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ABSTRACT

The aim of the research was to determine the rate of the damage of xylophagous insects for silver birch (Betula
pendula Roth.) stands in the Left Bank Forest-steppe of Ukraine. Evaluation of physiological harmfulness consid-
ered a health condition of inhabited trees, features of maturating feeding and pathogens vectoring for the cases of
so-called ‘provoked aggressiveness’ and its absence. Evaluation of technical harmfulness considered a location and
depth of larval galleries and pupal chambers, colonized sapwood surface, and stem part. Evaluation of general harm-
fulness considered physiological harmfulness, technical harmfulness and generation number.

Among 22 xylophagous insect species, 4 species were widespread (Agrilus viridis (Linnaeus, 1758), Xylotrechus
rusticus (Linnaeus, 1758), Xyleborinus saxeseni (Ratzeburg, 1837), and Xyleborinus attenuatus (Blandford, 1894));
3 species were common, 6 species were rare and 9 species were single.

The highest physiological harmfulness is expected for Tremex fuscicornis (Fabricius, 1787) and Tremex magus
(Fabricius, 1787), Chrysobothris affinis (Fabricius, 1774), Agrilus viridis (Linnaecus, 1758), Xylotrechus rusticus, and
bark beetles. The highest technical harmfulness is expected for wood wasps — Tremex spp., jewel beetles Dicerca
furcata (Thunberg, 1787) and Dicerca alni (Fischer von Waldheim, 1824), longhorn beetle Xylotrechus rusticus, and
xylomycetophages — Xyleborinus sp.

All widespread species are evaluated by a wide range of physiological harmfulness. Three of them (all except
Agrilus viridis) are evaluated by highly technical harmfulness and from moderate to highly general harmfulness.
Among the species having a common occurrence, Tremex fuscicornis can be highly harmful only in the case of tree
weakening by negative factors, another two species can be non-harmful, and Xiphydria longicollis (Geoffroy, 1785)
can be low harmful in the case of tree weakening by negative factors. Among the rare species, Scolytus ratzeburgi
Janson, 1856 can be low or moderately harmful and Tremex magus can be low or highly harmful depending on the
presence or absence of other negative factors. Among single species, Zeuzera pyrina (Linnaeus, 1761) can be moder-
ately harmful because it colonizes almost healthy trees. The rest three species can be moderately harmful in the case
of tree weakening by negative factors.
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INTRODUCTION

Silver birch (Betula pendula Roth.) is a widespread tree
in the forest and ornamental stands of Europe. Howev-
er, its health condition deteriorates in different regions
(Neuvonen et al. 2005; Goychuk et al. 2018; Meshko-
va et al. 2018) due to climate change (Heimonen et al.
2015) and anthropogenic influence (Raffa et al. 2008).

Xylophagous insects are an important factor of sil-
ver birch weakening and timber quality decrease and
are so-called stem pests (Mozolevskaya 1974; Lieutier
et al. 2004). Their harmfulness growth due to tree dam-
age during maturation feeding and pathogens vectoring
(Krokene and Solheim 1998; Alamouti et al. 2007; Lin-
nakoski et al. 2008; Six 2012; Davydenko et al. 2014,
2017).

However, their development in deadwood is useful
for the environment, because it provides timber destruc-
tion and habitats for many organisms (Wermellinger et
al. 2007).

Xylophagous insects are mainly represented by
three families of Coleoptera (Cerambycidae, Bupresti-
dae and Curculionidae) and one family of Hymenop-
tera (Siricidae). They feed under the bark or in the sap-
wood for the most part of their life cycle (Lieutier et al.
2004). Outbreaks of xylophagous pests are most often
associated with climatic conditions and anthropogenic
pressure, particularly with forest management, which
increases tree susceptibility to insect attacks (Klapwijk
et al. 2016).

In 20142018, 22 species of xylophagous insects
were identified in the stands of Betula pendula in the
Left-bank forest-steppe of Ukraine (Skrylnik and Ko-
shelyaeva 2015; Meshkova et al. 2018). The vast major-
ity of these insects inhabits drying-up or felled trees, as
well as coarse woody debris. However, some species are
able to inhabit trees, which are suddenly weakened by
different abiotic, biotic or anthropogenic causes (Ball
and Simmons 1986; Lieutier et al. 2004; Hedgren 2010).

The most of xylophagous insects in silver birch are
polyphagous; therefore, the data on their biological pe-

culiarities are often not studied only on this tree spe-
cies. For example, Xiphydria wood wasps colonize al-
der, birch, oak and willow (Pazoutova and Sratka 2007,
PaZoutova et al. 2010). Xyleborinus saxesenii colonizes
ash, birch, poplar, oak, elm and even on pine and fir
(Fraedrich et al. 2011; Saruhan and Akyol 2012; Gomez
et al. 2013; Saruhan 2013; Sarikaya 2015). However, the
harmfulness of these insects was not quantified yet.

Approach to an evaluation of xylophagous insects’
harmfulness was developed by E.G. Mozolevskaya
(Mozolevskaya 1974) and takes into account the physi-
ological and technical harmfulness. Rating of different
features of tree colonization and life cycle of xylophago-
us insects also considered timber value of the damaged
trees, particularly in different stem parts. Such an ap-
proach was applied for Scotch pine (Pinus sylvestris L.)
pests in the European part of Russia (Mozolevskaya
1974), for Norway spruce (Picea abies (L.) H. Karst)
pests in Belorussia (Kukhta et al. 2014), and for English
oak (Quercus robur L.) (Meshkova and Kukina 2011)
and Scots pine pests (Skrylnyk 2013, 2015) in Ukraine.
It was shown (Meshkova 2017) that the estimated gen-
eral harmfulness of certain insect species characterizes
their potential harmfulness, while the actual harmful-
ness depends on region, tree health condition and insect
occurrence.

The aim of this research was to determine the rate
of the damage of xylophagous insects for silver birch
(Betula pendula Roth.) stands in the Left Bank Forest-
steppe of Ukraine.

MATERIAL AND METHODS

Research was carried out in 2010-2018 in the Silver
birch stands in Poltava (Myrgorodske Forest Enterprise),
Sumy (Trostyanetske Forest Enterprise) and Kharkiv
region (Zmiyivske, Chuguevo-Babchanske, Gutyanske
and Skrypayivske Forest Enterprises, Kharkivska For-
est Research Station of Ukrainian Research Institute of
Forestry and Forest Melioration named after G.M. Vy-
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sotsky, National Nature Park ‘Slobozhanskyi’, Dendro-
park of Kharkiv National Agrarian University named
after V.V. Dokuchaev, Park «Molodizhny») (Tab. 1).

