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AHHOTALIA
[IpencTaByieHbI UCCIELOBAHUS II0 U3YUEHNIO SATBHO-
cTu pasJyieTa Kopoema-turiorpada Ips typographus L.,
1758 kak BO3MOXXHOTO IIepeHOCUYrKa (PUTOIMATOTEH-
HBIX OpranusMoB (bakTepuu, rpubbl, HEMaTOAbI). Ha-
NpaBJIEeHUS MUTPAllKM KOPOELOB PoAia Ips UMeeT BaXK-
HOe 3HaueHNe AJISI OlleHKU PUCKOB, CBI3aHHBIX C UX
pacrnpocTpaHeHUEM U BIUSIHUEM Ha dKocucTeMy. [[is
MeUeHUsI MMaro Kopoeaa-Tunorpada 6b1I1 UCIT0Nb30-
BaHBI Ba criocob6a — OKpacKa IMopPouIIKoM JIoMuHOGOpa
¥ MapKUPOBKA HACEYKON Ha CKaTe HaIKPbLINH. COop
MMaro B JIECHOM II€HO3€ U TOBTOPHbBIN OTJIOB MEUEHBIX
KOPOEJIOB MPOBOIWIIN C TIPUMeHeHreM (DePOMOHHBIX
JIOBYIIIEK 6apbePHO-BOPOHOYHOI'0 TUIIA, BHYTPU KOTO-
PBIX pazMelaay BULOCIIe(pUIHBIN aTTPAKTAHT JIJIs
IpUMaHUBaHUS KopoeJa-Turnorpada. JKCIepuMeHT
npoBoauiu B Pecrtybsuike Kapeiuu B OTKPBITBIX 610~
1IeHO3aX B MIepUO/J, aKTUBHOTO JIETA HaceKOMbIX. Kak
MeueHHbIe TOPOIIKOM JTIOMUHODOPA, TaK 1 HACEUKOU
“Maro 6bLIY 3apPEruCTPUPOBAHBI B JIOBYIIKAX IIPU T10-
BTOPHOM OTJIOBe. [1py U3yyeHUU JaJIbHOCTY pasjeTa
KOpoeoB (hepOMOHHBIE JIOBYUIKY ObLJIN Pa3MelleHbl
B I0r0-3allaJlHOM HallpaBJIEHUM [0 6 IIT C MHTepPBa-
JIOM 2 KM Ha IpOoTsKkeHuu 12 kM. Beero B pesysbraTe
IBYXJIETHETO DKCIIEPUMEHTA U3 2132 MeUYeHBIX 0CO-
Gelt kopoema-Tumorpada (Haceukoit 1350, HOPOIIKOM
JroMuHOGoOpa 782) MTOBTOPHO OTJIOBJIEHO 137 XKYKOB
(7%). Hambosbliiee KOJIUYECTBO JKYKOB, KAK OKPaIIeH-
HBIX ITOPOIIKOM, TaK ¥ MEUEHHBIX HACEUKOH, OTJIaB-
JIUBAJIOCh HA PACCTOSHUM 1—-2 KM B I0T0-3alajgHOM
HallpaBJIeHUY, a MaKCUMaJibHa4 JaJbHOCTh pasJjeTa
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ABSTRACT
The article presents studies on the dispersal of the eight-
toothed spruce bark beetle Ips typographus L., 1758, as a
possible vector of phytopathogenic organisms (bacteria,
fungi, nematodes). The migration directions of the Ips
genus bark beetles are important for assessing the risks
associated with their spread and impact on the ecosys-
tem. Two methods were used to mark the bark beetle
imagoes: marking with fluorescent powder and mark-
ing with a notch on the elytra slope. Collection of ima-
goes in the forest cenosis and a secondary collection of
the marked bark beetles were carried out using pher-
omone traps of the barrier-funnel type, inside which a
species-specific attractant was placed to attract the bark
beetle. The experiment was performed in the Republic
of Karelia in open biocenoses during the active flight
period. Both fluorescent powder-marked and notched
adults were recorded in traps during the secondary col-
lection. When studying the dispersal of bark beetles,
pheromone traps were placed in the southwest direc-
tion up to 5 pieces at intervals of 2 km over a length of
12 km. In total, as a result of the two-year experiment,
out of 2132 marked individuals of the eight-toothed
spruce bark beetle (notch 1350, fluorescent powder
782), 137 beetles (7%) were recaptured. The greatest
number of beetles, both powder-marked and notched,
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3auKCUPOBaHA B JIOBYIIKE, YCTAHOBJIEHHON B 3TOM
HaITpaBJeHUU Ha 6 KM. XKyKu-KOpOebl B 3HAUUTEIb-
HOU CTeNeHU OPUEHTUPOBAHBI HA Pa3JIeT B IOT0-3a-
aJHOM HaIlpaBJIEHUU, YTO 06YCJIOBJIEeHO ITpeobia-
JlaHWEM PO3bI BETPOB B MECTHOCTH, T'Zl€ TIPOBOAUIIUCH
uccienoBanus. [Topomok JroMuHOGOpa U Haceuka
Ha CKaTe HaJIKPBLIUM )KYKOB SIBJISIOTCS JAOIYCTUMbBIM
Crocob0M MapKUPOBKY KOPOEHOB [IJIsT UX UIEHTU(DU-
Kaluu.

Knrouesvte cnosa. PUTONATOrEH, PacIIpOCTpaHe-
HUe, Kopoex-turnorpad, Ips typographus, pepoMoHHbIE
JIOBYIIIKY, MEUEHUE C TIOBTOPHBIM OTJIOBOM.

