeppuTopuu pKyTCKOM 06-
JIACTY KJIMMAaT B OCHOBHOM PE3KO0 KOHTMHEHTAJIbHBIMH,
TO B I0’KHOM ITpurbalikajibe MoJ BIusSHUEM o3epa Baii-
KaJI OTMeUaeTcs najieHre KOHTUHEHTAJIbHOCTY U TIPU-
OJIMKeHMEe ero K IPUMOpPCKOMY kauMaTy (AGasakoB
u 1p., 2015). CriaxnuBaHWe CyTOUHbBIX U TOJJOBBIX TEM-
nepaTyp bBalikajioM BbI3bIBAET 3a/IeP)KKY Havuaja Bere-
TallUY U TIPETIITCTBYET PAHHUM OCEHUM 3aMOPO3KaM.
COBOKYITHOCTD KJIUMaTUUYECKMX 0COOEHHOCTEN U 3HA-
YUTeJIbHOE KOJIUYECTBO TyMaHOB, C(DOPMUPOBAHHBIX
HCTIapEeHUSIMU C TIOBEPXHOCTH 03€epPa, 6JIarompUsI TCTBY-
10T PA3BUTHIO B MCCJIeIyeMOM patioHe TalTy U3 ITUXThI
u kegpa (Cobponos, CodppoHoBa, 2022).

st TOoro 4To6hI MCCIeN0BAaTh OCHOBHEIE IOIY-
JIAIIMOHHBIE TIOKA3aTeNIN yCCypUcKoro moaurpada
U OLIEHUTD €T0 BJIMSHNE Ha IMUXTOBbLIE IPEBOCTOU,
B ITOAATOPHOM TEMHOXBOWHOM JIECY 3KOTIapKa 3aJI0XKe-
HBI 2 TIPIMOYTOJIbHbBIE ITPOOHBIE
mromaay (ITIT N© 1 B6In3u o3e-
pa Ckaska u ITIT N2 2 mexzy o3e-
pamu Temyioe m UsympynHoe),
pasnuyarouuecs 1o IopogHOMY
COCTaBy U PACTUTEJBHOMY IIO-
KPOBY HIKHEro sgpyca (BbICOTa
HaJ ypoBHEM Mops —500-520 m)
(puc. 1).

YcTaHOBJIeHHE TaKCalluOH-
HBIX XapaKTEePUCTUK JPEBOCTO-
eB Ha IIII (Taba. 1) mpoBOOMIY
[0 OOIIEeNPUHSATEIM METOLAM
oneHku (AHyuuH, 1982; UMbIp
u ap., 2001).

Jng aHajams3a COCTOS-
HUS IPEBOCTOEB U OLIEHKU BJIHS-
HUS Ha HUX YCCYPUMCKOIO TI0-
aurpada nmpousBeAeH MOACYET
00611Ier0 KOJMYECTBA JIEPEBbEB
nuxThl B nipegesax [II1, c ycra-
HOBJIEHUEM KaTeropuu UX CO-

The ecopark is located in the valley of the Snezhnaya
River in the foothills of the northern macroslope of
the Khamar-Daban ridge, on the territory of the Slyu-
dyansky district of Irkutsk Oblast, near the borders with
the Republic of Buryatia. This area is part of the cen-
tral ecological zone of the Baikal natural territory, this
ecological zone belongs to the Baikal Mountain Forest
region of the South Siberian Mountain zone (https://
irkobl.ru/sites/alh/documents/lesplan/112-ug.pdf).

The average annual air temperature va-
ries from —0.3 °C on the coast to -2 °C in the moun-
tains, the average air temperature in January is
from -18 °C to —22 °C, and in the warmest month, July,
is +14 ... 20 °C. The annual amount of precipitation
varies from 500 to 1000 mm per year, the snow cover
height reaches 0.9-1.2 m. If the climate in the territo-
ry of Irkutsk Oblast is mainly sharply continental, then
in the southern Baikal region, under the influence of
Lake Baikal, there is a drop in continentality and its ap-
proach to the coastal climate (Abalakov et al., 2015).
The smoothing of daily and annual temperatures by
Baikal causes a delay in the beginning of the growing
season and prevents frosts in early autumn. The com-
bination of climatic features and a significant amount
of fog formed by evaporation from the surface of the
lake favor the development of taiga from fir and cedar
in the study area (Sofronov, Sofronova, 2022).

In order to study the main population indicators of
P, proximus and evaluate its impact on fir forest stands,
2 rectangular sample plots were laid in the piedmont
dark coniferous forest of the ecopark (TP No. 1 near
Lake Skazka and TP No. 2 between Lakes Teploe and
Izumrudnoe), differing in species composition and ve-
getation cover of the lower tier (height above sea level —
500-520 m) (Fig. 1).

Establishment of taxation characteristics of fo-
rest stands on TP (Table 1) was carried out according

Pecnydamka

CTOSIHMS 110 6-6aJlIbHOM IIKATIE  pyc, 1. PacnonoxeHue npobHbix nnowaneit  Fig. 1. Location of trial plots

(Kpuset, Bucuposa, 2012).

JIN COCTOAHUA IIUXTOBBIX JpPe-

BOCTO€B, a MMEHHO MHJEKC XXN3HEHHOI'O COCTOAHUA,
MMOBPEXAEHHOCTD JPEBOCTOA, CDEJHEB3BEIIIEHHAA Ka-
Teropuda COCTOAHUA, OIIPeneJidinCh 1o CyMMe KBa/ -
PaToB rmoma,ueﬁ IIOIIEPEYHOI'0 CeYeHUud CTBOJIOB

B palloHe uccnenoBaHus
NHTerpasibHble MoKa3aTe- («SAHpekc.KapTbi», Tensble o3epa)

in the study area
(“Yandex.Maps”, Warm lakes)
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Ta6auna 1
TakcaluOHHAas XapaKTepPUCTHUKA JPEBOCTOEB HA IMPOGHBIX IIOMAAAX
CpeaHuii CpenHsasa Cpeauuii
N TIlnomans, IlopopHbIii ZuUaMeTp BBICOTA BO3pacT Kaacc
IIIT ra COCTaB MMUXThI, CM MMUXThI, M NUXThI, JIET OOHHTETA Tun jgeca
1 0,5 7II2K1IE+B 24,8+1,9 21,4+1,5 1I KpynHOTpaBHBIMN
2 0,5 8I12K 20,3+1,6 19+3,2 II YepHUYHO-3eJI€HOMOIITHBIN

[T — nmuxTta cubupckas (Abies sibirica); K — xenp (Pinus sibirica); E — enb cubupckas (Picea obovata);

B — 6epesa (Betula spp.).

JlepeEBBEB Ha BbICOTE 1,3 M 110 KaTeropusm (AJIEeKCees,
1989; BapaHYMKOB 1 Ap., 2004; THUHEHKO 1 Ap., 2016).

OCHOBHbBIE TOMYJISIIMOHHbBIE [TOKA3aTeIN MTOJIN-
rpada ycTaHaBIMBAJIM HAa TPeX MOJEIbHBIX IePEBbIX
OUXTHI B Kaxxpou ITIT u3 1V, V, VI kaTeropuu cocTos-
HUS. YUeT IPOBOJUJICS 10 TPEM KPYTOBBIM MaJIeTKaM
Ha pabioH nmocenenus (Kataes, ITomoBuues, 2001).
OlnleHKa 3HAYeHUN MOKas3aTesiel YMCIEeHHOCTU TIPO-
BOJIMJIACH C MCIIOJIb30BaHMEM CTAHIAPTHBIX METOIUK
(THUHEHKO U 1p., 2016).

