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AHHOTALIUA
[IpencTaBieHbl Pe3yJbTaThl MOHUTOPUHIA PACIIPO-
CTpaHeHUs WHBA3UBHOI'O BPELUTENS TUXThI CUOUP-
cKO#l — yccypuiickoro nosgurpada Polygraphus pro-
ximus Blandford — Ha Tepputopuu I[TepMCKOTo Kpas.
B Xoze mcciemoBaHUU MPOBENEHA CPaBHUTEbHAS
oreHKa 3 (peKTUBHOCTY 6apbePHO-BOPOHOUYHLIX (e-
DPOMOHHBIX JIOBYLIEK IIPO3PAaYHOr0 ¥ YEPHOT'O UCIION-
HEHUS C UCITOJIb30BAHMEM aTTPAKTaHTA HA OCHOBE
(272)-2-(3,3-1uMeTUIIINKIOTEeKCUNINIEeH) 3TaHoJIa. Lle-
JIeBO BUJ, BBISIBJIEH BO BCEX CEMU 00CJIeIOBAaHHBIX My-
HULUTAJbHBIX OKPYTaX, YTO ITOATBEPXKAAET €TI0 aThb-
HEWIIY0 9KCITAaHCUI0 Ha CEBEP PETUOHA. YCTAaHOBJIEHO,

MONITORING

DOI 10.69536/FKR.2026.11.88.001
UDC 632.76

Comparative evaluation
of the traps effectiveness
for monitoring the spread
of Polygraphus proximus
Blandford

*DENIS S. FOMIN?, ELENA N. ARBUZOVA?,
DMITRY S. FOMIN?, ANDREY A. CHALKIN*
OLEG A. DONSKOY?®, SVETLANA N. LYABZINAS,
ALEKSANDR P. NEGANOV”

L3Perm Branch of All-Russian Plant Quarantine
Center (FGBU “VNIIKR”), Pesyanka, Perm
Municipal District, Perm Krai, Russia, 614513

13 Perm Federal Research Center of the Ural Branch
of the Russian Academy of Sciences, Lobanovo,
Perm Municipal District, Perm Krai, Russia 614532

245 All-Russian Plant Quarantine Center
(FGBU “VNIIKR”), Bykovo, Ramenskoye,

Moscow Oblast, Russia, 140150

¢ Severomorsk branch of All-Russian Plant
Quarantine Center” (FGBU “VNIIKR”),
Petrozavodsk, Republic of Karelia, Russia, 185003

SPetrozavodsk State University, Petrozavodsk,
Republic of Karelia, Russia, 185035

"Phytosanitary Surveillance Department of the
Federal Service for Veterinary and Phytosanitary
Surveillance for Kirov Oblast, the Udmurt Republic,
and Perm Krai, Pesyanka, Perm Municipal District,
Perm Krai, Russia, 614513

IORCID 0000-0001-8261-7191,
e-mail: akvilonag@mail.ru

20RCID 0000-0002-0547-2547,
e-mail: en.arbuzova@mail.ru

3ORCID 0000-0003-0718-7632,
e-mail: prm.fomin.d@gmail.com

“ORCID 0000-0002-7937-4667,
e-mail: chalkinl0@ya.ru

50RCID 0009-0001-1654-7620,
e-mail: dos343@yandex.ru

SORCID 0000-0003-3386-5724,
e-mail: slyabzina@petrsu.ru

’ORCID 0009-0007-1888-654X,
e-mail: nega.sp@mail.ru

ABSTRACT
The paper presents the results of monitoring the
spread of the invasive pest of Siberian fir, Polygraphus
proximus Blandford, in the Perm Krai. The study com-
pared the effectiveness of transparent and black bar-
rier funnel pheromone traps using an attractant based
on (27)-2-(3,3-dimethylcyclohexylidene) ethanol.
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YTO IIPO3PavHbIe JIOBYIIKY ITOKa3ayiu 60Jiee BEICOKYIO
00611y10 YIOBUCTOCTh P. proximus (187 3K3eMILJISIPOB
npoTtuB 108 B UepHBIX), OMHAKO 3(DHEKTUBHOCTD KaXK-
JIOT0 TUIIa 3aBUCEJIA OT OCBEIIEHHOCTHU 10/, TI0JIOTOM
Jieca. 3a)UKCUPOBAH MaCCOBBIM OTJIOB a6OPUTEHHOTO
Buna Polygraphus subopacus Thomson, 1871 (2301 3k-
3eMILJISIP), YTO YKA3bIBAET HA MePEKPECTHYIO aTTPAK-
TUBHOCTb MCII0JIb3yeMON ()ePOMOHHOM KOMIIO3UIIUU
u TpebyeT ee ONTUMUSALINY IJIS TIOBBINIEHUS CeJIEK-
TUBHOCTY MOHUTOPUHTA.

Knrwuesvle cnoea: GhepoMOHHAs JIOBYIIKA, aT-
TPaKTaHT, yccypuiickuii monurpad, Polygraphus
proximus, BTOPUYHBIN apeast, [lepMCKU Kpaif, MOHU-
TOPUHT.

BBEJEHUE

€PMCKUU Kpall paclioyioXKeH Ha ce-
Bepo-BoCTOKe BocTouHO-EBpoteli-
CKOW paBHMHBI M Ha 3aMlagHBbIX
CKJIOHAX YpaJia, Ilie IpeobasaioT
TEeMHOXBOWHBIE IIOPOABI U3 €U
0bBbIKHOBEeHHOM Picea abies (L.) H.
Karst. u enu cubupckoit Picea obo-
vata Ledeb., a Tak)xe MUXTHI CUOUP-
ckoii Abies sibirica Ledeb. (UepToB u mp., 2025). ITpen-
craBuTeNu poja Abies Hill. oTnuuaioTcss Hauboablnen
TPebOBaTEJIBHOCTHIO K YCIOBUSIM MPOM3PACTAHUSI
¥ HeIOCTAaTOYHOM YCTOMYUBOCTBIO K PA3JIMYHBIM BO3-
oynuTensam 6GoJie3Hel Y HACEKOMBIM-BPEAUTEISIM.
B HacTosIIIEE BPEMS ITPOUCXOILUT MAaCCOBOE yChIXaHUE
A. sibirica, TIPUYNHON KOTOPOTO CTAJIO MIXPOKOE pac-
TIpOCTPaHeHMe OTTACHOT'0 BPEAUTEIST — YCCYPUNCKO-
ro noniurpada Polygraphus proximus Blandford, 1894,
BKJIIDUEHHOTO B IIepedyeHb KapPaHTUHHBIX 06 bEKTOB
EBpasuiickoro 5KOHOMUYECKOTO0 cO03al.

B ecTecTBeHHOM apeajie Ha JlaibHeM BocToke
Poccuu (TIpuMopckuii u XabapoBCKUM Kpast) yCCypU-
ckuit monurpad Polygraphus proximus Blandford 3ace-
JIIET TIPEUMYIIECTBEHHO MUXTY, PEXKE — eJIb U KeIp
cubupckuii (Kypenios, 1950; MkeBckui u Ap., 2005).
Curyalus U3MeHUJIach C POCTOM aHTPOIIOTeHHOMU
Harpysku (BeIpy6Ka, TPAHCIOPTUPOBKA 3apa’keH-
HOI APEeBECHHBI), YTO CIIOCOOCTBOBAJIO PACCEIEHUIO
BUJIA 34 TIpeJIesIbl €ET0 UCXOLHOTO apeajia U IposBJIe-
HUIO MHBAa3WBHOTO IIOTEHIIAaIA.

[lepBblie ciryyau o6HapPYykeHUs P, proximus 3a mpe-
neaamMu JlaabHero BocToka oTMedeHbI B KOHIe XX
BEKA, UTO MOCIYKUJIO HauajioM U3yUeHUs ero MHBa-
3WBHOTO IIOTeHIIMaja B JIeHUHTPaIACKON 1 MOCKOB-
CKOI 06J1aCTAX, a TakKe B Cubupu, Kyna ycCypUNCKUi
nosurpad, BeposITHO, ITOMAJ C 3apaKeHHOH ApeBecu-
HO¥ (MaugenbinTaM, [TormoBuues, 2000; [TeTpos, Hu-
kutckuit, 2001). TTpeAnochIKaMM AJIST paccejieHus
cTanu 6uoJoruvYecKass yCTOMYMBOCTh BULA K HU3-
KUM TeMIlepaTypaM 1 aHTPOIIOTEHHOE BO3/IeUCTBUE

1 PeweHne CoBeTa E9K 01 30.11.2016 N2 158
«06 yTBEPXKAEHMMN €AMHOr0 NepeYHst KapaHTUHHBIX
06bekToB EBPa3MincKoro aKoHOMMUYECKOro Coo3a»

The target species was detected in all seven surveyed
municipal districts, confirming its further expansion
to the north of the region. It was found that transpar-
ent traps demonstrated a higher overall catchability of
P, proximus (187 individuals versus 108 in black traps),
but the effectiveness of each type depended on the il-
lumination under the forest canopy. A mass capture of
the native species Polygraphus subopacus (2,301 individ-
uals) was recorded, indicating the cross-attractiveness
of the pheromone composition used and requiring its
optimization to improve the monitoring selectivity.