BBEJIEHUE

opoenpbl poza Ips De Geer, 1775 aBng-
IOTCSI BAXKHOM T'PYIIIION HACEKOMBIX,
oTHOCAIUXCS K ceMeticTBy Curculi-
onidae u mozcemeiicTBy Scolytinae
JKYKOB-KOPOEIOB. DTU HAaceKOMble
UT'PAIOT KJIIOUEBYIO POJIb B 9KOCHCTE-
Max JIeCOB, KaK B IIOJIOXKUTEJIbHOM,
TaK U B OTPUIlATEJIbHOM CMBbICJIIE.
B ecTeCTBEHHBIX YCIOBUSIX KOPOEI bl MOTYT CII0CO0-
CTBOBATH PA3JIOXKEHUI0 MEPTBOM JPEBECUHBI U II0I-
JIep)KaHUI0 OMOJIOTUYECKOTO pa3Hoobpasus, OHAKO
B YCJIOBUSIX CTPecca, IIPY YXYAIIEHUY CAHUTAPHOTO
COCTOSIHUS Jieca UX IOTMYJSIIUSI MOXKET Pe3K0 yBe-
JINYUTHCS, TIPUBES K 3HAUUTEJbHBIM ITOBPEX/e-
HusaMm gepesbeB (Goodsman et al., 2016). Kopoezsi,
IIPOHUKAs B KOPY U JPEBECUHY, OCJIABJISIOT IePEBBS,
B Pe3yJbTaTe Yero OHU CTAHOBATCS 60Jiee YI3BUMBbI-
MU JIJIs IPYTUX TTaTOTeHOB U Bpenurteiel (JIaMIes,
2023). IToBpexXaeHHbIE LePEBbS CO3MAI0T YCIOBUS
IJIST PAa3BUTUS PA3JIMUYHBIX MUKPOOPTaHU3MOB, Ta-
KUX KakK rpubbl U OaKTepuu, a TakxkKe IJs OPYTUX
BpemuTesel, BKIOYAs KCUIODUIbHBIX HEMATOI.
OcobeHHOe 3HaYeHVEe UMEIT HEMATO/IbI poja Bur-
saphelenchus, K KOTOPbIM OTHOCHUTCS KapaHTHUHHBIN
OpraHu3M — COCHOBas CTBOJIOBast HeMarToma Bursaph-
elenchus xylophilus (Steiner and Buhrer, 1934) Nickle,
1970) BbI3bIBAOIAS TTOJIHYO TUOENb IEPEBHER XBOI-
HBIX ITOpoJ. JJabopaTopHbIe MCCIeL0BAHNS ITIOKA3bI-
BaloOT, UTO HeMaToma B. xylophilus MOXeT JTOKaJIu30-
BaThca B uMaro Ips acuminatus Gyllenhal, 1827 mop,
snuTpamu (Yajakuu u ap., 2024a). BIU3KopoACTBEH-
HBIY K COCHOBOY CTBOJIOBOM HeMaTo/ie Bul, Bursaphel-
enchus mucronatus Mamiya and Enda, 1979 Takxe oT-
MeueH M0, 3JINTPaMU B Kopoeze-tunorpade (HaaKkuH
u np., 2024b).

HeMaTozbl, 0OGHTAOIINE B APEBECUHE, MOTYT SB-
JISITBCSI TPUUMHOM YChIXaHUS I€PEBBEB, B PE3YJIbTATE
Yero JieCHble MaCCHBBI MOT'YT CTaTh MeHee ITPOAYKTUB-
HBIMU U 60Jiee YI3BUMbBIMU K SKOJIOTUYECKUM U3MEHE-
HuaM (Ryss et al., 2018; Kynuaud u gp., 2025).

VizydyeHme MUTPAIIMOHHBIX MapPIIPYTOB KOPOEIOB
poria Ips UMeeT BakKHOe 3HaUYeHUe JIJIsI OIIEHKY PHCKOB,
CBSI3aHHBIX C MX PAcCIIPOCTPaHEHWEM U BIUSIHUEM
Ha DKOCHCTEMY, TTI03BOJISIET BBIABJISATH HauboJiee ya3-
BUMBIE YUACTKU Jieca, KOTOPbIE MOTYT ITO/IBEPTaThCs
3apa’keHHI0 HEMATOLaMU.

were captured at a distance of 1-2 km in the southwest
direction, and the maximum flight range was recorded
in a trap installed in this direction at 6 km. Bark bee-
tles are largely oriented towards flying in the southwest
direction, which is due to the prevailing wind rose in
the area where the studies were conducted. Fluorescent
powder and notches on the the beetles’ elytra slope are
an acceptable method of marking bark beetles for their
identification.

Key words. Phytopathogen, distribution, eight-
toothed spruce bark beetle, Ips typographus, pheromone
traps, mark-recapture.

INTRODUCTION

ark beetles of the genus Ips De Geer, 1775

are an important group of insects belong-

ing to the family Curculionidae and the sub-

family Scolytinae of bark beetles. These in-

sects play a key role in forest ecosystems,
both positively and negatively. In natural conditions,
bark beetles can contribute to the decomposition
of dead wood and the maintenance of biological di-
versity, but under stress, when the health of the for-
est deteriorates, their population can increase sharp-
ly, leading to significant damage to trees (Goodsman
et al., 2016). Bark beetles, penetrating the bark and
wood, weaken trees, as a result of which they become
more vulnerable to other pathogens and pests (Ly-
amtsev, 2023). Damaged trees create conditions for
the development of various microorganisms, such as
fungi and bacteria, as well as for other pests, includ-
ing xylophilic nematodes. Of particular importance
are nematodes of the genus Bursaphelenchus, which
includes the quarantine pest — pine wood nematode
Bursaphelenchus xylophilus (Steiner and Buhrer, 1934)
Nickle, 1970), which causes complete death of conif-
erous trees. Laboratory studies show that the nema-
tode B. xylophilus can be localized in the imago of Ips
acuminatus Gyllenhal, 1827 under elytra (Chalkin et
al., 2024a). A closely related species to the pine wood
nematode, Bursaphelenchus mucronatus Mamiya and
Enda, 1979, was also noted under elytra in the bark
beetle (Chalkin et al., 2024Db).

Wood-dwelling nematodes can cause tree decline,
which can make forests less productive and more vul-
nerable to environmental change (Ryss et al., 2018;
Kulinich et al., 2025).

Studying the migration routes of the Ips genus
bark beetles is important for assessing the risks asso-
ciated with their spread and impact on the ecosystem,
and will help identify the most vulnerable areas of the
forest that may be subject to nematode infestation.

