HaykoBi npaui /liciBHuyoi akagemii Hayk Ykpainu, 2017, Bun. 15

4. SAXUCT NICiB | MUCJTINBCbKE TOCNMOAAPCTBO

eMis
'S a¥aA! Hay,. J‘

R
< @

98‘

HayxoBi nipaui JliciBHM4O1 akaaemil Hayk YKpaiHu
Proceedings of the Forestry Academy of Sciences of Ukraine

llit.,.Q

http://fasu.nltu.edu.ua ISSN 1991-606X print
https://doi.org/ 411714 ISSN 2616-5015 online
Atrticle received 2017.08.25 @ DX Correspondence author
] Article accepted 2017.11.15 Valentyna Meshkova
Forestry Academy of Sciences
of Ukraine Valentynameshkova@gmail.com

UDC 630.4

GIS-based prediction of the foliage browsing
insects’ outbreaks in the pine stands
of the SE “Kreminske FHE”

V.L. Meshkova', O.I. Borysenko?

To improve the detection and prevention of foliage browsing insects’ outbreaks it is very important to reveal the forest
plots, which are the most favorable for these pests.

The aim of this research was to predict using GIS technologies the spatial dynamics of foliage browsing insects’
outbreaks in the pine stands of the State Enterprise “Kreminske FHE” (Luhansk region).

Forest inventory databases of Production Association “Ukrderzhlisproekt” were analyzed for the SE “Kreminske
FHE” as of 2001 and 2011. Rating of forest plots preferences for common pine sawfly (Diprion pini L.) and European
pine sawfly (Neodiprion sertifer Geoffr.) considered the type of forest site conditions, age of stand, density of stocking,
and the part of pine in the stand composition. If forest plot bordered with clear-cut, then 1 point was added to the general
score of the threat.

It was shown, that the area with high threat of European pine sawfly and common pine sawfly outbreaks for 2001—
2011 increased in the forest fund of the SE “Kreminske FHE” by 702.8 and 2004.2 hectares respectively. The part of foci
area made up 27.5 and 32 % from forest fund area, 42.5 % and 49.5 % from pine stands area for European pine sawfly
and common pine sawfly respectively.

The areas of pine sawflies foci increased mainly in result of decrease the stocking density of pine stands and increase
the number of plots which border with clear-cuts.

The survey for pine sawflies is recommended to carry out first of all in the plots with high threat of foci appearance.

Key words: foliage browsing insects, common pine sawfly (Diprion pini L.), European pine sawfly (Neodiprion serti-
fer Geoffr,), forest inventory, insect preferences to forest plots, risk assessment, density of stocking, forest site conditions,
land category of neighboring plots, GIS-based risk rating of forest insect outbreak.
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Introduction. Mass propagation of foliage browsing
insects (outbreaks) is one of the most important causes
of forest weakening (Behmer et al., 2012, Branco et al.,
2016, Isaev et al., 2015, Kollberg et al., 2013, Liebhold et
al., 2008, Morin & Liebhold, 2015). Much attention was
devoted to revealing the regularities of spatial & temporal
population dynamics of such pests (Allstadt et al., 2013,
Berggren et al., 2009, Bjorkman et al., 2011, Peltonen et
al., 2002, Pimental et al., 2017) as well as their outbreaks
prediction, especially under climate change (Haynes et
al., 2012, 2014, Logan et al., 2003, Neuvonen & Viiri,
2017). It was shown that outbreaks of foliage browsing
insects develop synchronously in different regions and
forest plots (Haynes et al., 2013, Liebhold et al., 2004),
first of all in the regions and plots, where ecological con-
ditions are little favorable for forest (Meshkova & Koli-
enkina, 2016, Nevalainen et al., 2015).

To improve the detection and prevention of out-
breaks development it is very important to know pre-
cisely the plots, which are the most favorable for foliage
browsing insects. Methodical approach for evaluation of
individual plots preferences for the most spread foliage
browsing insects was developed by Meshkova (2009)
and tested in Kharkiv (Meshkova, 2006a, 2006b),
Kherson, Luhansk (Meshkova & Kolienkina, 2016) and
Zhytomyr regions of Ukraine (Andreieva, 2009).

