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Introduction

The guild "stem pests" includes the insects, which deve-
lop, at least the part of their life cycle, inside xylem or phlo-
em tissues of trees. Traditionally, it is the insects of families
Scolytidae, Buprestidae and Cerambycidae that are most
often considered as stem pests (Lieutier, et al., 2004). Stem
pests of seedlings and saplings are considered as "the pests
of unclosed plantations" or "the pests of young stands", and
special approach has been developed to evaluate their inju-
riousness (Meshkova, 2016).

Some stem pests make their galleries and undergo matu-
ration feeding in living trees, which leads to their weakening
or death. These pests manifest the so-called physiological
injuriousness (Mozolevskaya, 1974). Sometimes their galle-
ries are rather deep in the wood, which causes the
deterioration of its quality, so these pests manifest the so-
called technical injuriousness (Mozolevskaya, 1974). Other
species colonize only severely weakened, dead, wind-broken
or felled trees and never colonize healthy or slightly weake-
ned trees. These insects are not dangerous for living trees
and are even useful to forest, because they take part in
destruction of dead wood, but they cause considerable losses
of harvested wood and thus manifest technical injuriousness.

An approach to evaluation of stem pests injuriousness
was developed by E. Mozolevskaya (1974). According to
this approach, the appraisal by points of general injurious-
ness for certain insect species must take into account physi-
ological injuriousness and technical injuriousness. The
scoring of different peculiarities of tree colonization and li-
fe cycle of stem pests was evaluated taking into
consideration also timber value of damaged tree species,
particularly in different parts of stem.

Such methodical approach has been applied by its author
for evaluation mainly pine (Pinus sylvestris L.) pests' injuri-
ousness in European part of Russia (Mozolevskaya, 1974),
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later by Belorussian researchers in spruce stands (Picea abi-
es (L.) H. Karst) (Kukhta, Blintsov & Sazonov, 2014), by
Ukrainian researchers in oak (Quercus robur L.) (Meshkova
& Kukina, 2011) and pine stands (Skrylnyk, 2013; 2015).

Our investigations show that the injuriousness of the sa-
me stem pests varies in different regions and forest site con-
ditions, and we suggested that the peculiarities and
population size should be taken into account when
determining the score. Therefore the aim of this research is
to analyze the score for some traits of stem pests using the
data of field research in the Forest-Steppe and Steppe zones
of Ukraine.

Material and methods

The field data were obtained in 2004-2016 in pine fo-
rests of the Left-bank Forest Steppe Zone (the Okhtyrske
Forestry Enterprise, the Vovchanske Forestry Enterprise,
the Chuhuyevo-Babchanske Forestry Enterprise, the Zmi-
ivske Forestry Enterprise, and the Kharkiv Forest Research
Station of Ukrainian Research Institute of Forestry and Fo-
rest Melioration named after G. M. Vysotsky) and of the
Steppe zone (the Iziumske Forestry Enterprise, the Sieviero-
donetske Forest & Hunting Enterprise, the Kreminske Fo-
rest & Hunting Enterprise, and the Stanychno-Luhanske Ex-
perimental Forest & Hunting Enterprise).

The category of tree health condition was determined ac-
cording to "Sanitary rules in the forests of Ukraine" (1995).
Each tree was referred to one of six categories of health con-
dition (I — healthy; IT — weakened; III — severely weakened,;
IV — drying; V —recently died; VI — died over year ago).

Population parameters of stem insects, including charac-
teristics of galleries, were assessed according to "Guideli-
nes..." (Meshkova, 2011).

The score of physiological injuriousness of certain in-
sect species was calculated as a sum of points for three
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indicators: ability to colonize living trees, ability to damage
the trees during maturation feeding and ability to vector the
pathogens.

The score of technical injuriousness of certain insect
species was calculated as a product of points for three
indicators: tree species, location of galleries in the stem
(parts of stem with rough, thin or transitional bark) and
destruction ability, whereas destruction ability was calcula-
ted as a sum of points for assessment of the width of galle-
ries, depth of timber destruction and colonized surface.

General injuriousness of certain insect species was eval-
uated as a product of points for physiological injuriousness,
technical injuriousness and the number of generations per
year (Mozolevskaya, 1974). The points for every indicator
will be discussed later on.

