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AHHOTALIUA
[IpemcTaBJeHbl PE3YJbTAaThl YETHIPEXJETHETO
(2017-2020 rr.) uccinemoBaHusa GUTOCAHUTAPHOTO CO-
CTOSTHVIS JIECHBIX GHI0IIEHO30B 0C060 OXPaHsIEeMbIX ITPH-
ponubix Tepputopuii (OOIIT) Pecriybimku Kapenuu.
[TpoBemeHa KOMILJIEKCHAS HAYYHO-HUCCIIEIOBATEIbCKAS
pabora B 2 3amoBegHuKax («KuBau» u «KOCTOMYKIII-
CKMIi») ¥ 2 HallMOHAJbHbBIX IMapKax («Bomao3epcKuii»
u «[TaaHaspBu»). Bo Bcex OOIIT 3aduKCHUPOBAHO
IpUCYTCTBUE Kopoema-turorpada Ips typographus
(Linnaeus, 1758) ¢ ero Hau60JbllIeli YMCIEHHOCThIO Ha
yJyacTKax Jieca C HapyIIeHHOH YyCTOMYMBOCTEIO (TI0%Ka-
puIlia ¥ BeTpoBaJbl). UepHble ycauu poma Monochamus
Dejean, 1821 Taxxxe oTMedeHbl BO Bcex OOIIT, HO
HauboJIbIlllee Uynciio BUmoB M. sutor (Linnaeus, 1758),
M. urussovi (Fisch., 1806), M. galloprovincialis (Oliv., 1795)
3aperucTPUPOBAHO B 3alI0BeHNKe «KuBau» 1 HAIKO-
HaJIbHOM mapke (HIT) «Bomyiozepckuii». CUOUPCKUN
mesikortpsiz Dendrolimus sibiricus Tschetw. v HeTTapHBIN
menkonpsy Lymantria dispar (Linnaeus, 1758) B uc-
caenyeMbix OOIIT OTII0BIEHBI HE GbLIU. B IpeBeCHBIX
mpobax XBOMHBIX ITOPOJI, 11 eBpoIieiicKo (Picea abies)
¥ COCHBI OGLIKHOBEHHOU (Pinus sylvestris) B HIT «Bog-
JIO3EPCKUI» BBISIBJIEH CJIa60ITaTOreHHBIN BU CTBOJIO-
BOU HeMaTtozbl Bursaphelenchus mucronatus (Mamiya &
Enda, 1979). Cpeny MUKO3HBIX G0Jjie3Hell 0OTMEUYEHO
IIMPOKOE pacHpocTpaHeHre 06bIKHOBEHHOTO IIIOTTE
cocHbl Lophodermium pinastri (Schrad.) Chev., 1826.

Knrouesvte cnoea. DepoMoHHBIE JIOBYLIKY, yCauH,
Monochamus, Ips typographus, Bursaphelenchus mucrona-
tus, MUKPpOMUILIETHI.
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ABSTRACT
The results of a four-year (2017-2020) study of the phy-
tosanitary state of forest biocenoses of specially pro-
tected natural areas (SPNA) of the Republic of Kare-
lia are presented. Comprehensive research work was
carried out in 2 reserves (Kivach and Kostomukshs-
ky) and 2 national parks (Vodlozersky and Paanajarvi).
In all protected areas, the presence of the bark beetle
Ips typographus (Linnaeus, 1758) was recorded with its
largest number in forest areas with disturbed stability
(fires and windfalls). Beetles of the genus Monochamus
Dejean, 1821 are also detected in all protected areas,
but the largest number of the species M. sutor (Linnae-
us, 1758), M. urussovi (Fisch., 1806), M. galloprovincialis
(Oliv., 1795) are registered in the nature reserve “Ki-
vach” and the national park (NP) “Vodlozersky”. Sibe-
rian silk moth Dendrolimus sibiricus Tschetw. and the
gypsy moth Lymantria dispar (Linnaeus, 1758) were not
detected in the studied SPNAs. In wood samples of co-
niferous species of European spruce (Picea abies) and
Scotch pine (Pinus sylvestris) in the NP “Vodlozersky”
a weakly pathogenic species of pinewood nematode
was revealed Bursaphelenchus mucronatus (Mamiya &
Enda, 1979). Among mycotic diseases, a wide spread-
ing of the needle cast of pine Lophodermium pinastri
(Schrad.) Chev., 1826 is noted.

Keywords. Pheromone traps, capricorn beetle,
Monochamus, Ips typographus, Bursaphelenchus mucrona-
tus, micromycetes.
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BBEJEHUE

CHOBHOE TIpegHasHaueHue 0cob60
OXPaHSIEMBbIX MTPUPOLHBIX TEPPUTO-
puii — 3aMyUTa €CTeCTBEHHBIX JIAH/I-
madTOB U oA e PrKaHKe SKOJIOoTuyue-
ckoro 6ayanca (Ocob6o oxpaHsiEMbIe
IpuponHble Teppuropuu, 2017).
B HacTogiee BpeMsa B Pecmybiinike
Kapenuyu  OpUpPOAHO-3AMIOBEIHBIN
¢oup BraouaeT 114 o6bEeKTOB, M3 HUX 7 (3aIloBe-
HUKU — «KuBau», «KOCTOMYKIICKUI», HAIIMOHAJIbHbIE
napku — «[laaHasgpBu», «Bommosepckuii», «Kaie-
BaJIbCKUII», 300JI0TUUECKUE 3aKa3HUKY — «KIDKCKUi»
u «OJIOHEeLKNI») nMeloT emepanabHoe 3HaueHune (Co-
XpaHeHue ILEHHbBIX IIPUPOIHLIX TeppuTopuii, 2011).
B mesmom miomazns OOIIT B Kapenuu cocraBisger
4,8% (8275,2 kM?) OT OOIIe¥ IO peciy6IuKe, YTO
MEHbIIle, YeM B IIpUJIETAUNX 00JacTIx: B ApxaH-
reabckoir — 7,3% (42 880,2 kM?) m MypMaHCKOU —
10,1% (14 634,9 km?) (CoxpaHeHUe LEeHHbBIX IIPUPOI-
HBIX TeppuTopuii, 2011).