According to this approach, a rating of forest plots
preferences for the main species of foliage browsing
insects was carried out considering the type of forest
site conditions, age of stand, density of stocking, and
the part of pine in the stand composition. Then total
score of points and threat risk is calculated for each
forest plot taking into account forest inventory data-
base. The plots with maximal threat of foliage brows-
ing insects’ outbreaks are recommended for high prior-
ity field inspection, and total area of such plots in the
forest stand corresponds to the potential area of certain
pest focus in the years of its outbreak.

In different countries GIS-approach is widely used
for evaluation of forest damage by different causes, in-
cluding insects, together with remote sensing and aer-
ial survey (Bone et al., 2013, Rullan-Silva et al., 2013,
Senf et al., 2017).

The maps of forest stands are plotted and connected
with geographic coordinates and forest inventory da-
tabase in Ukrainian Research Institute of Forestry &
Forest Melioration (URIFFM). Additional fields can
be attached with characteristics of certain insect pests’
preferences, abundance, and forest damage by wind, fire
etc. (Polupan et al., 2011). Such approach gives the pos-
sibility not only to reveal the foci, but also to predict the
trends in their development in time and space (Grodzki,
2005, Meshkova, 2006a, 2006b). However, the possibil-
ity of change the land category of neighboring plots was
not taken into account. It is known (Meshkova, 2009),
that the risk of foliage browsing insects outbreaks in-
creases, if forested neighboring plots are converted to
clear-cuts, burnt area, roads or another categories of the
lands, which are not covered with forest. Influence of
land category change on spread of foliage browsing in-
sects’ foci can be taken in to account with the help of

GIS applications. A similar approach was developed for
assessment the level of fire threat (Polupan et al., 2011)
and gave the possibility to build respective thematic
maps, to obtain the lists of forest plots with high fire
risk and respective area, to plan the necessary preven-
tive measures, as well as to improve the algorithm for
optimal mobility of vehicles in the case of forest fires.

The using of GIS approaches gives the possibil-
ity also to improve the prediction of foliage browsing
insects spread for the cases of change the forest age,
species composition or stocking density (Meshkova &
Kolienkina, 2016).

The State Enterprise “Kreminske Forest & Hunting
Economy” (SE “Kreminske FHE”, Luhansk region)
was selected as model object, because of high sever-
ity, frequency and duration of foliage browsing insects
outbreaks there, which strengthens by climate aridity
(annual precipitation 492 mm per year, annual air tem-
perature 8 °C) and high anthropogenic loading (Mesh-
kova & Kolienkina, 2016).

At the beginning of XXI century the area of foliage
browsing insects foci and outbreak duration increased,
and intervals between outbreaks decreased, particular-
ly from 12 to 7 years for common pine sawfly (Diprion
pini L.) and from 7 to 5 years for European pine sawfly
(Neodiprion sertifer Geoffr.) (Meshkova & Kolienki-
na, 2016).

The aim of this research was to predict using GIS
technologies the spatial dynamics of foliage browsing
insects’ outbreaks in the pine stands of the State Enter-
prise “Kreminske FHE”.

Objects and methods. Forest inventory Databases
of Production Association “Ukrderzhlisproekt” were
analyzed for the SE “Kreminske FHE” as of 2001 and
2011. These databases were converted into Access and
Excel tables using applications developed in URIFFM.

The foci of two foliage browsing insects of pine
stands — common pine sawfly (Diprion pini L.) and Eu-
ropean pine sawfly (Neodiprion sertifer Geoffr.) were
analyzed as the most spread forest pests in the region
(Meshkova & Kolienkina, 2016).

The threat of pine sawflies spread in the pine forests
of SE “Kreminske FHE” was evaluated using approach
of Meshkova (2009). According to it each plot in the
database was scored by the type of forest site condition,
part of pine (Pinus sylvestris L.) in the forest composi-
tion, stand age, density of stocking, and then total score
and threat level were evaluated. For all plots with the
absence of pine the threat was evaluated as “0 points”.

In the second scenario of evaluation the threat of
pine sawflies spread, the neighboring plots were taken
into account. Using QGIS 2.18, the spatial query was
formed with the fulfillment of the predicates of neigh-
borhood, affiliation and adjoining. So if forest plot
bordered with clear-cut, then 1 point was added to the
general score of the threat.