Results and discussion

The galleries of the most of stem pests can be found in
the trees of categories IV-VI of health condition, however
many insects could colonize the tree, when it belonged to
categories II-I1I of health condition. It was suggested (Mo-
zolevskaya, 1974) to evaluate the ability to colonize living
trees by the score of 10 for insects that colonize the trees of
categories I-II of health condition, the score of 1 for insects
that colonize the trees of categories III-IV of health conditi-
on and recently felled trees, and the score of 0.1 for insects
that colonize only dead trees (categories V-VI of health
condition), as well as dead wood.

However to find the signs of stem colonization by in-
sects is almost impossible, if their entrance holes are loca-
ted at a height of more than 2m on the stem, while other
signs of the tree colonization are invisible. At high pest po-
pulation one can see the frass on the forest litter, but such
trees already belong to category III of health condition.

At the same time, the trees, which belonged before fel-
ling to categories I, II or III of health condition and then
were used as trap trees, are often colonized by many stem
insects, which could have never colonized them before fel-
ling. Therefore, if we inspect the trees some days or weeks
after felling, we may incorrectly conclude that some insect
species are able to colonize healthy trees.

Thus, Monochamus galloprovincialis (Olivier, 1795)
ssp. pistor (Germar, 1818), Tomicus minor (Hartig, 1834)
and Tomicus piniperda (Linnaeus, 1758) colonize the trees,
which belonged to categories I and II of health condition
before felling or windthrow. Pest colonization of trees,
which belonged before felling to category II of health con-
dition is often higher than colonization of trees which be-
longed before felling to category I of health condition
(Zinchenko & Skrylnyk, 2013). It may be accounted for by
rather good phloem quality for larvae development and lo-
wer content of protective substances in the trees of category
IT of health condition compared with trees of the category I.

The ability to damage the trees during maturation fe-
eding is scored as 2 points (considerable damage), 1 point
(low damage) and 0 points (without damage) (Mozolevska-
ya, 1974). It is considered, that Tomicus sp., which dama-
ges shoots, and Monochamus sp., which damages bark of li-
ving trees, are scored as 2 points. Ips sexdentatus (Boerner,
1767) is scored as 2 points, if it makes the galleries for ma-
turation feeding under bark of healthy or weakened trees.
However, if it makes the galleries in the sites of its develop-
ment, the tree is already severely weakened or drying, and
such maturation feeding does not increase the pest harmful-

ness. In such case, the ability to damage the trees during
maturation feeding must be scored as 1 point.

As we could see, the intensity of tree damage during
maturation feeding of stem pests in the Steppe zone is less
than in Forest-Steppe and Forest zone. It may be connected
with quick mortality and phloem drying of weakened pines
in the southern regions, especially after fire or damage by
foliage browsing insects (Meshkova & Kolenkina, 2016).
Therefore, both the population size and injuriousness of
stem pests may be rather low in such conditions.

The ability to vector the pathogens is suggested to score
as 3 points, if the insect is a vector of vascular diseases,
necrosis or cancer. It is suggested to score as 2 points the
vectors of wood destructing fungi and to score as 1 point
the vectors of fungi, which cause wood discoloration (Mo-
zolevskaya, 1974). In practice, the most of stem pests have
no special organs for fungi vectoring, but can vector them
and other pathogens during colonizing the tree and during
maturation feeding (Davydenko, Vasaitis & Menkis, 2017;
Davydenko, et al., 2014; Lieutier, et al., 2004). Therefore, it
is difficult to assess the score of this indicator. This aspect
must be studied separately, taking into account also the role
of stem insects in vectoring bacteria and nematodes.

Thus, for M. galloprovincialis the ability to colonize li-
ving trees can be scored as 1 or 10 points, the ability to da-
mage the trees during maturation feeding as 2 points and
the ability to vector pathogens as 1 or 3 points (in the last
case we take into account its possibility to vector pine wood
nematode, Bursaphelenchus xylophilus (Steiner & Buhrer,
1934) Nickle, 1970, which has not yet penetrated in Ukra-
ine). Therefore, physiological injuriousness of this pest can
be scored as 15 or 4 points.

For I. sexdentatus and Ips acuminatus (Gyllenhal,
1827), the ability to colonize living trees can be scored as
1 point, the ability to damage the trees during maturation
feeding as 1 or 2 points, and the ability to vector pathogens
as 2 points. Therefore, physiological injuriousness of these
pests can be scored as 5 or 4 points.

In the assessment of technical injuriousness of certain
stem pest, it is suggested to use the factors which characte-
rize the value of timber of certain tree species, namely, 1 -
for aspen, 1.3 - for birch, 1.7 - for spruce, 2 - for pine and
4.5 - for oak (Mozolevskaya, 1974). This factor depends on
market price of timber, and when we compare the injurious-
ness of different pests for one tree species, this factor is not
so important. But if the cost of timber for different conifer
species is similar, it is difficult to compare the injuriousness
of one pest in different tree species (for example, Ips typog-
raphus Linnaeus, 1758 in pine and spruce stands).