B HacTosdllee BpeMs Ha OXPaHAEMBIX TepPPU-
Topuax Kapeiny CKOHIIEHTPHUPOBAHBI IPUPOLHbIE
KOMILJIEKCHI BOJHBIX 6ACCEMHOB U JIECHBIX OMOIIEHO-
30B, a BBITIHYTOCTh PECITYOJUKY B MEPUAVOHAIBHOM
HaIpaBJIEHUH, T/Ie TTOCTEeIIEHHO CMEHSIIOTCS I00KHAad,
CpenHss U ceBepHas MON30HbI TAWTU, JIECOTYHPA
U TYHJpa, I03BOJdgeT BKJIWOUaTh B cucteMy OOIIT
pasHoob6pa3Hbie TUIILI 6MOIeHO030B. Hanbojiee MHO-
TOYKCJIEHHON ¥ Pa3HO06pa3HO B TAKCOHOMUYECKOM
¥ BKOJIOTUYECKOM OTHONIEHU U TPYIITION ABISIOTCS Ha-
CEeKOMbIe, CBI3aHHbIE C XBOMHBIMY ITIOPOLAMU.

MATEPUAJ 1 METO/IbI

BpenHble OpraHu3Mbl, KOTOPBIE MTapa3UTUPYIOT Mpe-
UMYIIECTBEHHO Ha XBOWHBIX ITOPOJaX J€PEBbEB, BBI-
SIBJISIJIV B 3allOBEHMKAX U HAIIMOHAJbHBIX ITapKax
B pasJuuHbIX o0sacTax Pecrnyonuku Kapenuu (PK).
Vzyuennsle npurpanudnbsie OOIIT («[TaaHasgspBuU»
1 «KOCTOMYKIIKM») TPUMBIKAIOT K IPYTUM OXPaHsI-
€MbIM TEPPUTOPUSIM, YTO YBEJIUUYNBAET OBIIYIO I1JIO-
masb 30HbI (Tabut. 1). Ha Gosbuieit 4acTy n3ydvaeMbIX
TEPPUTOPUN CKOHIIEHTPUPOBAHBI Hanbojiee TUITUY-
HbIE CPeIHEeTaeKHbIe JJaHAMA(ThI, COXPAHUBIINECS
B HEHapPYIIEeHHOM COCTOSTHUU. K 3TUM yyacTKaM OTHO-
CATCS U KOPEHHbBIE TUTIHI Jieca (eIbHUKU U COCHSIKM),
coxpansioive 6ruopazHoo6pasye U SBJISIONIAECS dTa-
JIOHHBIMU TEPPUTOPUSIMU.

B TeueHMe 4 MOJIEBBIX CE30HOB (Mall — CEHTIOPb)
2017-2020 rt. uccaengoBanus nposoauau B 4 OOIIT PK
(puc. 1). B mmoyieBbIX c6opax ObLI IpUMeHEH (DepoMO-
HUTOPUWHT, KaK 3(pHeKTUBHBIN CITOCO0 yUueTa BPpeIHbBIX
HaceKoMbIX (JIeGemeBa u p., 2001), ¢ KCIIOJIb30BaHHEM
KOMILJIIEKTOB JIOBYIIIEK C (hePOMOHAMHU ITPOU3BOICTBA
OT'BY «BHUUKP», [lg c6opa MaTepuaia MpUMeHs-
Juch (epoMOHHBIE JIOBYIIKY 6apbepPHO-BOPOHYATO-
T0 TUMA JJIS OTJI0BA KECTKOKPBLIBIX — ycauel poza
Monochamus, Ips typographus — i eJIbTOBUIHBIE JIOBYIII-
KU IJisT YelryeKpbLIbixX — Lymantria dispar (Linnaeus,
1758) u Dendrolimus sibiricus Tschetw. CorjiacHO UH-
CTPYKIIMU TI0 MPUMEHEHUI0, JIOBYIIKM pasMellanu
Ha paccTossHuu 1,5—-2 MeTpa OT MOBEPXHOCTHU JIECHOM
nogcTuyiku. C60p HACEKOMBIX TaKXKe ITPOBOIUIICS PyY-
HBIM CITOCO60M CO CTBOJIOB Ha ITOBPEXKAEHHBIX BO3/IEH-
CTBUEM abMOTUUYECKUX (PaKTOPOB yUaCTKax Jieca — BET-
poBaJiax u rapsx (puc. 2).

INTRODUCTION

he main purpose of specially protected na-

tural areas is to protect natural landscapes

and maintain an ecological balance (Spe-

cially protected natural areas, 2017). Cur-

rently, in the Republic of Karelia, the na-
ture reserve fund includes 114 objects, of which
7 (reserves — “Kivach”, “Kostomukshsky”, national
parks — “Paanajarvi”, “Vodlozersky”, “Kalevalsky”, zo-
ological reserves — “Kizhi” and “Olonetsky”) are of fe-
deral importance (Conservation of valuable natural
areas, 2011). In general, the surface of protected areas
in Karelia is 4.8% (8275.2 km?) of the total in the re-
public, which is less than in the adjacent regions: in
Arkhangelsk — 7.3% (42,880.2 km?) and Murmansk —
10.1 % (14,634.9 km?) (Conservation of valuable natu-
ral areas, 2011).

At present, natural complexes of water basins and
forest biocenoses are concentrated in the protected
areas of Karelia, and the elongation of the republic in
the meridional direction, where the southern, middle
and northern subzones of taiga, forest tundra and tund-
ra are gradually replaced, makes it possible to include
various types of biocenoses in the system of protected
areas. The most numerous and diverse taxonomic and
ecological group are insects associated with conifers.

MATERIAL AND METHODS

Pests that colonize mainly on coniferous trees have
been detected in reserves and national parks in vari-
ous regions of the Republic of Karelia. The studied bor-
dering protected areas (Paanajirvi and Kostomukshky)
adjoin other protected areas, which increases the total
area of the zone (Table 1). Most of the studied territo-
ries concentrate the most typical mid-taiga landscapes,
preserved in an undisturbed state. These areas also in-
clude indigenous forest types (spruce and pine forests)
that preserve biodiversity and are reference areas.
During 4 field seasons (May — September)
2017-2020. studies were carried out in 4 protected
areas of the Republic of Kazakhstan (Fig. 1). In the field,
pheromonitoring was used as an effective method for
recording harmful insects (Lebedeva et al., 2001), using
sets of pheromone traps produced by FGBU “VNIIKR”.
To collect the material, pheromone traps of the barri-
er funnel type were used to capture coleoptera of the
genus Monochamus, Ips typographus and delta traps for
Lepidoptera — Lymantria dispar (Linnaeus, 1758) and
Dendrolimus sibiricus Tschetw. According to the instruc-
tions, the traps were placed at a distance of 1.5-2 me-
ters from the surface of the forest floor. The collection
of insects was also carried out by hand from the trunks
on areas of the forest damaged by the impact of abio-
tic factors — windblows and burned-out areas (Fig. 2).
To identify pine wood nematodes, fragments of wood
(15-30 cm in diameter, up to 20 cm long) of coniferous
trees with characteristic features: crown drying, obvious
signs of damage to the trunks (larval holes of insects),
blue wood (infection by fungi, etc.) were selected. Ex-
traction and identification of nematodes were carried out
by the Berman method using PCR diagnostics according
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Tao6auina 1
Oo6maga xapakrepucTuka ucciaeayembix OOIIT B Pecnnyoiuke Kapeauu
«KuBau»