Forest stands with birch from one to 80-year-old as
well as clear-cuts and the plots of thinning or selective
sanitation felling were inspected, total 5357 trees in 18
localities (see Tab. 1).

Health condition of inspected trees was evaluated
according to ‘Sanitary rules in the forests of Ukraine’
(Anonymous 1995). Each tree was classified into 1
of 6 categories of health condition (Ist — healthy; 2nd
— weakened; 3rd — severely weakened; 4th — drying-up;
5th — recently died; 6th — died over a year ago). Fre-
quency of occurrence of each xylophagous insect spe-
cies was calculated as the proportion of infested trees
from the total tree number of respective category of
health condition.

The sections of 50 cm length were cut from stems
and branches of the trees of different health condition,
particularly with thick, transitional and thin bark. Some
sections were left in the forest and others were brought
to the laboratory and keeping in insectarium with in-

serted nets or ventilation holes respectively. After adult
emerging, all insects were identified. Then the sections
were debarked, and galleries were examined to evaluate
the parameters that are necessary for damage rating.

General harmfulness of each xylophagous species
was evaluated according to the approach developed by
E.G. Mozolevskaya (Mozolevskaya 1974). According
to this, the general damage score of harm of each spe-
cies was calculated as the product of technical damage
by the physiological damage and correction coeffi-
cient, which reflects the number of generations (1 — for
one-generation per year, 2 — for two generations per
year, and 0.5 for development during two, and more
years).

The physiological damage of insects was calculat-
ed as the sum of scores for their physiological activity
(ability to colonize trees of different health condition),
ability to damage the birch trees during maturation
feeding and ability to vector the pathogens.

Physiologically active insect species, which are ca-
pable to colonize the trees of the 1st—2nd categories of
health condition (healthy and weakened trees) were es-

Table 1. List of inspected stands of Silver birch in the Left-bank Forest-steppe

Region PaI:]S ?:;f::;;fii?;o " Forestry* Latitude, N | Longitude, E
Zmiyivske Zadonetzke (293) 49°40"28" 36°20'51"
Chuguevo-Babchanske Malynivske (57) 49°47'46" 36°35"25"
Gutyanske Krasnokutske (76) 50°07°59" 35°20°57"
Skrypayivske Skrypayivske (107) 49°44°22" 36°31°28"

Kharkiv | Kharkiv FRS URIFFM Pivdenne (209) 50°08°26" 36°16°45"
Kharkiv FRS URIFFM Dergachivs ke (969) 50°06°28" 36°07°15"
NNP “Slobozhanskyi” (66) 50°07°45" 35°20°45"
Dendropark of Kharkiv National Agrarian University named after V.V. Dokuchaev (447) 49°54"20" 36°29'54"
Kharkiv Park “Molodizhny” (23) 49°58°50” | 36°15°16"
Myrgorodske Velykobogachanske (300) 49°4728" 33°4321"
Myrgorodske Gogolivske (300) 49°54'57" 33°49'18"
T Myrgorodske Komyshnyanske (225) 50°11'01" 33°40'46"
Myrgorodske Psilske (201) 49°38'17" 33°50'35"
Myrgorodske Chapajevske (405) 49°0720" 34°02'33"
Myrgorodske Shishakske (354) 49°52'40" 34°01'35"
Trostyanetske Lytovske (240) 50°22°50" 34°55°28"

Sumy | Trostyanetske Makivske (995) 50°31'19" 34°56'02"

Trostyanetske Neskuchanske (90) 50°29'05" 34°57'56"

Note:* — number of trees in brackets.
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timated at 10 points. Insects capable of colonizing trees
of the 3rd—4th categories of health condition, coarse
woody debris, and timber, obtained 1 point. Insects, ca-
pable of colonizing only trees of the 5th—6th categories
of health condition (deadwood), stumps and timber, ob-
tained 0.1 points. The ability of insects to damage trees
during maturation feeding was evaluated with 2 points
(noticeable damage), 1 point (slight damage), or O points
(maturation feeding is absent).

Insects that are capable to be a vector of the patho-
gens were evaluated as 3 points, to be a vector of the
wood-destroying fungi as 2 points, to be a vector of the
blue stain fungi as 1 point, and score 0 was given to in-
sects that cannot be the vector of a pathogen. Since most
insects do not have special organs for pathogens vector-
ing, but they are all potential carriers of pathogens in
the body, then the score 0 was given to those species
that colonize only dead trees or small branches. Score
1 was given to species, which colonize felled trees, in-
fect them with blue stain fungi and reduce timber cost.
Score 2 was given to species, which colonize weakened
trees (and open access to infection).

The technical damage was evaluated as a product
of points of an overall score of destruction, colonized
area and damaged wood value (the last coefficient for
birch is 1.3, considering its price comparing to the other
tree species).

The general wood destruction was assessed as the
sum of points that evaluate the depth of gallery location
(score 1.2 for the depth to 1 ¢cm, a score 1.7 for 1-4 cm,
a score 4.3 for more than 4 cm), their diameter (score
0 up to 0.3 cm, score 0.1 over 0.3 cm) and colonized
surface of the sapwood (score 0 up to 1 dm?, score 0.1
for 1-2 dm?, and score 0.2 for over 2 dm?). Stem part
score was evaluated according to the value of respective
timber assortments: insects, colonizing the stem parts
with thick, transitional and thin bark are evaluated by
1.5, 1.3 and 1 points.

General damage was calculated as the product of
point assessment for physiological, technical harmful-
ness and coefficient reflecting the number of genera-
tions (1 — for one-year generation, 2 — for two genera-
tions per year and 0.5 — for two-year development).

By the general harmfulness score, all studied xylo-
phagous insects were referred to four groups, namely,
highly harmful (the general harmfulness is 80 and more
points), moderately harmful (20—79 points), low harm-

ful (10—19 points), and non-harmful (less than 10 points)
(Mozolevskaya 1974).

However, aggression of some xylophagous insects
may be provoked by sudden action of abiotic factors
(natural disasters: snow break, ice break, windstorm,
fire, drought, etc.), biotic factors (cyclic increase of
population density), and anthropogenic factors (careless
forest management, untimely removal of timber pro-
duction from the forest, sudden lighting of forest wall
after thinning or neighbouring clear-cuts, mechanical
damage to living trees, etc.) (Licutier et al. 2004; Raffa
et al. 2008; Meshkova et al. 2018). Therefore, we evalu-
ated the physiological activity of xylophagous insects
in Silver birch, considering the cases of so-called ‘pro-
voked aggressiveness’ and its absence.