In most cases, insects are marked for research
purposes to determine the direction and distance
of their migration. Most marking methods require
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HaceKoMbIX METSAT B GOJBIINHCTBE CIyUaeB JJIs
MNPOBeIeHUs UCCIeIOBaHUN IJisd OIpeaesieHus Ha-
TIpaBJIeHUA U JAJIbHOCTY UX MUTPALIUY. BOJIBIINHCTBO
cr10c060B MeUeHUs TPeOYIOT MOITOTOBKY HACEKOMBIX
B JIaBOPATOPHBIX YCJIOBUSX IIEPE, BBITTYCKOM B €CTE-
CTBEHHYIO CPeZly BBULY HEOOXOIMMOCTHU IIPUMEHEHUS
crnenuaibHOro obopymosanus (Forsse, Solbreck, 2009;
Shegelski, Evenden,2019). HeMHOr1e BapraHThI Map-
KUPOBKY JOCTYIIHBI JIJIST BBITIOJTHEHUS B TIOJIEBBIX YC-
snoBusx (Linton,1987; Zumr, 1992; Franklin, Grégoire
1999). HekoTOpbBIE U3 IOCTYITHBIX ITOJIEBBIX METO/IOB
MapKUPOBKY BKJIIOYAIOT UCITOJIb30BaHYE IIBETHBIX Me-
TOK MJIV HaKJIeeK, KOTOPbIe TIPUKPETLISIIOTCS K HaceKo-
MbIM (Jactel, 1991; Duelli,1997), 4TO II03BOJISIET OTCJIE-
’KMBaTh IIePEMEIEHYS HACEKOMBIX B X €CTECTBEHHOU
cpelnle 06uTaHM, OJJHAKO CO BpeMeHeM MeTKU CTUpa-
I0TCs. B mIocieiHee fecsaTUuleTre ¢ Pa3BUTHEM TeXHO-
JIOTWH JJIs1 MapKUPOBKHY CTaJa IOCTYITHA TeJIeEMETPUS
JIJISI OTCJIEKUBAHUS ITepeMelIeHUs KPYITHbIX 0c0beit
HaCeKOMbIX. JIaTUMKHY A5 JUCTAHIIMOHHOTO OTCIIEKHU-
BaHUS YCTAHABIMBAKOT HA TEJIO HACEKOMBIX, KOTOPBIE
TIPOJIOJIKAIOT CBOOOAHOE IBUYKEHUE, UTO ITO3BOJISIET
OTMETUTD UX CYTOYHYI aKTUBHOCTb, CKOPOCTbh TI€PE-
MellleHusd M MecTo ux jJokanusauuu (Ruzickova, Elek,
2023). PazBuTHE TEXHOJIOTUH TT03BOJIIET IPUMEHUTD
MUHHATIOpHbIE GPS HaTUYMKU, KOTOPbIE MOBBIMIAIT
TOYHOCTbB JaHHBIX 00 ux Mmurpanuu (Ju, Son, 2022).

Ilesip Hamei paGoThI 3aK/II0UYAETCSI B YCTAHOB-
JIEH!U JaJIbHOCTHU II0JIeTa KOPOemoB poma Ips Kak mo-
TEHIIMAJIbHBIX IIEPEHOCUYMKOB ITaTOr€HHbBIX HEMATO,
U TTPOBEJIEHUY CPABHUTENBHOMN OIeHKM Pa3JIMIHBIX
METOJ0B MapKUPOBKHU.

MATEPUAJIbBI U METO/IbI

VccnemoBaHus IpoBoauanuch B Pecriybsnike Kapenuu
(TTpuoHexckuy parioH, moc. llys) B 2022-2023 rrT.
IlJ1st TpOBeNeHUS UCCeIOBaHUY ITOA0MPAJICT OTKPBI-
TBHIX 6MOIIeHO03 IIJIoIaAbio 6oee 100 ra (61.89° c.ui.,
34.21° B.1.). B sKCcIIepyMeHTe MCIIOJNb30Baluch 6a-
PbEPHO-BOPOHOUYHBIE (PePOMOHHBIE JIOBYUIKH C aT-
TpakTaHTOM Ips typograthus (PTBY «BHUVKP», Poc-
cus) KaK JJIs OTJIOBA KOPOEJOB B €eCTECTBEHHOM cpefie
10 MAapKVPOBKY, TaK U MPU ITOBTOPHOM OTJIOBE JIJIS
U3yUYeHUsI MUTPALlUU U YCTAHOBJIEHUS NaJbHOCTU
pasjieTa ©Maro Kopoezga-turorpada.

Hawub6osee 3 HeKTUBHBIMU [JII MAaPKUPOBKU
HaCeKOMBIX SIBJISIOTCS MaTePUasbl, KOTOPbIe MOXXHO
JIETKO HAHOCUTh METOZOM OPOIIEHU JINO0 H00aBIITh
B ripuMaHKy (Schellhorn et al., 2004). HamMu ucmob-
30BaJics MOPOIIOK JioMHHO(OpPa, KOTOPHIY paHee
YCITEIHO TECTUPOBAJIY IJII MEUYEeHUs KOPOena-TUII0-
rpada (HYankuH u gp., 2024c). OKpamiuBaHue ITPOBO-
U JTIIOMUHO(DOPOM CUHETO U 3€JIEHOTO IIBETA, JI0-
6asysag 0,5 r BellecTBa B KOHTelHep 06beMoM 0,4 J1
IJig eqUHOBpeMeHHOro okpamuBanuga 100-150 oco-
Geti. [IpuMeHeH e KHUCTU IJIsT pacIipeieieHus ITOPOIII-
Ka obecreumnsio Tiy60Koe IPOHUKHOBEHUE MEJKUX
TPaHyJ B CKJIAJKY MEX]y CETMEHTaMM TeJia JKYKOB,
TIOJ SJINTPHI U T. A. (CM. puc. 2).

Ilns u3ydeHus NaJIbHOCTU Y HaIlPaBJIEHUS I10-
JieTa MapKUPOBKA UMaro Kopoema-turiorpadga rmpoBo-
Aujiach IByMs criocobaMu — IMOPONIOK JIIoMUHOGOopa
¥ UHIUBUAYAJIbHAS Haceuka (CM. puc. 1).

BTopoii criocob MeueHUsI — HAaCeUKOH — BBITIOJN-
HSJICS CKaJIbIIeJIeM Ha CKaTe HaIKPBIIUN KakJI0ro
J)KyKa. JKCIIePUMEHT ObLI pasfiesieH Ha HEeCKOJIbKO

laboratory preparation of insects before release into
the wild, due to the need for specialized equipment
(Forsse and Solbreck 2009; Shegelski and Evenden
2019). Few marking options are available for field
use (Linton 1987; Zumr 1992; Franklin and Grégoire
1999). Some of the available field marking methods
include the use of colored marks or stickers that are
attached to insects (Jactel 1991; Duelli 1997), which
allows tracking of insect movements in their natural
habitat, but the marks wear off over time. In the last
decade, with the development of marking technolo-
gies, telemetry has become available to track the move-
ments of large insects. Remote tracking sensors are in-
stalled on the body of insects that continue to move
freely, which allows to record their daily activity, speed
of movement, and location (Ruzi¢kova, Elek, 2023). Ad-
vances in technology make it possible to use miniature
GPS sensors that increase the accuracy of their migra-
tion (Ju, Son, 2022).

The aim of our work is to establish the disper-
sal of the Ips genus bark beetles as potential vectors of
pathogenic nematodes, and to conduct a comparative
assessment of various marking methods.

MATERIALS AND METHODS

The research was conducted in the Republic of Karelia
(Prionezhsky District, Shuya village) in 2022-2023. An
open biocenosis with an area of more than 100 hect-
ares (61.89° N, 34.21° E) was selected for the research.
The experiment used barrier-funnel pheromone traps
with the attractant Ips typograthus (FGBU “VNIIKR”,
Russia) both for collecting bark beetles in the natural
environment before marking and during repeated col-
lecting to study migration and establish the flight range
of the bark beetle imago.