«BozJ103epCcKuii» TocymapcTBeHHBIH

HaljuoHaJIbHBIHA MapK «ITaaHasspBU» MPUPOSHBII «KOCTOMYKIICKHA»
Cratyc (HIT) HII 3anmoBegHuK (I'TI3) TITI3
T'osi OCHOBAHUS 1991 1992 1931 1983
Pation PK [TymosxcKui JloyxcKkui Konomoxckuit Mye3zepckuii paiion

1 KOCTOMYKIICKUH
TOPOJICKOM OKPYT

BkiroueHue HIT «BogJio3epcKuii» HIT «Oynanka» = HIT «Ipyx6a»
OOIIT B cocemaue (ApxaHreyibcKas 06acTh) (PUHIAHICKAS (buHIgHICKAS
OXpaHsIeMbIE Pecmy06JyinKa) Pecmy0yimka)
TEPPUTOPUU
[IpupomHas 3oHa CpenHeTaexxXHas CeBepoTaexHas CpenHeTaexxHas CeBepoTaexHas
[Tnomazs (ra) Pecny6simka Kapeaus — 104 473 10930,9 49 258,62

127108

ApxaHreyibcKas 06J1acTb —

341 085

(ob1mras mIomamb —

468 193)
Cpennuti Bozpact 250-380 JieT 350-450 net 150-190 net 80-280 net
JIECOHACAKIAEHU N
OCHOBHBIE JlecomnokpeiTeie — 51,1%:  JleCOIIOKPEBITEIE — JlecomokpeIThIE — JleconoKprITEIE —
TUIIbI JIECHBIX COCHOBBIE — 46,2%, 74,6%: 85,4%: 60,6%:
OUOIIeHO30B eJioBble — 50,2%, cocHOBbIE — 24,02%, cocHOBbIE —44%, cocHoBbIE — 80,4%),

JIMCTBEeHHBIE — 3,4%

eJioBbIE — 69,78%,
JNCTBEHHBIE — 7%

eJIOBBIE — 32%, K-
CTBEHHBIE — 23%

eJioBbie — 19,1%,
JIICTBEHHBIE —

meHee 1%

Tabnvua 1 cocTaBnieHa Ha OCHOBaHMM UCTOYHMKOB (AHaHbeB 1 ap., 2010; CoxpaHeHue LeHHbIX MPUPOLHbIX
Tepputopwmii, 2011; Ocobo oxpaHseMble NpupoaHblie TeppuTopun, 2017; Mpomues 1 ap., 2003; KpaBueHko v ap., 2017).

[J151 BBISIBJIEHMS CTBOJIOBBIX HEMATOI, OTOMPAJINCD
(bparmenTs! ApeBecuHsb! (muameTpom 15-30 cM, Oyiu-
HO¥ 10 20 ¢M) JepeBbeB XBOMHLIX IIOPOJ, UMEIIINX
XapaKTepHble TIPU3HAKU: YChIXaHWe KPOHBI, IBHbIE
MMPU3HAKY TTOPAKEHUS CTBOJIOB (IMUYMHOUYHBIE XOJLbI
HAaCEeKOMBIX), CHHEBY JpeBEeCUHBI (3apakeHue rpuba-
MU 4 1p.). BoigeneHue u ueHTUGUKAIINSI HEMATOT,
IIPOBOAUJNCH METOLOM BepMaHa ¢ IMpUMeHEeHUEM
[TIIP-gquarHoCTuKu corjlacHo crangapty BHUUKP
(CTO BHUUKP 6.003-2010). [IpeaBapuTeIbHOE BBISB-
JIeHVe CUMIITOMOB BO30yauTe el 3a60eBaHUN XBOU
ITPOBOJIMJIY BU3YaJIbHBIM METO/IOM. JJaJlbHENIITIUHI MU-
KOJIOTUYECKU aHaJM3 BBIIIOJHEH METOJLaMU BJIaX-
HOY KaMepbl U BbIIEJIEHUS Ha MIUTATEJIbHYIO CPemy.
VpenTudukaiys rpu60B MPOU3BOAUIACH ITYTEM MU-
KPOCKOIIMPOBAHMS C HMCIIOJb30BAHNEM OIIPEIEeIUTEe-
Jeit (Barnett, Hunter, 1998; )Kykos, l'opauenxko, 2003).

PE3VJIBTATBI U OBCYKJEHUE

[TepBOMIPUYNHON ociabiieHus 1 rubey XBOUHBIX Jie-
COB B U3y4aeMOM PeTUoHe B OOJIbIINHCTBE CIYUaeB SIB-
JISIOTCS HaJIM4YMe CKOTIJIEHU BETPOBAJIbHBIX CTBOJIOB
U nepeysyakHeHre. COBOKYITHOCTb 3TUX (PaKTOPOB
Co37aeT 6JIarONPUATHBIE YCIIOBUS A1 PA3BUTHS KCUJIO-
OMOHTOB 1 BOSHMKHOBEHUS BCITBINIIEK YNCJIEHHOCTH He-
KOTOPBIX OTIaCHBIX BpenuTesier OKuryHos u ap., 2007).
Tak, POCT YMCJIEHHOCTHU Kopoea-Turorpada B pasHoe
BpeMs HabJIromascs 1Mo Becek Teppuropuu PK, aB 2001 1.

to the VNIIKR standard (STO VNIIKR 6.003-2010). The
preliminary identification of the symptoms of the causa-
tive agents of needles diseases was carried out by a visu-
al method. Further mycological analysis was performed
by the methods of a moist chamber and isolation on a
nutrient medium. Identification of fungi was carried out
by microscopy using identifiers (Barnett, Hunter, 1998;
Zhukov, Gordienko, 2003).