Frequency of occurrence of xylophagous insect
species was calculated as the proportion of the colo-
nized trees of given health condition from all the trees
of given health condition. Standard error was calculated
using statistical software package PAST: Paleontologi-
cal Statistics Software Package for Education and Data
Analysis (Hammer et al. 2001).

Resutts

In silver birch trees, we have identified 22 xylophagous
insect species of three orders (Tab. 2).

Order Hymenoptera included three species from
two families — Xiphydriidae: Xiphydria longicol-
lis (Geoffroy, 1785) and Siricidae: Tremex fuscicornis
(Fabricius, 1787) and Tremex magus (Fabricius, 1787).
Order Lepidoptera was represented by one species from
Cossidae: Zeuzera pyrina (Linnaeus, 1761). Order Co-
leoptera included six species of Buprestidae: Dicerca
furcata (Thunberg, 1787), Dicerca alni (Fischer von
Waldheim, 1824), Agrilus angustulus (Illiger, 1803),
Agrilus betuleti (Ratzeburg, 1837), Agrilus viridis (Lin-
naeus, 1758), Chrysobothris affinis (Fabricius, 1774);
seven species of Cerambycidae: Xylotrechus rusticus
(Linnaeus, 1758); Aegomorphus clavipes (Schrank,
1781); Exocentrus adspersus Mulsant 1846; Leiopus
linnei Wallin, Nylander & Kvamme, 2009; Mesosa
curculionides (Linnaeus, 1758); Mesosa nebulosa (Fab-
ricius, 1781); Saperda scalaris (Linnaeus, 1758), and
five species of Curculionidae (Scolytinae): Scolytus rat-
zeburgi Janson, 1856; Xyleborinus attenuatus (Bland-
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Table 2. Frequency of occurrence of xylophagous insects in Silver birch trees of different health condition in the Left-bank
Forest Steppe, % (+SE)

Category of tree health condition* Occurrence
No Insect taxa .
1-2 (4084) | 34 (809) | 5-6 (464) of species
Order Hymenoptera
Family Xiphydriidae
1 | Xiphydria longicollis (Geoffroy, 1785) | - | 1.70 £ 0.454 | - common
Family Siricidae
2 | Tremex fuscicornis (Fabricius, 1787) 0.60£0.121 2.60 + 0.559 - common
Tremex magus (Fabricius, 1787) 0.20 +0.070 0.37+0.213 - rare
Order Lepidoptera
Family Cossidae
4 |Zeuzera pyrina (Linnaeus, 1761) 0.05+0.035 - - single
Order Coleoptera
Family Buprestidae
5 | Dicerca furcata (Thunberg, 1787) - 0.49 +0.246 - rare
6 | Dicerca alni (Fischer von Waldheim, 1824) - 0.12+0.122 0.43 £ 0.304 single
7 | Agrilus angustulus (Tlliger, 1803) - 1.20£0.383 2.80+0.766 common
8 | Agrilus betuleti (Ratzeburg, 1837) - 0.49 +0.246 0.43 £0.304 rare
9 | Agrilus viridis (Linnaeus, 1758) 0.47 £0.106 17.68 £ 1.341 - widespread
10 | Chrysobothris affinis (Fabricius, 1774) 0.02 £ 0.022 0.12+£0.122 - single
Family Cerambycidae
11 | Xylotrechus rusticus (Linnaeus, 1758) 0.39 £ 0.098 16.93 £1.319 - widespread
12 | Aegomorphus clavipes (Schrank, 1781) - - 0.22+0.218 single
13 | Exocentrus adspersus Mulsant 1846 - - 0.22+0.218 single
14 Iz_gi)ogpus linnei Wallin, Nylander & Kvamme, B 3 02240218 single
15 | Mesosa curculionides (Linnaeus, 1758) - 0.37+0.213 0.43 £ 0.304 rare
16 | Mesosa nebulosa (Fabricius, 1781) - 0.12+0.122 0.43 +£0.304 single
17 |Saperda scalaris (Linnaeus, 1758) - 0.37+0.213 0.43 £ 0.304 rare
Family Curculionidae (Scolytinae)
18 | Scolytus ratzeburgi Janson, 1856 0.29 +0.084 0.49 £+ 0.246 - rare
19 | Xyleborinus attenuatus (Blandford, 1894) 0.20 £ 0.069 12.11 £1.147 - widespread
20 | Xyleborinus saxeseni (Ratzeburg, 1837) 0.49 £0.109 21.14+1.435 - widespread
21 |Anisandrus maiche Stark, 1936 0.02 +£0.022 0.12+0.122 - single
22 | Trypodendron signatum (Fabricius, 1792) 0.02 +£0.022 0.12+0.122 - single

Notes: * — number of inspected trees in brackets;

ford, 1894); Xyleborinus saxeseni (Ratzeburg, 1837);
Anisandrus maiche Stark, 1936; Trypodendron signa-

@«

tum (Fabricius, 1792).

Among the revealed insects, 4 species are wide-
spread (Agrilus viridis, Xylotrechus rusticus, Xylebori-

—“—aspecies was not found.

nus saxeseni, and Xyleborinus attenuatus); 3 species are
common (Xiphydria longicollis, Tremex fuscicornis, and
Agrilus angustulus), 6 species are rare (Tremex magus,
Dicerca furcata, Agrilus betuleti, Mesosa curculionides,
Saperda scalaris, and Scolytus ratzeburgi) and 9 species
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are met occasionally or single (Zeuzera pyrina, Dicerca
alni, Chrysobothris affinis, Aegomorphus clavipes, Exo-
centrus adspersus, Leiopus linnei, Mesosa nebulosa,
Trypodendron signatum and Anisandrus maiche) (see
Tab. 2). Four species (Scolytus ratzeburgi, Dicerca fur-
cata, Agrilus betuleti, and Tremex fuscicornis) are most
often confined to Betula spp., and other species damage
different deciduous trees (Fraedrich et al. 2011; Gémez et
al. 2013; Saruhan 2013; Heimonen et al. 2015).

Evaluation of xylophagous insects’ physiological
activity shows, that they prefer to colonize dead trees or
stumps (9 species), wood debris or recently felled trees,
severely weakened and drying up trees (12 species).
Only Zeuzera pyrina was able to attack healthy and
weakened trees (the trees of the 1st and 2nd category of
health condition) (Tab. 2).