The most effective materials for marking insects
are those that can be easily applied by spraying or add-
ed to the bait (Schellhorn et al., 2004). We used fluores-
cent powder that had previously been successfully test-
ed for marking the bark beetle (Chalkin et al., 2024c).
Marking was carried out with a blue and green fluores-
cent, adding 0.5 g of the substance to a 0.4 1 contain-
er for one-time marking of 100-150 individuals. Using
a brush to distribute the powder ensured deep pen-
etration of small granules into the folds between the
segments of the beetles’ bodies, under the elytra, etc.
(Fig. 2).

To study the flight range and direction, marking
of the adult bark beetle was carried out in two ways:
fluorescent powder and individual notches (see Fig. 1).

The second marking method notches was per-
formed with a scalpel on the elytra slope of each beetle.
The experiment was divided into several stages. Initial-
ly, bark beetles were collected from a natural bioceno-
sis using pheromone traps. The second stage consisted
of marking the beetles and their subsequent release to
study the range and dispersal direction. For this pur-
pose, pheromone traps were hung at a distance of 0.2
to 2 km from each other in four directions. Repeated
capture of marked bark beetles was carried out at a dis-
tance of up to 12 km from the place of release (Fig. 3).
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In the 2022 studies, to study
the dispersal direction, traps
were placed in four directions:
northwest, northeast, southwest
and southeast, 6 pieces at inter-
vals of 0.2 km over a distance of
1.2 km from the release site. A
total of 24 traps were installed,
taking into account the wind
rose, where the prevailing wind
is from the southwest (Chalkin
et al., 2024c). In the 2023 stud-
ies, to study the dispersal range,

Puc. 1. BapaHTbl MEYEeHUA XKYKOB

Ips typographus pna skcnepumeHTa: options for the experiment:
a — oKpacka nopolukom niomMuHocpopa, a — fluorescent powder,
b — HaceuKmn Ha HaJKPbUIbSX

b — elytra notch

Puc. 2. Mpouecc okpawmBaHusa umaro  Fig. 2. Marking Ips typographus
imagoes with fluorescent powder
of different colors: a — green; b — blue

Ips typographus nromuHothopom
pasfiMuHbIX LLBETOB: d — 3e/1eHOro,
b — cuHero (thoTo aBTOpPOB) (photos by authors)
9TaroB. M3HavalbHO KOPOEJOB cCOOMpaId U3 ecTe-
CTBEHHOTO GMOIleHO3a C ITOMOINbI (PePOMOHHBIX
JIOByIIeK. BTopoii aTam 3akjioyajcs B MapKUPOBKe
JKYKOB U UX IOCJIEeAYIoNIeM BBINIYCKE AJII U3YyUeHUSI
IaJIbHOCTM U HaIlpaBJIeHUs pasJjieTa. [IJisd 3ToH 1eau
(epoMOHHbBIE JIOBYIIKY BbIBEIIMBAJIY Ha PACCTOSTHUU
or 0,2 1o 2 KM Ipyr OT Apyra B UeThIpeX HallpaBJle-
HUAX. [IOBTOPHBIN OTJIOB MEUEHBIX 0COOEl KOPOeI0B
OCYLIECTBJISJIV Ha PACCTOSHUU 10 12 KM OT MeCTa BbI-
mycka (cM. puc. 3).

[l n3yuyeHUs HaIllpaBJIEHUS pa3JjeTa B MCCeN0-
BaHUAX 2022 T. JIOBYLIKU pa3Mellajii B UeThIpeX Ha-
paBJIeHUSIX: CEBEpPO-3allaJHOM, CEBEPO-BOCTOUHOM,
FOT0-3aIlaIHOM, FOTO-BOCTOYHOM — 10 6 IIIT C UHTEPBA-
JioM 0,2 KM Ha IIPOTSXKEHUU 1,2 KM OT MeCTa BBIIIyCKa.
Bcero 661710 yCTaHOBJIEHO 24 JIOBYIIKY, YYUTHIBAS PO3Y
BETPOB, TJe TPe0bIaIalolM SIBJISIETCS BETEP I0T0-3a-
najHoro HampasjaeHusd (YaJkuH u ap., 2024c). B uc-
ciaenoBaHugax 2023 I. 4Jig U3ydeHUd LAaJbHOCTU pas-
JleTa MHTEPBAJI MEX/TY JIOBYIIEK YBEJIUUWIHU 10 2 KM,
rlie MaKCUMaJibHOE PAaCcCTOSIHUE COCTAaBUJIO 12 KM; OC-
HOBBIBaACH Ha pesynbTaTax 2022 I., 0CTaBUJIU TOJILKO
W3y4dyeHUe pasJieTa B I0T0-3allaJHOM HallpaBJIeHUU
KaK IIPUOPUTETHOM [IJIsI pasjeTa KOPOeIoOB B JaHHOMU
MeCTHOCTH. Bcero B 5TOM HalpaBJIeHUY YCTAaHOBJIEHO
1necTb (QEPOMOHHBIX JIOBYIIIEK.

OTnOBIEHHBIX B (DePOMOHHBIE JIOBYUIKU JKYKOB
Kopoena-Tunorpada mpocMaTpuBaiu moj 6MHOKY-
asapoMm Carl Zeiss Stemi 305 ¢ Yd-ocBeTUTENEM LI
KOPPEKTHOro 06Hapy)XeHUsI Ha TTIOBEPXHOCTY MMaro
CcJelloB KpacsIlero BelllecTBa JiloMUHOGoOpa. YUeT

Fig. 1. Ips typographus marking

the interval between traps was
increased to 2 km, where the
maximum distance was 12 km,
based on the results of 2022,
only the study of dispersal in the
southwest direction was left, as a
priority for the dispersal of bark
beetles in this area. A total of 6
pheromone traps were installed
in this direction.

The bark beetles collect-
ed in pheromone traps were ex-
amined under a Carl Zeiss Stemi
305 binocular with a UV illumi-
nator to correctly detect trac-
es of the fluorescent powder on
the imago surface. The materi-
al from the traps was counted at
intervals of 2—-5 days.

The experiment included
5 releases of marked bark bee-
tle imagoes. A total of 2,057 in-
dividuals were marked over the course of two seasons,
1,275 of which were marked using the notch method
and the rest using fluorescent powder (see Table 1).

During the study, weather conditions were taken
into account — the release was carried out during the
day in warm weather, without precipitation. The lure in
the traps was replaced once every two weeks.

For the experiment, a three-level wooden stand
with vertical and horizontal surfaces measuring
20x20x15 cm was mounted, which ensures the suc-
cessful flight of insects (Fig. 4). Similar devices are
used in other experiments (Meurisse, Pawson, 2017).