Key words: pheromone trap, attractant, Japanese
silver-fir bark beetle, Polygraphus proximus, secondary
range, Perm Krai, monitoring

INTRODUCTION

erm Krai is located in the northeast of the

East European Plain and on the western

slopes of the Urals, where predominate dark

coniferous trees Picea abies (L.) H. Karst. Pi-

cea obovata Ledeb., and Abies sibirica Ledeb.
(Chertov et al., 2025). Representatives of the Abies Hill
genus are distinguished by their greatest demands on
growing conditions and insufficient resistance to var-
ious pathogens and insect pests. Currently, there is a
massive drying out of A. sibirica, caused by the wide-
spread spread of a serious pest — Polygraphus proximus
Blandford, included in the Quarantine Pest List of the
Eurasian Economic Union®.

In its natural range in the Russian Far East (Pri-
morsky Krai and Khabarovsk Krai), Polygraphus prox-
imus Blandford inhabits primarily fir trees, less com-
monly spruce and cedar (Kurentsov, 1950; Izhevsky
et al., 2005). The situation changed with increasing
anthropogenic pressure (logging, transportation of in-
fected wood), which contributed to the spread of the
species beyond its original range and the manifesta-
tion of invasive potential.

The first detections of P. proximus outside the Far
East were noted at the end of the 20th century, which
initiated the study of its invasive potential in Lenin-
grad Oblast and Moscow Oblast, as well as in Siberia,
where P, proximus was likely to be introduced with in-
fected wood (Mandelstam and Popovich, 2000; Petrov
and Nikitsky, 2001). In Siberia, this invasive species
started actively infecting fir forests, causing mass
mortality and significant ecological and economic
consequences, including reduced biodiversity, forest
ecosystems deterioration, and forestry damage (Ba-
ranchikov et al., 2024; Krivets et al., 2015). To date,
P, proximus has already been registered in 18 regions

1 EEC Council Decision of November 30, 2016 No. 158
“On approval of a Common List of Quarantine Pests of the
Eurasian Economic Union”
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Ha Jeca (BhIpyOKa, TPAaHCIOPTHUPOBKA 3apa’XeH-
HOU I peBEeCUHBI), CIOCOOCTBOBABINME BBIXOAY BUA
3a IIpefiesibl HATUBHOTO apeasa (AKyJoB u Ap., 2011;
Kepues, 2014; Ko63appb u 1p., 2023; domMuu u 1p.,
2024). OmHaKO KJII0UEeBbIM (PaKTOPOM SBJISETCS CUM-
61103 P, proximus ¢ pUTOIIaTOTEHHBIM I'prboM Grosman-
nia aoshimae (Ohtaka, Masuya & Yamaoka) Masuya &
Yamaoka. )Kyku epeHOCST CIIOPhI rpuba, MHOKYIU-
pys uX B IyOsIHBIE TKAHU IIPU 3aceJIEHUU JlepeBa. Pas-
BUBAsICh B IIPOBOAAIIEH CUCTEME, IPUO BbI3bIBAET He-
Kpo3 ay6a u 6JI0KUPYyeT BOLHBIN 00MEH, UTO IIPUBOAUT
K rubeny pacTeHus-xo3suHa (BapaHunKoB U Op., 2024;
BapaHuYMKOB 1 Jp., 2023). B Cubrpu 3TOT MHBA3UBHBIMI
BUJ HadyaJI akTUBHO ITOPaXXaTh IUXTOBLIE JIECA, BBI3bI-
Bas MacCCOBYIO r'6eJib, YTO IIPUBEJIO K BHAYUTEbHBIM
9KOJIOTUYECKHUM M SKOHOMMHYECKUM II0CIEACTBUIM,
BKJIIOUAsI CHU)KeHMe 6ropa3zHoobpasud, yXynlieHue
COCTOSIHUS JIECHBIX BKOCUCTEM U yIliepb JiecHOMY
x039icTBy (BapaHuuKOB u ap., 2024; Kpusel u ap.,
2015). K HacToAIEeMY BpEMEHU YCCYPUUCKUM TTOJIU-
rpad 3aperucTpUpPOBaH yxe B 18 peruoHax Poccuu
(Kpugeli u 1p., 2024), ¥ MHOTOUUCJIEHHBIE COOBIIEHNS
0 pacrpocTpaHeHUY UHBA3MOHHOTO BU/Ia OTy6JIMKO-
BaHbI 60J1ee ueM B 300 paboTax (Kpusell, BapaHYMKOB,
2024).

MaccoBasi T0eJib IUXTOBBIX JIECOB CO3/IaET CEPh-
€3HYI0 YIPO3y YTPaThl YHUKAJIBHBIX TPUPOLHBIX KOM-
TIJIEKCOB, UTPAIOIIYX KIIOUEBYIO POJIb B IO IePXKAHUU
9KOJIOTMUECKOTo 6ajiaHca. YUUTHIBAd 3Ty NIPobJieMy,
IaHHasg paboTa HalpaBJieHa Ha YIIydIleHre KauecTBa
MOHUTOPUHTA ¥ KOHTPOJIS 32 PACIPOCTPaHEHUEM yC-
cyputickoro moiurpada Ha IpyUMepe eJT0BO-TIUXTOBBIX
JiecoB [IepMCKOro Kpas ¢ UCII0JIb30BaHMEM JIOBYIIEK.

Llenb paboThI — OIIEHUTh BIUSHUE I1BeTa 6apbepHO-
BOPOHOYHOM (hePOMOHHOM JIOBYIIKY Ha YJIOBUCTOCTh
P, proximus B pa3IMYHbIX JIECOPACTUTENbHBIX YCIOBUSX
[TepMcKoOro kpag.

MATEPUAJIBI U METO/1bI

CpaBHUTENBbHYIO OIEHKY 3(POEKTUBHOCTUA JOBY-
LIeK IPOBOLWJIU B IIEPUOJ, C UKOHA I10 aBrycT 2025 .
B CEMU MYHMIIUTIAJIBHBIX OKpyrax [IepMCcKOro Kpas:
BonbumecocHoBCckOM, KOCbBUHCKOM, COIUKAMCKOM,
CykcyHckoM, ITepMckoM, KyenvHckoM u I'y6axHCKOM
(cM. puc. 1). Beibop MecT uccieoBaHuUs 06YCIOBJIEH
U3y4YeHNEM PACIIUPEHNS TEDPUTOPUY PACIIPOCTPaHE-
HUS BpeIUTeJS B JIECHBIX HacaXAeHusax [TepMcKoro
Kpas. O6Iras riomaab UCCIeqyeMbIX YIaCcTKOB CO-
cTaBuJia OKoJIo 35 ThIC. ra. Ha KaXk[IoM y4yacTKe ycTa-
HOBUJIU T10 2—4 MecTa y4ueTa, B 3aBUCUMOCTH OT ILJIO-
IIAIU ¥ CTPYKTYPBI JIECHBIX MACCHUBOB, UTO ITO3BOJIUIIO
o0ecITeunTh PeIrpe3eHTaTUBHOCTb BEIOOPKU. Becero
nocTaBuau 21 JOBYIIKY, PABHOMEPHO pacupeneinB
1o TUmam Jieca (COCHOBBIE, €JIOBBIE, CMEIIaHHBIE).
KoopzauHaTh! Bcex MecT GUKCUPOBAJIY C UCIIOIb30Ba-
HUeM BbicOKOTOUuHOro GNSS-mpuemMHuka PrinCe i90,
TOYHOCTb MO3UI[MOHWPOBAHUS COCTABUMJIA B IJIaHE
3-5 ¢M, 110 BbICOTE — 6—8 CM.

BrI60pKa 0XBaThIBAaeT TUTIMYUHBIE )15 [IepMCKOTO
Kpas y4acTKu Jieca, chOpPMUPOBABIINECS B YCIOBUSAX
AHTPOIIOTeHHOM hparMeHTalMM JaHAmadTa (Jopory,
CeJIbX03YTOMbsI, BERIPYOKY). YU4aCTKU BbIOPAJIU C I[€JIBI0
cpaBHeHUS 6MOPa3HO06Pa3Us B PA3IMYHBIX TUTIAX Me-
CTOOOMTAHUM: OT TEMHOXBOMHBIX JIECOB JIO JINCTBEH-
HBIX (CM. TabJ1. 1). BOJIBUIMHCTBO UCCIEAYEMBbIX JIOKA-
suTteToB (Comukamckuii, lOcbBUHCKUYM, CYKCYHCKUHT

of Russia (Krivets et al., 2024) and numerous reports
on the invasive species spread have been published in
more than 300 papers (Krivets, Baranchikov, 2024).