Thus total area with the threat of pine sawflies out-
breaks was evaluated for forest fund of the SE “Kremin-
ske FHE” by three levels: low, moderate and high. The-
matic maps on common pine sawfly and European pine
sawfly foci distribution were built using QGIS 2.18 for
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the whole territory of forest fund. Here we show only
the maps for Serebryanske forestry by the variants:

- as of 2001 without considering land category of
neighboring plots;

- as of 2001 with considering the land category of
neighboring plots;

- as of 2011 without considering land category of
neighboring plots;

- as of 2011 with considering the land category of
neighboring plots.

Results and discussion. Data analysis shows that
the area of forest stands in the SE “Kreminske FHE”
increased from 41401.5 hectares in 2001 to 41503.8
hectares in 2011. The area of pine stands increased
from 26340.4 to 26827.8 hectares, and the part of pine

stands in forest fund increased from 63.6 to 64.6 % (Ta-
ble 1). According to this, the area of stands available
for pine sawflies outbreaks increased.

The area of stands with high threat for European
pine sawfly outbreak increased from 10701.7 hectares
in 2001 to 11404.5 hectares in 2011 (by 702.8 hect-
ares), and that for common pine sawfly increased from
11266.5 hectares in 2001 to 13270.7 hectares in 2011
(by 2004.2 hectares). The part of European pine sawfly
foci area from forest fund area increased for this period
from 25.8 to 27.5 %, and the part of common pine saw-
fly foci area — from 27.2 to 32 %. The part of European
pine sawfly foci area from pine stands area increased
from 40.6 to 42.5 %, and the part of common pine saw-
fly foci area — from 42.8 to 49.5 % (see Table 1).

Table 1

Predicted area with the highest threat of spread the pine sawflies outbreaks in SE “Kreminske FHE”

Foci area (hectares) or its part (%)

European pine sawfly Common pine sawfly

Indices evaluated by forest inventory of:
2001 2011 2001 2011
Area of forest fund, hectares 41401.5 41503.8 41401.5 41503.8
Area of pine stands, hectares 26340.4 26827.8 26340.4 26827.8
Area of foci, hectares
— without considering the land category of neighboring plots 10701.7 11404.5 11266.5 13270.7
— with considering the land category of neighboring plots 11029.4 11571.9 11508.8 13533.9
Part from forest fund area, %
— without considering the land category of neighboring plots 25.8 27.5 27.2 32.0
— with considering the land category of neighboring plots 26.6 27.9 27.8 32.6
Part from pine stands area, %
— without considering the land category of neighboring plots 40.6 42.5 42.8 49.5
— with considering the land category of neighboring plots 41.9 43.1 43.7 50.4

More intensive growth of common pine sawfly foci
area, than European pine sawfly foci area, is explained
by greater photophilia of the first species. It prefers the
plots with lower relative density of stocking. Therefore
if we consider only the change of relative density of
stocking, we can calculate, that the area with the high
threat of outbreaks increased for 2001-2011 from
853.5 to 2576 ha, and its part from all predicted foci
area (with low, moderate and high threat) increased
from 3.2 to 9.6 % (Fig. 1).

The change of land category of neighboring plots
also contributes to the growth of pine sawfly foci area. So
with considering the land category of neighboring plots
in 2001 the area of European pine sawfly and common
pine sawfly foci was by 327.7 and 242.3 hectares larger
respectively, than without considering the land category
of neighboring plots. In 2011 respective difference was
167.4 and 263.2 hectares for European pine sawfly and
common pine sawfly foci respectively (see Table 1).

For 2001-2011 the area of pine stands with high
threat of European pine sawfly and common pine
sawfly foci, evaluated considering land category of
neighboring plots, increased by 542.5 and 2025.1
hectares respectively (see Table 1).

The trend of growth the pine sawflies foci in
connection with decrease of stocking density of stands
and increase of number of plots, which border with
clear-cuts, was supported also for individual forestries
of SE “Kreminske FHE”, particularly for Serebryanske
forestry (Fig. 2-4).
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Fig. 1. Distribution of pine sawflies foci area in SE
“Kreminske FHE” by threat level with considering the
change of stocking density for 2001-2011 (H — high threat:
M — moderate threat; L — low threat)
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The area of pine stands in Serebryanske forestry with
high threat of European pine sawfly foci, evaluated by
2011 database, exceeded 209 and 261.1 hectares such
area evaluated by 2001 database, and for common
sawfly by 416.5 and 448.9 hectares in the cases without
considering neighboring plots and with such considering.