RESULTS AND DISCUSSION

A total of 137 bark beetles were recaptured during the
study period, which is 7% of all marked individuals.
According to Meurisse and Pawson (2017) and Hinze
and John (2020), the optimal recapture rate for bee-
tles is 6-15%. Limiting factors for recapture could be
weather conditions, diseases, and predators, which can
lead to a decrease in the number of beetles after their
release.

118 individuals marked with fluorescent powder
were recaptured (Fig. 5)

In recaptured bark beetles, the powder (at least
10%, according to visual assessment) remained on the

dutocaHuTapusi. KapaHtuH pactenuin 20
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MaTepraJia U3 JOBYLIEK ITIPOMU3BOIMIN C MHTEPBAJIOM
B 2—5 CyTOK.

SKCIIePUMEHT BKJIIOUAJ ITITh BBIIIYCKOB MEYEHBIX
uMaro kopoega-turnorpada. B TeueHune AByx CE30HOB
Bcero 6b1710 moMeueHo 2132 ocobu, u3 Hux 1350 — me-
TOJIOM HacedKu, OCTaJIbHbIE ITOPOIIKOM JIIOMUHOPOPa
(cM. Tabu. 1).

[Ipu npoBefeHUU HCCIeN0BAHUS YUNThIBAINUCD
TIOTOJIHBIE YCIJIOBUS — BBIITYCK IIPOBOAUNY SJHEM B Te-
TLJIYT0 TIOT0Ty, 6e3 0CaIKOB. 3aMeHy aTTpaKTaHTa B JIO-
BYIIKaX IPOBOIMJIN Pa3 B iBe HeJIENU.

Il sKCIIeprMeHnTa 6blIa CMOHTUPOBaHA TPEX-
YPOBHEBAs JePEBIHHAS MOACTaBKa C BEPTUKAJbHbI-
MU U TOPU3OHTAJbHBIMU ITOBEPXHOCTSIMU Pa3MePOM
20 x 20 x 15 cM, KoTOopas o6ecrieunBaeT yCIEIIHbIN
B3JIET HaCEKOMBIX (CM. puc. 4). B Ipyrux sKCIepu-
MeHTaX MPUMEHSIOT aHaJIOTUUYHbIE TPUCITOCOBJIEHUST
(Meurisse, Pawson, 2017).

PE3VJIBTATBI U OBCYKJIEHHNE

Bcero 3a rmepuoj, ucciiefOBaHUM TOBTOPHO OBLIO OT-
JIOBJIEHO 137 XKyKOB Kopoega-Tumnorpada, 4To co-
cTaBJisieT 7% OT BCeX MeueHbIX ocobeil. [To MHEHUIO
H. Mepucc u C. IToycona (Meurisse, Pawson, 2017),
a taxske Ik, Xuniie u P. Ixona (Hinze, John, 2020), om-
THMMAaJIbHBIM TTOKa3aTeJeM OBTOPHOIO OTJIOBA XKYKOB
aBasercd 6—15%. OrpaHuYuBawIIIMU (HakTopaMu
TIOBTOPHOT'0 OTJIOBA MOTJIX OBITh ITOTO/IHbIE YCJIOBUS,
00JIe3HY U XUITHUKU, UYTO MOXKET ITPUBOAUTH K CHIUKE-
HUIO UMCJIIEHHOCTY JKYKOB II0CJIe UX BBIMTyCKa.
MeueHHBIX JIOMUHO(POPOM IIOBTOPHO OTJIOB-
JieHo 118 ocobeii (cM. puc.5). Y IIOBTOPHO OTJIOBJIEH-
HBIX KOPOENIOB TMOPOIIOK (110 BU3yaJIbHOU OIleHKe
He MeHee 10%) ocTaBaJjics Ha Tejle, KOHIIEHTPUPYSICh
TIPeuMyleCTBEHHO B CKJIaZKaX Teprura 6pouIHoro
OTIleJIa, a TaK)XKe Ha MepeJHEeCINHKe U HaJJKPBLIbIX
(cM. puc. 6, b). HTeHCUBHOCTh OKPAaCKHU 3aBUCEJa
OT MPOJOJKUTENBHOCTU MEePUOLa OTJIOBA, OLHAKO
KpacsaIui MUTMEHT OTUYETIMBO BBISBJISAJICS Ha BCEX
TIOBTOPHO OTJIOBJIEHHBIX XXyKax. Ocobu, ToiiMaHHbIEe
B HauaJjie SKCIIepUMEeHTa, UMeJIY XOPOIII0 OKpaIleHHYI0
TIOPOIIKOM ITOBEPXHOCTD TEJa, TOTAA KaK y ITOMMaH-
HBIX Yepes /IBe HeJlesIU KpacAIIuii TUTMEeHT IIpocMa-
TPUBAJICS TOJBKO Iof, anuTpamMu. KpoMe Toro, Ha Ha-
JIV4re IOPOIIKa Ha TeJie )KyKa MOTYT BIUATh LOXKIU
WY AJIUTEJbHBIE TT0JIeThl HACEKOMOTI0, B Pe3yJIbTaTe

Ta6.1. 1. KosinuecTBO MapKHPOBaHHBIX
umaro Ips typographus B nepuop,
HccJIeJOBaHUSA

Table 1. Number of marked Ips typographus
imagoes during the studies

Kou1-Bo BbIny-

I[EHHBIX ’KyKOB
Number of Cmoco6
Toxg Jara Release released MapKHUPOBKU
Year BbImycka date beetles Marking
. 15 uwHa 15 June 387 TTOpOMmOoK
25 mioHst 25 June 395 Powder
28 utoHsa 28 June 478
Haceuka
2023 lwutona 01 July 563 Notch

13 utonmg 13 July 309
Bcero Total 2132

Puc. 3. Cxema pasmeweHna

Fig. 3. Trap placement
nosylwek B nepuop nposepeHns  during the study

nccnefoBaHus: a — cxema
pasMeLLeHus NoByLLEK
Ha kapTe (Kpyr — MecTo (circle - release location
Bbinycka Ips typographus, of Ips typographus,

pom6 — pasmeleHme 6apbepHo- diamond — placement
BOPOHOYHbIX JIOBYLLEK: of barrier-funnel traps:
6enbin poM6 — 2022, white diamond - 2022,
KpacHbIN — 2023) («AHAaeKc red — 2023) (Yandex Maps
kapTbi» https://yandex.ru/maps) https://yandex.ru/maps)