VnenTudukaiiyiio CO6paHHBIX XYKOB IIPOBOLU-
JIV TI0 XapaKTePHBIM MOP(HOJIOTUYECKIM IIPU3HAKAM:
paszesieHHOMY Ha 2 yacTu ()aceTOUHOMY IJIa3y, HaJlu-
U0 6-UJIEHUKOBOT0 XXI'yTUKa ycuka, hopMe OysiaBbl
(Crapk, 1952; Kpuser u znp., 2015h).

Ilns oT;moBa ycaueit poma Monochamus Dejean,
1821 ucmnoab3oBajiich GepPOMOHHBIE JIOBYUIKYU 6a-
PbEPHO-BOPOHYATOr0 TUIa ¢ hepoOMOHAMU IIPOU3-
BozcTBa PI'BY « BHUUKP». JIoBylIKY ycTaHAaBINBAJINA
Ha BbICcOTe 1,5-2 M OT yPOBHS IIOUBHI B IIEPUO], JIETA
ycadei, COTJIaCHO MHCTPYKIIWU.

Il 06paboTKY TTOTYUEeHHBIX PACUETHBIX JaHHBIX
ucIoJib3oBajiach mporpamMmma Microsoft Excel 2016.

PE3VJIBTATBI U OBCYXKJOEHHNE

B pesynbTaTe ncciiefoBaHUSI TeMHOXBOUHBIX JIECOB,
MIPOBEIEHHOrO0 B 9Komapke «O3epa Ha CHEXHOM» U €T0
OKPECTHOCTSIX, BO BCcexX 6MOITeH03aX, I'e B COCTaB Jipe-
BOCTOS BXOIUT NUXTa CUOMpPCKasi, Ha HEl BbISBJIEHBI
XapaKTepHbIe TIPU3HAKY IIPUCYTCTBUS YCCYPUUCKOTO
nosimrpada: CMOJISTHbIE TIOTEKY Ha CTBOJIAX, MHOTOUYIC-
JIEHHBIE JIETHBIE OTBEPCTHUS KYKOB (PUC. 2), TOKpacHe-
HUe KpoHBI fiepeBa (CTHUHEHKO U 1p., 2016.). Ha npyrux
XBOMHBIX ITOPOJIaX B CCIIeyeMOM paiioHe moaurpad
He BBISIBJIEH, HECMOTPS Ha OTMEUEeHHYI0 CIIOCOOHOCTh
pasBUBaATbHCA Ha KeIpe, COCHe 0O0BIKHOBEHHOU (Pinus
sylvestris L.) u enu cubupckoit (Kepues, 2014) Bo BTO-
pUYHOM apealie Ha TeppuTopuu Cubupu.

Table 1

to generally accepted methods of assessment (Anuchin,
1982; Chmyr et al.., 2001).

To analyze the state of forest stands and assess the
impact of P. proximus on them, the total number of fir
trees within the TP was calculated, indicating the ca-
tegory of their condition on a 6-point scale (Krivets, Bi-
sirova, 2012).

Integral indicators of the state of fir forest stands,
namely the index of vital condition, damage to the
stand, weighted average condition category, were
determined by the sum of the squares of the cross-
sectional areas of tree trunks at a height of 1.3 m by
category (Alekseev, 1989; Baranchikov et al., 2004; Gni-
nenko and others, 2016).

The main P. proximus population indicators were
established on three model fir trees in each TP from
1V, V, VI condition categories. Accounting was carried
out on three circular palettes for the area of the set-
tlement (Kataev, Popovichev, 2001). The assessment of
the values of population indicators was carried out us-
ing standard methods (Gninenko et al., 2016).

Collected beetles were identified by typical mor-
phological characteristics: a compound eye divided
into 2 parts, the presence of a 6-segmented antennal
flagellum, and the shape of a club (Stark, 1952; Kri-
vets et al., 2015D).

Monochamus Dejean, 1821 beetles were caught us-
ing pheromone barrier-funnel traps with pheromones
produced by FGBU “VNIIKR”. The traps were set at a
height of 1.5-2 m from the soil level during the flight,
according to the instructions.

Microsoft Excel 2016 was used to process the ob-
tained calculated data.

RESULTS AND DISCUSSION

As a result of a study of dark coniferous forests con-
ducted in the “Lakes on Snezhnaya” Ecopark and its en-
virons, in all biocenoses where Siberian fir is included

Taxation characteristics of forest stands on trial plots

N¢ Area, Species Average fir Average fir Average age of
TP ha composition diameter,cm height, m fir, years Quality class  Forest type
1 0.5 7P2K1E+B 24.8+1.9 21.4+1.5 I Tall herbaceous vegetation

2 0.5 8P2K 20.3+1.6 19+3.2

II Blueberry green moss

P — Siberian fir (Abies sibirica); K — cedar (Pinus sibirica); E — Siberian spruce (Picea obovata); B — birch (Betula spp.).
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Puc. 2. BoineTHble otBepctusi  Fig. 2. Flight holes
)ykoB Polygraphus proximus  of Polygraphus proximus

beetles on fir bark
(photo by V.F. Kobzar)

Ha Kope NUXTbl
(¢hoto B.®. Kob3aps)

CpenHecyTouHasd TeMIepaTypa Bo3ayxa B paiioHe
uccyienoBaHusg auMoit 2021 r. omyckajiach 1o —26,4 °C.
[Tpu o6enemoBanuu 15.04.2022 o KOPOU U B TOJIIIE
KOPBI ePeBbEB MUXThI CUOUPCKOM ObILIY BBISIBJIEHBI
uMaro, KyKoJIKUA 1 IMUMHKY ycCypuiickoro monurpada
B JKMBOM COCTOSTHUU (PHC. 3).

Ha npo6GHBIX TJIOMAAIX JET )KYKOB mosurpada
HavaJics BO BTOPOU iekajie Masi, KOoTha cpefHeqHeBHAS
TeMIlepaTypa Bo3zayxa cocTaBuia +14,8 °C (Bapbupo-
BaHue oT +12,8 10 +18,8 °C B pazHble gHU). OCHOBHOM
JIET 3apUKCUPOBaAH c 26 Mad 110 20 uioHs. B 3TOT riepu-
01 OTMeYeHO obuiire 6ypPOBOM MyKU Ha IPUKOPHEBOM
YacTU CTBOJIA U HA PACTUTEJIIBHOM IOKPOBE BOKPYT
MIPUCTBOJIBHOM 06J1acTH (puc. 4) U 3acejieHre TTUXThI
sKykamu P. proximus (puc. 5).

Cpoxu HauvaJjia JIETa )KYKOB YCCYPUIMCKOTO TT0JIN-
rpada B IPUPOAE 3aBUCAT OT MUKPOKJINMATUIECKUX
YCJIOBUI GUOTOTIA, & €T0 JJIUTEIbHOCTh ¥ UHTEHCUB-
HOCTb 00YCJIOBJIEHBI TIOTOJLHBIMU YCIOBUSIMU B 3TOT
TIEPUOZ, IJIsT KaXXIOTO KOHKPETHOTO roja. Haubosee
6JIarOTIPUSTHBIMU [IJIS BBLIETA XKYKOB SBJISIOTCS THU
C COJTHEUHO 6e3BEeTPEHHOM ITOT'0/I0N U TEMITIEPATyPOU
BO3Ayxa Bhille +15 °C, a Takue HeTaTUBHBIE (DAKTOPHI,
Kak BeTep, IacMypHas 1moroja, arMochepHble ocaj-
KU, MOTYT Ha BpeMs [IPEPBATh BbLIET MOJIOAbIX KYKOB
¥ B II€JIOM PaCTSIHYTh WU CABUHYTH CPOKH JiéTa (Kpu-
BoJty1IKasi, 1958).