The expansion of P. proximus range in Russia is
due to a combination of factors. The species’ biologi-
cal resistance to low temperatures and anthropogenic
impacts on forests (infected wood logging and trans-
portation) contributed to its expansion beyond its na-
tive range (Akulov et al., 2011; Kerchev, 2014; Kobzar
et al., 2023; Fomin et al., 2024). However, a key factor
is the symbiosis of P. proximus with the phytopatho-
genic fungus Grosmannia aoshimae (Ohtaka, Masuya
& Yamaoka) Masuya & Yamaoka. The beetles transfer
fungal spores, inoculating them into the bast tissues
of the tree upon colonization. Developing in the vas-
cular system, the fungus causes the phloem necrosis
and blocks water exchange, which leads to the host
plant death (Baranchikov et al., 2024; Baranchikov et
al., 2023).

The widespread loss of fir forests poses a serious
threat of losing unique natural complexes that play
a key role in maintaining ecological balance. Given
this problem, this study aims to improve the quality
of monitoring and control of the spread of P proximus
using traps in spruce-fir forests in Perm Krai.

The aim of the work is to evaluate the influence
of the color of a barrier funnel pheromone trap on the
catchability of Polygraphus proximus in various forest
growth conditions of Perm Krai.

MATERIALS AND METHODS

A comparative assessment of trap effectiveness was
conducted from June to August 2025 in seven munic-
ipal districts of Perm Krai: Bolshesosnovsky, Yusvin-
sky, Solikamsky, Suksunsky, Permsky, Kuedinsky, and
Gubakhinsky (Fig. 1). The sites were selected to study
the expansion of the pest’s distribution area in forest
stands of Perm Krai, taking into account the non-over-
lapping of quarantine phytosanitary zones. The total
area of the study sites was approximately 35,000 hect-
ares. Two to four survey sites were installed in each
site, depending on the area and structure of the for-
est stands, which ensured a representative sample. A
total of 21 trap locations were set, evenly distributed
across forest types (pine, spruce, and mixed). The co-
ordinates of all sites were recorded using a high-pre-
cision PrinCe 190 GNSS receiver; the positioning accu-
racy was 3—5 cm horizontally and 6—8 cm vertically.
The sample covers forests typical of Perm Krai,
formed under conditions of anthropogenic landscape
fragmentation (roads, farmland, clearings). The sites
were selected to compare biodiversity across different
habitat types—from dark coniferous forests to decidu-
ous forests (Table 1). Most of the studied localities (So-
likamsky, Yusvinsky, Suksunsky, and Kuedinsky mu-
nicipal districts) are characterized by flat terrain and
relatively dry soils. Coniferous species predominate
in five of the seven localities—primarily Picea abies and
Pinus sylvestris, which corresponds to the forest struc-
ture typical of the taiga zone of Perm Krai. Despite the
general similarity of the forest stands, a clear north-

Main Ne 2 (27) 2026 13
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u KyequHCKUY MyHUIIUTIAJbHbIE OKPYTa) XapaKTepu-
3YIOTCS POBHBIM PeJibe(pOM Y OTHOCUTEIBHO CyXUMU
TI0YBaMU. B IATH U3 CEMU JIOKAJUTETOB JOMUHUPYIOT
XBOWHBIE TIOPOJIBI: ITPEUMYIIECTBEHHO €JIb 06BIKHO-
BenHas (Picea abies) u cocHa 06bIKHOBeHHAas (Pinus syl-
Vestris), — YTO COOTBETCTBYET TUITUIHOMN JJIS TA€KHOMN
30HBI CTPYKTYype JecoB [lepMckoro kpasg. HecMoTpsa
Ha O6IIYI0 CXOXKECTDb JPEBOCTOER, MPOCIEXUBAETCS
yeTKasl CeBepo-I0)KHad rpafieHTHas TeHIEHIIN: B ce-
BePHBIX yUyacTKax (CoMuKaMCKUM M. 0.) TpeobaagaT
XBOMHBIE TTOPObI, XapaKTEPHbIE JJIS TA€KHOI 30HbI,
B IOOKHBIX yuacTKax (CykcyHckuii u KyequHCKUM M. 0.)
HaO/II0aeTCs yBeJIUUYEHNE TOJU JIMCTBEHHBIX ITOPOT,
KaK B IPEBOCTOE, TaK 1 0COGEHHO B ITOAPOCTE, YTO MO-
JKET YKa3bIBaTh Ha IMOCTETIEHHBIN ITepPexo] K MUPOKO-
JIMCTBEHHOI 30He (EropoB u Ap., 2018).

— — . —
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Puc. 1. Cxema pasmeleHuns (hepPOMOHHbIX NOBYLLEK
Ha TeppuTopuu NMepmckoro kpas B 2025 r.:

1 — Conukamckuim M. o.; 2 — KHOCbBUHCKUIA M. 0.;

3 — Ty6axmHCcKuin M. 0.; 4 — MepMCcKuin M. o.;

5 — BONIbLIECOCHOBCKMUIA M. 0.; 6 — CYKCYHCKWUIA M. 0.;
7 — KyeguHckuii M. o.

Fig. 1. Pheromone traps in Perm Krai in 2025

1 - Solikamsk Municipal District; 2 — Yusvinsky
Municipal District; 3 — Gubakhinsky Municipal
District; 4 — Permsky Municipal District; 5 —
Bolshesosnovsky Municipal District; 6 — Suksunsky
Municipal District; 7 — Kuedinsky Municipal District.

B pafoTe MCII0/Ib30BaJIv CTAHAAPTHbIE GapbepHO-
BOPOHOYHBIE JIOBYIIKY, COCTOSIIIIE U3 TPEX OCHOBHBIX
KOMITOHEHTOB: KPECTOBUHBI (KapKac, yIepXKUBAOUTAN
BOPOHKY Ha HY>KHOU BBICOTE), BODOHKH (KOHyCcO06pa3s-
HbIE 3JIEMEHTHI, HAIIPaBJIAIOIIe HACEKOMBIX BHU3)
Y HAKOIIUTEJIbHON eMKOCTU (CTaKaH C XUIKOCTHIO
I GuKcallvy ¥ COXpaHeHUs ITIOMMaHHBIX 0CO0el).

south gradient trend can be observed: in the north-
ern areas (Solikamsky municipal district), coniferous
species characteristic of the taiga zone predominate,
while in the southern areas (Suksunsky and Kuedin-
sky municipal districts), an increase in the proportion
of deciduous species is observed both in the forest
stand and especially in the undergrowth, which may
indicate a gradual transition to a broad-leaved zone
(Egorov et al., 2018).

The study involved standard barrier funnel traps
consisting of three main components: a cross (a frame
that holds the funnel at the desired height), a funnel (a
cone-shaped element that directs insects downward),
and a storage chamber (a glass containing liquid for fix-
ing and preserving captured individuals). To assess the
impact of the traps visual appeal on capture efficiency
in various forest canopy conditions (from open forest
edges to dense, shaded stands), two trap variants were
used, identical in design but differing in the color of the
frame and funnel: transparent traps — made of trans-
parent plastic, imitating the natural transparency of air
and minimizing visual contrast with the background;
black traps — made of opaque black plastic, providing
high contrast against the background of coniferous
crowns and soil, which can enhance the visual attrac-
tion of insects oriented toward contrasting objects.

The captured insects were placed in a collection
chamber — a standard 500 ml glass filled with water or
soapy water. Collections were made at regular inter-
vals (every 7-10 days), after which the contents of the
containers were recorded, labeled, and taxonomically
analyzed in the laboratory.

Each site consisted of two traps with dispensers
placed 200-300 meters apart to minimize cross-con-
tamination and ensure independent sampling. The
traps were suspended 1.5-2.0 meters above the
ground, within 10-15 meters of the forest edge, to
minimize edge effects. This distance corresponds to
recommendations for barrier funnel traps, which aim
to prevent the attraction of insects from adjacent sites
and reduce correlation between replicates.

To increase trapping efficiency and enhance the
traps attractiveness for target insect groups, a pher-
omone dispenser manufactured by the All-Russian
Plant Quarantine Center (VNIIKR) was added to each
trap. The use of pheromones not only increased the
overall capture volume but also improved the repre-
sentativeness of the target taxa, enabling a more ac-
curate assessment of their spatial distribution and
sensitivity to visual factors (trap color). All pheromone
dispensers were replaced every 14 days according to
the manufacturer’s instructions to maintain a stable
attractant concentration.