It is necessary to carry out the survey and assessment
of pine sawflies first of all in these plots. Considering
these data gives the possibility to reduce the costs
both on forest inspection and on forest treatment with
insecticides.
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Fig. 2. Area of European pine sawfly and common pine
sawfly foci in Serebryanske forestry of SE “Kreminske
FHE”, evaluated by forest inventory databases for 2001 and
2011 without considering the land category of neighboring
plots (NO) and with considering the land category of
neighboring plots (N1)
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Fig. 3. Distribution of predicted European pine sawfly foci
area in Serebryanske forestry of SE “Kreminske FHE”
(upper row — as of 2001, lower row — as of 2011; in every
row left map is built without considering the land category
of neighboring plots; right map is built with considering
the land category of neighboring plots)

Due to greater photophilia of common pine sawfly it
is more sensitive not only to decrease of stocking density,
but also to appearance of clear-cuts in the neighboring
plots (Meshkova, 2009).

As the area of pine stands in Serebryanske forestry
was 2627.5 and 2688.1 hectares in 2001 and 2011, the
part of area with the highest threat of European pine
sawfly foci from pine stands area increased from 30.3
to 39.3%, and the part of area with the highest threat
of common pine sawfly foci from pine stands area
increased from 42.3 to 58 %.

Obtained data show, that total treatment of all pine
forests with insecticides is inexpedient, because potential
area of European pine sawfly foci cannot exceed 39.3 %
of pine stands area, and such area for common pine
sawfly cannot exceed 58 % of pine stands area.
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Fig. 4. Distribution of predicted common pine sawfly foci
area in Serebryanske forestry of SE “Kreminske FHE”
(upper row — as of 2001, lower row — as of 2011; in every
row left map is built without considering land category of
neighboring plots; right map is built with considering the
land category of neighboring plots)

Considering these data gives the possibility to re-
duce the costs on insecticide treatment and negative
influence of forest ecosystem.

Conclusions. Rating of forest plots by preferences
for foliage browsing insects show, that in the forest
fund of the SE “Kreminske FHE” the area with high
threat of European pine sawfly and common pine saw-
fly outbreaks for 2001-2011 increased by 702.8 and
2004.2 hectares respectively.

The part of foci area made up 27.5 and 32 % from
forest fund area, 42.5% and 49.5% from pine stands
area for European pine sawfly and common pine sawfly
respectively.

The areas of pine sawflies foci increased mainly in
result of decrease the stocking density of pine stands
and increase the number of plots which border with
clear-cuts.

On example of Serebryanske forestry it was evalu-
ated, that the area of pine stands with high threat of Eu-
ropean pine sawfly outbreak increased for 2001-2011
by 209 and 261.1 hectares, and such area for common
pine sawfly by 416.5 and 448.9 hectares respectively
in the cases without considering neighboring plots and
with their considering.

The survey for pine sawflies must be first of all car-
ried out in the plots with high threat of foci appearance.
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BasoBaHe Ha lNC-TexHonorii NPorHo3yBaHHA
cnanaxiB KOMax-XBO€ErpusiB y COCHOBUX
HacapxeHHAX AN «<KpemiHcbKe JIM»

B.J1. Mewkoga', O.l. bopuceHko?

Jl1s BOOCKOHANIEHHS BHUSBIEHHS Ta 3amoOiraHHs
PO3BUTKY CHajaxiB MacoOBOI'O PO3MHOKEHHsI KOMax-
XBOETPH3IB AyKE BAKIMBO TOYHO 3HATU IMEPETIK BHU-
JIUTIB, SIKI HAWMPUHAIHIII JUIS 1UX [IKITHUKIB. Taky
MOKJTUBICTh Hajae OalbHE OIIHIOBAHHS TpedepeHITiit
X KOMaX CTOCOBHO THUILY JIICOPOCIMHHHUX YMOB 1 Jiesi-
KHX XapaKTePHCTUK HACaKeHb. X04a BiJJOMO, 1110 PH-
3UK PO3BHUTKY CHAJIaXy 3pOCTa€, SKIIO CYCiTHI JiCOBI
BUJAUIM CTAaIOTh 3py0amu, 3rapuiiaMu ado iHIIMMHU He
BKPUTHMHU JIICOM 3€MJISIMH, BOJJHOYAC 3MiHU KaTeropii
3eMelb CYCiIHIX BHUALTIB TiJ 9ac BU3HAYEHHS TaKUX
npedepeHiii KoMax-XBOErpu3iB A0Ci HE OyJI0 Bpaxo-
BaHO Yepe3 TPYAOMICTKICTh TAKOTO aHaIi3y.