period: a — trap
placement on the map

body, concentrating mainly in the folds of the abdom-
inal tergite, as well as the pronotum and elytra (Fig. 6,
b). The coloration intensity depended on the capture
period duration, but the coloring pigment was clear-
ly visible on all recaptured beetles. Individuals caught
at the beginning of the experiment had a body surface
well colored with powder, while in those caught two
weeks later, the coloring pigment was visible only un-
der the elytra. In addition, the presence of powder on
the beetle’s body can be affected by rain or long flights
of the insect, as a result of which they can lose a sig-
nificant part or even all of the powder. Thus, the re-
sults of the 2022 experiment indicate that the fluores-
cent powder marking method is effective for marking
the Ips typographus, although its contrast may decrease
over time. This highlights the importance of consid-
ering factors affecting marking retention when plan-
ning further research and monitoring of bark beetle
populations.
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Puc. 4. TpexypoBHeBas

kopoenos (hoto aBTOPOB) (photo by the authors)
KOTOPBIX OHU MOTYT IOTEPSATh 3HAUUTEIbHYI YaCTh
WJIM Iake BECh TTOPOIIOK. TakuM 06pa3oM, Pe3ysIbTaThl
sKcriepuMeHnTa 2022 I. CBULETEJIbCTBYIOT O TOM, UTO
MEeTO/;, OKpacKy JIoMUHOMOpoM gBiigeTcs 3PeKTUB-
HBIM JIJIT MaPKUPOBKY Kopoea-Turnorpada, XoTs ero
KOHTPACTHOCTb MOKET CHUYKAThCS CO BDEMEHEM. JTO
MMOAYEPKUBAET BAXKHOCTD yueTa (paKTOpOB, BAUSIIOIIAX
Ha COXPAaHHOCTb MapKUPOBKY, TIPU IJIAHUPOBAHUN
JaJIbHEUII VX MCCIeNOBAHUY ¥ MOHUTOPUHTA ITOITY-
JIATIIUY KOPOeoB.

YcTaHOBJIEHO, YTO MaKCUMaJbHOE KOJIUYECTBO
JKYKOB — 88 ocobetr (74% OT Bcex ITOBTOPHO ITOMMaH-
HBIX B 2022 T.) — 66110 3a()MKCUPOBAHO B IOTO-3a-
MaJlHOM HampaBJieHuu (CM. puc. 7, a). ITO CBUIE-
TEJIbCTBYET O TOM, UYTO KOPOEAbl UMEIOT TEHIEHI]UI0
MUTPUPOBATh B ONpPENeJIEHHOM HaIlpaBJIeHUM, YTO
MOXET OBITH CBSI3aHO C TTIOMCKOM TTOAXOAANINX PACTE-
HUM-X035€B U YCIOBUM IJIST PA3MHOKEHUS.

BTopo# MeToJ MapKMPOBKY — HACEUKa Ha HaJl-
KPBLIbSIX BCer 1a 6bLjIa 3aMeTHA ITPY [TIOBTOPHOM OTJIOBE
MeUeHBIX KYKOB. OJJHAKO JJis TIOBBIIIEHNS HAIEXKHO-
CTU PEKOMEHYETCS UCIT0JIb30BATh JIYITY C YBEJIUUEe-
HueM He MeHee 10 pas, UTo MO3BOJIET 60JIE€ TOUHO
UIeHTUPUIIMPOBATh MAPKUPOBAHHBIX 0cobeli. MeTo[,
HACeUKU SBJISIETCS HAJEKHBIM U 3 (PEKTUBHBIM JIJIsT
MapKUPOBKYU HACEKOMBIX, TIO3BOJISIS HE TOJbKO OT-
CJIeXXVBATh UX MepeMelleHus, HO U OLIEeHMBAaTh YUC-
JIEHHOCTB TIOMyJIIIuii B aKocucTeMme (Hagler, Jackson
2001). B 2023 1. 661710 TIOBTOPHO OTJIOBJIEHO 19 MapKu-
POBaHHBIX KOPOEIOB, UTO COCTABJIAET 1,4% OT 06111ero
4ucyia MapKUPOBaHHBIX 0c06eil (cM. puc. 5).

[Tpy U3y4eHU Y JaJIbHOCTY PasjieTa MapKUPOBaH-
HbIEe KOPOe bl 661711 3a()MKCUPOBAHBI B TPEX U3 IIECTU
BBICTABJIEHHBIX JIOBYIIKAX, PACIIOJIOXKEHHBIX B OT0-
3arraJHOM HalrpasjieHuu (CM. puc. 7, b). HauboJsbInee
Kosu4yecTBO ocobett (11 )kyKoB) 6bLJIO TOMAHO B JIO-
BYIIIKE, yCTAHOBJIEHHOM HA PACCTOSTHUM 2 KM. ITO CBSI-
3aHO ¢ 6eCpensaTCTBEHHbIM IIepeMEIeHUEM JKYKOB

Fig. 4. Three-level wooden stand
nepeBsiHHas nopcTtaBka ans B3neta  for bark beetles flight

It was found that the maximum num-
ber of beetles, 88 individuals (74% of all re-
captured in 2022), was recorded in the south-
west direction (Fig. 7a). This indicates that
bark beetles tend to migrate in a certain direc-
tion, which may be associated with the search
for suitable host plants and conditions for re-
production.

The second marking method with notch-
es on the elytra were always noticeable when
recapturing the marked beetles. However,
to increase reliability, it is recommended to
use a magnifying glass with a magnification
of at least 10 times, which allows for more
accurate identification of the marked ima-
goes. The notch method is reliable and effec-
tive for marking insects, allowing not only to
track their movements, but also to estimate
the population size in the ecosystem (Hagler,
Jackson 2001). In 2023, 19 marked bark bee-
tles were recaptured, which is 1.4% of the to-
tal number of marked individuals (Fig. 5).

When studying the dispersal, marked
bark beetles were recorded in three of the
six traps set up in the south-west direction
(Fig. 7, b). The largest number of individuals
(11 beetles) was caught in a trap set at a dis-
tance of 2 km. This is due to the unimped-
ed movement of beetles across open spaces such as
meadows, agrocenoses, forest belts, where the traps
were placed.

The greatest distance at which the beetles were
noted was 6 km (Fig. 7, b). Three individuals were

B MeueHbIX

[l NOBTOPHO OT/IOBNEHHbIX

[ OTNOBMEHHbIX 683 MapKUPOBKHU
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Puc. 5. KonuuectBo MeueHblx  Fig. 5. Number of marked
(nopolwkom nromMuHochopa (with fluorescent powder
2022 r., Haceukor 2023 T.) 2022, with a notch 2023)
1 MOBTOPHO OT/IOBJIEHHbIX and recaptured

umaro Ips typographus Ips typographus imagoes
B MNepuopg, uccriefoBaHus during the study period
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TI0 OTKPBITOMY ITPOCTPAHCTRY,
TaKUM Kak Jiyra, arpolleHO3bI,
JIECOTIOJIOCHI, TZie OBLIN ycTa-
HOBJIEHBI JIOBYIIIKH.