Most of the detected xylophagous insects (17 spe-
cies) colonize felled trees and coarse woody debris
(stem segments), namely Xiphydria longicollis, Tremex
fuscicornis, T. magus, Dicerca furcata, D. alni, Agri-
lus viridis, Chrysobothris affinis, Xylotrechus rusticus,
Aegomorphus clavipes, Mesosa curculionides, Mesosa
nebulosa, Saperda scalaris, Scolytus ratzeburgi, Trypo-
dendron signatum, Xyleborinus saxeseni, Xyleborinus
attenuatus, and Anisandrus maiche.

Small woody debris (treetops and twigs) are inhab-
ited by jewel beetles (Agrilus sp.), longhorn beetles -—
Exocentrus adspersus, Leiopus linnei and sometimes
Mesosa sp. The stumps of birch trees are colonized by
Dicerca furcata, D. alni, Saperda scalaris and Aego-
morphus clavipes.

Agrilus viridis locally attacks the trees without ex-
ternal signs of weakening. In cases of its low population
density, the callus covers the wounds after beetle emer-
gence, and the tree continues to live. At a high popula-
tion density of the beetle, birch trees inevitably die.

Individual development of birch bark beetle (Sco-
Iytus ratzeburgi) and big birch tremex wasp (Tremex
fuscicornis) always completes in the trees with rather
humid sapwood.

So-called ‘provoked aggressiveness’ was proved
for 10 xylophagous insect species, including 5 species
bark and ambrosia beetles, 1 longhorn beetle (Xylotre-
chus rusticus), 2 jewel beetles (Agrilus viridis and A.
betuleti), and 2 wood wasps (T. fuscicornis and T. ma-
gus), which sometimes colonized almost healthy trees
(Tab. 3). Such species’ physiological activity was evalu-

ated with 1 point when they attacked the trees of the
3" and 4t category of health condition, wood debris or
recently felled trees, and it was evaluated with 10 points
when they attacked the trees of the 1% and 2™ category
of health condition.

Table 3. Score of physiological harmfulness of xylophagous
insects in Silver birch trees in the Left-bank Forest Steppe,
points

E g = a0 T§ 2

T = = A= R = =
No Insect species ?3 :E § '§ _Z:DE 73 E

~ A=
1 | Xiphydria longicollis 1 0 2 3
2 | Tremex fuscicornis 1/10 0 3/12
3 | Tremex magus 1/10 0 3/12
4 | Zeuzera pyrina 10 0 - 10
5 | Dicerca furcata 1 1 - 2
6 | Dicerca alni 0.1/1 1 - 1.12
7 | Agrilus angustulus 0.1/1 1 - 1.12
8 | Agrilus betuleti 0.1/1 1 172 | 2.1/4
9 | Agrilus viridis 1/10 2 172 | 4/14
10 | Chrysobothris affinis 1/10 1 1 3/12
11 | Xylotrechus rusticus 1/10 2 172 | 4/14
12 | Aegomorphus clavipes 0.1 0 - 0.1
13 | Exocentrus adspersus 0.1 0 - 0.1
14 | Leiopus linnei 0.1 0 - 0.1
15 | Mesosa curculionides 0.1/1 0 - 0.1/1
16 | Mesosa nebulosa 0.11 0 - 0.1/1
17 | Saperda scalaris 0.1/1 2 - 2.1/3
18 | Scolytus ratzeburgi 1/10 2 2 5/14
19 | Xyleborinus attenuatus | 1/10 2 2 5/14
20 | Xyleborinus saxeseni 1/10 2 2 5/14
21 | Anisandrus maiche 1/10 2 2 5/14
22 | Trypodendron signatum | 1/10 2 2 5/14

Notes: Minimal and maximal possible scores for each parameter are
mentioned as numerator and denominator. Physiological activity

— inhabiting of: 0.1 — dead trees or stumps; 1 — trees of the 3" and

4 category of health condition, wood debris or recently felled trees;
10 — trees of the 1% and 2™ category of health condition. Maturation
feeding: 0 — absent; 1 — slight damage; 2 — noticeable damage. Pathogen
vectoring: 0 — absent; 1 — vectoring of blue stain fungi; 2 — vectoring
of wood destroying fungi (Mozolevskaya 1974). Physiological
harmfulness: total score considering minimal (numerator) or maximal
(denominator) combination of scores for pathogen vectoring and
physiological activity respectively.
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If Xiphydria longicollis, Dicerca alni, Agrilus an-
gustulus, Agrilus betuleti, Mesosa curculionides, Mes-
osa nebulosi and Saperda scalaris colonize the trees of
the 3" and 4t category of health condition, wood debris
or recently felled trees, their physiological activity was
evaluated with 1 point, and in case of colonizing only
dead trees or stumps, it was evaluated with 0.1 points.

Repeated attempts of healthy trees’ attack by Trem-
ex fuscicornis, Agrilus viridis, Xyleborinus sp., Anisan-
drus maiche, and Xylotrechus rusticus were revealed.
The trees, weakened by these insects, inhabited by an-
other bark and ambrosia beetles and wood wasps, and
usually did not recover and die. The least aggressive
species colonize trees that are weakened by more ag-
gressive species, completing their development in the
dead trees (Skrylnik and Koshelyaeva 2015).

Maturation feeding is absent for 8 analysed xylo-
phagous insects. Five jewel beetles cause slight damage
during maturation feeding by foliage. One jewel beetle
(Agrilus viridis), one longhorn beetle (Saperda scalaris)
and five bark beetles (Scolytus ratzeburgi, Xyleborinus
attenuatus, Xyleborinus saxeseni, Anisandrus maiche,
and Trypodendron signatum) cause noticeable damage
(see Tab. 3).

Most xylophagous insects do not have special or-
gans (mycangia) for vectoring pathogens, but they can
passively transfer pathogens on their bodies (Krokene
and Solheim 1998; Linnakoski et al. 2012; Six 2012).
Physiologically active species during maturation feed-
ing and when attempting to colonize living trees open
the way to the blue-stain and wood-decay fungi, there-
fore, we estimate these species by score 1 or 2 respec-
tively. Wood wasp oviposition in the surface layer of
wood thus opening the way for a fungal infection. Bark
beetles are known to bring the blue-stain fungi (Ophi-
ostoma sp. and others) into their galleries. Xyleborinus
attenuates, Xyleborinus saxeseni, Anisandrus maiche,
and Trypodendron signatum bring mycelium of symbi-
otic fungi into the galleries to feed their larvae. These
fungi are usually not pathogenic for trees, but they use
some substances from xylem, which increase the nega-
tive influence of tree colonization. Together with sym-
biotic fungi, any other fungi can penetrate into xylem
with these beetles (Six 2012).