ViMaro, KyKOJIKYM U JUUUHKY nosiurpada BcTpeva-
JINCh B KOPE U IO, HEH C aItpesis Lo KOHIla CEHTIOpH,
a AUIa — C MOCJeSHUX YUCeJ Mas I10 ITEPBYI0 JeKamy
aBrycra 2022 r. Takag KapTUHa yKa3bIBaeT Ha CIIyTaH-
HOCTb reHepaluii pa3BUTHS, YTO XapaKTEePHO JIJIS TaH-
HOT'0 BPEJIUTEJIS U B IIEPBUYHOM apeasie (KpuBoJIyiikas,
1958), u s patioHa nuBasuu B Cubupu (Kepues, 2014).

KpomMme yccypulickoro nmosaurpada, Ha MUXTE
BBISIBJIEHO 7 BUIOB Kcuyodaros. [Tocie momurpada

Puc. 3. KyKonku n nuumHka Fig. 3. P. proximus pupae
P. proximus nop, kopovi nuxtbl  and larva under the fir bark
(choTto B.®. Kob3aps) (photo by V.F. Kobzar)

in the forest stand, characteristic signs of the presence
of P. proximus were detected on it: resin streaks on
trunks, numerous flight holes (Fig. 2), reddening of the
tree crown (Gninenko et al., 2016). P proximus was not
detected on other coniferous species in the study area,
despite the noted ability to develop on Siberian pine,
Scotch pine (Pinus sylvestris L.) and Siberian spruce
(Kerchev, 2014) in the secondary range in Siberia.

The average daily air temperature in the study
area in the winter of 2021 dropped to —26.4 °C. During
the examination on April 15, 2022, under the bark and
in the thickness of the bark of Siberian fir trees, adults,
pupae and larvae of P, proximus were detected in a liv-
ing state (Fig. 3).

On the test plots, the flight of P. proximus began
in the second decade of May, when the average daily
air temperature was +14.8 °C (variation from +12.8
to +18.8 °C on different days). The main flight was re-
corded from May 26 to June 20. During this period, an
abundance of bore dust was noted on the root part of
the trunk and on the vegetation cover around the near-
trunk area (Fig. 4) and colonization of fir by P. proximus
beetles (Fig. 5).

The beginning of the flight of P proximus beetles in
nature depends on the microclimatic conditions of the
biotope, and its duration and intensity are determined
by the weather conditions during this period for each
particular year. The most favorable days for the flight of
beetles are days with sunny, calm weather and air tem-
peratures above +15 ° C, and such negative factors as
wind, cloudy weather, and precipitation can temporarily
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Puc. 4. bBypoBas MyKa

Fig. 4. Bore dust of
P. proximus Ha npukopHeBow  P. proximus on the root

4acTU NUXTbI U HA
BeTpeHuLe barkanbcKomn
(choTo B.®d. Kob3aps)

part of the fir and on the
Baikal anemone (photo
by V.F. Kobzar)

110 BCTpPeYaeMOCTH mpeobiaman paruii peopucThii
Rhagium inquisitor (Linnaeus, 1758) u 6JecTsIierpy-
IBIY enoBBIM ycau Tetropium castaneum (Linnaeus,
1758), eIMHWYHO BCTPEYaJUCh OOJBIION YePHBIA
eJIOBBIN ycau Monochamus urussovii (Fischer von Wald-
heim, 1806), uepHbI# poroxBocT Xeris spectrum (Linnae-
us, 1758), enoBbIl KOpoe-KpoIKa Crypturgus pusillus
(Gyllenhal, 1813), mecoBuk 6alikanbCcKuii Dryocoetes
baicalicus Reitter, 1899, mosiocaTblil I[peBeCUHHUK TTy-
podendron lineatum (Olivier, 1800). Oco6oe BHUMaHMe
TIpUBJIEKaeT GONbIION YePHBIN €JIOBBIH ycad, TaK Kak
OH SIBJISIETCS Ba)XHEUIIMM CTBOJIOBBIM BPENUTEJIEM
cUOUPCKUX JIECOB U CITyTHUKOM P, proximus (BapaHuu-
KOB 1 Jip., 2011). B ucciielyeMbIX TUXTapHUKaX BCTPe-
YaeMOCThb JAHHOI0 ycaya OTMedYeHa KaK HU3Kas: Ipu
obcnemoBanuu 303 mepeBbEB IMUXTHI IPU3HAKYU €T0
paszBuTHA 3a(pUKCUPOBAHBI HA 11 IePEBBSIX, BBIIBIECHO
BCEro 6 JUYMHOK; (D€ POMOHHBIMY JIOBYIITKAMHU, pa3Me-
IIeHHBIMUY Ha TTPOGHBIX IOIAJIX (110 IBE Ha KaXKIYI0),
Ha ITI1 N® 1 oTyoBJyieHO 2 uMaro, a Ha I[1I1 N° 2 — 3 uma-
r0 M. urussovii. [pyrux BUIOB ycaueli poma Monochamus
He 06Hapy>XeHO.

V3 31 Buja sHTOMOGAr0B, CBA3aHHBIX C yCCY-
putickum nonurpadom B Cubupu (Kpusen, Kepues,
2016), B ero Xoax 1 Ha 3aCeJIEHHBIX MM JIEPEBbIX ITUX-
ThI Ha I1I1 o6HapyXeHo 7 BUMIOB: Thanasimus femoralis
(Zetterstedt, 1828), Thanasimus formicarius (Linnaeus,
1758), Pytho depressus (Linnaeus, 1767), Nudobius lentus
(Gravenhorst, 1806), Dinotiscus eupterus (Walker, 1836),
2 Busa us pozpa Medetera. [Tocnenuue 3 BUja BCTpeva-
Juch HanboJjiee 4acTo.

BerpeuaeMocTh yeecypuiickoro noaurpada, pac-
CUMTaHHAs [0 OTHOIIEHUWIO YMCJIa IEPEBBEB C MTPU-
3HAKaMU IT0CEJIEHNS W PAa3BUTUS BPENUTEISI K CyMMe

Puc. 5. B6ypaBnuBaHue Fig. 5. P. proximus male boring
caMmua P. proximus nog, under the bark of a Siberian fir
Kopy nuxTbl cubupckonn  (photo by V.F. Kobzar)

(hoTo B.®d. Kob63aps)

interrupt the flight of young beetles and, in general, ex-
tend or shift the flight time (Krivolutskaya, 1958).

P, proximus imagoes, pupae and larvae were de-
tected in the bark and under it from April to the end of
September, and eggs — from the last days of May to the
first ten days of August 2022. This pattern indicates the
confusion of generations of development, which is typi-
cal for this pest in the primary range (Krivolutskaya,
1958), and for the area of invasion in Siberia (Kerchev,
2014).

Apart from P. proximus, 7 xylophage species were
detected. After P. proximus, the frequency of occurrence
was dominated by Rhagium inquisitor (Linnaeus, 1758)
and Tetropium castaneum (Linnaeus, 1758), sporadically
were detected Monochamus urussovii (Fischer von Wald-
heim, 1806), Xeris spectrum (Linnaeus, 1758), Cryptur-
gus pusillus (Gyllenhal, 1813), Dryocoetes baicalicus Reit-
ter, 1899, and Trypodendron lineatum (Olivier, 1800).
Monochamus urussovii attracts special attention, since it
is the most important stem pest of Siberian forests and
a companion of P. proximus (Baranchikov et al., 2011).
In the studied fir forests, the occurrence of this long-
horn beetle was noted as low: during the examination
of 303 fir trees, signs of its development were recorded
on 11 trees, only 6 larvae were identified; pheromone
traps placed on the trial plots (two for each), 2 imagoes
were caught at TP No. 1, and 3 M. urussovii imagoes at
TP No. 2. No other species of longhorn beetles of the ge-
nus Monochamus have been detected.

dutocaHuTapusi. KapaHTuH pactenuii = 64



MOHUTOPUHI  MONITORING

Ta6auia 2

CpeaHue MoNyJIAIOHHbIE ToKa3aTeau Polygraphus proximus v olileHKa UX 3HaUYeHUI Ha IMPOGHBIX
IUIOIIAJISAX B 9KoMmapkKe «03epa Ha CHe;KHOii», 2022 T.