RESULTS AND DISCUSSION

The primary cause of the weakening and death of coni-
ferous forests in the studied region in most cases is the
presence of accumulations of windblown trunks and
waterlogging. The combination of these factors creates
favorable conditions for the development of xylobionts
and the occurrence of outbreaks of the number of some
harmful pests (Zhigunov et al., 2007). Thus, an increase
in the number of the typographer bark beetles at diffe-
rent times was observed throughout the territory of the
Republic of Kazakhstan, and in 2001 the bark beetle
sharply increased its number and became a massive
factor in the weakening of the condition and drying out
of spruce in the NP “Vodlozersky” (Polevoy et al., 2006).

Mionb N2 2 (6) 2021 11



HALLU 3KCNEOAMUMN  OUR EXPEDITIONS

KOpoez, pPe3K0 YBEJIMUMJI CBOe KOJIMUECTBO U CTaJI Mac-
COBBIM (haKTOPOM OCJIabJIEHUS COCTOSTHUS U YChIXaHUS
esiu B HIT «Bogosepckuii» (ITosieBoii u Ap., 2006). B mie-
puon uccienoBanuii (marHbie 2018 I.) III0THOCTD KOPO-
ella B MeCcTax CKOILIEHUWI BaJie)ka TTapKa yyKe CTabuim-
3MPOBAJIACH, ¥ B JIOBYIIIKY ITOIAIaJIOCh HE3HAYNUTEJbHOE
ymcyo ocobert. Takyke MMaro TUITOrpadoB PEruCTPUPO-
BaJIM U B Apyrux ucciaenyembix OOIIT (Tabi. 2).

C momoIbi0 GepOMOHHBIX JIOBYLIEK YCTaHOBJIE-
HbI (DEHOJIOTMYECKHE CPOKM aKTUBHOTO JIETA UMAro
Kopoema-Turiorpada B 3armoBefHuKe «KuBau», KOTO-
poiti B 2019 u 2020 rT. uMeJ OJHY TeHepalluio C O4HUM
CECTPMHCKUM IIOKOJIeHreM. Hauao nepuoga JETHOU
aKTUBHOCTU TUMOTrpad)a OTMEUEeHO B TPEThIO JleKa-
Iy Masi, TIpU AHEeBHOU TeMmepaType Bo3ayxa +11 °C,
a 3aBepllIeHue — B IEPBYIO JeKaay ceHTa6ps (puc. 3).
3a 3TOT Iepuo, 0TMEYaJIOCh 2 MaKCUMyMa YUCJIEHHOC-
TH ©Maro Tunorpada IprMepPHO B OJHU 1 TE XKe CPOKU
e)xeronHo. [lepBast BoJIHA BO3PACTAHUS YNCIEHHOCTH
HabJI0Iaach BO BTOPOU leKajle UI0OHS, ¥ 3TO CBSI3aHO
C TIOMCKOM KOPMOBBIX IePeBbeB, 00pa3oBaHNEM ceMel
MaTepPUHCKUM ITIOKOJIeHUEM. BTopas BojHa 3aUKCH-
pOBaHa B KOHIIEe BTOPOU JeKa bl UIOJIS, UTO YKa3bIBAET
Ha oO0pa3oBaHKe TUIIOrPadoM CeCTPUHCKOTO IIOKOJIe-
HU. B KOHIIe aBrycra Kopoefia-tTurorpada perucTpu-
poOBaJI B JIOBYIIKAX €IUHWYHO, YTO IIperojiaraeT
MMOATOTOBKY MMaro K 3uMOBKe. [Ipy 0CMOTpe KOpPbI
oTMevanu 60JIbIIYI0 YaCTh 3TUX XKYKOB B IIPOZEJIaH-
HBIX MU XO/IaX, APYTUX 0cobel Turorpada Haxoauim
B MIOYBEHHOMU MOJICTUJIKE BMECTE C KYCKaMU OTIaBIIel

During the study period (data of 2018), the population
density of the bark beetle in the areas of accumulation
of dead wood in the park had already stabilized, and a
small number of individuals fell into the trap. Also, the
imagoes of typographers were recorded in other stu-
died PAs (Table 2).

Using pheromone traps, the phenological periods
of active flight of the imagoes of the typographer bark
beetles in the Kivach reserve were established, which
in 2019 and 2020 had one generation with the sister ge-
neration. The beginning of the period of flight activity of
the typographer was noted in the third week of May, at a
daytime air temperature of +11 °C, and the end — in the
first week of September (Fig. 3). During this period, there
were two maximums in the number of the typographer’s
imagoes at approximately the same time every year. The
first wave of population growth was observed in the se-
cond week of June, and this is due to the search for forage
trees, the formation of families by the maternal genera-
tion. The second wave was recorded at the end of the se-
cond week of July, which indicates the formation of a sis-
ter generation by the typographer. At the end of August,
the typographer bark beetle was recorded in traps once,
which implies the preparation of adults for wintering.
When examining the bark, most of these beetles were
noted in the galleries they made, other individuals of the
typographer were found in the soil litter along with pieces
of fallen bark. The typographer bark beetle is wide-
spread within the boundaries of the studied territories in
the European part of the Russian Federation. However,

Table 1
General characteristics of the studied protected areas in the Republic of Karelia (RK)
“Kivach”
“Vodlozersky” “Paanajarvi” State Nature “Kostomukshsky”

Status National Park (NP) NP Reserve (SNR) SNR

Year of foundation 1991 1992 1931 1983

District of the RK ~ Pudozhsky Loukhsky Kondopozhsky Muezersky District and
Kostomuksha Urban
District

Inclusion of NP “Vodlozersky” NP “Oulanka” = NP “Druzhba”

protected areasin  (Arkhangelsk Oblast) (Republic of Fin- (Republic of Finland)

adjacent protected land)

areas

Natural area Middle-taiga North taiga Middle-taiga North taiga

Area (ha) Republic of Karelia—127 108 104 473 10930.9 49 258.62

Arkhangelsk Oblast —341 085
(total area — 468 193)

Average age
of forest stands

250-380 years

350-450 years

150-190 years 80-280 years

Wooded - 51.1%:
pine — 46.2%,
spruce — 50.2%,
deciduous - 3.4%

The main types
of forest
biocenoses

Wooded — 74.6%: Wooded —85.4%: Wooded — 60.6%:
pine — 24.02%,
spruce — 69.78%, spruce —32%,
deciduous — 7%  deciduous —23% deciduous — less than 1%

pine — 44%, pine — 80.4%,

spruce —19.1%,

Table 1 was compiled on the basis of sources (Ananiev et al., 2010; Conservation of valuable natural areas, 2011;
Specially protected natural areas, 2017; Gromtsev et al., 2003; Kravchenko et al., 2017).