Physiological harmfulness of xylophagous insects
in birch trees was evaluated considering minimal (nu-
merator) or maximal (denominator) combination of

scores for pathogen vectoring and physiological activ-
ity respectively (see Tab. 3). Rather a high diapason of
physiological harmfulness was evaluated for Tremex
spp. and Chrysobothris affinis (3 to 12 points), Agrilus
viridis and Xylotrechus rusticus (4 to 13 points) and
bark beetles (5 to 14 points).

Evaluation of technical harmfulness of xylopha-
gous insects shows that the larvae of some species
(Xiphydria longicollis, Tremex fuscicornis, Tremex ma-
gus, Zeuzera pyrina, Dicerca furcata, Dicerca alni, and
Xylotrechus rusticus) penetrate the sapwood and heart-
wood and even get to the opposite side of the stem. For
these species, we mention the location of galleries as
‘whole space’ (Tab. 4, 5).

The larvae of xylomycetophages (Xyleborinus
saxeseni, Xyleborinus attenuatus etc.) are gathered in
groups of up to 50 specimens; therefore, their mutual
galleries reach a width of about 10 mm at pupation time
(see Tab. 4).

The analysis shows that the highest wood destruc-
tion is mainly caused by the larvae of wood wasps,
a longhorn beetle Xylotrechus rusticus, xylomyce-
tophages Xyleborinus sp., two jewel beetles species
— Dicerca sp., and a leopard moth — Zeuzera pyrina
(Tab. 6).

The larvae of the rest species of xylophagous in-
sects (Agrilus angustulus, Agrilus betuleti, Dicerca
furcata, Dicerca alni, Agrilus viridis, Chrysobothris
affinis, Aegomorphus clavipes, Exocentrus adspersus,
Leiopus linnei, Mesosa curculionides, Mesosa nebulo-
sa, Saperda scalaris and Scolytus ratzeburgi) develop
under the bark in phloem and do not cause technical
injury. At the same time, if the tree is colonized by these
insects, timber quality can decline due to the penetra-
tion of blue-stain and wood decay fungi.

The calculation score of the technical injurious-
ness for xylophagous insects indicates that in the case
of a long time from birch tree death or felling to its
processing, the highest technical injury to timber can
be caused by wood wasps (Tremex sp.), jewel beetles
Dicerca sp., longhorn beetle Xylotrechus rusticus, and
xylomycetophages — Xyleborinus sp. (Tab. 7). Their
harm increases as compared to some other insects be-
cause they not only damage the deeper timber layers
but also colonize the lowest part of the stem, which is
the most valuable. Damage of large logs can be detected
only after the appearance of exit holes on the surface.
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Table 4. Location and size of xylophagous insects’ larval galleries in Silver birch trees

Galleries location and size
No Insect species Part of stem colonized ) ga”ery depth of gal‘
location diameter, lery location,
mm mm
Hymenoptera: Xiphydriidae
1 | Xiphydria longicollis Top, branches, thin bark Sapwood 4 Whole space
Hymenoptera: Siricidae
2 | Tremex fuscicornis Transitional, rough bark Sapwood Whole space
Tremex magus Transitional, rough bark Sapwood Whole space
Lepidoptera: Cossidae
4 | Zeuzera pyrina Thin, transitional bark Sapwood 9 40-50
Coleoptera: Buprestidae
5 | Dicerca furcata Thin, transitional, rough bark Sapwood 9 Whole space
6 | Dicerca alni Thin, transitional, rough bark Sapwood 9 Whole space
7 | Agrilus angustulus Twigs, branches Phloem, bark 2 1
8 |Agrilus betuleti Twigs, branches Phloem, bark 2 1
9 | Agrilus viridis Thin, transitional bark, twigs, branches | Phloem, bark 3 2
10 | Chrysobothris affinis Thin, transitional bark, twigs, branches | Phloem, sapwood 8 4
Coleoptera: Cerambycidae
11 | Xylotrechus rusticus Transitional, rough bark Sapwood 12 Whole space
12 | Aegomorphus clavipes | Transitional bark Phloem, sapwood 10 5
13 | Exocentrus adspersus | Twigs, branches, thin bark Phloem, sapwood 5 3
14 |Leiopus linnei Twigs, branches, thin bark Phloem, sapwood 5 3
15 | Mesosa curculionides | Thin, transitional, rough bark Phloem, sapwood 12 5
16 | Mesosa nebulosa Thin, transitional, rough bark Phloem, sapwood 12 5
17 |Saperda scalaris Thin, transitional, rough bark Sapwood 9 3
Coleoptera: Curculionidae: Scolytinae
18 | Scolytus ratzeburgi Thin, transitional, rough bark Bark, phloem, sapwood 3 5
19 | Xyleborinus attenuatus | Thin, transitional, rough bark Sapwood 1 80-100
20 | Xyleborinus saxeseni Thin, transitional, rough bark Sapwood 1 60-80
21 |Anisandrus maiche Twigs, branches, thin bark Sapwood 1 15-30
22 | Trypodendron signatum | Thin, transitional, rough bark Sapwood 2 30-40

Therefore, sometimes, inhabited logs are used in the
construction of houses, which are then destroyed.
Evaluation of general harmfulness of xylophagous

pests show that most of the analysed insects (16 species)
in birch trees have a one-year generation in the Left-
bank Forest-steppe of Ukraine (Tab. 8).

General harmfulness is the product of scores of
physiological harmfulness, technical harmfulness and
index of amount of generations. Physiological harm-

fulness is taken from Table 2. Technical harmfulness
is taken from Table 6. Index of generations number:
1 — 1 generation per year; 0.5 — development during
two years. General harmfulness: considering minimal
(numerator) or maximal (denominator) combination of
scores for physiological harmfulness and index of gen-
erations amount respectively

Development of some stem pests’ larvae acceler-
ates at a higher temperature and slows at a low relative
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Table 5. Location and size of xylophagous insects’ pupal chambers in Silver birch trees