Memoro yvozo docniddicernns Oymo MPOTHO3YBAHHS
3 BukopuctanuaMm [ IC-texHooriit mpoctopoBoi auHa-
MIKH OCEpEJIKiB KOMaX-XBOETPHU3IB y COCHOBUX Haca-
mxennsx 11 «Kpeminceke JII» (JIlyrancbka o0macts).

[lix yac BHMKOHAHHS JOCIHIPKEHHS BUKOPHUCTa-
HO Oasu naHux BO «YKpIepKIicrpoeKT» CTOCOBHO
HIT «Kpemiacbke JII™» cramom Ha 2001 Ta 2011 pp.
[IpuHagHicT BUIUIIB PO3PaxoBYBald CTOCOBHO Haid-
MOMIMPEHIIINX Y PErioHi 3BUHYaiiHOTO COCHOBOTO MHITh-
mwmka (Diprion pini L.) Ta pyA0ro COCHOBOTO MHJIBIINKA
(Neodiprion sertifer Geoffr.). Jlo 6anbHOT OLliHKH Haca-
JOKEHBb KOYKHOTO BHILTY BKJIFOYAJIU THIT JIICOPOCITMHHUX
YMOB, BiK JIepE€BOCTaHY, BiTHOCHY IOBHOTY Ta YacCTKY
COCHH y Horo ckiaji. SIKIo Buaia MexyBaB 3i 3py0om,
JIO OIIIHKH 3arpO3H Clajaxy JIoJaBajiy OfuH OaJl.

3arpo3y MOLIMPEHHS 0CEPEAKIB COCHOBUX MHUJIBIIHU-
kiB y micoBomy ¢onai JI1 «Kpeminceke JII» oninnnm
3a TphOMa PIBHAMH — HU3BKHUI, TOMIPHUH 1 BUCOKHH.
BianoBimHi TemMatruHi KapTh 3 BUkopructanasMm QGIS
2.18 moOynoBano ansi Bciei teputopii Jicrocmy, a B
CTaTTI HABEJICHO, SIK MIPUKJIaJ, KapTu cTocoBHO Ceped-
PSHCHKOTO JTICHHIITBA 32 BapiaHTamu: cTaHoM Ha 2001
ta 2011 pp. 6e3 ypaxyBaHHA Ta 3 ypaxyBaHHSIM KaTero-
pii 3eMenb CyCiIHIX BUALTIB.
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OmiHfOBaHHS HACA/DKEHb 33 TPUHATHICTIO IS
KOMaX-XBOETPU3iB CBITYHTH, IO Y JICOBOMY (OHII
AIT «Kpemincbke JII'» miioma 3 BACOKOIO 3arp03010 BU-
HUKHEHHS CrajlaXiB PyJ0r0 COCHOBOTO MHJIBIIMKA Ta
3BUYailHOro cocHoBoro nuibluka 3a 2001-2011 pp.
3pocia Ha 702,8 ta 2004,2 ra BianosigHo. YacTka mio-
I1i OCEePENKiB PyAOr0 COCHOBOTO IMUJIBIITIKA Ta 3BHYaii-
HOI'0 COCHOBOTO IMMJIbIIMKA cTaHoBmIa 27,5 1 32 % Bin
ol JicoBoro ¢ouuy, 42,5 1 49,5% BiANOBIIHO Bij
TUTOIII COCHOBUX HACaKEHb.

[Tnomi ocepenkiB COCHOBUX MUJIBINUKIB 301JIBIITH-
JIUCSI TICPEBAKHO BHACIIIOK 3MEHIIICHHSI BITHOCHOT T10-
BHOTH HacaKeHb 1 301IbIIEHHS KIJILKOCTI BUIUIIB, K1
MEXYIOTh 31 3py0amu.

Ha mpuknani CepeOpsiHCHKOTO JTICHUITBA BH3HA-
YeHO, MO IJIOIIA COCHOBHX HACa/PKEHb 13 BHCOKOIO
3arpo30i0 TMOIIUPEHHSI OCEPEIKiB PYIOro COCHOBOIO
nwiblka 3pocia 3a 2001-2011 pp. va 2091 261,1 ra,
a 3BHYAMHOIO COCHOBOIO MMbIIMKAa — Ha 416,5 1
448.9 ra 3a po3paxyHKamu 0e3 ypaxyBaHHSIM CYCiTHIX
BUJILIIB Ta 3 IXHIM ypaxyBaHHSIM BiJIIOBiIHO.