The dispensers are heat-sealed bags measur-
ing 8 (#2) x 5 (+1) cm, divided into two halves by a
heat-sealed seam. The lower and upper halves of the
dispenser are connected by a cotton thread running
through the heat-sealed seam. The lower part of the
dispenser contains a filter paper carrier coated with
a mixture of active ingredients, one end of the cotton
thread, and a 1 mm diameter hole for attaching the

dutocaHutapus. KapaHtuH pactequin 14
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MONITORING

Ta6.1. 1. XapakTepucTHUKa 6MOpPa3HO00pa3usa B MECTaX YCTAHOBKHU JIOBYIIEK
Ha TeppuTopuu IlepMcKoro Kpas

Table 1. Biodiversity characteristics in places where traps were installed in Perm Krai.

Pesibedh Tun gpesocTos, T'eorpacduueckue XapaKTepuUCTHKa IMopsecok
Relief reo6oTaHnvYecKoe koopauHaTel (WGS-84, APeBOCTOs M IIOAPOCT
onucanue (E - eJib, AecsATUYHbIE rPajLychl) Forest stand Undergrowth and
B - Gepe3a, Oc —ocuHa, Geographic coordinates characteristics young growth
C - cocHA) (WGS-84, decimal
Type of tree stand, degrees)
geobotanical description
(S - spruce, B - birch, As -
aspen, P — pine)
COJIMKAMCKUM M. 0. SOLIKAMSK MUNICIPAL DISTRICT
YuacTok CMelaHHbIN, N59.702191, E57.189995  BeicoTa 20-25 M, Pa3BUT yMepeHHO:
DPOBHBIH, CYyXOH. XBOWHO-JIUCTBEHHBIH, N59.694433,E57.158112  guaMeTp CTBOJIOB TIOJIPOCT €JIn
Psmom mopora c Pa3HOBO3PACTHBIN, N59.667393,E56.990411  HebOOJbIION U CPeLHUNA U Oepessl;
achaJbTOBBIM ¢ npeobaajaHueM (BO3MOXXHO, BTOPUYHBIA  KyCTapHUKK
TIOKPBITUEM XBOWHBIX. Jlec WX Jiec 11ocjie BBIPAXKEHBI ¢J1a6o
The area is level 7E 3B + Oc Py60k). COMKHYTOCTb WUJIUA CPeHE
and dry. There'sa Mixed, coniferous- KPOH CpeHss, Moderately developed:
paved road nearby deciduous, of varying ages, OCBEIIEHYUE IO spruce and birch
with a predominance of [10JIOI'OM JJOCTaTOYHOE undergrowth;
conifers. Height 20-25 m, trunk  shrubs are weakly or
7S 3B + As diameter small to moderately developed.
medium (possibly
secondary forest or
forest after logging).
Canopy density is average,
with adequate lighting
under the canopy.
IOCBBUHCKHUI M. 0. YUSVINSKY MUNICIPAL DISTRICT
YuacTok poBHBIM, CMellaHHbIN, XBOWHBIN, N59.093166, E55.074729  BricoTa GoJiee 25 M, Pa3BUT yMepEHHO:
cyxoii. OKpyxeH Pa3HOBO3PACTHBIH, N59.133320, E55.047413  puaMeTp CTBOJIOB TIOLPOCT €JIU U
CeJIbXO3yroJlbsIMU € IIpeobJialaHueM N59.075957, E55.007242  GoJibIION U CPEHUM. MIUXTbI; KyCTADHUKNU

The area is flat and
dry. Surrounded by
agricultural land.

XBOWHBIX.

8E 2B + Oc

Mixed, coniferous, of
varying ages, with a
predominance of conifers.
8S 2B + As

N59.229397, E55.078256

COMKHYTOCTb KPOH
CpeIHsIs, OCBellleHe
JIOCTaTOYHOE

Height over 25 m, trunk
diameters are large to

medium. Canopy density
is average, and light levels

are adequate.

BBIPaYKEHbI CJ1a6o
Moderately developed:
spruce and fir
undergrowth; shrubs
are weakly expressed.

T'YBAXWHCKUI M. 0. GUBAKHINSKY MUNICIPAL DISTRICT

YyacTok

y I'PYHTOBOH
JIOPOTH, CYyXOH,
YKJIOH 3°

The area is near
a dirt road, dry,
with a slope of 3°.

CMeIaHHbIN, N58.878218, E58.045087
XBOWHO-JIUCTBEHHBIH, N58.798945, E57.886967
Pa3HOBO3PACTHBIN, N58.485445, E57.840992
¢ npeobaajaHueM

XBOMWHBIX.

7E 3B + Oc

Mixed, coniferous-
deciduous, of varying ages,
with a predominance of
conifers.

7S 3B + As

BricoTa 20-25 M,
IVaMeTp CTBOJIOB
HebOoJIBIION U CpelHNUM.
COMKHYTOCTb KPOH
CpenHsisi, OCBEIeHE
JIOCTaTOYHOEe

Height: 20-25 m, trunk
diameter: small to

medium. Canopy density:

moderate, adequate
lighting.

Pa3BUT yMepeHHO:
TIOZIPOCT ey,

IUXTHI, 6epe3ssl,
OCHHBI; KyCTapHUKHI
BBIPaXKEHBI CpeiHe
Moderately developed:
undergrowth of
spruce, fir, birch,
aspen; shrubs are
moderately developed.
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Ta6.1. 1. XapakTepucTHKA 6MOPa3HO000pa3ua B MeECTaX YCTAHOBKHU JIOBYIIEK

Ha TeppuTopuu IlepMcKoOro Kpas

Table 1. Biodiversity characteristics in places where traps were installed in Perm Krai.

Penbed
Relief

Tun gpeBocTos,
reo6oTaHNYECKOE
onucanue (E - eJib,

B - 6epe3a, Oc — ocuHa,

C - cocHA)

Type of tree stand,
geobotanical description
(S — spruce, B — birch, As -
aspen, P — pine)

Teorpacuueckue
KoopauHatbl (WGS-84,
JecITUYHBIE IPALYCHI)
Geographic coordinates
(WGS-84, decimal
degrees)

XapaKTepHuCcTHUKA
APeBOCTOS
Forest stand
characteristics

IMoasecox

M NOAPOCT
Undergrowth and
young growth

MEPMCKMI M. 0. PERMSKY MUNICIPAL DISTRICT

Y4acToK Ha ckjoHe. CMelIaHHbIH,

I'paHuuuT XBOWHO-JIUCTBEHHBIH,
C CEJTbX03YyTOJIbSIMU Pa3HOBO3PACTHBIM,

u (herepasibHOM ¢ peobGasaHueM
Tpaccou XBOUWHBIX.

The plotisona 4C 4E 2B+ Oc

Mixed, coniferous-
deciduous, of varying ages,
with a predominance of
conifers.

4P 4S 2B + As

slope. It borders
agricultural land
and a federal
highway.

N57.855333, E56.266774
N57.825261, E56.259419

BoicoTa 20-25 M,
IraMeTp CTBOJIOB
HeBOJIBIION U CPeIHUM.
COMKHYTOCTb KDOH
CpenHss, OCBelleHe
IOCTaTOYHOEe

Height: 20-25 m, trunk
diameter: small to
medium. Canopy density:
moderate, adequate
lighting.

TToapoCT: eJib,

MIUXTa, OCUHA,
PsIGMHA; KyCTapHUKU
BBIPaXKEHBI €J1ab0 UiIu
cpenHe

Undergrowth: spruce,
fir, aspen, rowan;
shrubs are weakly or
moderately expressed.

BOJIBIIECOCHOBCKHUM M. 0. BOLSHESOSNOVSKY MUNICIPAL DISTRICT

Y4acToK Ha CKJIOHE Pa3sHOBO3PAaCTHBIH,

(= 5%), psmoM ¢ mpeobaazaHueM
rPYHTOBAs AOPOTA. XBOWHBIX.

MHoro BeTpoBajla 4C5E 1B +Oc

The plot is Uneven-aged, with a

on a slope predominance of conifers.
(approximately 5%), 4P 5S 1B + As

with a dirt road

nearby. There is a

lot of wind.

N57.528589, E54.534698
N57.524740, E54.412194
N57.523013, E54.336995

BricoTta 20-25 M,
JUaMeTp CTBOJIOB
GOJIBIIION U CPEHUII.
COMKHYTOCTb KPOH
BBICOKAsI, OCBellleHYE 107,
II0JIOTOM HEJI0CTaTOUHOE
Height: 20-25 m, trunk
diameter: large to
medium. Canopy density:
high, under-canopy
lighting: insufficient.