Location of galleries in the stem (in parts of stem with ro-
ugh, thin or transitional bark) is the second component in the
evaluation of technical injuriousness of certain insect species.
It was revealed, that preferences of insects to colonize the
parts of stem with rough, thin or transitional bark vary in dif-
ferent regions and are different in living and felled trees.

For example, in Kharkov region, 72 % of galleries of
M. galloprovincialis were located in the parts of stem with
rough bark, and in Luhansk region only 35 % of galleries
were located in the parts of stem with rough bark, about
50 % of galleries — in the parts of stem with transitional
bark, and 15 % of galleries — in the parts of stem with thin
bark. Almost 70 % of I. acuminatus galleries were located
in the parts of stem with thin bark in Kharkov region, and in
Luhansk region they were located almost with equal freq-
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uency in the parts of stem with thin and transitional bark
(52 and 48 %, respectively).

Like this, over 80 % of I. sexdentatus galleries were lo-
cated in the parts of stem with rough bark in Kharkov regi-
on, and in Luhansk region they were located almost with
equal frequency in the parts of stem with rough and transiti-
onal bark (56 and 44 % respectively).

Colonization of stem parts with transition bark by
1. acuminatus was significantly higher for the trees, which
were colonized after felling, than for the trees, which were
colonized before felling (Meshkova, Kochetova & Zinchen-
ko, 2015). Almost all galleries of 7. piniperda were located
in living trees in the part of stem with rough bark, and in
the felled trap trees the galleries of this pest were located in
the parts of stem with rough (59 %), transitional (25 %) and
thin (16 %) bark.

Over 80 % of T. minor galleries were located in the part
of stem with thin bark in living trees, and in the felled trap
trees the galleries of this pest were located in the parts of
stem with thin (56 %), transitional (30 %) and rough (14 %)
bark. Destruction ability of stem insect is calculated as a
sum of gallery width, depth of timber destruction and colo-
nized surface (Mozolevskaya, 1974).

A detailed analysis of these parameters for pine stem
pests was carried out by Yu. Skrylnyk in the Forest-Steppe
zone. He has shown that the most of bark beetles can dama-
ge only outer layer of timber (Skrylnyk, 2015), which leads
to decrease in the timber grade from I to II and can be sco-
red as 1.2 points (Mozolevskaya, 1974).

Only Xyleborus sp., Xyleborinus sp. and Trypodendron
sp. from bark beetles and longhorn beetle M. galloprovinci-
alis browse the galleries in sapwood and heartwood and this
can be scored as 4.3 points. Of course, the grade of timber
can decrease additionally due to wood-destructing fungi
even after superficial damage, but the scoring determination
has not yet carried out for this phenomenon.

Therefore, timber destruction ability for M. galloprovin-
cialis is calculated as a sum of points for width of galleries,
depth of timber destruction and colonized surface, which is
(4.3+0.1+0.2)=4.6 (Table 1). The score for pine is 2 po-
ints. Thus technical injuriousness of this pest is
4.6x2x1.5=13.8 points, if we consider that the most of gal-
leries are located in the part of stem with rough bark. But if
the parts of stem with rough and transitional bark are colo-
nized almost equal, or parts with transitional bark are the
most colonized, then the factor is 1.3, and technical injuri-
ousness of this pest is 4.6x2x1.3=12 points.

Table 1. Calculation of general injuriousness of some stem
pests of pine (min/ max, in points)

bark, then technical injuriousness of this pest is
1.5%x2x1.3=3.9 points (see Table 1).

The depth of timber destruction, the width of galleries
and colonized surface by I acuminatus is 1.2, 0.1, and
0.1 points, respectively. Destruction ability of this pest is
(1.2+0.1+0.1) = 1.4 points. Technical injuriousness of this
pest is 1.4x2x1= 2.8 points, if the most of galleries are lo-
cated in the part of stem with thin bark. However, if the
most of galleries are located in the part of stem with transi-
tional bark, then technical injuriousness of this pest is
1.4x2x1.3=3.6 points.