Harnsan 3a coCHOBUM THIIBPIIUKAMH TIOTPIOHO Ha-
cammepes 3IIHCHIOBAaTA y BHJIIAX i3 BUCOKOKO 3arpo-
3010 BAHUKHEHHS OCEPEJIKIB.

Ku104oBi cjioBa: KOMaxu-XBOETPU3H, 3BUYANHUN
cocHoBu# munbluk (Diprion pini L.), pynuii cocHO-
Buil munbmk (Neodiprion sertifer Geoffr.), nicoBmo-
pAAKyBaHHS, TpedepeHIlii KoMaX CTOCOBHO BHJILTIB
JICy, OIIHIOBaHHS PU3HKY, TOBHOTA JEPEBOCTAHY, JIi-
COPOCJIMHHI YMOBH, Kareropisi 3emMelb CyCiIHiX BHi-
niB, 6a3oBane Ha ['IC-TexHOMOTIT OI[iHIOBAaHHS PU3HUKY
CrayiaxiB JIiCOBUX KOMax

OcHoBaHHOe Ha TMC-TexHonorun
NPOrHo3npoBaHune BCNbIWeK
XBOENNCTOrpbI3yLNX HaCEKOMbIX
B COCHOBbIX Haca)KAeHnax
M «KpemeHckoe JIX»

B.J1. MewkoBa', A. V. bopnceHko?

st oOHapyXeHusI W MPEeNOTBPAILCHHUS Pa3BUTHS
BCIIBIIIEK XBOEIUCTOTPBI3YIINX HACEKOMBIX Ba)KHO
3HATH MIEPEeYeHb HanOoJee MPUBIeKATeIbHBIX IS HUX
BbIJIEJIOB. Takylo BO3MOXHOCTH JaeT OajibHasi OLCH-
Ka TpedepeHIni HAaCeKOMBIX OTHOCHTEIBHO THIA
JIECOPACTUTENBHBIX YCIOBUH M HEKOTOPBIX XapakTe-
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PUCTHUK HacaxJeHH. XOTd U3BECTHO, YTO PUCK pas-
BUTHSI BCIBIIIKU BO3PACTACT, €CJIU COCEIHUE JIECHBIC
BBIJICJIBI CTAHOBATCSI BBIPYOKaMH, FOpEIbHUKAMH HITH
JPYTUMU HE TTOKPBITHIMHU JIECOM 3eMJISIMHU, OJJHAKO W3-
MEHEHHUS KAaTEerOpUH 3€Melb COCEIHUX BBIIEIOB MPHU
onpeaeNieHuH TakuxX NpedepeHIid XBOCTUCTOIPhI3Y-
X HACEKOMBIX paHee He MPUHUMAaJIN BO BHUMAaHHE,
B CBSI3U C TPYAOEMKOCTBIO TAKOTO aHaJIM3a.

Lenvro dannozco uccredosanus OBLIO TPOTHO3M-
poBanne c wucronszoBanneM | MC-texHomoruii mpo-
CTPAHCTBEHHOW IUHAMHUKH OYaroB XBOEJIHUCTOTPHI3Y-
[IUX HACEKOMBIX B COCHOBBIX HacaxkaeHusax ['TI «Kpe-
Menckoe JIX» (JIyranckast o6macTs).

[Ipy BBIMONHEHUM HCCIAEAOBAHUN HCIOJIB30BaHbI
0a3pl nanHbIX [1O «YKprociecnpoeKkT» OTHOCHUTEIb-
o I'TI «Kpemenckoe JIX» mo cocrosamio Ha 2001 u
2011 rr. [IpuBneKaTenbHOCTh BBIAECIOB OLEHUBAIN OT-
HOCHTENILHO Hanbosiee paclpoCTPaHEHHBIX B PETHOHE
0OBIKHOBEHHOTO COCHOBOTO MUIMIIBINUKA (Diprion pini
L.) u pepkero cocHoBoro muimwibiiuka (Neodiprion
sertifer Geoftr.).