. Pupal chamber location and size
No Insect species - - -
location | length, mm | width, mm | depth of location, mm
Hymenoptera: Xiphydriidae
1 |Xiphydria longicollis | Sapwood | 20 | 4 | Whole space
Hymenoptera: Siricidae
2 | Tremex fuscicornis Sapwood 35 Whole space
Tremex magus Sapwood 30 Whole space
Lepidoptera: Cossidae
4 |Zeuzera pyrina Sapwood 50-60 8 40-50
Coleoptera: Buprestidae
5 | Dicerca furcata Sapwood 18 Whole space
6 |Dicerca alni Sapwood 20 Whole space
7 | Agrilus angustulus Upper sapwood layer, phloem 1,5 3
8 | Agrilus betuleti Upper sapwood layer, phloem 1,5 3
9 | Agrilus viridis Upper sapwood layer, phloem 12 2 5
10 | Chrysobothris affinis Upper sapwood layer, phloem 15 9 10
Coleoptera: Cerambycidae
11 | Xylotrechus rusticus Sapwood 20 6 Whole space
12 | Aegomorphus clavipes | Upper sapwood layer, phloem 20 6 5
13 | Exocentrus adspersus Upper sapwood layer, phloem 10 4 4
14 |Leiopus linnei Upper sapwood layer, phloem 12 4 4
15 | Mesosa curculionides Upper sapwood layer, phloem 20 6 5
16 | Mesosa nebulosa Upper sapwood layer, phloem 20 6 5
17 |Saperda scalaris Upper sapwood layer, phloem 24 7 5
Coleoptera: Curculionidae: Scolytinae
18 | Scolytus ratzeburgi Upper sapwood layer, phloem 5 2 5
19 | Xyleborinus attenuatus | Sapwood 30 12 90
20 | Xyleborinus saxeseni Sapwood 25 10 80
21 | Anisandrus maiche Sapwood 12 30
22 | Trypodendron signatum | Sapwood 5 2 30-40

humidity of timber. Zeuzera pyrina, Dicerca furcata,
and Dicerca alni usually develop for two years and an
index of generations number for them is 0.5 points. The
wood wasps have one- or two-year cycle of development
depending on weather conditions and the rate of timber
drying. Therefore, we assumed an index of generations
number for Xiphydria longicollis, Tremex fuscicornis
and Tremex magus as 0.5 and 1 (see Tab. 8).

According to our evaluation, the longhorn bee-
tles Exocentrus adspersus, Leiopus linnei and Aego-
morphus clavipes are the least harmful (with general

harmfulness 0.17 and 0.23 points, other longhorn bee-
tles (Mesosa curculionides, Mesosa nebulosa and Sa-
perda scalaris) were characterized by 2.73—8.19 points.
The highest harmfulness is evaluated for longhorn
beetle Xylotrechus rusticus (122.78 points), bark bee-
tles Xyleborinus attenuatus and Xyleborinus saxeseni
(120.12 points) and wood wasps Tremex fuscicornis and
Tremex magus (105.24 points).

Certain xylophagous insects are prone to manifes-
tation of aggression towards trees without visible signs
of weakening in the cases when their aggressiveness
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Table 6. General score of Silver birch timber destruction by
xylophagous insects in the Left-bank Forest Steppe, points

g %3552

No Insect species g é 2 Tg; -§ é’ _og
RSl T |oz| 28

© §| S E

1 | Xiphydria longicollis 43 0.1 0.1 4.5
2 | Tremex fuscicornis 43 0.1 0.1 4.5
3 | Tremex magus 43 0.1 0.1 4.5
4 | Zeuzera pyrina 43 0.1 0.1 4.5
5 | Dicerca furcata 43 0.1 0.1 4.5
6 | Dicerca alni 43 0.1 0.1 4.5
7 | Agrilus angustulus 1.2 1.2
8 | Agrilus betuleti 1.2 1.2
9 | Agrilus viridis 1.2 1.2
10 | Chrysobothris affinis 1.2 0.1 0.1 1.4
11 | Xylotrechus rusticus 43 0.1 0.1 4.5
12 | Aegomorphus clavipes 1.2 0.1 0.1 1.4
13 | Exocentrus adspersus 1.2 0.1 1.3
14 | Leiopus linnei 1.2 0.1 1.3
15 | Mesosa curculionides 1.2 0.1 0.1 1.4
16 | Mesosa nebulosa 1.2 0.1 0.1 1.4
17 | Saperda scalaris 1.2 0.1 0.1 1.4
18 | Scolytus ratzeburgi 1.2 0.1 0.1 1.4
19 | Xyleborinus attenuatus | 4.3 0.1 0 44
20 | Xyleborinus saxeseni 4.3 0.1 0 4.4
21 | Anisandrus maiche 1.7 0 0 1.7
22 | Trypodendron signatum | 1.7 0 0 1.7

Notes: General score of timber destruction is amount of points for depth
of destruction, gallery width and colonized sapwood surface. Depth of
destruction: score 1.2 —up to 1 cm; score 1.7 — 1-4 cm, score 4.3 — over
4 cm. Gallery width: 0 — up to 0.3 cm; 0.1 — over 0.3 cm. Colonized
sapwood surface: 0 — up to 1 dm? 0.1 — 1-2 dm? 0.2 — over 2 dm?
(Mozolevskaya 1974).

was provoked due to the action of abiotic, biotic or an-
thropogenic factors; therefore, it was advisable to evalu-
ate the maximum possible harm.

By general harmfulness, all the analysed xy-
lophagous insects were referred into four groups:
I — highly harmful (the general harmfulness is 80 and
more points), II — moderately harmful (20-79 points),
IIT — low harmful (10-19 points), and IV — non-harmful
(less than 10 points) (Tab. 8, Fig. 1).

Table 7. Score of technical harmfulness of xylophagous
insects in Silver birch trees in the Left-bank Forest Steppe,
points

=)

No Insect species - 35 g g % cé

25| 5| E|FE

SE|a | T | ~
1 | Xiphydria longicollis 4.5 1.0 1.3 | 5.85
2 | Tremex fuscicornis 4.5 1.5 1.3 | 877
3 | Tremex magus 4.5 1.5 1.3 | 8.77
4 | Zeuzera pyrina 4.5 1.3 1.3 | 7.60
5 | Dicerca furcata 4.5 1.5 1.3 | 877
6 |Dicerca alni 4.5 1.5 1.3 | 877
7 | Agrilus angustulus 1.2 1.0 1.3 | 1.56
8 | Agrilus betuleti 1.2 1.0 1.3 | 1.56
9 | Agrilus viridis 1.2 1.3 1.3 | 2.02
10 | Chrysobothris affinis 1.4 1.3 1.3 | 2.36
11 | Xylotrechus rusticus 4.5 1.5 1.3 | 8.77
12 | Aegomorphus clavipes 1.4 1.3 1.3 | 2.36
13 | Exocentrus adspersus 1.3 1.0 1.3 | 1.69
14 | Leiopus linnei 1.3 1.0 1.3 | 1.69
15 | Mesosa curculionides 1.4 1.5 1.3 | 2.73
16 | Mesosa nebulosa 1.4 1.5 1.3 | 2.73
17 | Saperda scalaris 1.4 1.5 1.3 | 2.73
18 | Scolytus ratzeburgi 1.4 1.5 1.3 | 2.73
19 | Xyleborinus attenuatus | 4.4 1.5 1.3 | 8.58
20 | Xyleborinus saxeseni 4.4 1.5 1.3 | 8.58
21 | Anisandrus maiche 1.7 1.0 1.3 | 221
22 | Trypodendron signatum | 1.7 1.5 1.3 | 3.31