General injuriousness of stem pests is calculated as a
product of physiological injuriousness, technical injurious-
ness and number of generations per year (Mozolevskaya,
1974). Most of stem pests of pine in the territory of Ukraine
have 1 generation per year. Only I. acuminatus, I. sexdenta-
tus and Orthotomicus proximus (Eichhoff, 1867) are proved
to have more than one generation (Skrylnyk, 2015). The
number of these generations depends on air temperature of
the season, they can overlap, and it is difficult to distinguish
the specimens of the first, second or sister broods. We can
assume for calculation the existence of 2 main generations
and one sister generation.

Therefore, to calculate general injuriousness for these
species, we multiply the score for physiological, technical
injuriousness and factor 2.5 but in some years it would be
1 or 1.5. It was suggested (Mozolevskaya, 1974) to classify
as particularly harmful stem pests the species with general
injuriousness over 80 points, moderately harmful — the spe-
cies with general injuriousness 20-79 points, low harmful —
with general injuriousness 10-19 points and non-harmful —
with general injuriousness less than 10 points. According to
this, M. galloprovincialis can be moderately harmful or par-
ticularly harmful, and the both Ips species can be low
harmful or moderately harmful.

Our research shows that estimated general injuriousness
of certain insect species characterizes their potential injuri-
ousness, while the actual injuriousness depends on spread
of these pests. Therefore, to consider the spread of certain
stem pests, it is necessary to multiply their general injuri-
ousness by a factor, which describes the level of insect
spread. According to expert estimates (Meshkova, 2011),
colonization of 21-60 % of trees by stem pests corresponds
to the moderate level of spread (factor 1). Colonization of
less than 20 % of trees corresponds to the low level of spre-
ad (factor 0.5), and colonization over 60 % of trees corres-
ponds to the high level of spread (factor 1.5) (Table 2).

Table 2. General injuriousness of some pine stem pests
adjusted for spread

The depth of timber destruction by I. sexdentatus and
the width of its galleries is low (1.2 points and 0.1 points
respectively), but colonized surface is rather large (0.2 po-
ints). Destruction ability of this pest is (1.2+0.1+0.2) =
1.5 points. Technical injuriousness of this pest is
1.5%2x1.5=4.5 points if the most of galleries are located in
the part of stem with rough bark. However, if the most of
galleries are located in the part of stem with transitional

Insect |Physiological|Technical in-| Number of |General inju- Spread Adjusted general
species | injuriouness | juriousness |generations| riousness Insect P injuriousness*
M. gallop-| 4 /5 12/138 | 1/1.0 | 48/207 species Kharkiv | Luhansk |y, iy | Luhansk
rovincialis region region region | region

[. acumi- 475 28/3.6 1/25 11.2/28 % |factor| % [factor

natus ’ ) ) ) M. galloprovincialis | 73| 1.5 [24.1] 1 [72/310.5]48/207

1. sexden- [. acuminatus 50| 1.5 [10.7] 0.5 | 16.8/42 ]| 5.6/14
4/5 3.9/4.5 1/2.5 15.6/3

tatus ? ? 1. sexdentatus 521 1.5 [ 15 ] 0.5 |23.4/58.5|7.8/19.5

Note: min / max, in points

According to adjusted general injuriousness, M. gallop-
rovincialis can be moderately harmful or particularly
harmful in the both regions. I acuminatus can be low or
moderately harmful in Kharkiv region and non-harmful or
low harmful in Luhansk region. I. sexdentatus is modera-
tely harmful in Kharkiv region and non-harmful or low
harmful in Luhansk region (see Table 2).
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Conclusions

1. Injuriousness of stem pests varies in different regions, in li-
ving and felled trees.

2. Physiological injuriousness of Monochamus galloprovinci-
alis can be scored as 4-15 points, of Ips sexdentatus and
Ips acuminatus as 4-5 points.

3. Depending on preferences to colonize the different parts of
stem, technical injuriousness of Monochamus galloprovin-
cialis is 12-13.8 points, of Ips sexdentatus —3.9-4.5 points,
and of Ips acuminatus 2.8-3.6 points.

4. By general injuriousness, Monochamus galloprovincialis can
be moderately harmful or particularly harmful, and the both
Ips species can be low harmful or moderately harmful. By
general injuriousness, adjusted for insect spread, Ips acumi-
natus can be low or moderately harmful in Kharkiv region
and non-harmful or low harmful in Luhansk region. Ips sex-
dentatus can be moderately harmful in Kharkiv region and
non-harmful or low harmful in Luhansk region.