B GannpHYIO0 OLIEHKY Ka)KAOTO BBIAENA BKIIOYAIN
THUIl JIECOPACTUTEIBHBIX YCIOBUH, BO3PACT IPEBOC-
TOS, OTHOCHUTEJIBbHYIO IOJHOTY M JOJI€BOE Yy4yacTHe
COCHBI B cOcCTaBe HacaxJeHud. Ecnm Belien rpanu-
YU C BBIPYOKOH, K OIIEHKE YTpO3bl BCIIBIIIKH J100aB-
U ofuH Oani. Yrposy pachnpoCTpaHEHHs! O4aroB
COCHOBBIX MUIMJIBINNKOB B JiecHoM (orme I'TI «Kpe-
MeHckoe JIX» oleHWwId Mo TpeM YpOBHSM — HU3-
KU, YMEPEHHbII U BbICOKMH. Temarnyeckue Kaprbl
MOCTpoeHs! ¢ ucnonp3oBannemM QGIS 2.18 msa necxo-
3a. B crarbe nmpuBeneHb! KapThl CepeOpsSHCKOTO JIECHH-
yecTBa 110 coctosiHuio Ha 2001 1 2011 rr. 6e3 yyera u ¢
Y4eTOM KaTeTOPHH 3eMeJb COCEIHNX BBIJIEIIOB.

OrneHka HACKIACHWHA TI0 TPUBICKATEITHPHOCTH IS
XBOETPBI3YIINX HACEKOMBIX MTOKA3bIBACT, YTO B JICCHOM
¢donpe ['Tl «Kpemenckoe JIX» miiomans ¢ BLICOKOH yrpo-
301 BOSHUKHOBEHHS 09aroB PHDKETO U OOBIKHOBECHHOTO
cocHoBoro nuuibinuka 3a 2001-2011 rr. Bo3pocna Ha
702,8 12004,2 ra cooTBeTCTBEHHO. J[0J1s TJI01a 11 OYa-
TOB PBDKETO U OOBIKHOBEHHOTO COCHOBOTO TFUTHJIBIIIN-
Ka coctaBuia 27,5 u 32 % oT miomiaau secHoro GpoHma,
42.5 1 49,5% cOOTBETCTBEHHO OT IUIOIIAA COCHOBBIX
HacaxaeHur. [ lmommaa o4aroB COCHOBBIX ITHJIUJIBIIM-
KOB BO3POCIIH B OCHOBHOM B PE3yJIbTaTe YMEHBIIICHUS
OTHOCHUTEJIPHON MOJHOTHI HACAKICHUN U YBEITHMUCHUS
KOJTMIECTBA BBIZCIIOB, TPAHWYAIINX C BRIPYOKaMHU.

Ha mpumepe CepeOpsiHCKOTO TeCHIUYECTBA PACCUH-
TaHO, YTO IIOIIAAb COCHOBBIX HACAXICHUI C BRICOKOM
YIPO30# pacnpoCTpaHEHUSI 0YaroB PHDKETO COCHOBO-
ro nunuiblmka Bozpocia 3a 2001-2011 rr. va 209 u
261,1 ra, a OOBIKHOBEHHOI'O COCHOBOTO MUAIUIBLIUKA —
Ha 416,5 u 448,9 Ta o pacderam ¢ y4eToMm u 0e3 ydera
COCEIHHUX BBIIEIOB COOTBETCTBEHHO.

Hanzop 3a cOCHOBBIME MUIWJIBIIUKAME CIEIYET B
TIEPBYIO OYEpPEeah OCYIICCTRBILITh B BBIIETAX C BRICOKOH
yIpo30ii BOSHUKHOBEHHUS 04aroB.

KuiioueBble cj10Ba: XBOETPHI3YIHME HACEKOMEIE,
OOBIKHOBEHHBIN COCHOBBIM MWIWIBIMAK (Diprion
pini L.), pppKAil COCHOBBIM NUIWIBIMUK (Neodiprion
sertifer Geofftr.), necoyctpoiitBo, mnpedepeHurn Ha-
CEKOMBIX OTHOCHUTEIIHHO BBIZICTIOB JIeca, OIICHKA PUCKA,
MOJTHOTA JIPEBOCTOS, JIECOPACTHTEIHHBIE YCIOBUS, Ka-
TETOpHUsSl 3eMeNlb COCEAHHMX BBHIACIOB, OCHOBAHHASI HA
I'MC-TexHOMOTMH OIICHKA PUCKA BCIIBIIICK JICCHBIX Ha-
CEKOMBIX
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