HamGoJiblllee paccTOsSTHUE,
Ha KOTOPOM GBIJIM OTMEUYEHBI
JKYKU, — 6 KM (cM. puc. 7, b). B yo-
BYIIIKY, yCTAaHOBJIEHHYIO HA 5TOM
paccTosTHUU, OBIJIO OTJIOBJIIEHO
B TEUEHUE IByX MecsIleB 3 0Co-
6u. IIUTENbHBIN IePUO, OTJIO-
Ba, BEPOSATHO, MPEAIIoJaraer,
YTO YaCTh KOPOEJOB OCTaHAaB-
JINBAETCS Ha MOTEHIMAJbHBIX
IepeBbAX-X0359€BaxX, a 3aTeM
POMIOJIKAeT paccejeHue. Mc-
cinepoBatenu E. dopce u C. Co-
Oepr B CBOUX 3KCIIepUMEeHTax
YCTAaHOBWJIY, YTO KOPOE-TUIIO-
rpad MOXeT JieTaTh HaJ, [10JI0-
oM Jieca ¥ IIepeMelaThCs Ha 3HAYUTEIbHbIE PACCTO-
STHUS, TIPEBBIMIAIOIIYE AeCATKY KuioMeTpoB (Forsse,
Solbreck, 2009).

B JIOBYIITKY aTTPaKTAHT ITPUBJIEKAJ KaK MEYEHBIX,
TaK M HeMeueHbIX 0cobelt kopoema-Turorpada. B Teue-
HUeE IBYX JIET OTJIOBJIEHO 392 ocobu (cM. puc. 5). Bo Bpe-
M TTOBTOPHOT'O OTJIOBA KYKOB HEJIb3sI UICKJIF0UATh BEPO-
SITHOCTB TOTO, UYTO KPYIIMHKY MOPOIIKA JIIoMUHOGOpa
MOTYT IEPEHECTUCH Ha TeJI0 HeEMEUEeHbIX 0c06el TIpu
COBMECTHOM JJIUTEJIbHOM HAXOXKJAEHUY B JIOBUEM CTa-
KaHe JIOBYIIKU. [T03TOMY Ba)XHO YUUTBIBATh BO3MOXK-
HOCTb IIEPEKPEeCTHOTO 3arpsA3HEeHUI U IIPUMEHITh

nroMuHodopa Ha Tene kopoega-Tunorpaca
Ips typographus nopolkom nroMuHoopa
(nop, YO-u3snyueHvneM): a — nepeq, BbiMyCcKoOM,
b — nocne otnosa ((hoTo aBTOPOB)

Puc. 6. UHTeHcuBHOCTb pacnpepeneHus nopowka Fig. 6. Intensity of fluorescent

powder distribution on the body of
Ips typographus (under UV radiation):
a — before release, b — after capture
(photo by the authors)

caught in a trap set at this distance over the course of
two months. The long period of catching probably sug-
gests that some of the bark beetles stop on potential
host trees and then continue to disperse. Research-
ers E. Forsse and S. Solberg established in their exper-
iments that the bark beetle can fly above the forest can-
opy and move significant distances, exceeding tens of
kilometers (Forsse, Solbreck, 2009).

The lure attracted both marked and unmarked
bark beetle specimens to the traps. Over the course of
two years, 392 specimens were caught (Fig. 5). During
repeated beetle catching, it is possible that fluorescent
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Puc. 7. KonuyecTBo NOBTOPHO OTNOBAEHHbIX

Fig. 7. Number of Ips typographus imagoes recaptured

B (hepOMOHHbIe NoByLKY umaro Ips typographus
Ha pasfIMYHOM PacCTOSIHAM OT MecTa BblnycKa:
a — u3y4yeHue HanpasnieHus pasneta (2022 r.),
b — usyueHue panbHoctu pasneta (2023 r.)
(poMb6 - hepoMoHHas noByLIKa,

KpYr — MecTo BbifycKa umaro,

NYHKTUPHAasA JIMHUS — po3a BeTpa,

(..) — oTnoBneHo umaro, WT;

1..12,0.2..1.2 — paccTosHMe OT MecTa Bbifycka
uMmaro, kM; [..] - noeTopsiemMocTb

HanpasneHun seTpa %)

in pheromone traps at different distances from the release site:

a - dispersal direction study (2022);

b — dispersal distance study (2023)

(diamond - pheromone trap; circle — imagoes release place;
dotted line — wind rose; (..) — adults captured, pcs;

1..12, 0.2..1.2 - distance from the place of imagoes release, km;

[..] - wind directions frequency %)
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IOIIOJIHUTEJIbHBIE METOIBI NJIT MUHUMU3AIWU I10-
TPEIIHOCTEN IIPY UCIIOIb30BaHUY STOTO METO/IA.

HecMOTpS Ha TO YTO MapKHPOBKA C IIOMOIIBIO
Hacedek SIBJISIeTCS HaZeX)KHBIM METO0M, 3TOT ITPOIeCC
JIOCTaTOYHO TPYAOeMKUii. KpoMe TOTo, TPy U3yUYeHU U
9KOJIOTUYECKHUX XapaKTEePUCTUK HEBO3MOXKHO ITIOMe-
TUTH HACEUKON MEJIKMX KYKOB, TAKUX KaK COCHOBBIN
Kopoex-kpoiuka (Crypturgus hispidulus C.G. Thomson,
1870), rpaBep 06bIKHOBEHHBIN (Pityogenes chalcogra-
phus Linnaeus, 1761), pasaMepbl KOTOPBIX He ITPEBbI-
mwaT 1,5 MM. B Takux ciyvyadax IIpueMJieMbIM Bapu-
aHTOM OCTaeTCs TOJIbKO OKpacKa ITOPOIIKOM. OTOT
MeTog, 103BoigeT 3PHEKTUBHO MAaPKUPOBATh MEJIKME
BU/ZIbI B GOJIBIIOM KOJIMUYECTBE, MUHUMUIUPYS IPU
9TOM PHUCK ITOBPEXIEHUS HACEKOMBIX ¥ 00ecIeurnBas
WX COXPAHHOCTbE.