IIINe 1 IIIT N2 2

CpepHee 3HaueHUe * CpenHee 3HaueHUe *

CcTaHJapTHOe Min Max CcTaHJapTHOe Min Max
IMoka3aTesb OTKJIOHEHUE 3HaueHMe 3HayeHHe OTKJIOHEHME 3HaueHHWe 3HavYeHHe
[1JI0THOCTH IIOCEJIEHN S, 6,6 +2,5 4,2 9,2 51,1 4,2 6,3
ceMen/mm? (BbICOKAS) (cpenusist) (BbICOKas) (Cpemusis) (cpenusist) (BbICOKAs)
TTpomyKITus, IIT/IM? 31,1+£17,9 11,8 47,3 28,6 11,4 19,6 41,4

(BBICOKAA) (muskasg) (Bbicokas) (CpemHsis) (Huskasg) (BBICOKAS)
SHePrusd PasMHOXEHUSA 4,6 2,4 2,8 7,4 5,8+2,7 3,1 8,6

(BBICOKAS) (cpenmuss) (Bbicokas) (BbICOKAS) (BpICOKag) (BBICOKAA)
CymMapHad gJivHa 4,4+1,9 2 10,2 5,4+2,2 2,2 10,8
MaTOYHBIX XO0B CEMbHU, CM
[171000BUTOCTD, UIL 46 +15,8 21 88 34,8 +11,2 19 69

(AUTIEBBIX KaMep)
Ha CaMKy, IIT.

KoJImuecTBa mepeBbeB IV-VI kateropuii (Kpuserr u ap.,
2018) Ha MPOGHBIX TIJIOMIAAIX, OITpeesieHa KakK BbI-
cokas u coctaBujia Ha I1IT N2 1 — 90%, ua ITIT N2 2 —
85,6%.

[To pe3ynbTaTaM aHaJIM3a, IPOBELEHHOTO B OT-
HOIIEHUY TPeX MOMEJNbHBIX NePEBbEB ITUXThI CUOUP-
cKolf Ha Kaxxoii I111 B axomapke «O3epa Ha CHEXXHOI»,
OBLIY OITPe/IeIeHbl OCHOBHBIE MTOTMYJISIIMOHHbBIE TTOKA-
3aTeNIX YCCYPUUCKOTOo nojurpada u ux cpefHue 3Ha-
YeHUS, KOTOPhIEe Pa3InYaiiCh B Pa3HBIX JPEBOCTOSX
1 Ha U3YYEHHBIX JePEeBbIX (Ta0bI. 2).

[TJIOTHOCTD IIOCEJIEHUS POAUTEIbCKOTO IOKOJIe-
HUs BpeOUTeNII Ha MOJIEJIbHBIX IePEBbIX BapbUpOBaJIa
OT cpenHel 00 BeICOKOI (4,2—9,2 ceMbu/nM?), IPOAYK-
1114 (UMCJIEHHOCTh MOJIOOTO IIOKOJIEHUST) — OT HU3KOM
(11,8-19,6 mt/mm?) mo cpenHei (24,8 mT/oM?) U BbI-
cokoit (34,2-47,3 mT/mM?), SHEPTUS PA3MHOXKEHUS

Table 2

Out of 31 species of entomophages associated
with P. proximus in Siberia (Krivets and Kerchev, 2016),
7 species were detected in its galleries and on fir trees
inhabited by it: Thanasimus femoralis (Zetterstedt, 1828),
Thanasimus formicarius (Linnaeus, 1758), Pytho depressus
(Linnaeus, 1767), Nudobius lentus (Gravenhorst, 1806),
Dinotiscus eupterus (Walker, 1836), 2 species of the genus
Medetera. The last 3 species were the most common.

The occurrence of P, proximus, calculated as the ra-
tio of the number of trees with signs of settlement and
development of the pest to the sum of the number of
trees of categories IV-VI (Krivets et al., 2018) in the test
plots, was determined as high and amounted to 90% at
TP No. 1, and 85.6% at TP No. 2.

Based on the results of the analysis carried out
in relation to three model Siberian fir trees at each
TP in the “Lakes on Snezhnaya” Ecopark, the main

Average Polygraphus proximus population indicators and assessment of their values on trial plots

in the “Lakes on Snezhnaya” Ecopark, 2022

TPN21 TP N2 2

Average value * Min Max Average value * Min Max
Indicator standard deviation value value standard deviation value value
Settlement density, 6.6+25 4.2 9.2 5+1.1 4.2 6.3
families/dm? (high) (meduim) (high) (meduim) (meduim) (high)
Products, pcs/dm? 31.1+17.9 11.8 47.3 28.6+11.4 19.6 41.4

(high) (low) (high) (meduim) (low) (high)
Reproduction energy 4.6 +2.4 2.8 7.4 5.8+2.7 3.1 8.6

(high) (meduim) (high) (high) (high) (high)
The total length of the mother 4.4 +1.9 2 10.2 54+2.2 2.2 10.8
passages of the family, cm
Fertility, eggs (egg chambers) 46 +15.8 21 88 34.8+11.2 19 69

per female, pcs.
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Puc. 6. MaTouHble XxoAbl yCCYypPUINCKOro
nonurpada Ha cTBosie nuxTbl cubupckon  on the trunk of a Siberian fir

(¢poTo B.®d. Kob63aps)

B OCHOBHOM Ha BBICOKOM YPOBHE, JIUIIb Ha OJTHOM Jie-
peBe ITIT N2 1 cpengusad. [110A0BAUTOCTb CAMOK OTJIMYA-
Jlach IIMPOKUM JUarasoHoM, oT 19 mo 88 aurr (aiiie-
BBIX Kamep), Ha [1I1 N2 1 cpeHee 3HaUEHME JaHHOTO
mokasaTeJis cocTaBumiio 46 auir, Ha [TIT N2 2 — 34,8 aiina,
TaKoe OTJINYLe, BEPOSITHEE BCETO, CBA3aHO C PA3HBIMU
ToKazaTeJsIMU TJIOTHOCTHU TTOCEJIEHUS Ha IIJIONaIsIX.
B pationax Cubupu, u3y4yeHHbIX B OTHOUIEHUU WH-
Basuu moJyurpada, oburas miIoJOBUTOCTb CAMKH CO-
craBisgeT okoJio 50 sur (Kpusel u np., 2015b.). TTof
KOPOU B OCHOBHOM HAaOJIOLaJIMCh 2 MAaTOUYHBIX X0[a
Ha ceMbl0, CyMMapHas AJUHa rajepei Ha MOAebHbBIX
IepeBbdax fJocturaja ot 2 10 10,8 cM, HO MHOT LA BCTpe-
Yaiauch 3 1 4 MaTOUHBIX X0/Ia PA3JIMYHON KOH(DUrypa-
1uu (puc. 6).