duTtocaHutapus. KapaHTuH pacteHuin 12
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Puc. 1. PacnonoxxeHune nccnegyeMbix
oonNnT B Pecnybnuke Kapenuu n MmappyTt
akcneguumii 2017-2020 rr.;

1 - HM «Bognosepckuin»,

2 — HIM «MaaHaspsu»,

Fig. 1. Location of the studied PAs

in the Republic of Karelia

and the route of expeditions 2017-2020;
1 - NP “Vodlozersky”,

2 — NP “Paanajarvi”,

in the process of international
trade or through accidental drift,
bark beetles Ips spp. can get there
from other territories and become
adapted. All these factors can neg-
atively affect the state of conife-
rous stands of the Republic of Ka-

zakhstan (Kulinich et al., 2021).
Mass stem pests include

LsuHcxan . .
2yGa Japanese pine engraver Tomicus
piniperda (Linnaeus, 1758) and
Apxanremex small pine engraver Tomicus mi-
nor (Hartig, 1834). Typical traces
of their damage were recorded
on dry and felled pines through-
out the study area (small pine
engraver makes the beginning of
the gallery in the form of a brack-
et, and Japanese pine engraver —
in the form of a hook). On the
whole, the pine forests of Karelia
are characterized by three types
of tree death and their coloniza-
tion by xylophages (Mozolevs-
kaya et al., 1991). Stem (72%)
and butt (25%) types are as-
sociated with windblows, pine
sponge infestation and excessive
moisture. The apical (3%) type is
less common, the cause of which
is the defeat of pine resin cancer.
Among the stem pests of de-
ciduous trees, damage was most
often found in Scolytus ratzeburgi
Janson, 1856 (birch sapwood).
Settlements of birch sapwood are
well recognized by round holes in
the bark. Under the bark, a lon-

MupHen
©

Hargoma
)

3 = I'M3 «KocToMyKLWCKunit», 4 — M3 «Kusau» 3 — SNR “Kostomukshsky”, 4 — SNR “Kivach” gitudinal uterine gallery (about

kopbl. Kopoen-tumnorpad mMUPOKO pacIpocTpaHeH
B rpPaHUIlaX U3yvYaeMbIX TEPPUTOPUY Ha €BPOTIEHCKOM
vactu P®. Tyna, olHaKo, B TIPOIeCcCe MEXIYHAPOIHON
TOPTOBJIM MJIU TIOCPEACTBOM CJIyYaiiHOTO 3aHOCA MO-
TYT MPOHUKHYTD C APYTUX TEPPUTOPUHN U aKKIMMaTH-
3UPOBaThCS KOpoenkl Ips spp. Bce 3To BMecTe MOXeT
HEraTHUBHO BJIMSATh Ha COCTOSTHIE XBOMHBIX IPEBOCTO-
eB PK (Kynmuuuy u gp., 2021).

K MaccoBbIM CTBOJIOBBIM BPELUTENSIM OTHOCSITCS
Gousbioit Tomicus piniperda (Linnaeus, 1758) 1 MaJbIi
cocHOBbIe Jiyboensr Tomicus minor (Hartig, 1834). Xa-
paKTepHBIE CIIEIbI OT UX TTOBPEXIEHUN PETUCTPUPO-
BaJIM Ha CyXOCTO€ U IIOBAJIEHHBIX COCHAX I10 BCEI TEP-
puTopuu MccaenoBaHui (y Majoro jgy6oena Havao
X0Jla — B BUJIe CKOOKY, a Y 6OJIBIIOTO — KPIOUKO06pas-
Hoe). B 11ej1oM »ke [I1J1s COCHSIKOB Kapeuu xapakTepHo
3 TUMa OTMUPAHUS JePEBbEB U UX 3aCeNIeHUST KCUIJIO-
taramu (MozoJieBcKas u Ap., 1991). CTBoJIOBbIH (72%)
1 KOMJIEBOI (25%) TUIIBI CBSI3aHbI C BETPOBAJIaMU, I10-
PaXKeHHOCTbIO COCHOBOM T'YOKOU U M3GBITOYHBIM YB-
JIa)kKHEHVEeM. MeHee pacIIpocTpaHeH BepIINHHbIH (3%)
THUII, IPUYNHON BO3HMKHOBEHUS KOTOPOTO SIBJISIETCS
IIOpa’keHKe CMOJITHBIM PAKOM COCHBL.

Cpeny CTBOJIOBBIX BpPeIUTEJel JUCTBEHHBIX
IIOPOJ, IepeBbeB Yalle BCEro HaXOAUIU IIOBPEXIe-
Husa Scolytus ratzeburgi Janson, 1856 (3a60JIOHHUK

Puc. 2. C6op maTepuana  Fig. 2. Collecting material

y akonoruyeckoi Tponbl  from the ecological trail

Ha BeplmnHy . KuBakka, to the summit of Kivakka, 2018
2018 . (hoTo aBTOpOB) (photo by the authors)

Mionb N2 2 (6) 2021 13
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Tab6auia 2

BceTpeuaeMocCTh KyKOB B uccieayembix OOIIT PK
(oTs10BJIEHHBIX (hePOMOHHBIMMU JIOBYIIKAMMU)

8 cm long) is deeply imprinted
on the sapwood, the larval galle-
ries are long, meandrous, located
perpendicular to the uterine
gallery in the thickness of the

bark. The sapwood attacks birch
+ trunks weakened by fire or fresh-

ly felled with a diameter of at
least 16 cm. The flight of beetles

+ was recorded in mid-July.

Many Monochamus species
are among the secondary forest

TakcoHn Boajo3zepckuii IlaanaapBu KuBau KocTomMyKuickuii
Ips typographus + + +
Monochamus sutor  + + + +
M. galloprovincialis + = +
M. urussovi + - + -
Kon-so
OTIORIEHHEIX OcoGet i o
400
L20.0
300
200
- 10.0
100
Mait HIOTB cenTabps

Puc. 3. AuHaMuka néta
YKYKOB Kopoega-Tunorpaca
(Ips typographus) B enosom
OpeBoCTOe 3anoBefHNKA
«Knau» B 2020 .
CnnowHas nMHUA — Kpueas
UMCIEHHOCTU OT/IOBJIEHHbIX
KOpOenoB, NyHKTUpHas
NIVHUS — U30TEPMa; AJIMHHANA
yepTa Ha roOpU30OHTasIbHOM
ocK — Hayano mMecaua.