Kopoezbl MOTYT TIEPEHOCUTDH Pa3jIMUHbIE TTa-
TOTeHHbBIE OPTAaHU3MBI, ITPEICTABJISI0IIE CO00H ce-
PBE3HYI0 YTPO3Y IJg PacTeHUsI-X03guHa. Hammpumep,
B IIpeBecrHe COCHBI OOBIKHOBEHHOM OBINY 3aperu-
CTPUPOBAHBI Pa3jMYHble BUILI HeMaTOn — Bursaph-
elenchus paraburgeri, B. doui, a Taxxe Teratorhabditis
synpapillata v Micoletzkya synpapillata, KOTOpbIe Tiepe-
HOCSITCS BEPIIMHHBIM KopoenoM Ips acuminatus (YaJji-
KUH ¥ Ap., 2024a). 3T HeMAaTObl ObIIN OTMEUYEeHbI
B GOJIBIIIOM KOJIMYECTBE IO/, SJIUTPAMU XKYKOB. [Tpo-
HUKas B APEeBECUHY, KOPOEbl CO3MAI0T YCIOBUS AJIST
paccejieHMs 3TUX ITATOT€HOB, HAHOCAIIVX BPE, IIPO-
BOIAIIEl crcTeMe epeBbeB. [IaToreHHble HeMAaTO bl
MOTYT BBI3BIBATh KaK yChIXaHWE HEOOJbIINX yUaCT-
KOB IpeBECUHBI, TAK U TUOEJIb BCETO JIepeBa.

3AKJIIIOYEHUE

VizydyeHUe NaJbHOCTY U HATIPABJIEHUS PA3JIeTa KOPo-
€JIOB SIBJISIETCS Ba)XHBIM MHCTPYMEHTOM JJIsl 3alU-
ThI JIECHBIX HKOCUCTEM U TIPEAOTBPAIleHUs TOTEPD
JIeCHOT0 KoMILIeKca. [loHuMaHVe HAMPaBIeHUSI UX
pasjieTa MOXET IIOMOYb B TPOTHO3UPOBAHUY HOBBIX
MEeCT JIOKaJU3alluy BPEeJUTEs, UTO IO3BOJUT MIPU-
HSITb CBOEBPEMEHHbBIE MePbI [JIS UX TPEeIOTBPAIIeHN T,
TEM CaMbIM YMEHbIIAs PUCK BCIIBIIIKY YNCIEHHOCTH
KOpOeJa, ¥ CHU3UTh BEPOSTHOCTD MIPSIMOTO U COMYT-
CTBYIOIIETO yIepba.

VccrenoBaHue II0KA3aJio BO3MOXXHOCTb IIPU-
MeHeHUs MapKUPOBKU Kopoeja-Tumnorpada aByMa
crioco6aMy — MOPOIIKOM JIIOMUHOGOPA U HACEUKOU
Ha CKaTe HAJKPBLIUN — IJIS U3YUYEHUST MUTPAIUUA
JKYKOB. [IpuMeHeHue JIoMUHODOPa MO3BOJILET Olle-
HUTb HaIlpaBJieHUe pasJjieTa Kopoema. Takoi cmocob
MapKUPOBKU IMTO3BOJISIET OBICTPO OKPACUTH OOJIBIIOE
YKCJI0 0co6Geit KOPOe0B pa3INUHOro pasMepa. K ero
HEeZOCTAaTKaM MOXKHO OTHECTH CITOCOBGHOCTD K Tepe-
Jlade KPYIIUIL TTIOPOIIKa Ha HEMapPKUPOBAHHBIX JKYKOB,
a Tak)Ke BEePOSTHOCTH ITOTEPU ITOPOIITKA HACEKOMBIMU
C TeUeHeM BPEMEHN.

Haceuka sBJisieTcst 60Jiee HaJeXKHBIM MapKEPOM,
COXPaHSIOIUMCS B TeUeHNe BCel )KU3HU HaCeKOMOTO,
OJTHAKO TIOIXOIUT JIJIsI HAHECEHUS TOJIbKO Ha KPYITHbIX
0c006s1X. ITOT METO, IIPHEMJIEM JIJIS IIPOLOJIKUTENIHHO-
T'O TIEPUO/ia UCCIEIOBAHUT.

[Topourok TroMrHOMOPa 1 HaceUKa Ha CKaTe HaJl-
KPBLIUH )KYKOB SIBJISIOTCS JTOITYCTUMbBIMU CITOCO6aMU
MapKUPOBKY KOPOEJIOB U MTO3BOJIAIOT PEIIUTD BOIIPOC
OTCJIEKUBAHUSI MUTPAIIMOHHON aKTUBHOCTU KOpOe-
JIOB, a TAaK)X€ PacCIPOCTPAaHEHUS aCCOIIMUPOBAHHBIX
C HUMU OTTaCHBIX HEMATOIHBIX ¥ TPUOHBIX TTATOTEHOB.

powder grains may be transferred to the body of un-
marked specimens during their long-term presence
in the trap’s catching cup. Therefore, it is important to
consider the possibility of cross-contamination and to
use additional methods to minimize errors when us-
ing this method.

Although notch marking is a reliable method, it
is quite a labor-intensive process. In addition, when
studying ecological characteristics, it is impossible to
mark small beetles with notches, such as Crypturgus
hispidulus C.G. Thomson, 1870, Pityogenes chalcographus
Linnaeus, 1761, whose sizes do not exceed 1.5 mm. In
such cases, only powder marking remains an accept-
able option. This method allows for the effective mark-
ing of small species in large quantities, while minimiz-
ing the risk of damage to insects and ensuring their
safety.

Bark beetles can transmit various pathogens
that pose a serious threat to the host plant. For ex-
ample, various nematode species— Bursaphelenchus
paraburgeri, B. doui, as well as Teratorhabditis synpapil-
lata and Micoletzkya synpapillata have been recorded in
Scots pine wood, which are transmitted by Ips acumina-
tus (Chalkin et al., 2024a). These nematodes were not-
ed in large numbers under the beetle elytra. By pene-
trating the wood, bark beetles create conditions for the
dispersal of these pathogens, which damage the vascu-
lar system of trees. Pathogenic nematodes can cause
drying of both small areas of wood and the death of
the entire tree.

CONCLUSION

Studying the range and direction of bark beetle flight
is an important tool for protecting forest ecosystems
and preventing losses of the forest complex. Under-
standing the direction of their flight can help in pre-
dicting new locations of pest localization, which will
allow timely measures to be taken to prevent them,
thereby reducing the risk of bark beetle outbreaks
and reducing the likelihood of direct and collateral
damage.

The study showed the possibility of using two
marking methods of the bark beetle (fluorescent pow-
der and notches on the elytra slope) to study the bee-
tle migration. The use of fluorescent powder allows to
estimate the direction of the bark beetle’s flight. This
marking method allows to quickly color a large number
of bark beetles of various sizes. Its disadvantages in-
clude the ability to transfer powder grains to unmarked
beetles, as well as the likelihood of the insects losing
powder over time.

The notch is a more reliable marker, which re-
mains throughout the insect’s life, but is only suitable
for application to large specimens. This method is suit-
able for long-term studies.

Fluorescent powder and notches on the bee-
tles’ elytra slope are acceptable methods of marking
bark beetles and make it possible to resolve the issue
of tracking the migratory activity of bark beetles, as
well as the spread of dangerous nematode and fungal
pathogens associated with them.
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