CpaBHeHUe CpeHUX 3HAUEHUU MTONYJSIIIIOHHbBIX
ToKasaTesiel MeXy MPOOHBIMY TIJIOIAASIMU ITOKa3a-
JIO, UTO B IMTUXTOBO-KEJIPOBO-EJIOBOM KPYITHOTPABHOM
Jiecy (ITTT N2 1) mIOTHOCTD TIOCEJIEHUS CEMEH, TTPOIYK-
LU ¥ IIJIOAOBUTOCTD BBIIIIE, UeM B IIUXTOBO-KEIPOBOM
YepHUYHO-3esieHoMoITHOM (TTIT N2 2).

Polygraphus proximus 3acejsiyi Kak ocjabieH-
HbI€, BETPOBaJIbHbIE, OypPeJIOMHbBIE, TaK U BU3YaJb-
HO 370POBbIEe JePeBbs PA3HOU TOJNIMUHBI. CpefHUN
JVaMeTp 3acelleHHBIX JepeBbeB Ha [IIT N2 1 - 22 cu,
aHall[IN22-18 cm.

ComocTaByisigd TPOIEHTHOE COOTHOIIEHUE
10 KaXXJ0M KaTeTOPUYU COCTOSTHUS JIepPeBbeB ITUXTHI,
MBI YCTAHOBUJIY, YTO Pa3jIuyumre MeXAy IPOOGHBIMU
TJIOIMAIIMY He3HAUUTEJIbHOE. JI0JIs IePEeBbEB ITUXTHI,
Ha KOTOPBIX BBISABJIEH moaurpad, cocrasunaa 20,4%
Ha [T N° 1 u 18,6% ma I1IT N2 2 (puc. 7). OTpaboraH-
HBIX BPEIUTEIIEM IEPEBbEB (CYXOCTOM MPOIILIBIX JIET)
Ha I1IT N2 1 661510 27,2%, Ha I1IT N2 2 — 21,1%. 3gopo-
BBIX JIepeBbeB, 6e3 MPU3HAKOB 3acCeIeHUs MOJUrpa-
¢om, 65110 Bcero Jutrb 15,7% 1 21,8% COOTBETCTBEH-
Ho. [ToTeHIIMaIbHAsA KOPMOBas 6a3a AJig WHBakgepa
Ha GyZyliye rofibl B UCCIENYyEeMbIX PEBOCTOSX, TIPE/-
CTaBJIeHHAs MMUXTOU BTOPOU U TPeThell KaTeropuw,
cocraBuia 36,7% u 38,5% Ha AByX I1I1 COOTBETCTBEH-
Ho (Tabu. 3).

(photo by V.F. Kobzar)

P, proximus population indicators
and their average values were de-
termined, which differed in vari-
ous stands and on the studied
trees (Table 2).

The population density
of the parent generation of the
pest on model trees varied from
medium to high (4.2-9.2 colo-
nies/dm?), production (number
of the young generation) varied
from low (11.8-19.6 pcs/dm?)
to medium (24.8 pcs/dm?) and
high (34.2-47.3 pcs/dm?), the
reproduction energy is main-
ly at a high level, only on one
tree of TP No. 1 is medium.
The fecundity of females dif-
fered in a wide range, from 19
to 88 eggs (egg chambers), at
TP No. 1, the average value of
this indicator was 46 eggs, at

Fig. 6. Polygraphus proximus mother passages 1P NO. 2—34.8 eggs, this differ-

ence is most likely due to differ-
ent indicators of the population
density in the areas. In areas of
Siberia studied for polygraph invasion, the total fe-
cundity of the female is about 50 eggs (Krivets et al.,
2015b). Under the bark, 2 mother passages per fami-
ly were mainly observed, the total length of galleries
on model trees reached from 2 to 10.8 cm, but some-
times 3 and 4 mother passages of various configura-
tions were detected (Fig. 6).

Comparison of the average values of population
indicators between the sample plots showed that in the
fir-cedar-spruce tall-grass forest (TP No. 1) the popu-
lation density of families, production and fertility are
higher than in the fir-cedar blueberry-green-moss fo-
rest (TP No. 2).

Polygraphus proximus populated both weakened,
windfall, windbreak, and visually healthy trees of dif-
ferent thicknesses. The average diameter of infested
trees at TSP No. 1 is 22 cm, and at TP No. 2is 18 cm.

Comparing the percentages for each category of
the state of fir trees, we found that the difference be-
tween the trial plots is insignificant. The proportion of
fir trees on which P, proximus was detected was 20.4%
at TP No. 1 and 18.6% at TP No. 2 (Fig. 7). There were
27.2% of trees worked off by the pest (dead wood of pre-
vious years) at TP No. 1, and 21.1% at TP No. 2. Healthy
trees, without signs of polygraph colonization, were
only 15.7% and 21.8%, respectively. The potential for-
age base for the invader in the future years in the stud-
ied forest stands, represented by fir of the second and
third categories, amounted to 36.7% and 38.5% in two
TPs, respectively (Table 3).

The vital state of the fir forest stand at TP No. 1 was
found to be severely weakened, with an average degree
of degradation, severe damage. At TP No. 2, the forest
stand was assessed as weakened, damaged, and also
with an average degree of degradation (Table 4). The
slight difference in the integral indicators between the

dutocaHuTapusi. KapaHTuH pacteHuii = 66
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JKus3HeHHOE COCTOSHUE ITUXTOBOTO IPEBOCTOS
Ha I1IT N2 1 ycTaHOBJIEHO KaK CUJIbHO OcJiabJeHHOe,
CO cpenHel CTeIeHbI0 IerpPaalliu, TOBPEXIEHHOCTh
cuybHag. Ha ITIT N 2 g1peBOCTOI OIleHeH KaK ocjiab-
JIEHHBIH, TTIOBPEXIEHHBIN 1 TaK)Ke CO CpefHeH cTerme-
HbI0 ferpagamuu (tabi. 4). HesHaunuTeabHasa pasHUIla
WHTETPAJIbHBIX TIOKa3aTeNel MeX Iy MPOGHBIMU I1JI0-
mansMu, BEPOSITHEE BCETO, CBSI3aHa C Pa3jIMYHbIMU
CPOKaMM UX 3aceJieHUs MoJaurpagom.

3AKJIIOYEHUE
Yccyputlickuii onurpad BbISIBJIeH BO Bcex obciie-
IIOBaHHBIX OMOIeHO03axX dKomapka «O3epa Ha CHexX-
HOM» U ero OKPECTHOCTSX, TJlE€ B COCTaB JPEBOCTOS
BXOJUT nuxTa cubupckasd. )KusHeHHOe COCTOsIHUE

Ta6auia 3

trial plots is most likely due to the different terms of
their settlement by P. proximus.

CONCLUSION

Polygraphus proximus was detected in all examined bio-
cenoses of the “Lakes on Snezhnaya” Ecopark and its
environs, where Siberian fir is included in the forest
stand. The vital state of fir forest stands on test plots
during the study was noted as weakened and severe-
ly weakened, with an average degree of degradation,
a high level of occurrence of Polygraphus proximus was
established. For the first time, the main population in-
dicators of the pest in the study area were determined,
the values of which in 2022 characterize its high abun-
dance in the fir forests of the ecopark. The key factors

Pacrlpe,quIeHne A€PEeBbEB ITUXThI Cﬂﬁl/IpCKOﬁ I10 KaTeropusaMm COCTOSIHHKA Ha IIpOﬁHI)IX IJIoIIAgAaX

Table 3

Distribution of Siberian fir trees by state categories on trial plots

KaTeropus cocTosIHUfA AepPEBbEB
Tree condition category

MNIIN21TP N1

IIIN22 TP N2 2

Yuciio mepeBbeEB, LIT.
Number of trees, pcs. %

Yuciio nepeBbeB, LIT.
Number of trees, pcs. %

I. 3mOpOBEIe, 6e3 IPU3HAKOB 0CJIa6IeHUS.
He aTakoBaHbI mosnurpagom

I. Healthy, without signs of weakening.
Not attacked by P. proximus

28

15,7 34 21,8

I1. OcnabneHHBIE.
ArtaxoBaHbI HoJUrpadoM, HO He 3aceIeHbI
I1. Weakened. Attacked by P, proximus but not populated

39

26,5 39 25

I1I. CuinbHO ocabiieHHbIE.