Pa3BUT yMepeHHO:
TIOZIPOCT €JIU, TTUXTHI,
PsIGMHBI; KyCTaPHUKY
BBIPaXKEHBI €J1ab0 UiIu
cpenHe

Moderately developed:
undergrowth of
spruce, fir, rowan;
shrubs are weakly or
moderately expressed.

CYKCYHCKMI M. 0. SUKSUNSKY MUNICIPAL DISTRICT

Y4acTOK pOBHBIM, CMelIaHHBIH,
CYXOH. PsiToM TPYH- XBOWHO-JIMCTBEHHBIH,
TOBas AOpPOTa Pa3HOBO3PACTHBIH,

The plot is level and ¢ mpeobsafganueM

dry. There is a dirt JIMCTBEHHBIX.

road nearby. 5620c2E 1C
Mixed, coniferous-
deciduous, of varying ages,
with a predominance of
deciduous trees.
5B 2As 2S 1P

N56.963116, E57.597501
N56.989940, E57.669770
N56.912593, E57.580984

BoicoTa 20-25 M,
IraMeTp CTBOJIOB
HeBOJIBIION U CPeIHUM.
COMKHYTOCTb KDOH
CpenHss, OCBelleHe
IOCTaTOYHOEe

Height: 20-25 m, trunk
diameter: small to
medium. Canopy density:
average, sufficient
lighting.

Pa3BUT yMepeHHO:
oJIpocT Gepessl,
OCHHBI, pSIOUHBI, €JIH,
nuxThl. KycTapHUKYU
BBIPa)KEHBI CpelHE
Moderately developed:
young growth of birch,
aspen, rowan, spruce,
and fir. Shrubs are
moderately developed.

KYEJIVUHCKUM M. 0. KUEDINSKY MUNICIPAL DISTRICT

Y4acTOK pOBHBIM, CMelIaHHBIH,
HEeBJIQXKHBIN. XBOMHO-JINCTBEHHBIH,
C OZHOII CTOPOHBI ~ Pa3HOBO3PACTHBIM.

3aJIeXb, ¢ Apyroit — 6E 4B + Oc
acdanpTHpoBaHHas Mixed, coniferous-
JIopora deciduous, uneven-aged.
The area is level 6S 4B + As

and dry. On one

side is a fallow land,

on the other an

asphalt road.

N56.498757, E55.251360
N56.506596, E55.055182
N56.678107, E55.048518

BricoTa mo 20 M, suaMeTp Pa3BUT CUJIBHO: ITOJ-

CTBOJIOB HEOOJIBLION U
cpenHUH. COMKHYTOCTh
KPOH CpeJHas,
OCBellleHe JOoCTaTOUYHOe
Height up to 20 m,

trunk diameter small to
medium. Canopy density
is average, and light is
adequate.

pocT 6epe3sl, pAOUHEL,
OCHHBI; KyCTapHUKYI
BBIPaXKEHBI CpeiHe
Strongly developed:
young growth of
birch, rowan, aspen;
shrubs are moderately
developed.

dutocaHuTapusi. KapaHTUH pacTeHuii
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JlJ1s BIUSIHYS BU3YaJIbHOM IIPUBJIEKATENbHOCTY JIOBY-
ek Ha 3¢h(eKTUBHOCTD OTJIOBA B YCJIOBUSX PA3IUUHBIX
JIECHBIX ITOJIOTOB (OT OTKPBITHIX OITYIIEK JIO TJIOTHBIX
3aTEHEHHbBIX HACAXKIECHWHN) IPUMEHNIIY IBA BAPUAHTA,
UeHTUYHbIE TI0 KOHCTPYKIIUY, HO pasjiudalouiyecs
IIBETOM KPECTOBWHBI ¥ BODOHKMU: ITPO3PAvYHbIE JIOBYIII-
KU — U3TOTOBJIEHEI U3 IIPO3PAYHOTO IJIACTUKA, UMUTU-
PYIOT eCTECTBEHHYIO IIPO3PAYHOCTD BO3/IyXa U MUHU-
MU3UPYIOT BU3YaJIbHBIM KOHTPACT ¢ (DOHOM; YEPHBIE
JIOBYIIKY — BBITIOJIHEHBI U3 HENIPO3PAauYHOT0 UEPHOT0
IIaCTHKA, 06eCIIeunBaloT BEICOKMI KOHTPACT Ha (hoHe
XBOUMHBIX JIEPEBBEB U TIOUBBI, YTO MOXKET YCUJINBATDH BU-
3yaJIbHOE IIPHBJIeUeHYe HACEKOMBIX, ODUEHTUPYIOLIVIX-
CsI Ha KOHTPACTHBIE O0BEKTHI (CM. pHC. 2).

OTyiaBiiMBaeMble HACEKOMBIE ITOITa[aj I B HAKO-
TIUTEJIbHYI0 EMKOCTh — CTAHIAPTHBIN CTaKaH 06 beMOM
500 Mu1, 3aMIOJTHEHHBIN BOJOY UJIM MBLIBHBIM PacTBO-
poM. BrieMKy MaTepuraja IPOBOAUIN Yepe3 PaBHbBIE
uHTepBasbl (pa3 B 7-10 mHel), Tocje Yero Comepiku-
MOe eMKOCTell (UKCUPOBalu, MapKUPOBAJIU U IO~
Beprajiv TaKCOHOMUYECKOMY yUeTy B JJaG0PaTOPHBIX
YCJIOBUSX.

dispenser. The other end of the cotton thread is locat-
ed at the top of the dispenser. A cutting line is marked
on the surface of the upper part.

The attractant is a two-component pheromone
mixture of (2Z)-2-(3,3-dimethylcyclohexylidene) eth-
anol and a-pinene, which is specific for capturing bark
beetles. The first component is alcohol, the second
(a-pinene) is an organic compound belonging to the
terpenes class. It is the main component of the resin
of many coniferous trees (pine, spruce) and is wide-
spread in nature. As a semiochemical signal for bark
beetles, a-pinene most often acts as a kairomone emit-
ted by the tree, which helps the beetles find a suitable
place for feeding and settling (Hunt et al., 1989). Stud-
ies also show that a-pinene can oxidize in air, turning
into trans-verbenol, which is an aggregation phero-
mone for many bark beetle species.

The biodiversity of the localities where the traps
were installed was described both based on person-
al observations and using a vegetation cover map of
Russia based on Proba-V data (Egorov et al., 2018),
taking into account the vegetation within a 5 km

Puc. 2. bapbepHO-BOPOHOUHbIE JIOBYLLKMW NPO3payHoli (cneea) u
yepHolt (cnpaBa) KOHCTPyKuuin, GNSS-npuemHuk PrinCe i90 gns

¢hukcauumm koopauHat (cnesa)

Fig. 2. Barrier funnel traps of transparent (left) and
black (right) designs, GNSS receiver PrinCe i90 for fixing
coordinates (left).

Maii Ne 2 (27) 2026 17
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Kaxxmas Touka mpezcTaBiisiia coboi aBe JOBYII-
KU C OUCTIeHCEePOM, pa3MellleHHble Ha PACCTOSHUU
200-300 M zpyr oT npyra [Jii MUHUMU3alluu Iepe-
KPECTHOTO BIUSHUSA U 06ecrieueHs] He3aBUCUMOCTHU
BBIOOPOK. JIOBYIIKY MOABENINBAIN Ha BbIcOTE 1,5-2 M
OT IIOBEPXHOCTHU 3eMJiu B ipegeiiax 10-15 M oT Kkpad
JIECHOTO MaccUBa, YTO6bI MUHUMU3WPOBATD BJIUSHIE
KpaeBbIx 3(pekToB. Takoe pacCTOSTHUE COOTBETCTRY-
€T PeKOMEHZALIUSIM IJis1 6apbePHO-BOPOHOYHBIX JIOBY-
ek, HallpaBJeHHBIM Ha UCKIIOUEHNE TTPUBJIeYEeHUS
HaCceKOMBIX U3 COCeIHUX YUaCTKOB U CHI)KEHUE KOp-
PeNAnUY MEXIY TOBTOPHOCTSIMU.