Fig. 3. Dynamics of the flight
of the typographer bark
beetle (Ips typographus)

in the spruce stand

of the Kivach reserve in 2020.
The solid line is the curve of
the number of captured bark
beetles, the dotted line is

the isotherm; long bar on the
horizontal axis — the beginning
of the month.

6epe30Bbiit). [ToceseHus 3a60JI0HHUKA 6EPE30BOT0 XO-
POIIIO Y3HAIOTCS 10 KPYTJIBIM OTBEPCTUSM Ha Kope. [Tof
KOpo¥ Ha 3a60JI0HU TJIy6G0KO OTIIeYaThIBAeTCS ITPO-
JIOJIbHBIM MaTOUYHBIN X0 (IJIMHOM OKOJIO 8 CM), TUYH-
HOYHBIE XO/IbI IJTUHHBIE, U3BUJIMCTHIE, PACIIOJIOXKEHBI
MePIEeHINKYISIPHO MAaTOYHOMY XOAY B TOJIIE KOPHI.
3ab0JIOHHUK HATIaZaeT Ha OcJIabIeHHbIE TTOXKaPOM WU
CBe)XecBaJIeHHBIE CTBOJIBI 6epes, IuaMeTpoM He MeHee
16 cM. JIET )KyKOB PETUCTPUPOBAJIU B CEPENUHE UIOJIS.

MHuorue ycauu posa Monochamus OTHOCSITCS K YUC-
JIy BTODUYHBIX BPELUTEJIEeH JIeca,
3acesgiuX, Kak IIpaBuiio, oc-
JiabJIeHHbIE U TTOBAaJIEHHbIE Jlepe-
Bbs, Heob6paboTaHHbIE JecoMa-
TepuaJibl ¥ IOPYyOOUYHbIE OCTATKU
(McaeB u np., 1988). B hepoMOH-

Table 2

pests, inhabiting, as a rule, weak-

ened and fallen trees, untreated
timber and felling residues (Isaev et al., 1988). 3 Mono-
chamus species were captured in pheromone traps,
among them M. sutor is widespread throughout the ter-
ritory of the Republic of Karelia (Table 2), M. galloprovin-
cialis and M. urussovi can be found quite less often. No
Monochamus outbreaks were found on burnt-out areas
and windbreak and windfall areas of forest plantations.

Monochamus species pose a threat primarily as po-
tential vectors of the pine wood nematode Bursaphelen-
chus xylophilus (Steiner & Buhrer, 1934) Nickle, 1970.
Currently, the territory of the Russian Federation is
considered free of this nematode species (National Re-
port, 2020). However, a closely related weakly patho-
genic species B. mucronatus was recorded in the Kivach
and Vodlozersky reserves (Table 3, Fig. 4).

Phytoparasitic nematodes (order Rhabditida)
were recorded in the trunks and small branches of
felled pine trees, where damage by Monochamus spp.
was visually noted. Free-living nematodes isolated
from the studied samples were not taken into account.
The population density of B. mucronatus in the analyzed
samples was insignificant — 1-2 nematodes per wood
sample. Laboratory studies have shown that under cer-
tain conditions B. mucronatus can also cause wilt in co-
nifers, especially when co-infected with pathogenic
bacteria (Ryss, Chernetskaya, 2009). The presence of
nematodes is also possible in young pines; they are in-
troduced by Monochamus spp. during their additional
feeding (Akhmatovich, Kotlyarskaya, 2009).

During the period of research on the territories of
protected areas, no dangerous species of Lepidoptera
were identified: Siberian conifer silk moth (D. sibiricus)
and gypsy moth (L. dispar), however, pheromone traps
were attractive to 2 other silkmoth species. Nun moth

The occurrence of beetles in the studied PAs of the Republic
of Kazakhstan (captured by pheromone traps)

Hble JIOBYWIKH GBLIN OTIOBJNE-  Taxon Vodlozersky  Paanajérvi Kivach Kostomukshsky
HBI 3 BUga Monochamus, 13 HUX
M. sutor mUPOKO pacrpocTpanen IPS typogr aphus + + + +
10 BCe#l TePPUTOPUY PeCybmu-  ppo o p o o cson 4 + + +
ku Kapenuu (tabJ. 2), M. gallopro-
vincialis m M. urussovi Bctpedator- M. galloprovincialis + - + +
¢S 3HAYUTEJIbHO perxe. Ha rapsax .
M. urussovi + - + -

1 6ypesloOMHO-BETPOBAJbHBIX

ydJacTKax JIECHBIX HaCaKIeHUN
ovaru MacCOBOTO Pa3MHOXEHUS
Monochamus HaMy 0GHaAPYKEHBI He ObLIU.
Ycauu pozma Monochamus PeJCTABISIOT YTPO3Y
B IIEPBYI0 OUepelb KaK IMTOTEHIINAIbHbIE TEPEHOCUNKYI

dutocaHutapus. KapaHTuH pactenunin = 14
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Ta6uauia 3

Pe3ysbTaThl MCCJIeJOBAaHUS ipeBeCcHbIX Mpo6 B OOIIT PK
Ha HaJiuuue puronapasuTuUueCKUX HeMaTos,

Koui-Bo ipo6 Bcero/ HcciaengoBaHHas

KoJ1-Bo 1po6

OOIIT IMopoma mepeBa  IOJIOKUTEJIBHBIX mwiIomanap (ra) ¢ Bursaphelenchus mucronatus
C 30/6 5,6 1
Kupau
E 8/0 1,9 -
C 21/0 -
[TaaHagpBu 7,57
E 15/0 -
Bomosepckuii C 24/9 41 1
C 14/0 _
KocToMykiuicKui 2,1
E 8/0 -

C — cocHa obblkHOBeHHas (Pinus sylvestris); E — enb cubupckas (Picea obovata) v enb obbikHoBeHHas (Picea abies).

Table 3

The results of the study of wood samples in the protected areas of the Republic
of Kazakhstan for the presence of phytoparasitic nematodes

Total/ Investigated Number of samples with
Protected areas Wood species Positive Samples area (ha) Bursaphelenchus mucronatus
A 30/6 5.6 1
Kivach
B 8/0 1.9 =
A 21/0 -
Paanajarvi 7.57
B 15/0 -
Vodlozersky A 24/9 4.1 1
A 14/0 _
Kostomukshsky 2.1
B 8/0 _

A - Scotch pine (Pinus sylvestris); B — Siberian spruce (Picea obovata) and European spruce (Picea abies).