ATtaxoBaHbI HogUrpagoM, HO He 3aceIeHbI
I1I. Severely weakened.

Attacked by P. proximus but not populated

15

10,2 21 13,5

IV. Yebixatoiiye. 3acejeHHbIe moaurpagom
IV. Drying out. Inhabited by P. proximus

13

8,8 12 7,7

V. CBexmii cyxocToi
V. Fresh deadwood

17

11,6 17 10,9

VI. CTapslii cyXoCcTOM
VI. Old deadwood

40

27,2 33 21,1

HToro
Total

147

100 156 100

Tao6una 4

HNHTerpaJjibHbie MoKa3aTeJId COCTOSAHUSA ITUXTOBBIX IPEBOCTOEB HA l'[pOGHbIX TJIomaaax

Table 4

Integral indicators of the state of fir forest stands on trial plots

Ne CpenHeB3BelIeHHAsA KaTeropusa COCTOTHUS
III1 JepeBbeB B JIpEeBOCTOE, 6aJLII
Ne The weighted average category of the state

NHaeKc )KU3HEHHOT 0
COCTOSAHUS, %

IToka3aTeJib
IIOBPEXI€HHOCTH JIpPeBOCTO, %

TP of trees in the forest stand, score Life condition index, % Stand damage rate, %
1 3,1 45,7 54,3
2 2,95 50,9 49

®despanb N2 1 (13) 2023 67
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i

Puc. 7. [lepeBbs NUXTbI Fig. 7. Fir trees of IV and
IV n V kateropumn coctoaHua V categories of condition
(choTo B.®. Kob63aps) (photo by V.F. Kobzar)

MHUXTOBBIX IPEBOCTOEB Ha IIPOGHBIX IIOIIAIIX BO Bpe-
M KCCIeL0BaHNI OTMEeUeHO KakK 0cjIabIeHHOe 1 CUJIb-
HO ocjabJieHHOe, CO CpelHel CTeIleHbl0 Jerpaja-
1MUY, YCTAHOBJIEH BBICOKUU YPOBEHDb BCTPEYAEMOCTHU
Polygraphus proximus. BriepBbie OITpeieJIeHbl OCHOBHBIE
TIOTTYJISIIIMOHHbBIE TTIOKA3aTENIV BPEIUTEIIS B ICCIeye-
MOM palioHe, 3HaUEeHUS KOTOPBIX B 2022 T. XxapaKTe-
PU3YIOT ero BBICOKYI YKUCJIEHHOCTHh B MIUXTapPHUKAX
sKorapka. KioueBbIMY (DaKTOPAMU B 3TOM SBJISTIOTCS
6JIaTOTIPUSITHBIE YCJIIOBUS IJISI €T0 Pa3BUTHUS, a UMEH-
HO 3aTs’KHOM MaJIOBOIHBIN IIepro Ha o3epe baiikaJi,
YaCcTO MOBTOPSIOIIVECS 3aTSHKHbIe 3UMHE-BeCeHHUE
OTTeIleNt, IIpeJBapUTEeJIbHOE OCJableHre TepPeBb-
eB GaKkTepralbHOU BOASHKOM (BricTpoB u Ap., 2019),
a TakKe OTMeYeHHOe HaMU MPAaKTUYECKY OTCYTCTBUE
KOHKYPEHTOB 3a KOPMOBYIO 6a3y 13 MECTHBIX BUJIOB
Kcuyioaros B UCCIENyeMbIN TIEPUO/,.

Bnazodaprocms. ABTOPHI 6arogapsaT agMUHN-
CTPaLWI0 U COTPYIHUKOB 3KoTapka «03epa Ha CHeX-
HOM» 3a COIEeNCTBYE B IPOBEIEHUY SKCIIEIUITVOHHBIX
WCCJIeJOBAaHUM.
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in this are favorable conditions for its development,
namely, a prolonged low-water period on Lake Baikal,
often repeated prolonged winter-spring thaws, prelimi-
nary weakening of trees by bacterial dropsy (Bystrov et
al., 2019), as well as the practically absence of compe-
titors for food base from local species of xylophages in
the study period.
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Co IH4 pOoKaAeHUA

Hapexapl HukugopoBHsl lllyToBoi — 120 jieT

120 seT TOMy Hazap B cejie EMesibgHOBKAa BopoHex-
CKOU TybepHUU B KPeCTbIHCKOU ceMbe poOIUiach
Hagexxga HukudoposHa IllyToBa, CIIycTa MHOTHE TOLBI
cTaBIIasg BeAyIIUM SHTOMOJIOTOM CJIY>KOBbI KapaHTUHA
pacTeHMii Halllel CTPaHbI.

[Tocse Toro kak H.H. IllyToBa okoHuYMIIa KOy, Bopo-
HEXCKUU YHUBEPCUTET U aCIIMPaHTyPY, OHA ObljIa HaITpaB-
JieHa B 1934 r. Ha paboTy CeluaJuCTOM-9HTOMOJIOTOM
B MockBy B l[eHTpaJIbHYI0 KapaHTUHHYO JIabopaTOPUI0
(LIKJT), c KoTOpOIi 6bLIa CBsI3aHa ee JajbHeNnast )KU3Hb.

Yepes 2 roma Hagexnma HukudopoBHa 6blja Ha-
3HaUeHa PYKOBOAUTEJNIEM SHTOMOJIOTUYECKOM TPYIIIIHI,
aB 1938 r. - 3aBenytomieit IIKJIL.

Pa6oTra Hamex bl HUKM(OPOBHEI B 3TU TOMIbI ObLIa
cBS3aHa C JOCMOTPOM U JiaGopaTOPHON DKCIIEPTU30MU
PACTUTENbHBIX U IPYTUX MOAKAPAHTUHHBIX MaTepua-
JIOB, TIOCTYIIUBIINX 13 3apPyOe’KHbBIX CTPaH. Pe3yibTaThl
3To¥ paboTrs! 6b1Mu 0606meHbl H.H. [IIlyTOBOYM B MOHY-
MEHTAaJbHOI BCECOI03HOM CBOJIKe «Bpenurenu, 60Jie3HU
U COPHSKU, 06HapyXKeHHbIe B UMITOPTHBIX PACTUTEIbHBIX
rpysax».

B utosie 1941 r. Hagexxna HukudopoBHA OPraHU30-
BaJia sBakyanuio LIKJI B Omck. B utoxe 1943 1. mabopato-
pus BO3BpaTUiaach B MOCKBY U pa3MeCTHUJIACh B 3TaHUU
Hapkomsema CCCP.

C 1945 r. lllyToBa 3aBefoBaja OTLEJIOM SHTOMO-
Jgorum LIKJI 1 HavaJla OpraHW30BbIBATb UCCIEMLOBAHUS
o 6uomeTony B 6opbbe ¢ KAPAHTUHHBIMU BPEIHBIMU
YJIEHUCTOHOTMMHU B OCHOBHOM B I0KHBIX peruoHax Co-
BeTckoro Coma3a.