Notes: Score of technical harmfulness of xylophagous insects is the
product of general score of timber destruction, score of stem part and
score of timber value. General score of timber destruction: is the last
column of Table 5. Score of stem part: colonizing stem part with rough
bark — 1.5 points; with transition bark — 1.3 points; with thin bark
— 1 point. Timber value index for Silver birch is 1.3 (Mozolevskaya 1974).

In the case of tree weakening by negative factors,
provoking aggressiveness of xylophagous insects, the
group of highly harmful insects includes 5 species:
Tremex fuscicornis, Tremex magus, Xylotrechus rusti-
cus, Xyleborinus attenuatus, and Xyleborinus saxeseni.
Moderately harmful are 6 species (Zeuzera pyrina,
Agrilus viridis, Chrysobothris affinis, Scolytus ratze-
burgi, Anisandrus maiche, Trypodendron signatum),
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Table 8. Score of general harmfulness of xylophagous insects in Silver birch trees in the Left-bank Forest Steppe, points

No Insect species Iﬁ;};iil%lfl)icszl h:;fgliﬁis Index (r)lflﬁf E:rrations General harmfulness
1 | Xiphydria longicollis 3 5.85 0.5/1 8.77/11.55
2 | Tremex fuscicornis 3/12 8.77 0.5/1 13.15/26.31/52.62/ 105.24
3 | Tremex magus 3/12 8.77 0.5/1 13.15/26.31/52.62/ 105.24
4 |Zeuzera pyrina 10 7.60 0.5 38.00
5 |Dicerca furcata 2 8.77 0.5 8.77
6 | Dicerca alni 1.12 8.77 0.5 4.82/8.77
7 | Agrilus angustulus 1.12 1.56 1 1.71/3.12
8 |Agrilus betuleti 2.1/3/3.1/4 1.56 1 3.27/4.68/4.83/6.24
9 | Agrilus viridis 4/5/13/14 2.02 1 8.08/10.1/26.26/28.28
10 | Chrysobothris affinis 3/12 2.36 1 7.08/28.32
11 | Xylotrechus rusticus 4/5/13/14 8.77 1 35.08/43.85/114.01/122.78
12 | Aegomorphus clavipes 0.1 2.36 1 0.23
13 | Exocentrus adspersus 0.1 1.69 1 0.17
14 | Leiopus linnei 0.1 1.69 1 0.17
15 | Mesosa curculionides 0.1/1 2.73 1 0.27/2.73
16 | Mesosa nebulosa 0.1/1 2.73 1 0.27/2.73
17 |Saperda scalaris 2.1/3 2.73 1 5.73/8.19
18 |Scolytus ratzeburgi 5/14 2.73 1 13.65/38.22
19 | Xyleborinus attenuatus 5/14 8.58 1 42.9/120.12
20 | Xyleborinus saxeseni 5/14 8.58 1 42.9/120.12
21 |Anisandrus maiche 5/14 2.21 1 11.05/30.94
22 | Trypodendron signatum 5/14 3.31 1 16.55/46.34

Notes: Different possible scores for each parameter are mentioned as numerator and denominator.
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Figure 1. Distribution of silver birch xylophagous insects
by harmfulness in the case of tree weakening by other
negative factors, provoking aggressiveness of these insects,
and in the absence of such impact (groups by harmfulness:
I — highly harmful with general harmfulness > 80 points,
II — moderately harmful — 2079 points, I1I — low harmful
—10-19 points, and IV — non-harmful — < 10 points)

low harmful is 1 species — Xiphydria longicollis, and
non-harmful are 10 species (Dicerca furcata, Dicerca
alni, Agrilus angustulus, Agrilus betuleti, Aegomorphus
clavipes, Exocentrus adspersus, Leiopus linnei, Mesosa
curculionides, Mesosa nebulosa. and Saperda scalaris).

In the absence of tree weakening by other nega-
tive factors, provoking aggressiveness of xylophagous
insects, these insects colonize severely weakened or
recently died trees, and the score of their physiologi-
cal, technical harmfulness is minimal. In such a case,
there is no one species in the group of highly harmful
xylophagous insects. A group of moderately harmful
xylophagous insects includes 4 species (Xylotrechus
rusticus, Xyleborinus attenuatus, Xyleborinus saxeseni
and Zeuzera pyrina), and a group of low harmful xy-
lophagous insects includes five species (Tremex fus-
cicornis, Tremex magus, Scolytus ratzeburgi, Anisan-
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drus maiche and Trypodendron signatum). The wood
wasps Tremex fuscicornis and Tremex magus are not
harmful in such a case, because they colonize heavily
weakened trees and have a prolonged generation (two
and more years). A group of non-harmful xylophago-
us insects includes 13 species (Xiphydria longicollis,
Dicerca furcata, Dicerca alni, Chrysobothris affinis,
Agrilus angustulus, Agrilus betuleti, Agrilus viridis,
Aegomorphus clavipes, Exocentrus adspersus, Leio-
pus linnei, Mesosa curculionides, Mesosa nebulosa,
and Saperda scalaris).

DiscussioN

Xylophagous insects can cause physiological and/or
technical damage (Mozolevskaya 1974). Physiological
damage reveals in tree weakening or killing. The ability
to weaken and kill a tree is determined by an insect’s
ability to inhabit a viable tree (physiological activity),
to weaken it by maturation feeding and/or by vectoring
pathogens. In the case of sudden tree weakening, it can
be inhabited by usually non-aggressive insect species,
and in the case of passive transmission of pathogens, an
insect can vector both blue-stain and wood-destroying
fungi. In the case of high insect population density, tree
damage by maturation feeding can be rather high. There-
fore, a certain range of points is given for some of the
analysed xylophagous insects, and it was the highest for
wood wasps Tremex spp., jewel beetles Chrysobothris
affinis and Agrilus viridis, longhorn beetle Xylotrechus
rusticus, and ambrosia beetles (see Tab. 2).