[ToBbimeHnEe 5P HEKTUBHOCTU OTJIOBA U yCU-
JIeHUs TIPUBJIEKATEJIbHOCTY JIOBYIIEK JAJIS IleJIeBbIX
TPYyII HAaCeKOMBIX AOCTUTAJU JOIOJHUTEIbHBIM
TIOBENIMBAHUEM K KaXKIOU JIOByIIKe (hepOMOHHOTO
IucneHcepa rnpoussoactsa ®I'BY «BHUKMKP» (Bcepoc-
CUMCKUY IIeHTP KapaHTHHA pacTeHul). [I[puMeHeHne
(hepOMOHOB TO3BOJINJIO HE TOJIBKO YBEJIUYUTD OO
06beM oToBa P, proximus, HO M TIOBBICUTH PeIlpe3eH-
TaTUBHOCTh BBIOOPKHU II0 IIeJIEBBIM TaKCOHAM, obecre-
yuB 6oJiee TOUHYIO OIIEHKY MX IIPOCTPAHCTBEHHOTO
pacnpeneneHus U YyBCTBUTEIbHOCTY K BU3YaJIbHBIM
taxropam (uBeTy JoByIIKY). Bce hepomMoHHBIE AUC-
TIeHCEePhI 3aMEHSIJIN KaXkable 14 THeU B COOTBETCTBUU
C UHCTPYKIIUSIMU TIPOU3BOUTEJS AJs TTOA e PrKaHUs
CTabMJIbHOM KOHIIEHTPAIINY aTTPaKTaHTa.

OucrneHcepbl MNPEICTABISIOT CO00M Tep-
MOCBapuBaeMblll makeT u3 OydJieHa pazMepoM
8 (¥2) x 5 (+1) cM, pa3zmeseHHBIN Ha JBE YaCTU Tep-
MOCBApPOYHBIM ITBOM. HIDKHSIS ¥ BePXHSSA YaCTH JIYC-
TIeHcepa CoeIHEeHbI XJIOTIKOBOM HUTHIO, TPOXOASIIel
yepes TePMOCBAPOYHBIH IIIOB.

ATTpakTaHT — ABYXKOMIIOHEHTHas (GepOMOH-
Hasa cMech (27)-2-(3,3-IUMETUIIINKIOreKCUIUIEH)
9TaHOJIa U o-TIMHEHA, IBJSIMIAsCT CIIeIn(UIHON
JLJIsl OTJIOBA KOPOEIOB. [1IepBbIfi KOMITIOHEHT — CITHPT,
BTOPO (a-TMHEH) — TEPTIEH, ABJIAIOMINICST OCHOBHBIM
KOMITOHEHTOM >XUBUIIBI MHOTUX XBOWHBIX JE€PEBb-
eB (cocHa, eyb). Kak ceMUOXMMUYECKUH CUTHAJ IJIS
KOPOEIOB o-IIMHEH Yallle BCEro BBITIONHSIET POJIb Kali-
POMOHA, UCXOISIIETO OT JepeBa, KOTOPBIN [IOMOTraeT
JKYKaM HaXOJIUThb MOAXOSAINEe MECTO JJId IUTAHUS
u 3acejyieHus. Kpome Toro, faHHbBIE UCCIIeL0BAHN I10-
KasbIBAIOT, YTO o-ITMHEH MOXKET OKMCJIATHCS Ha BO3-
Jlyxe, IpeBpalasch B TPaHC-BepOEHOJ, KOTOPBIH 115
MHOTUX BUJIOB KOPOEMOB SIBJISIETCS arperallioHHbIM
¢epomonom (Hunt et al., 1989).

BropasHoob6pasye JOKAJINUTETOB, B KOTOPBIX ObLIN
YCTaHOBJIEHBI JIOBYIIKY, OTIMICAJIU KaK Ha OCHOBAaHUU
JINYHBIX HAOIIOMEHUH, TAK 1 C UCITOJIb30BAHNEM KaPThI
pacTUTENbHOTO MMOKpoBa Poccuu (1o maHHbIM Proba-V
(EropoB u 1ip., 2018)) ¢ yueTOM pacTUTEJbHOCTHU B pa-
auyce 5 KM OT MeCcTa yCTaHOBKY JIOBYIIKH (CM. puc. 3).

B pa6oTe mpoBOAMIY aHAJIMS JAHHBIX C UCITIOJIb-
30BaHUEM Kputepusa [IupcoHa y2-TecTa, KOTOPBIU
TTO3BOJIUJI OI[€HUTh CTATUCTUYECKYI0 3HAUYUMOCTH
B3aMMOCBSI3U MEXAY ABYMS KaTeropuaJibHbIMU IIe-
peMeHHbIMU. PacueThl BBITIOJHUIU B ITIporpaMMe R.

PE3VYJIBTATBI 1 OBCYKJAEHUE
B pesynbTaTe 00CiieOBaHUS TeppUTOpuUM [lepM-
CKOTO Kpas C UCIOoJb30BaHUEM (HEePOMOHHBIX JIOBY-
IIEK BBISBUJIN BPEAUTENS P. proximus Bo BCeX CEMU
MYHUIIMIIAJIbHBIX OKPYTaX, e MPOBOJUIIM OTJIOBbI
(cM. Ta6us. 2). Hau6oabIlyo YMCIEHHOCTD 1[eJIEeBOT0

radius from the location where the trap was installed
(Fig. 3).

The data were analyzed using the Pearson y2 test,
which allowed us to assess the statistical significance
of the relationship between two categorical variables.
Calculations were performed in the R program.

RESULTS AND DISCUSSION

During a survey of Perm Krai territories using phero-
mone traps, the pest P, proximus was detected in all sev-
en municipal districts where trapping was conducted
(Table 2). The highest numbers of the target species
were recorded in Bolshesosnovsky District, with a to-
tal of 106 individuals (Table 2). This municipal district
is located in the northern part of Perm Krai, indicating
further expansion of P, proximus range in this area.

Ta6J1. 2. JlaHHbIE 110 YHNCJIECHHOCTH
OTJIOBJIEHHBIX Polygraphus proximus

B GapbepHO-BOPOHOUHbBbIE (hepOMOHHbIE
JIOBYNIKM IIPO3PAvHOro ¥ UePHOro TUIIOB
B [IepmckoM Kpae B 2025 1.

Table 2 — Polygraphus proximus collected in
transparent and black type barrier funnel
pheromone traps in Perm Krai in 2025.

MecTo ycTaHOBKU Bup, KosinuecTBO
JIOBYIIKHA JIOBYIIKHA OTJIOBJIEHHBIX
Trap installation Trap type oco6eit
place P. proximus
Number
of collected
P. proximus
BonbirecocHOBCKUI M. 0. [Tpo3pavHas 88
Bolshesosnovsky Transparent
Municipal District Yepuas 18
Black
HOChBUHCKUI M. 0. [Tpo3paunHas 29
Yusvinsky Municipal Transparent
District YepHas 1
Black
CONMMKaMCKUH M. O. [Ipo3pauHad 10
Solikamsky Municipal Transparent
District Yepuast a1
Black
CYKCYHCKUH M. O. [Tpo3pauHasa 8
Suksunsky Municipal Transparent
District Uepuas 8
Black
[TepMCKU# M. O. [Tpo3pauHas 5
Permsky Municipal Transparent
District Yepuas 3
Black
KyenuHCKU# M. 0. [Ipo3pauHasd 35
Kuedinsky Municipal Transparent
District Yepuast 97
Black
T'y6axmuHCKUH M. 0. [Tpo3pauHasa 12
Gubakhinsky Municipal Transparent
District Uepuas 4
Black

duTtocaHutapus. KapaHtuH pactenuin 18
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B
Macwrab 1:300000

Puc. 3. Kapta pactutenbHoro nokposa lepmckoro kpas
(EropoB u gp., 2018). Kpyramu ykasaHbl MecTa pasmelleHus
¢hepoMoHHbIX noByLiek B 2025 r.: 1 — Conukamckuii M. o.;

2 — KOCbBUHCKUI M. 0.; 3 — T'y6axuHCKMiA M. 0.;

4 — MepMCKUit M. 0.; 5 — BonbLIECOCHOBCKWUI M. 0.;

6 — CYKCYHCKUI M. 0.; 7 — KyeQUHCKUi1 M. 0.

Jerewa:
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B wycrapeconin mapa
Peis o pogosus
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Bt CRARONDERALTEERHOND METAE =]

Fig. 3. Perm Krai land cover map (Egorov et al., 2018).
Circles indicate the locations of pheromone traps in 2025.
1 - Solikamsky Municipal District; 2 — Yusvinsky Municipal
District; 3 — Gubakhinsky Municipal District; 4 — Permsky
Municipal District; 5 — Bolshesosnovsky Municipal District;
6 — Suksunsky Municipal District; 7 — Kuedinsky Municipal
District.