COCHOBOI CTBOJIOBOI HeMaTonbl Bursaphelenchus
xylophilus (Steiner & Buhrer, 1934) Nickle, 1970. B Ha-
cTosIIee BpeMs TeppuTopust PO cuntaeTcs cBOGOLHON
OT 2TOro Buja HeMaTonbl (HallMOHAJbHBIN JOKJIAI,
2020). OgHako B 3amoBefgHuKax «Kusau» u «BomgJo-
3ePCKU» 3aPerucTPUPOBATN GIN3KOPOACTBEHHBIN
cyiaboraToreHHbIN BU B. mucronatus (Tabu. 3, puc. 4).

Puc. 4. [ peBecHasa HemaToaa
Bursaphelenchus mucronatus:
a — caMeLl,, XBOCToBas YacTb; b — camka,

(Lymantria monacha (Linnaeus, 1758)) was recorded in
traps on the territory of the Kivach nature reserve, and
pine lappet moth (Dendrolimus pini (Linnaeus, 1758)) —
in the Kostomukshsky nature reserve. For the Republic
of Karelia, there is currently a threat of introduction of
dangerous species of silkmoths due to their introduc-
tion into the territory of the European part of the Rus-
sian Federation (Meshcherikov,
2018; Yasyukevich et al., 2019).
As for mycopathogens, in all the
studied areas of the protected
areas, the most often recorded
damage to pine needles by
needle cast of pine Lophodermium
pinastri (Schrad.) Chev. and the
browning of its needles caused
by Rhizosphaera sp. (Table 4).
Almost all of the surveyed
pines showed signs of damage
(spotting, yellowing, drying out)
by various fungal pathogens,

Fig. 4. Pime wood nematode
Bursaphelenchus mucronatus:

a — male, tail; b — female, tail end
XBOCTOBOW KoHel, ¢ Mykpo (choTo E.H. Apby3soBoii)  with mucro (photo by E.N. Arbuzova)
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Ta6auia 4

BcTpeuyaeMoCcTh MUKPOMHIIETOB Ha XBO€ COCHBI
0GBIKHOBEHHOI (Pinus sylvestris) B uccaenyembix OOIIT PK

which is associated with con-
ditions of increased moisture.
Spruce needle rust Chrysomyxa ledi
de Bary was detected on spruce
needles (Fig. 5). This pathogen

TaxcoHn BoaJso3epckuii ITaanasapsu KuBau KocToMyKuicKuu causes the needles to fall, which
Lophodermium pinastri + + + + is especially reflected in the un-
Rhizosphaera sp R R R R dergrowth, causing it to weaken,
: and often dry out. Chrysomyxa ledi
Hypodermella sulcigena  + = = = belongs to various fungi with a full
development cycle: the etsiostadia
Phoma spp. + - + + develops on the needles of spruce,
Cladosporium sp. o _ " o the uredinio- and teliostages take
place on the wild rosemary (Gor-

Alternaria sp. + - + + bunova, 2003).
Epicoccum nigrum . _ B . A symptom of needle cast

of pine is spotting on the needles

duronapasutTuueckux HemaTo[ (oTpsan Rhabdi-
tida) perucTpupoBaJi B CTBOJIAX U HEOOJBIIUX BET-
KaX MOBAaJIEHHBIX COCEH, TJle BU3yaJIbHO OTMEYEeHBI
ToBpeXxIeHus ycauamu Monochamus. CBO60IHOXKUBY-
WX HEMAaTO/I, BbIIEJIEHHBIX U3 U3y4YaeMbIX 06PasIioB,
He YUYUTHIBaJIU. [IJIOTHOCTD NOMYAAUY B. mucronatus
B aHAJIM3UPYeMbIX ITpob6ax 6blj1a HE3HAUUTEJIbHOUN —
1-2 HemaToabl Ha o6pasell JpeBecuHbl. Kak mokasa-
JIi 1abopaToOpHble UCCIENOBAHUS, IPU OIIpedesIeH-
HBIX YCJIOBUAX B. mucronatus Tak>ke MOXXET BbI3bIBATh
BUJIT XBOMHBIX, 0COOEHHO IIPX COBMECTHOM 3apake-
HUM C TTaTOreHHbIMU 6akTepusamu (Price, YepHeIkasd,
2009). TIpucyTCTBYE HEMATO/ BOSMOYKHO U B MOJIOZBIX
COCHaX, OHU BaHOCITCS ycauaMu Monochamus BO BpeMst
UX IOIMOJIHUTEIbHOTO MuTaHusa (AxmMaTtosud, KoTisap-
ckas, 2009).

3amepuog uccienoBaHuit Ha Tepputopusax OOIIT
He GbLJIN BBISBJIEHBI OITACHbBIE BUJIBI YEIIYEKPBLIBIX:
cubupckuit menxonpsn (D. sibiricus) u HellapHBIH
menkonpsz (L. dispar), omHako GepOMOHHbBIE JIOBYIIKU
OBLIV ITPUBJIEKATENBHBI JIJIS 2 OPYTUX BUAOB IIEJIKO-
npsaznoB. lllenkonpsaa-MoHaleHKy (Lymantria monacha
(Linnaeus, 1758)) uKcUpPOBaIX B JIOBYIIKAX HA TEP-
puTtopum 3amoBegHUKa «Ku-
Bay», a COCHOBOTO IIEJIKOTIPS-
na (Dendrolimus pini (Linnaeus,
1758)) — B 3anmoBegHUuKe «KocTo-
MYKIICKUM». [Iyig Pecnybaukm
Kapenuu B HacTosllee BpeMs
CYIIECTBYeT yrpo3a IPOHUK-
HOBEHUS OTACHBIX BUOB IIeN-

Table 4

and drying out. Lophodermium pi-
nastri Chev. poses a special threat
for 2—3-year-old pine seedlings, which, having com-
pletely lost their needles, can dry out. The fungus is not
dangerous for the life of mature trees; however, severe
damage negatively affects growth (Krutov et al., 2014).

CONCLUSION

The analysis of the complex of entomological, mycolo-
gical and helminthological studies of the state of forest
biocenoses of specially protected natural areas of the
Republic of Karelia shows a low degree of phytosanitary
threat for all protected areas. This is due to the insigni-
ficant population density of forest pests and pathogens,
which minimizes the risks of massive suppression of
the stand due to their low activity, and a moderate an-
thropogenic load in the studied territories allows pre-
serving the natural development of forest biocenoses.