The concept of technical harmfulness refers to the
assessment of the reduction of the quality of only the
wood that is used as a forest product. In such a case,
technical damage reveals in a decrease of timber quality
in the result of xylophagous insect development inside
it. Such damage is greater for insects with the wider and
deeper location of galleries and pupal chambers, with
larger damaged stem surface and location of galleries in
the most valuable (lower) part of the stem (see Tab. 3-5).

Insect species inhabiting wood that is not intended
for use are not harmful (Skrylnik 2013, 2015; Meshkova
2017). They are, on the contrary, useful in the ecosys-
tem because of contribution to formation of habitats for
many organisms. The highest technical harmfulness
among the analysed xylophagous insects was evaluated

for wood wasps (Tremex sp.), jewel beetles Dicerca sp.,
longhorn beetle Xylotrechus rusticus and ambrosia bee-
tles — Xyleborinus sp. (see Tab. 6).

As an evaluation of general harmfulness of xylo-
phagous insects considers an index of generations num-
ber (Mozolevskaya 1974), therefore, the same insect
may be more harmful in the warm year with greater
generation number and less harmful in dry timber,
where larval development slows down (Skrylnik 2015).

All the mentioned features were examined for
each of the revealed xylophagous insects and evaluated
mainly using scores, suggested by E.G. Mozolevskaya
(Mozolevskaya 1974). At the same time, two additional
aspects were considered.

The first aspect suggests that the same insect may
usually inhabit severely weakened or dying trees, logs
or woody debris, but after fire, flood, drought, defolia-
tion by foliage browsing insects or sudden decrease of
stand density the trees become susceptible to attacks of
wider scope of xylophagous insects (Lieutier et al. 2004;
Raffa et al. 2008). So, the harmfulness of xylophagous
insects was evaluated for the case of tree weakening by
other negative factors, provoking aggressiveness of xy-
lophagous insects, and in the absence of such an impact
(see Fig. 1).

The second aspect considers that the harmfulness
of xylophagous insects depends on their population
density or occurrence (Meshkova 2017). For example,
Zeuzera pyrina attacks rather healthy trees and kills
them, but it has a single occurrence. Agrilus viridis lo-
cally attacks the trees without external signs of weaken-
ing. In cases of low insect population density, the cal-
lus covers the wounds after adult emergence, and the
tree continues to live. At high population density, birch
trees inevitably die. Among the revealed xylophagous
species, only 4 species are widespread (Agrilus viridis,
Xylotrechus rusticus, Xyleborinus attenuates and Xyle-
borinus saxeseni) and 3 species are common (18% and
14% respectively), whereas the rare and single insects
make up 6 and 9 species (27 and 41%). So, the wide-
spread and common species can cause more harm than
rare and single ones with the same features.

Four groups of xylophagous insects were deter-
mined by general harmfulness. In the absence of tree
weakening by other negative factors, provoking ag-
gressiveness of xylophagous insects, the score of their
harmfulness is minimal, and highly harmful species are
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absent. Four species (18%) are moderately harmful, five
species (23%) are low harmful and 13 species (59%) are
non-harmful. A group of moderately harmful xylopha-
gous insects includes 4 species (Xylotrechus rusticus,
Xyleborinus attenuatus, Xyleborinus saxeseni and Zeu-
zera pyrina).

In the case of tree weakening by other negative fac-
tors, provoking aggressiveness of xylophagous insects,
the score of their harmfulness is maximal. There are
5 highly harmful species (23%), 6 moderately harm-
ful species, 1 (5%) low harmful species and 10 (45%)
non-harmful species. A group of highly harmful stem
insects includes 5 species: Tremex fuscicornis, Tremex
magus, Xylotrechus rusticus, Xyleborinus attenuatus
and Xyleborinus saxeseni. So, in all the cases, Xylotre-
chus rusticus, Xyleborinus attenuatus and Xyleborinus
saxeseni are the most dangerous xylophagous pests of
silver birch, both by their biological features and occur-
rence (see Tab. 2—-6, Fig. 1).

CONCLUSIONS

In the silver birch (Betula pendula Roth.) stands of the
left-bank forest-steppe of Ukraine, 22 xylophagous in-
sect species are identified. Among them, 4 species are
widespread (Agrilus viridis, Xylotrechus rusticus, Xyle-
borinus saxeseni and Xyleborinus attenuates); 3 species
are common (Xiphydria longicollis, Tremex fuscicornis
and Agrilus angustulus), 6 species are rare (Tremex ma-
gus, Dicerca furcata, Agrilus betuleti, Mesosa curcu-
lionides, Saperda scalaris and Scolytus ratzeburgi) and
the rest species are single.

The highest diapason of physiological harmfulness
is evaluated for Tremex spp., Chrysobothris affinis, Ag-
rilus viridis. Xylotrechus rusticus and bark beetles. The
highest technical harmfulness is evaluated for wood
wasps (Tremex sp.), jewel beetles Dicerca sp., longhorn
beetle Xylotrechus rusticus and xylomycetophages
— Xyleborinus sp.

In the case of tree weakening by negative factors,
provoking aggressiveness of stem insects, the group of
highly harmful stem insects includes 5 species: Tremex
fuscicornis, Tremex magus, Xylotrechus rusticus, Xyle-
borinus attenuatus and Xyleborinus saxeseni.

In the absence of tree weakening by other nega-
tive factors, provoking aggressiveness of stem insects,

these insects colonize severely weakened or recently
died trees, and the score of their physiological, techni-
cal harmfulness is minimal. In such a case, there is no
one species in the group of highly harmful stem-insects.
A group of moderately harmful stem insects includes 4
species (Xylotrechus rusticus, Xyleborinus attenuatus,
Xyleborinus saxeseni and Zeuzera pyrina).

All the widespread species are evaluated by a wide
range of physiological harmfulness, three of them (all
except Agrilus viridis) are evaluated by highly techni-
cal harmfulness and from moderate to highly general
harmfulness. Among species with the common occur-
rence, Tremex fuscicornis can be highly harmful only in
the case of tree weakening by negative factors, another
two species can be non-harmful, and Xiphydria longi-
collis can be low harmful in the case of tree weakening
by negative factors. Among rare species, Scolytus rat-
zeburgi can be low or moderately harmful and Tremex
magus can be low or highly harmful depending on the
presence or absence of other negative factors. Among
single species, Zeuzera pyrina can be moderately harm-
ful, because it colonizes almost healthy trees. The rest
three species can be moderately harmful in the case of
tree weakening by negative factors.
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