Mait N2 2 (27) 2026
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BU/Ia 3a)MKCUPOBAJIY BIIEPBbIE B BOJIBIIIECOCHOBCKOM
oKpyre: cyMMapHO 106 3Kk3eMILISIPOB (CM. Ta6I. 2).
JaHHBIM MyHUIIUTIAJTBHBIA OKPYT PACIIOJIOXKEH B Ce-
BepHOI yacTu ITepMCKOTO Kpasi, UYTO CBUIETEIbCTBY-
eT 0 JajbHelillleM pacuIupeHUU apeasa P. proximus
B 9TOM HaIlpaBJIEHUU.

IIpencTaBiieHHble B Tabj. 2 HaHHbIEe CBUIE-
TeJIbCTBYIOT O Pa3JIUYUM B YJIOBUCTOCTU Kopoena
P. proximus 0Jis UCCJIeLyeMbIX BaPDUAHTOB JIOBYIIEK.
Kopoen P, proximus TIorazajt B Ipo3padyHblie 6apbepHO-
BOPOHOYHBIE JIOBYUIKY 3HAUUTEJIHHO Yallle, YeM B Uep-
HbIE. B TeueHme HCCiie[oBaTENbCKOrO ITeproia 3auK-
crpoBaiv 187 3K3eMIUISPOB B IIPO3PavyHbIX JIOBYIIKAX
u 108 — B uepHbIX (CM. puc. 4). CTaTUCTUYECKUH aHa-
JIV3 C UCTIOJb30BaHKUeM kpuTepus [Tupcona (x? = 11,73,
df=1, p=0,001) noaTBEPAWI 3HAUNMOE ITPENMYIIIECTBO
TIPO3PAYHBIX JIOBYIIEK AJI JAHHOTO BUAA.

OpnHako 3(hheKTUBHOCTE JIOBYIIEK PA3HOTO I[BETA
OKasaJiach HEOJVHAKOBOW B Pa3JIMYHBIX TUIIAX Jieca.
B BonblIeCOCHOBCKOM M. 0. IPO3PavyHbIe JIOBYLIKU
OBLIY B IIATh pa3 3¢ (GeKTUBHEe YePHBIX, TOTIA Kak
B COJIMKaMCKOM M. 0. YePHbIE JIOBYIIKY IT0KA3aJIU pe-
3yJIbTAT I10 OTJIOBY B UeThIPe pa3a BhIIIe ITPO3PaUHBIX
(cM. TaGa. 2). BeposATHO, 60/IbIIOE 3HAUEHNE UMEET
WHTEHCUBHOCTD IPOHMKAIOIIETO CBETA B IIOJIOT Jieca.
OTMeUeHO, UTO OTHOCUTeIbHAas 3 (HEKTUBHOCTD IIBET-
HBIX JIOBYIIEK 3aBUCUT OT COMKHYTOCTH I10JIOTA Jieca,
a UMEHHO OT TOTO, HACKOJIbKO COJIHEUHO WJIX TEHUCTO
B MecCTe yCTaHOBKHU. B 6oJiee TEHUCTOM JIECHOM IleHO3€e
(ebHMKAX) CIIEKTP CBETA MEHSETCS, ¥ UEPHBIN IIBET
MOJKET CO3[laBaTh 60Jiee UeTKUM, KOHTPACTHBIN CUITY-
3T, KOTOPBIM HaceKoMbIe 3aMevaloT JIyullle. B CBeTIbIX
1eHo3ax (COCHAKAX) IPO3pavyHble UKW CBETJIbIE JIO-
BYLIKY MOTYT JIy4llle OTPa’)kaTh yAbTpaduoer, mpu-
BJIEKAS JIETAIIVX HACEKOMBIX.

B xoze oTioBa B DEPOMOHHBIX JIOBYIIKAX (PUK-
CHPOBAJIOCH TaKXXe HeOOJIbII0E, HO ITOCTOTHHOE ITPU-
CyTCcTBUe KcuyioaroB: mojurpad MaJiblil eJI0BBIN
Polygraphus subopacus (Blandford, 1894), kopoep riaz-
kut Hylurgops glabratus (Zetterstedt, 1828) u 60bIoi
YepHBIN eJIOBbIN ycau Monochamus urussovi (Fischer
von Waldheim, 1806). Bo Bcex ciay4yasix JOMUHUPO-
BaJI Kopoey, P. subopacus, KOTOPBIX COCTaBUII OOJIBIITYIO
YacTh NOUMaHHBIX OPraHu3MoOB — 2301 3K3eMILIap
(cM. puc. 4). OTMeEUYEHO, UTO PA3INYLE MEX/Y YacTo-
TaMU BCTPEUAEMOCTH 3TOTO XXyKa B YePHOU U MpPO-
3payvyHO JIOBYIIKAX He SIBJISIETCS CTaTUCTUUECKU 3Ha-
yuMbIM (2 =1,95,df =1, p=0,16).

3HaUYeHU OTJIOBA XXYKOB P. proximus, 3aduK-
CUpOBaHHbBIe B (DEPOMOHHBIX JIOBYLIKAX, OTPAXKAOT
VHTEHCHUBHOCTD JIETA B KOHKPETHBIX JIOKAJIUTETAX
¥ BBIPAXKAIOTCS B KOJIMUYECTBE OTJIOBJIEHHBIX 0CObEl.
UeM BbIIIIe TTIOKA3aTeNb OTJIOBA, TEM BHILIE ITPETIONa-
raemas ILIOTHOCTD IOMIYJISIIIUY B IIPUJIETAIONEN 30He
¥ TEM BBIIIE BEPOSATHOCTD AOCTUXKEHUS IePEBbIMU
KPUTUYECKOU TIJOTHOCTU 3acCeJieHUs — COCTOSIHUS,
IPY KOTOPOM JINYMHOYHBIE TIOMYJISIIUY TTPEBBIIIAI0T
(pU3MONIOTUYECKYI0 BMECTIMOCTD KOPBI, YTO IIPUBOAUT
K MacCOBOU TMbesI IEPEBBEB.

CoriacHO JaHHBIM, IOy YEHHBIM IPYTYMU UCCIIEN0-
BaTEJIIMU, IIJIOTHOCTh MOJIOZOTO TTIOKOJIEHUS P, proximus
MOJKeT ObITh KjlacCu(UIIMPOBaHa CJeyI0IIUM obpa-
30M: HU3Kasg — < 20 ocobeit/nM? (hoHOBAS TTOMYIISINA,
He BBI3BIBAIONIAS YTPO3bl MAaCCOBOMY ITOPaKEHUIO);
cpenuss — 21-30 ocobeit/qM? (ITOBBIIIEHHAS aKTUB-
HOCTb, BO3MOXXHBbI JIOKAJIbHbIE OUYaru 3acejieHusd);

The data presented in Table 2 demonstrate dif-
ferences in the catchability of P. proximus between the
studied trap types. P proximus was collected significant-
ly more often in transparent barrier funnel traps than
in black traps. During the study period, 187 individuals
were recorded in transparent traps and 108 in black
traps (Fig. 4). Statistical analysis using the Pearson test
(x*>=11.73, df=1, p=0.001) confirmed the significant ad-
vantage of transparent traps for this species.

However, the effectiveness of different colored
traps proved to be inconsistent across forest types.
In the Bolshesosnovskoye Municipal District, trans-
parent traps were five times more effective than black
ones, while in the Solikamskoye Municipal District,
black traps demonstrated a four-fold higher capture
rate than transparent ones (Table 2). The intensity of
light penetrating the forest canopy likely plays a signif-
icant role. Research shows that the relative effective-
ness of colored traps depends on the canopy density,
specifically the degree of sun or shade at the installa-
tion site. In more shaded forest communities (spruce
forests), the light spectrum changes, and black can
create a sharper, more contrasting silhouette, which
insects notice better. In lighter communities (pine for-
ests), a transparent or light-colored trap can better re-
flect ultraviolet light, attracting flying insects.

During the capture in pheromone traps, a small
but constant presence of xylophages was also re-
corded. Among them, three species were reported:
Polygraphus subopacus Blandford, 1894, Hylurgops gla-
bratus (Zetterstedt, 1828), and Monochamus urussovi
(Fischer von Waldheim, 1806). In all cases, the bark
beetle P. subopacus was dominant, accounting for the
majority of the collected pests — 2301 individuals
(Fig. 4). It was noted that the difference between the
frequencies of occurrence of this beetle in the black
and transparent traps is not statistically significant
(3*=1.95,df=1,p =0.16).

P. proximus collection rates recorded in phero-
mone traps reflect the flight intensity in specific lo-
cations and are expressed as the number of collected
individuals. The higher the collection rate, the higher
the estimated population density in the surrounding
area and the greater the likelihood that trees will reach
critical population density—a condition in which lar-
val populations exceed the physiological carrying ca-
pacity of the bark, leading to mass trees mortality.