Acknowledgement. The authors are grateful for the
help in data analysis to the staff of the laboratory of the
Karelian Branch of FGBU “VNIIKR”, the staff of the Re-
search and Methodology Department of Mycology and
Helminthology of the FGBU “VNIIKR”, the staff of the
Research Department of Molecular Genetic Diagnostic

The occurrence of micromycetes on the needles
of Scotch pine (Pinus sylvestris) in the studied PAs
of the Republic of Kazakhstan

Taxon Vodlozersky Paanajiarvi Kivach Kostomukshsky

KOTIPSI/IOB M3-3a UX HKCIIAHCUU
Ha TEePPUTOPUIO0 eBpoIelickoir Lophodermium pinastri + + + +
yactu PP (Memepukos, 2018; ,
SlcrokeBuY u Op., 2019). Rhizosphaera sp. * * * *

YTo KacaeTcsd MUKOIIATO- Hypodermella sulcigena + — — —
TeHOB, TO Ha BCeX uccJenye-
MbIX TeppuTopusix OOIIT yame FH0MaSpp. + - + +
BCEro PEerucTpUpOBANY MOPA~  Cladosporium sp. " _ " "
)KEHME XBOU COCHBI OOBIKHO-
BEHHBIM WIIOTTe Lophodermium  Alternaria sp. + - + +
pinastri (Schrad.) Chev. u mo- Epicoccum nigrum . ~ B .

OypeHUe ee XBOU, BbI3BAHHOE

Rhizosphaera sp. (tabi. 4).

[IpakTUUYeCcKHu Bce obcie-
JOBAHHbIE COCHBI UMEJIN TPU3HAKH IopaskeHus (IIAT-
HUCTOCTH, TIOXKEJITeHNe, YChIXaHue) PasIudHbIMU
rpUGHBIMY [TATOTEHAMM, YTO CBSI3AHO C YCIOBUSIMU

dutocaHuTapus. KapaHTuH pactenuii = 16
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Puc. 5. PxaBunHa xBou enu (yBenuuenne  Fig. 5. Spruce needle rust (magnification 200
and 400 times) (photo by O. V. Sinkevich)

B 200 1 400 pas) (choto O.B. CuHkeBuy)

TTOBBINIEHHOI'0 YBIAXXHEeHU. Ha XBoe eu Gbljia BhI-
siBJeHa pxxaBuuHa Chrysomyxa ledi de Bary (puc. 5).
JTOT MaTOTEH BhI3bIBAET OTAJIEHNE XBOU, UTO OCOGEH-
HO CMJIBHO OTPa)kaeTCs Ha MOZPOCTe, BBI3BIBAS €0
ocyiabieHue, a HepeaKo U yceixanue. Chrysomyxa ledi
TIPUHAAJIEKUT K PA3HOXO3IHUHBIM IPUbaM C MTOJHBIM
IIWKJIOM PA3BUTHSA: SIIUOCTAIUSI PA3BUBAETCS HA XBOE
€JIv, yPeOUHUO- U TEJIMOCTAIUY ITPOXOAAT Ha 6aryiib-
uuke (Top6yHoBa, 2003).

ITpusHakoM 3a60JeBaHNST 0ObIKHOBEHHBIM IIOTTE
COCHBI CJIY’KaT MSTHUCTOCTh Ha XBOE U €€ YChIXaHUE.
Lophodermium pinastri Chev. mpeficTaByisieT ocobyo
OIIaCHOCTH AJisl 2—3-JIETHUX CEeSHIIEB COCHBI, KOTOPBIE,
MTOJIHOCTBIO JIUIIUBIIVCH XBOU, MOTYT 3aCOXHYTh. J[JIst
JKU3HU B3POCJIBIX IepeBbeB rpub He oImaceH, 0JHAKO
CUJIbHOE TIOBPEXIeHNe OTPUIIATENHbHO CKa3bIBAETCS
Ha mpupocte (KpyToB u zip., 2014).

3AKJIIOYEHUE

AHaJIM3 IIPOBELEHHOr0 KOMILJIEKCA SHTOMOJIOTYe-
CKUX, MUKOJIOTUYECKUX Y TeJIbMUHTOJOTUYECKUX YC-
cJleJOBaHUI COCTOSHMSA JECHBIX 0MOIIeHO30B 0C000
OXPaHSIEMBbIX IPUPOAHBIX TEPPUTOPUI Pecrybiuku
Kapenuu rmoka3bIiBaeT HU3KYI0 CTeIeHb (DUTOCAHUTAP-
HOU yrpo3bl 1151 Becex OOIIT. 3To CBSI3aHO C HE3HAUU-
TeJIbHOM IJIOTHOCTbIO BpeAuTe el jeca 1 IaToreHoB,
YTO MUHUMUBUPYET PUCKU MaCCOBOTO YTHETEHUS JIpe-
BOCTOS BBUZY X HU3KOU aKTUBHOCTH, a yMepeHHas
QHTPOITOTEeHHAS HArpy3Ka Ha MUCCJIEyeMbIX TEPPUTO-
PUSX IIO3BOJISIET COXPAHUTh ECTECTBEHHOE Pa3BUTUE
JIECHBIX OMOIIEHO30B.

Bnazodaprocme. ABTOPEI GJ1aroapHbI 38 IIOMOIIb
B aHaJIM3e JaHHBIX COTPyAHUKaM jabopaTopuu Ka-
penbckoro punuana PIr'BY «BHUUKP», coTpynHuKaM
Hay4YHO-MEeTOLUYECKOTr0 OTLeJla MUKOJIOTUM U TeJlb-
mMuHToJioruu ®I'bY « BHUUMKP», coTpyLHUKaM Hayy-
HOTO OTJeJia MOJIEKYJISIPHO-TeHEeTUUEeCKUX MEeTOI0B
nuarHoctuky ®I'BY «BHUMKP»; 3a c6op MaTepuaia
1 ero 06paboTkKy cTymeHTaM I1eTpPo3aBOICKOTO Ir'OCY-
IapCTBEHHOTO YHUBepPCUTeTa. BboipaXkaeM mpu3Ha-
TEeJIbHOCTD 34 COJIEHICTBYE B ITIPOBEIEHUY DKCIIEe TN

Methods of FGBU “VNIIKR” for
collecting material and process-
ing it to students of Petrozavodsk
State University. We express our
gratitude for the assistance in
conducting expeditions to the ad-
ministration and employees of
the national parks and reserves
of the Republic of Karelia where
the research was carried out.
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