[TaBHOM 1ebI0 6MOJIOTUUECKOTO MeToma 60phObI
C BPeIUTENSIMU PAacTEHUU IBJIseTCS pa3paboTka TaKux
IIPUEMOB, KOTOPbIE, HAPSIY C BO3ENCTBUEM Ha BPEIHBIN
00BEKT, He 06J1a/1a10T TO60UHBIMY HEXEIATeTbHBIMY 3()-
¢exTaMu IS JIIoHel 1 pacTeHUIH.

H.H. [llyToBa mokasajia, YTO BaXKHbBIH CII0CO0 MOZaB-
JIEHVS KapaHTUHHBIX BpeuTeJiel — UCII0JIb30BaHE Ha-
CEKOMBIX-DHTOMOG(AroB, BBE3eHHbBIX U3 €CTECTBEHHBIX
apeaJioB ¥ aKKJIMMaTu3upoBasiiuxcd. B 50-x, 60-x rogax
B CCCP 656110 3aBe3eHO 29 BUIOB SHTOMO(AroB 13 BOCh-
MU CTPaH.

Emie B 1947 r. no ununuatuBe Hamexapl Hukudo-
poBHBI B TamkeHTe 6blJa OpraHmusoBaHa 6uosaboparo-
pus, KoTopas 3aHUMaJach pa3BelleHreM IiceBaaduKyca,
3aBe3eHHoro u3 CIIIA, — mapasuTa yepBelia KoMmcToka.

K 1951 1. Y36ekckas JjabopaTopus ITPOBejia Macco-
BO€E pa3zMHOXKeHNe U KoJoHM3a1uio 60jee 30 MJIH 0cobeit
ncepmaduKyca B 3apakeHHOU yepBerioM KoMcToKa 30He
Cpenueit A3uu. [TapasuTa paccesisiyid B KaXKI0M XO03sIi-
ctBe. [IceBgaduKyc CTaj IIOCTOSTHHBIM KOMITOHEHTOM 6110-
1IeHO03a, IPOYHO YTBEPAMJICS BO BCE 30HE pacIIpocTpa-
HeHud yepBelia KoMcToka 1 UCTpe6IIs ero. B pesynbraTe
IeaTeIbHOCTU IceBHaduKyca coxpaHsercs 0 13-25 kr
KOKOHOB TYTOBOTO IIeJKOIpsaa co 100 mepeBbeB mIeKo-
BUIIBI IIPY MUHUMAaJIbHBIX (DMHAHCOBBIX 3aTpPaTax.

B 6uosabopaTopusax Abxasuu, ['pysun, [IaTuropcka
u3yvyanu 61oJorui 3HTOMO(DAaros KajaudOPHUNCKON

H.H. LLlyToBa 3a pa6oToli (hoTo u3 apxusa GrbyY «BHUUKP»)

IIUTOBKY, TYTOBOM IIUTOBKY, [UTPYCOBOM GEJIOKPBIIKY,
SITTOHCKOTO OITaJIOBOT'0 XPYIIa, IPOBOAUIN UX MaCcCOBOE
Pa3sMHOXXeHNE 1 KOJIOHU3AIIUI0 B oUarax BpefuTeei.

HawmboJiee ycremHo 610Joruyeckuii MeTon 60pb-
6n1 6611 BHeApeH H.H. IIlyToBO B OTHOIIEHUY YepBella
KoMcToka Ha Bcell TePPUTOPUH 3apakeHus STUM Bpe-
nuteneM: B Cpegueii Asuu, Kazaxcrane, AzepbaiiikaHe,
ApmMmeHuu u I'pysuu.

[19Th HOBBIX BMUJOB HACEKOMBIX, BHIIBJIEHHBIX
H.H. [llyTOBO¥, Ha3BaHbI €€ MUMEHEM.

3a 40 et paboTsl B LleHTpaIbHON KapaHTUHHOM Jia-
6opaTopuu Hazgexa HukrugopoBHa cobpajia OTPOMHBIN
tayHUCTHYECKNY 1 GUOTOTUYECKUYM MaTePUaJl, KOTOPBIN
CTaJl OCHOBOM JJIg CO3MAaHUS My3€esi CDABHUTEIbHBIX KOJI-
JeKIui 1 o6pa3iioB IMMOBPEXIEHHBIX pacTeHU BO Bee-
POCCHIICKOM IIeHTpe KapaHTUHA PACTEeHUH.

JKaxkga mosHaHUS U Pa3BUTHUSA OblIa HEOTheMJIe-
MO YacTbio Bcelt xxu3Hu Hamex bl HukugopoBHbL. OHa
Bcerza 0bpLIa OKPY)KeHa MOJIOJIEXKbI0, KOTOpas J6ua ee
KaK MyZpOro yuYuTesis, 6eCKOPbICTHOTO HACTABHUKA U T1a-
TPUOTA KaPaHTUHHOTO YHTOMOJIOTMYECKOTO GMOMETOIA.
OHa 1leHUJIa ¥ BOCIIUTHIBAJIA B CBOMX COTPYAHUKAX ITPe-
JKJIe BCETO TPYI0I001e, CAMOCTOSTEIbHOCTD MBIILIEHNS,
KPUTHUYECKOE OTHOIIEHUE K ITOJIyYeHHBIM Pe3yJibTaTaM,
CTpeMJIEHVE He YCIIOKauBaThCd Ha JOCTUTHYTOM. CaMa
OHAa B BBICIIIEH CTeTleHU 00J1aiajia STUMU KaueCTBaMU.

Jlnunble u npodeccuoHanbHble kauecTBa H.H. [ly-
TOBOM JaJIV TOJTYOK TMHAMUUYECKOMY Pa3BUTHIO KapaH-
TUHHOYM Hayku. Ee mMsg NPOYHO U HaBCET/a BIIMCAHO
B UCTOPUIO KapaHTHHA PACTeHMI Halllel CTPaHbI.

Bemepar KapaHmMuHHOU cLyxc0bL

8edyUUTl HAyYHBLIL COMPYOHUK
@I'BY «BHUHKP» 4.B5. Mopdkosuu

duTtocaHutapusa. KapaHTuH pacteHuin 72



Pepakuunsa xypHana «PutocaHu-
Tapusi. KapaHTuH pacTteHuin» paga
npeanoXuTb BaM BO3MOXHOCTb
nybnunkaLmm Balimx cTaTein Ha cTpa-
HUUAX XypHana. Hawa uenb — npu-
B/leYeHne BHUMaHua 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 obna-
CTU KapaHTMHA 1 3aLLUTbl PaCTEHWNA,
nybnvkyeTca BaxkHas MH(hopMaLLms
0 HOBbIX MeTodax M CpencTBax,
npuMmeHsaembix Kak B Poccum, Tak
1 3a pybexom, a Takxe o utoca-
HUTAPHOM COCTOSIHUW TEPPUTOPUM
Poccuiickon depepauun.

Mbl LOHOCUM [0 LMPOKOrO
Kpyra untateneh 06bEeKTUBHYIO
Hay4YHO-MPOCBETUTENbCKYH U aHa-
JINTUYECKYHO MH(OPMAaLMNIO: MHEHUS
BeAyLLMX CreunanmcToB no Hanbo-
Jlee NpUHUMNManbHbIM BOMpocam
KapaHTMHA pacTeHWl, OaHHble
0 3HAYMMbIX HOBENLLINX 3apybex-
HbIX M OTEYEeCTBEHHbIX UCC/lef0Ba-
HUAX, MaTepuanbl TeMaTUYeCKNX
KOH(hepeHLUN.