According to data obtained by other researchers,
the density of the young generation of P proximus can
be classified as follows: low: <20 individuals/dm? —
background population that does not pose a threat of
mass infestation; medium: 21-30 individuals/dm? —
increased activity, localized outbreaks are possible;
high: >30 individuals/dm? — a threatening level indi-
cating the outbreaks formation (Krivets et al., 2019;
Bisirova et al., 2023). During the studies, the highest
collection rates were recorded in the Bolshesosnovs-
kiy Municipal District. This indicates the presence of
a formed powerful outbreak, probably associated with
the presence of large affected areas. The second-high-
est risk is the Kuedinsky Municipal District, where
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BbICOKast — > 30 ocobeit/mM? (YyTpokaounii yPOBEHbD,
CBUJIETEJIbCTBYIOIINI 0 (DOPMUPOBAHUY OYaroB pas-
MHOkeHUs ) (Kpusenl u 1p., 2019; Bucuposa u ap., 2023).
B xo[e HaIlIMX VcCJIeJoBaHU HanuboJiee BbICOKME ITOKa-
3aTeJIM OTJIOBa 3a(hMKCUPOBAJIU B BOIBIIIECOCHOBCKOM
MYHUIIUTIAJIBHOM OKPYTE, UTO CBUIETENbCTBYET O Ha-
Jany chopMUPOBAHHOTO MOIIHOTO OYara pasMHOMKe-
HUS, BEPOSITHO, CB3aHHOTI'O C IIPUCYTCTBUEM KPYITHBIX
TTOpaX€HHBIX MAaCCUBOB. BTOPBIM TI0 PUCKY SIBJISETCS
KyenuHCKUY MyHUITATIAIbHBIN OKPYT, TIe HaGIoaaeT-
Csl eT0 CTaGMIIbHBIN OTJIOB B JIOBYIIKY GapbepPHO-BOPO-
HOYHOTO TUTIA, YTO YKa3bIBAET HA YCTOMYMBO BHICOKYIO
¥ CTaOMJIbHYO YMCIEHHOCTD JKyKa B TEUEHUE BCETO CE30-
Ha. B gpyrux 06C/ieJOBaHHbIX MyHUITUTTAIBHBIX OKPYyTax
3aduKcupoBasu HOHOBYIO UUCIEHHOCTh, COOTBETCTBY-
OIIYI0 €CTECTBEHHOMY YPOBHIO PACIIPOCTPaHEeHMs BUIA
6e3 pucka snu300TUH. Takue 3HAYEHUS XapaKTePHBI
LIS HETIOPaYKEHHBIX MJIY CJIa60 MTOPAYKEHHBIX YYaCTKOB.

3AKJ/IIOYEHUE

[IpoBeeHHBIE UCCIeNOBAHMS HAIIPABJIEHBI HA COBEP-
UIEHCTBOBAHME METOJ0OB PAHHETO BLISIBJIEHUS MHBA-
3MBHOT0 BUJa — yccypulickoro nonurpada Polygra-
phus proximus, IPeACTaBISIOIIET0 CEPbE3HYI0 YT PO3Y
[LJIs 11eJIOCTHOCTY M YCTOMUYMBOCTY TEMHOXBOWHBIX
JiecoB [TepMcKkoro kpas. B Xxozie moJyieBbIxX pa6oT orpo-
6oBasiu 3 GeKTUBHOCTD (DEPOMOHHBIX JIOBYIIEK, OC-
HAalleHHBIX JUCIIeHCEPAMU C CUHTETUYECKOM CMEeChI0
(2Z)-2-(3,3-1MMEeTUNLUKIOTEKCUIULEH) STaHoJa
U o-TIMHEHA. Pe3ysIbTaThl TOATBEPAUIIN BBICOKYIO ITPU-
BJIEKATEJIbHOCTh JaHHOU cMecH AJiI P, proximus, 4To
TTO3BOJISIET PEKOMEHOBATH JIJISI CUCTEM MOHUTOPUH-
ra. OLHAKO B XOJle 9KCIIEPUMEHTOB 3a()UKCUPOBAIN
MacCOBBIH JIET 6JU3KOPOACTBEHHOTO Buma — P, sub-
opacus. Tak)ke yCTAHOBUJIM 3HAUYUMOE BIIUSHUE IIBETA
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P. subopacus  H. glabratus P. proximus

Puc. 4. [laHHble MO YNCNEHHOCTU OTNIOBINEHHbIX Polygraphus
proximus, Polygraphus subopacus, Hylurgops glabratus,

Monochamus urussovi B 6apbepH0-BOPOHOUHbIe hepPOMOHHbIE

NOBYLUKU YEPHOIo U NPO3pavyHOro BapuaHToB

M. urussovii  P.subopacus  H. glabratus

balanced activity is observed on both pheromone and
physical traps, indicating a consistently high and sta-
ble beetle population throughout the season. In oth-
er surveyed municipal districts, background popu-
lations were recorded, corresponding to the species’
natural distribution level, without the risk of epiphy-
totics. Such values are typical for uninfested or lightly
infested areas, where the P. proximus population exists
in ecological equilibrium with the forest environment.

CONCLUSION
The research aimed to improve methods for the early
detection and quantitative assessment of the spread
of the invasive species Polygraphus proximus, which
poses a serious threat to the integrity and sustain-
ability of dark coniferous forests in Perm Krai. Field-
work tested the effectiveness of pheromone traps
equipped with dispensers containing a synthetic
mixture of (2Z)-2-(3,3-dimethylcyclohexylidene) eth-
anol and a-pinene. The results confirmed the high at-
tractiveness of this mixture to P. proximus, allowing it
to be recommended as a standardized attractant for
monitoring systems in the temperate climate of the
Urals. However, during monitoring, a mass flight of a
closely related species, P. subopacus, was recorded. A
significant influence of trap color and lighting condi-
tions on their collection rate was also established. In
the closed canopy of dark coniferous forests, where
a complex light-shadow structure prevails, black
traps demonstrate the highest efficiency: they cre-
ate maximum contrast against the gaps in the sky,
enhancing their visual appeal to stem pests that rely
on light cues. Conversely, in open areas, deciduous
and mixed forests, where the background is more
uniform, transparent or light-colored traps demon-

YepHaa NoBYyLLKE

1 ©
P. proximus

Fig. 4. Collected Polygraphus proximus, Polygraphus
subopacus, Hylurgops glabratus, Monochamus urussovii

in barrier funnel pheromone traps of black and transparent
versions.
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JIOBYIIIEK U YCJIOBUM OCBEIIEHHOCTY Ha X YJIOBUCTOCTD.
B yCJIOBUSX COMKHYTOTO I10JIOTa TEMHOXBOIHOTO Jieca,
rze npeobiaiaeT CI0XKHASA CBETOTEHEBAas CTPYKTYPa,
YepHble JIOBYUIKY JEMOHCTPUPYIOT HAWBLICUIYIO 3(-
(peKTUBHOCTD: OHU CO3/aI0T MaKCUMAaJIbHBIN KOHTPACT
Ha (oHe TPOCBETOB HEDA, YTO YCUIIUBAET BU3YaJIbHYIO
TIPUBJIEKATENBHOCTD JJI51 CTBOJIOBBIX BpEJIUTEJEH, OpU-
€HTUPYIOIIMXCS Ha CBETOBbIE OPUEHTUPHI. HallpoTus,
Ha OTKPBITBIX yYaCTKaX, B JINCTBEHHBIX ¥ CMEIIaHHBIX
Jiecax, rae (oH 6osiee OAHOPOAHBIH, TPO3PAYHBIE MU
CBeTJIble JIOBYILIKY [T0Ka3bIBAIOT 60Jiee BBICOKYIO yJIOBU-
CTOCTB, ITOCKOJIbKY MEHEee 3aMeTHBI JJI5 )KyKOB U He BbI-
3bIBAIOT U36eraruero MoBeeHUs, XapaKTePHOTO JIJIs
SIPKUX WJIV TEMHBIX KOHTPACTOB. TakuM 00pa3oM, s
TIOBBINIEHUS PENIPE3EHTATUBHOCTY, TOUHOCTH U COIIO-
CTaBUMMOCTHU JaHHBIX MOHUTOPUHTA PEKOMEHYETCS
BHeIpUTh AuddepeHIIuPOBaHHBIN TOAX0, K BIGOPY
IIBETA JIOBYLIEK, alalITUPOBAHHBIN K TUIY JIECHOTO
MaccuBa: YepHbIe — B COMKHYTBIX XBOUHBIX U CMe-
IIaHHBIX JIecaX; IPO3payvHble/CBETIIbie — HA OTKPBITBIX
y4yacTKax, B INCTBEHHBIX HACAKIEHUSAX M HA KpPasx
JIECHBIX MaCCHBOB.
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