5. Scoring of stem insects' ability to vector fungi, bacteria and
nematodes, as well as additional decrease in timber quality
due to wood-destructing fungi is necessary to be carried out.
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B. /1. Mewikosa

VYxpainucoxuii nayxogo-oocnionuil incmunmym nicogoeo eocnodapemea i azponicomeniopayii im. I'. M. Bucoyvkoeo, m. Xapkis, Yrpaina

OLIHIOBAHHA HIKIAJIMBOCTI CTOBBYPOBHUX KOMAX Y COCHOBUX JIICAX

VYTouHEeHO OaNbHY OLIHKY OKpEeMHUX MapaMeTpiB IS pO3PaXyHKY IIKiAIMBOCTI CTOBOYPOBHX KOMaX 3 BUKOPHCTaHHIM JaHUX i3

JicocTenoBoi Ta crernoBoi 30H Ykpainu. disionoriuny mkimmmsicte Monochamus galloprovincialis ouineno y 4-15 6anis, Ips sex-
dentatus ta I acuminatus — y 4-5 6aniB. 3aJIe)KHO BiJ] IEPEBAXKHOTO 3aCEJICHHS OKPEMUX YaCTHH cTOBOypa TeXHi4YHA IIKiJUTUBICTH
M. galloprovincialis cranoButb 12-13,8 6ana, I. sexdentatus 3,9-4,5 6ana, a I. acuminatus 2,8-3,6 6ana. 3a 3araJlbHOIO IIKiJJIUBICTIO
3 HONPABKOIO Ha IOIIUPEHICTE [. acuminatus Moxe OyTy Majno abo MOMIpHO MIKI[UIMBUM Yy XapKiBCbKii 001acTi Ta HEIIKiIJIMBAM
a6o Mano mkigmuBuM y Jlyrancekilt obsacri. I. sexdentatus Moxe OyTH IOMIPHO HIKi[UIMBUM y XapKiBCbKil 00JIacTi Ta HEIIKIIIH-
BHM abo ManonikiuymBuM y JIyrancekiit o6macri.
Knruoei cnosa: croBOypoBi KOMaxu; CaHITApHUIN CTaH; NOJATKOBE YKUBJICHHS; (Di3i0OTIYHA MIKIIHBICTh; TEXHIYHA IIKiJIH-
BICTbh; 3arajibHa IIKiJJIUBIiCTb.
B.JI. Mewikosa

Yrpaunckuii nayuno-uccieoosamenvexuil uncmumym aecho2o xossiicmea u azpomenuopayuu um. 1. M. Buicoykoeo, 2. Xaperos, Ykpauna

OIEHKA BPEJOHOCHOCTH CTBOJIOBbBIX HACEKOMbIX B COCHOBBIX JIECAX

VYTouHeHa GayuIbHasi OLEHKA OTHCNIBHBIX IapaMEeTPOB Ul pacdeTa BPEJOHOCHOCTH CTBOJIOBBIX HACEKOMBIX C MCIOJIB30BAaHUEM
JTAaHHBIX U3 JIECOCTENHOH M CTEeNHOH 30H YkpawHbl. Ddusnonormaeckas BpefroHOCHOCTs Monochamus galloprovincialis oueHeHa B
4-15 Gamnos, Ips sexdentatus v I. acuminatus — B 4-5 6aju1oB. B 3aBHCHMOCTH OT IIPEMMYIIIECTBEHHOTO 3aCEJICHUSI OTACJIBHBIX YacTel
CTBOJIA TEXHUYECKash BPeNOHOCHOCTh M. galloprovincialis coctansier 12-13,8 6amna, 1. sexdentatus 3,9-4,5 6amna, a 1. acuminatus
2,8-3,6 6ayuta. ITo o0miel BpeIOHOCHOCTH C IIONPABKOH Ha PaclpoCTPaHEHHOCTh HACEKOMBIX /. acuminatus MOXeT OBITh Malo WU
YMEPEHHO BPEIOHOCHBIM B XapbKOBCKOH 001acTH 1 G€3BpeAHBIM MM MaJlo BpeOHOCHEIM B JIyranckoit obnacru. . sexdentatus mo-
XKeT OBITh YMEPEHHO BPEIOHOCHBIM B XapbKOBCKOH 00J1acTH U 0€3BPEIHBIM HIIM MaJI0 BPEJOHOCHBIM B JIyraHckoil o0macTy.

Kniouegvie cnoga: cTBONOBBIC HACEKOMBIE; CAHUTAPHOE COCTOSHUE; JONOJHHUTEIBHOE MUTAaHHUE; (hU3HOIOTHYEcKas BPEeIOHOC-
HOCTh; TeXHHYECKasi BPeIOHOCHOCTH; 001Iast BpeIOHOCHOCTb.
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