Pepakuns xxypHana «®duto-
caHuTapusa. KapaHTUH pacTeHumn»
npurnawaeTr K COTPYLHWUYECTBY
KaK BbIOAKOLLMXCS OedTeNnen HayKu,
TaK U MONOAbIX YYeHbIX, cneLna-
JINCTOB-MPaKTMKOB, paboTaroLimx
B obnactu utocaHuTapuu, ons
obmeHa onbiToM, obecneveHus
yCTONYMBOro (hUTOCAHUTAPHOrO
6narononyyunst U Ans HOBbIX Hayu-
HbIX AMCKYCCUN.

3A0A4YU XXYPHAJA

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

« AHanM3 LWMPOKOro Kpyra nepenoBbiX TEXHONOrMI B 061aCTM MOHUTOPMHIa
1 NabopaTopHbIX UCCEA0BAHNUI MO KAPAHTUHY PACTeHUI

« O6CyxKaeHWe akTyasbHbIX BOMPOCOB KapaHTMHA PacTeHMi

OBULME TPEBOBAHUA K NPEOOCTABJIAEMbIM CTATbAM

K nybnvkauuy npMHMUMatoTCs CTaTbU Ha ABYX S3blKax: PYCCKOM M aHIIMINCKOM, CO-
Lepaline pesynbratbl COBCTBEHHbIX HayYHbIX KccnenoBaHuin, o6bemom o 15 ctpa-
HUL, HO He MeHee 3 (Mpu ogMHApPHOM MHTepBase 1 pasMepe WpudTa 12). ONTUManbHbIN
06bem ctatbm — o1 1500 cnos. Ctatbu 60nbLiero o6bema MoryT 6bITb MPUHATLI MO corna-
COBaHUIO C pefaKLmen xypHana.

CTPYKTYPA NPEOOCTABJISEMOM CTATbU*

1. VI1K, Ha3BaHue cTaTbu.

2. MHnumanel, hamunmsa aBTopa.

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

4. AHHOTauuMa (KpaTKoe TOUHOE U3MOXKEeHMe CoaepiKaHusa CTaTby, BKtOUatoLLee
thakTmueckme cBeneHusa 1 BbIBOAbI onuncbiBaemon paboTsl): 200—250 cnoB., Ho He 6onee
2000 3HakoB ¢ npobenamu.

5. Kntouesble cnosa (5—10 cnoB, cioBoco4veTaHnin), Hanbonee ToOUHO oTobpaXkato-
Wwne cneundurKky ctatbu.

6. BBegeHue.

7. Matepuasibl U METOAbI.

8. PesynbTathl U 06CyKOeHNS.

9. BbiBOAbl/3aKNtOYEHME.,

10. Cnucok nuTepaTypsl (T. €. CMMCOK BCel NCMOob30BaHHOM TIUTEPaTYpPbl, CCbIIKK
Ha KOTOPYIO AA0TCS B CaMOM TEKCTe CTaTbM): MpaBuia COCTaBEHMS HAaMpPaBAsSoTCS 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 MaTepuansbl (hoTorpadvm, pUCyHKM) LOMYCKATCSH XOPOLLEN
KOHTPACTHOCTK, C paspeLlieHneM He Hke 300 Touek Ha awoinm (300 dpi), opurnHabl
NPVKIaAbIBalOTCA K CTaTbe OTAeNbHbIMU harinamu B hopmare .tiff unu .jpeg (unnoctpa-
LK, He cooTBeTCTBYOWME TpeboBaHUSAM, ByayT NCKIOUYEHbI U3 CTaTel, MOCKOJIbKY A0-
CTOMHOEe UX BoCrnpou3BemeHue Tunorpadckm cnocobom HeBo3MOXHO). Heobxoonumo
yKasaTb aBTOPCTBO Kaxaou thotorpacmm (®. U. O. hoTorpadha nnm ccoiiky).

13. B pepakumto HeobxoaAnMMo NpefocTaBUTb ABE PEeLEH3UN Ha CTaTblo («BHELL-
HIOK0» U «BHYTPEHHIOD»).

* B TakoM e nopsioke U CTPYKType npedoCcTas/seTcsl AHr/1053bI4HbIlI hepeBod CTATbU.

PaboTa gonxHa 6biTb NnpegocTaBneHa B pegaktope WORD, dopmat DOC, wpudt
Times New Roman, pasmep wpudTa — 12, MEXCTPOUHbIN MHTEPBA — OAVHAPHbIN, pas-
Mep nosieit no 2 cM, OTCTyn B Havyane absaua 1 cMm, hhopmMaTMpoBaHme no WwupuHe. Pu-
CYHKM, Tabnuubl, CXeMbl, rpauKm 1 Np. [OMXKHbI 6bITb 06583aTENBEHO NPOHYMEPOBaHbI,
MMeTb MCTOYHUKM U MOMELLATLCA Ha MeYaTHOM none CTpaHuubl. HassaHve Tabnnubl —
Hapn Tabnvuen; HasBaHWe pUCyHKa/rpacmka — NoL pUCYHKOM/rpadinkoM.

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

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

p. n. BoikoBo, yn. [lorpaHnyHas, 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»)

— HayuyHoe 1 MeToguyeckoe obecneyeHme — YcTaHoBJiEHUE KAPaHTUHHOIO = HayuHoe coTpyaHu4ecTso
jeaTtenbHocTu Poccenbxo3Haasopa, ¢MTOoCaHUTapHOro COCTOAHMUS C HaUMOHaNbHbIMUK
ero TeppuTopUanbHbIX yNpaBieHui NogKapaHTUHHbIX MaTepuanos 1 MeXXayHapoAHbIMU
1 NoaBeaOMCTBEHHbIX eMY n TeppuTopun Poccuinckoin Gepepaumum opraHusauuamm B obnactu
yupexneHun B cchepe KapaHTUHA nyTem npoBeneHus nabopaTopHbIx KapaHTUHA pacTeHUi
M 3aLMTbl pacTeHUN 3KCNepTM3 U MOHUTOPUHIOB

» Begyuee yupexgeHue B Poccuiickon @epepauum no CUHTE3Y U NPUMEHEHUI0 140150, Poccus,

q)epOMOHOB ANa BblABI€HUA KapPaHTUHHbIX N HEKaPaHTUHHbIX Bpep,MTeneﬁ

MockoBcKkag 00J1aCTh,
1 60pbbbl C HUMMK

r. PameHcKoe, p. 1. BBIKOBO,

» OIrbY «BHUNKP» — napTHep MexayHapogHON NporpaMMmbl No KOOPANHALUK yi1. Tlorpann4Has, 1. 32

Hay4HbIX UccnepoBaHuin B obnactn kapaHTMHa pacteHuin EUPHRESCO 11
(EUropean PHytosanitary RESearch COordination) Teun./dakc:

« B ®IrBY «BHUUKP» cospaH u geicteyeT TeXHUUECKUI KOMUTET 8 (499) 707-22-27
no ctaHpgapTusauum TK 42 «KapaHTUH 1 3almTa pacTeHUn» X ..
e-mail: office@vniikr.ru

* Begyuwee Hay4yHoO-MeTogMUeCcKoe yupexkaeHue B coctaBe KoopaMHaLMOHHOIo http'//WWW Vniikr ru

coBeTa Mo KapaHTUHY PacTeHUI rocypapcTs — yuacTHMKoB CHI
19 hunnanos Ha TeppuTopun Poccunckon Mepepauym

« [0I0BHOE Hay4YHO-MeTogU4YecKoe yupexageHue no peanmsauum MNnaHa
nepBoo4yepenHbIX MepOI'IpVIHTMl‘;I, HanpaBJZiIeHHbIX HAa rapMOHU3aLU0
KapaHTUHHbIX (PUTOCAHUTAPHbIX MEP rOCyAapcTB — YieHoB TaMOXXEHHOro coto3a



